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Total Synthesis of Everninomicin 13,384-1—Part 4: Explorations of
Methodology; Stereocontrolled Synthesis of 1,1'-Disaccharides, 1,2-Seleno
Migrations in Carbohydrates, and Solution- and Solid-Phase Synthesis of

2-Deoxy Glycosides and Orthoesters

K. C. Nicolaou,* Konstantina C. Fylaktakidou, Helen J. Mitchell, Floris L. van Delft,
Rosa Maria Rodriguez, Scott R. Conley, and Zhendong Jin!*!

Abstract: Methods for the stereocontrolled construction of 1,1'-disaccharides,
2-deoxy glycosides, and orthoesters are reported. Specifically, a tin-acetal moiety
was utilized to fix the anomeric stereochemistry of a carbohydrate acceptor leading to

an efficient and stereoselective synthesis of 1,1’-disaccharides, while a newly
discovered 1,2-phenylseleno migration reaction in carbohydrates opened entries to
2-deoxy glycosides and orthoesters. Thus, reaction of 2-hydroxy phenylselenoglyco-
sides with DAST led to 2-phenylselenoglycosyl fluorides which reacted with
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carbohydrate acceptors to afford, stereoselectively, 2-phenylselenoglycosides. The
latter compounds could be reductively deselenated to 2-deoxy glycosides or
oxidatively converted to orthoesters via the corresponding ketene acetals.

Introduction 2-deoxy glycoside

In the preceding articles,!'3! we ome o Me
described investigations which
led to the eventual total syn-
thesis™ of the powerful anti-
biotic everninomicin 13,384-1
(1) (Ziracin). The success of
this program had as a prereq-
uisite the discovery and devel-
opment of a number of synthet-
ic methods. Most notable among these new technologies were
a) the use of tin-acetals for the stereocontrolled construction
of the 1,1’-disaccharide linkagel® and b) the discovery and
application of the 1,2-phenylseleno migration reaction to form
2-deoxy glycosides and orthoesters (see Figure 1 for these
functionalities within the everninomicin structure). The latter
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1: everninomicin 13,384-1 (Ziracin)

Figure 1. Structure of everninomicin 13,384-1 (1, Ziracin) and challenging carbohydrate linkages.

methodology was also demonstrated on solid phasel® using a
newly developed resin containing an arylselenyl bromide
moiety.! Realizing the importance of these new methods in
organic synthesis and their potential applications in other
fields of investigation including combinatorial chemistry, we
proceeded to explore their generality and scope. In this
article, we describe our investigations including stereochem-
ical aspects of these reactions particularly with regards to
orthoester and allylic orthoester formation.

Results and Discussion

Stereocontrolled construction of 1,1’-disaccharides: In Part 2
of this series,”! we described initial results which led to the
development of a new synthetic technology for the stereo-
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selective construction of 1,1'-disaccharides and its application
to the synthesis of the ring FG system of everninomicin
13,384-1 (1). Further explorationl! of this chemistry has also
led to the construction of 1,1":1” 2-trisaccharides. As described
previously, in order to address the problem of simultaneously
controlling the stereochemistry at two anomeric centers while
forming the necessary 1,1’-glycosidic linkage, a five-mem-
bered ring tin-acetal® was used to generate the desired fj-
mannoside bond present in ring F, while using a participating
group to direct glycosidation of the ring G anomeric center.
Other attempts to address the issue of the FG linkage include
the reaction of a suitable a-chloro mannose donor and lactol
under silver salt containing conditions, furnishing the -1,1'-
linked glycoside in 32% yield.”! As illustrated in Scheme 1,

p-glycosidic bond

0.0 a) 3; o
BnO 5P TMsoTt BnO 1
- 7 B —_— .
BnO" o MU BnO'
OBn OBn
2 b) 4;
TMSOTf

3: X = OC(NH)CCl3
4:X=F
Scheme 1. Synthesis of model 1,1'-disaccharide 5 and 1,1’;1”,2-trisacchar-
ide 6. a) 0.6 equiv 3, 0.5 equiv TMSOT{, Et,0, 0—25°C, 35h, 66%;
b) 2.0 equiv 4, 1.1 equiv TMSOT, Et,0, 0—25°C, 24 h, 84%. Tf = tri-
fluoromethanesulfonyl; TMS = trimethylsilyl; Ac = acetyl; Bn =benzyl.

reaction of ring F model tin-acetal 2 with 0.6 equivalents of
trichloroacetimidate 3 in ether in the presence of TMSOTf
furnished the desired 1,1'-disaccharide 5 in 66% yield as a
single stereoisomer. In this reaction we also observed the
formation of a small amount (9%) of a trisaccharide-like
compound assigned as 6, resulting from the reaction of 2 with
2 equivalents of the donor 3. In addition, when fluoride donor
4 was used in excess (i.e., 2 equivalents) an 84 % yield of
trisaccharide 6 was obtained in which all three glycosidic
bonds were formed stereoselectively.

Abstract in Greek: Ilopovoialovror péBodor  ywa
OTEPEOEKAEKTIKN cuvbeon 1,1’-8icakyapttdyv, 2-
deco&uylvuko{itdv kor opBoeotépmv. Ewdikdtepa, n Kaoo1Ttepikn
aKETGAN ypnoponmobnke yia va kabopicer m otepeoynpeia Tov
AVOUEPOVG KEVIPOL TOV GOKXAPOL “dékTn”, odnydvtag £T01 otV
QMOTELEGUOTIKT KAl OTEPEOEKAEKTIKT cvvOeon 1,1’°-icakyapitdv,
evd n véo avtidpaon g 1,2-ceAnviogaivoro-petrddeong ota
ohkyopa Gvoike véeg 0d00g civbeong 2-8ecofuylvkolitdv Kot
opBoeotépowv. ‘Etor, n  avtidpacn 2-vdpofv-ceAnviogarvoro-
yAvkoGurov pe DAST odfynoe o€ 2-6eAnVIoQovOA0-yADKOGVAO-
@Bopidia ta onoia avtédpacav ot cuvéyela pe oakyapa “déktes”
Y10 Vo, SOGOVV OTEPEOEKAEKTIKG 2-cEAnViopatvoho-yAvkolites. Ot
tedevtaieg eviboelg givar duvatov va amoceAnvimBody avaywyikd
npog 2-decokvylvkolites 1 va petatpomodv ofeldwtikd o
0pBOESTEPEG, HECW TWV AVTIOTOLXWV KETEVO-AKETUAGDV.
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The generality of these glycosidation reactions was ex-
plored and selected results are shown in Table 1. A variety of
carbohydrate scaffolds were tested as tin-acetal acceptors
(i.e., mannose unit 2, 6-deoxymannose unit 22, rhammnose
unit 19, and lyxose unit 25) in combination with a number of
different donor types. It was found that while thioglycosides
and glycosylphosphates were modestly successful, trichloro-
acetimidate donors and glycosyl fluorides gave the highest
yields and cleanest reactions. In general, it was observed that
under the correct stoichiometry, trichloroacetimidate'! do-
nors lead to good yields of disaccharides (entries 1, 5, 9, 13, 15,
19, 21), and the use of excess glycosyl fluorides!'l favored
trisaccharide formation (entries 4, 8, 12, 18, and 20). As
expected, disaccharide formation results from glycosidation at
the equatorial oxygen (C-1) (over axial) for mannose-type
units (all entries, Table 1), whereas the coupling of a tin-acetal
derived glucose-type unit (not shown) produces the corre-
sponding 2-O-linked disaccharide and the 1a,1’a-disaccharide
in a ratio of ca. 2:1.

The stereochemistry of the newly formed glycoside bonds
was assigned on the basis of *C —'H spin-coupling constants!'?]
measuring 156.9 and 1512 Hz for compounds 5 and 6
(Scheme 1), respectively (as compared with 174.1 Hz for
compound 15 in Part 2 of this series (a,a-linked)). The
anomeric configuration may also be assigned on the basis of
the chemical shift for the mannose H-5 proton (6 ~3.4 for j3-
linked mannosides, e.g. entries 114, Table 1). Before appli-
cation of this technology to the total synthesis of evernino-
micin 13,384-1, FG model system 31 was constructed as
illustrated in Scheme 2. Thus, conversion of ring F unit 28 to

o._.OH
MeO MeO O 0 _nBu
LF a) nBu,SnO F Sn\
PMBO" OH — = pwmBO" o “nBu
OBn

OBn
28 29
NH b) 30, TMSOTf l
A
0._,,0” ~CCly O _aOa_~_ ~OBN
MeO -
G F 0.6
BnO” ™~ “OAc PMBO" OH OBn
OBn OBn
30 31

Scheme 2. Stereocontrolled synthesis of ring FG system 31 of evernino-
micin 13,384-1. a) 1.1 equiv nBu,SnO, MeOH, 90°C, 3h, 100%;
b) 0.7 equiv 30, 0.5 equiv TMSOTf, CH,Cl,, 0 —25°C, 48 h, 67 %.

its tin-acetal 29 under standard conditions, followed by
reaction with 0.7 equivalents of ring G trichloroacetimidate
donor 30 in the presence of TMSOTHT, furnished the desired
15,1’a-disaccharide 31 in 67 % yield as a single stereoisomer.
When applied to the real system (Part 2 in this series),?! this
reaction proceeded in 74 % yield and proved essential for the
total synthesis of 1.

1,2-Phenylseleno migrations in carbohydrates and their
application to the synthesis of 2-deoxy glycosides, orthoesters
and allylic orthoesters: Our previous observation of the 1,2-
phenylthio migration in carbohydrate systems!™®! and its
application to the construction of 2-deoxy glycosides, includ-
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Table 1. Synthesis of S-linked 1,1’-disaccharides and 1,1;1” 2-trisaccharides.[?!

Entry Acceptor Donor Donor/ Cat Time Disaccharide Trisaccharide
[equiv] Solvent® [equiv]® [h] [% yield]¥! [% yield]
O_ nBu
e
BnoO" 0" “hBu
OBn 0Bn
AcO, _,\\OBn
1 2(1.5) o_LX 3/A 0.5 35 5 (66) gn 609
BnO
2 2 (0.45) Bn/otﬁ‘j:om 3IA 05 72 5(-) m 6(-)
OBn
3 2 (1.5) 4IA 11 24 5 (10) 6 (70)
3: X = OC(NH)CClg “oBn
4 20049 4X=F an 06 24 5(-) oBn 6 (84)
OBn
’ 0.4 8 AcO,,, ~OBn
5 2(15 7IA ) 9(68 10 (-
@s) RN (68) oy 100
6 2 (0.45) BnO" Y “OAc 7IA 0.3 96 9(22) OAC 10 (47)
OBn
7 2(1.5) 7: X = OC(NH)CCl3 8/A 12 48 9 (64) 10(-)
8 X=F “'OBn
0.5 72
8 2 (0.45) 8IA 9(23) OB 10 (32)
AcO
AcO,,, \\O\(Ph
9 2(15) o O X 11/B 0.8 72 OAc 13 (57) 14 (22)
)\ | } B0 0. O _~_LO0AC
10 2(045) ph” 0" “OAc 11/8 03 72 BN o, 13 (58) OAc 14 (14)
OAc BnO" OH Ko
1 2(1.5) 11: X = OC(NH)CCls 12/B 12 0.5 OBn o)\ ph 13 (59) 14 (5)
12:X=F 0
12 2(0.45) 12/B 05 48 13(-) O/kph 14 (33)
O, +X AcO AcO, ©OBn
BnO H
13 2 (1.5) 15/A 0.5 05 A O._s0 OBN 17 (72) 18 (8)
BnO  OAc n o 00" ©O
11 05  BnO" OBn ACO
14 2(1.5) 15: X = OC(NH)CClg 16/A . . OH 17 (70) « 18 (12)
16: X=F OBn BnO* \q
Me.. 0. .O /nBu OBn
s
Bno” Y “0” hBu
OBn OBn
~OBn
15 19 (1.5) 7IB 05 40 20 (58) AcO. /hy 21(-)
O X OAc OBn
BnO Me.,, RO
16 19 (0.45) ) 05 72 Me, OBn  20(-) - OT on 21(-)
BnO" ‘OAc j oo™ 2
y, n H “ - n
17 19 (1.5) OBn 8/B 1.1 2 BnO OH OBn 0 (52) Ean o 21(9)
7:X= C(NH)CCI3 OBn OBn ) 08N
18 19 (0.45) 8:X= 8/B 0.5 48 20 (7) 21(11)
OBn
0.0 nBu OBn
: SN 0, X Aco._J_ .0Bn
TBSO" 0" hBu BnO 0Bn
OPMB BnO™ OAc 00"
OBn | OAc
TBSO" OH "0l TBSO" . OBn
19 22 (1.5) 3: X = OC(NH)CCl3 3/C 0.5 40 OPMB oBn 23 (85) OPMB S 24 (3)
4:X=F “OBn
4/Cc 0.6 40 8 24 (10
20 22 (0.45) 230) OBn (10)
0.0 _ nBu
L] s 0Bn
alylo” " 0" hBu " AcO LOBn
allylo Bno Ny O OAc 0Bn
WO, OBn o_..0" 0
BnO" OAc o - /Lj LJ OAc
21 25(L5) OBn 3ic allylo o “ogn 2662 ayio” " o, ogn 270
3: X = OC(NH)CCI . allylo
22 25(0.45) 3 X2 petNHCCl, 4ic 05 22 allylo OBn  26(38) 4 O oy, 27(30)
OBn

[a] All reactions were started at 0°C and then allowed to proceed at ambient temperature for the indicated time; [b] solvent system A = ether; B =ether/
CH,CI, 3:1, C=ether/CH,CI, 1:1; [c] based on donor; [d] combined yield of disaccharide and its TMS derivative; removal of the TMS group was effected

with PPTS in MeOH. PMB = p-methoxybenzyl; TBS =

ing an everninomicin BC model system “J prompted us to
investigate a possible extension of this methodology to
include the corresponding selenium chemistry. Such 1,2-
migrations would provide substantial advantages among
which milder reaction conditions, higher efficiency and
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tert-butyldimethylsilyl.

versatility and possibly solid-phase applications. We have
already described specific applications of this new selenium-
based chemistry in Parts 21! and 3P in this series as well asin a
preliminary communication.®) Herein, we describe full details
of our explorations in this field. Figure 2 depicts the plans for
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Everninomicin 13,384-1: Part 4 3166-3185
© 0. ,OC(NH)CCl3 O _,SeR
0.1 ,SeX O sF o ~\\O’\ a) PhSeH, BF3°Et,0; or " .
7 1,2-seleno- glycosidation i PMBO" “Ion PMBO" "OR,
/ migration ROH > OR C O—SeSnnBu3, BF3°Et,0
OR SeX SeX OAc OR;
\, c) nBusSnCl .pl-pR2—
RO OR? OR? 32 b) LiBH, d) NaOMeggj: 21 = gz = AHC
I:R=H 1" v e) TBSOTf SRTRTE
II: R = SF,NEt, <] DAST . Q—sesr ) s Rl H,
= 2 —
C| oxidative f) DASTL R®=TBS
Rl=pg | Cleavage; 0Bz
. ng closure/
reductive oxidative ;:Ie?rier_f;,;e O w0 9) /Q/OBZ O F
cleavage c_IeavIage; rearrangement ) HO |
OO 0 ring closure AN PMBO" SeR SnClp, CHCl2 o™ SeR
OR QOD D { 4}5’) OTBS OTBS
o >\
ORL RIG eliminaton =/ "o 37 h) nBusSnH, 36
[R*=H] AIBN
v VI Vil o. .\\\o/\
Figure 2. General concept for the solid-phase stereoselective synthesis of i) NaoM PMBO" B20
. . . I e
2-deoxy glycosides (V), orthoesters (VI), and allylic orthoesters (VII) via Sres
1,2-selenium migrations. PG = protecting group; X =Ph or polystyrene. 38
OH
0.0 02
j) R =Ph, Nalo, o
. . .. . PMBO" ser _ R=0Q .mCPBA, -78°C
this chemistry. Thus, we envisioned a general method starting " 1 Heat, sealed wbe PMBO
. . . . OTBS ! OTBS
with readily available 2-hydroxy phenylselenoglycosides (I) a9 0
and proceeding to provide, through a 1,2-migration reaction, ) nBUANF, THE m) NBu,NF
. . . nbu ' i
2-phenylseleno glycosyl fluorides (IIT) whose glycosidation ‘ n) Martin sulfurane
; ; OH
with hydroxy components would provide 2-phenylseleno 0.0 02

glycosides (IV). Manipulation of the latter intermediates
(IV) either reductively or oxidatively was expected to provide
access to 2-deoxy glycosides (V) or orthoesters (VI or VII),
respectively. Thus, treatment of the readily available 2-hy-
droxy-1-selenoglycoside (I) with diethylaminosulfur trifluor-
ide (DAST) should result in a stereospecific 1,2-migration of
the selenium group, with simultaneous installation of a
fluoride group at C-1, furnishing (III). The desired a-glyco-
sides (IV) should result from participation of the seleno
group, upon exposure of these reactive donor (III) to various
alcohols in the presence of Lewis acids especially in a non-
coordinating solvent such as CH,Cl,. From IV, one of the
following three paths may be followed: radical deselenation
facilitated with nBu;SnH should furnish the 2-deoxy glyco-
sides (V) via path A. 2-Deoxy orthoesters (VI) should be
obtained from path B, requiring first removal of the protect-
ing group R, followed by oxidation of the selenium to the
selenoxide and heating to promote the required syn-elimi-
nation and cyclization. Path C would require that both
protecting groups (R and R!) be removed before subsequent
oxidation and heating, and should afford the 2,3-allylic
orthoesters (VII) via a Ferrier-type rearrangement.'*l And,
path D would involve elimination of the hydroxy group of VI,
again furnishing VII, allowing for expansion of the process
and for comparison of the stereochemistries of the orthoester
moieties generated by paths B and C.

As a demonstration of the efficiency and utility of the 1,2-
seleno-migration chemistry, we employed three different
carbohydrate donors which were coupled with three alcohols
of varying complexity, to afford a small library of 2-deoxy
glycosides and orthoesters, followed by the formation of three
allylic orthoesters. Scheme 3 illustrates the method and
conditions used for one example, while Tables 2 and 3 provide
data for all cases studied. Scheme 3 exemplifies the chemistry
both in solution (R =Ph) and on solid phase (R = @ = poly-
styrene) for the synthesis of 2-deoxy glycoside 38 and
orthoesters 40 and 42. Thus, for the solution-phase chemistry,

Chem. Eur. J. 2000, 6, No. 17
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" i) R = Ph, NalO, UO
PMBO™ SeR _ R=Q mMCPBA —78°C o\ \pqw NP

OH k) Heat, sealed tube
41 42

Scheme 3. Solution- and solid-phase synthesis of 2-deoxy glycosides (38),
2-deoxy orthoesters (40), and 23-allylic orthoesters (42). R=Ph:
a) 2.0 equiv PhSeH (0.5m solution in CH,Cl,), 1.5 equiv BF; - Et,0, CH,Cl,,
—78°C, 2h, 90%; d)2.5equiv NaOMe, MeOH, 25°C, 3h, 95%;
e) 1.1 equiv TBSOTY, 1.3 equiv 2,6-lutidine, CH,Cl,, —78°C, 1h, 90%;
f) 1.5 equiv DAST, CH,Cl,, 0°C, 0.5h, 100%; g) 1.5 equiv  HOCH,.
CH,0Bz, 1.5 equiv SnCl,, CH,Cl,, 0°C, 3 h, 94%; h) 10 equiv nBu;SnH,
0.1 equiv AIBN, benzene, 80°C, 1 h, 90%; i) 1.5 equiv NaOMe, MeOH,
25°C, 3 h, 95%;j) 10.0 equiv NalO,, MeOH/CH,Cl,/H,0 3:2:1,25°C, 1 h;
k) vinyl acetate/toluene/diisopropylamine 2:2:1, sealed tube, 140°C, 12 h,
82% for 40, 79% for 42; 1) 1.5 equiv nBu,NF, THF, 25°C, 1h, 95%;
m) 1.5 equiv nBu,NF, THF, 25°C, 1 h, 95 %; n) 4.0 equiv Martin sulfurane,
0.5 equiv Et;N, CHCl;, 50°C, 2 h, 87 %. R =polystyrene: a) 3.0 equiv 2,
1.5 equiv BF; - Et,0, CH,Cl,, —78°C,2 h, >90%; b) 1.5 equiv LiBH,, THF,
25°C,2 h,100%; c) 20 equiv nBu;SnCl, THF, 25°C,2 h, 100 %; d) 5.0 equiv
NaOMe, THF/MeOH, 25°C, 3h, >95%; e) 1.1 equiv TBSOT, 1.3 equiv
2,6-lutidine, CH,Cl,, —78°C, 1 h, >80 %; f) 3.0 equiv DAST, CH,Cl,, 0°C,
0.5 h, 100 %; g) 10.0 equiv HOCH,CH,OBz, 3.0 equiv SnCl,, CH,Cl,, 0°C,
3h, >89%; h) 10.0 equiv nBu;SnH, 0.1 equiv AIBN, benzene, 80°C, 1 h,
95%; 1) 5.0 equiv NaOMe, THF/MeOH, 25°C, 3 h, >95%; j) 3.0 equiv
mCPBA, CH,Cl,, —78°C, 10 min; k) vinyl acetate/toluene/diisopropyl-
amine 2:2:1, sealed tube, 140°C, 12h, >85% for 40, >81% for 42;
1) 5.0 equiv nBuNF, THF, 25°C, 1h, >95%. Yields of solid-phase
chemistry reported here were determined by NMR spectroscopy after
cleavage, see Tables 1 and 2 for overall yields determined by weight after
cleavage. AIBN =2,2"-azobisisobutyronitrile; DAST = diethyl(aminosul-
fur) trifluoride; mCPBA = m-chloroperoxybenzoic acid; THF = tetrahy-
drofuran; Bz =benzoyl; e = polystyrene.

trichloroacetimidate 32 was treated with freshly prepared
PhSeH!™! in the presence of BF;-Et,O to afford stereo-
selectively (by virtue of the 2-acetoxy group exerting its
directing effect) glycoside 33 (90 % yield). Both acetates were
removed from 33 (NaOMe, MeOH, 95 % yield) leading to 34
from which monosilyl ether 35 was generated (TBSOTHT, 2,6-
lutidine, THF, —78°C, 90% yield) stereoselectively. Treat-
ment of 35 with DAST facilitated the 1,2-phenylseleno
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Table 2. Solution- and solid-phase synthesis of 2-phenylselenoglycosides and 2-deoxy glycosides.[?]

Donor I

+ Acceptor I

a) SnCly, Et,0 or CH,Cl,

Glycoside I

O._..OMe MeQ, OMe
HO i ;
. ", AcO [¢]
Acceptors = Ho/\/OBZ HO' "OMe \
OMe HO'  OMe
43 44 45
Donors®l =
/\/OBZ ~OMe
(0] F (0] (0]
BnO BnO A BnO ‘O”’ wOMe
- Ho“ "OMe
BnO SeR BnO Y BnO Meo‘
OBn OBn
46a: R = Ph (100%) 48a: Y = SePh (95%) 52a:Y = SePh (87%) 58a: Y SePh (71%)
46b: R=Q (100%) 48b: Y = Se—Q 52b:Y =

o F
TBSC:@SER

OBn

47a: R = Ph (100%)
47b:R=Q (100%)

PMBO™ SeR
oTBS

36a: R = Ph (100%)
36b:R=Q (100%)

49'Y=H (30% >78%) D)

o \O/\/OBZ

TBSC:Q\ Y

OBn
50a: Y = SePh (92%)
50b: Y = Se—Q
51:Y =H (32% >80%) <IP)

o _‘\\O/\/OBZ

PMBO™" Y
OTBS

37a: Y = SePh (94%)
37b: Y =Se—Q
38:Y = H(30% >78%) D)

53:Y = H 15% >69%) <Ib)

«OMe
- r:c:(g ““OMe
TBSO

54a: Y = SePh (86%)
54b: Y = Se
55: Y = H (18%, >71%) <IP)

o © 0. .OMe
N
Q\YI-SQ “OMe

PMBO"
OMe
OTBS
56a: Y = SePh (85%)
56b: Y= S

57:Y =H (17%, >70%)]b)

58b: Y
59: Y = H (11% >64%) <)

OAc
\@:On,,,_ ~OMe
w Y &
TBSO o) o
OBn OMe
60a: Y = SePh (70%)

60b: Y = Se—Q
61:Y=H (13% >66%) <)

OAc
.\\\\Ou,,,‘ .\\\OME
. Y o
PMBO" MeO" O
OTBS OMe
62a: Y SePh (66%)
62b: Y

63:Y = H(ll% >65%) <I0)

[a] Glycosides were prepared by: a) R=Ph: 1.5 equiv acceptor, 1.5 equiv SnCl,, Et,0, 0°C, 3 h; R =polystyrene: 10.0 equiv acceptor, 3.0 equiv SnCl,,
CH,(Cl,, 0°C, 3 h; yields of 2-deoxy glycosides from solid-phase chemistry were determined by weight after cleavage and include the glycosidation step:
(overall yield, average yield for each step (e.g. for 49: 0.785=0.30)). b) nBu;SnH, AIBN, benzene, 80°C, 1 h; @ = polystyrene. [b] Donors were prepared by
DAST-induced 1,2-migration from the corresponding 2-hydroxy-f-phenylseleno glycosides.

migration affording the 2-phenylseleno-1-fluoro donor 36 in
essentially quantitative yield. This donor (36) was coupled
with alcohol 43 in the presence of SnCl, and in CH,Cl, leading
to the selective formation of a-glycoside 37 (94 % yield).
Upon exposure of the latter compound (37) to nBu;SnH/
AIBN cat., formation of the 2-deoxy glycoside 38 (90 % yield)
was observed via radical cleavage of the C—Se bond. Removal
of the benzoate group from 37 (NaOMe, MeOH, 95 % yield)
afforded 39 and was followed by oxidation of the selenium
moiety to the selenoxide (NalO,, 95 % yield). Heating of this
selenoxide in a sealed tube
(vinyl acetate/toluene/diisopro-
pylamine 2:2:1, 140°C, 12 h)®l
led to the formation of the
2-deoxy orthoester 40 in 82 %
yield. On the other hand, re-
moval of the silyl group from 39
(nBu,NF, THF, 95% yield) led
to diol 41 and this was followed
by oxidation to the correspond-
ing selenoxide and heating in a
sealed tube as described above,
furnishing, via syn-elimination,
ring closure and expulsion of
the C-3 hydroxyl group, the 2,3-

72:R=TBS

a) nBuNF_ 741 R - 1y
b) Martin sulfuranel
QMe

75 OMe

3170

0o 0.
PMBO " \C(\ PMBO"
(o)
OMe RO

0 O~
PMBOWQ \OAOME
~N\ Lo
0" ™
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allylic orthoester 42 in 79% overall yield. Orthoester 40
was converted to allylic orthoester 42 by treatment with
nBu,NF to remove the TBS group (95% yield), followed
by elimination of H,O facilitated by exposure to Martin
sulfuranel'’! in the presence of a catalytic amount of Et;N
(87 % yield). The samples of 42 obtained by the two routes
were identical. Table2 provides a variety of examples
demonstrating the generality and scope of these reactions.
Thus, donors 46, 47, and 36 coupled with acceptors 43, 44, and
45 to afford the respective 2-phenylseleno glycosides in good

Y “OMe
OMe

oy neue (73 B2

b) Martin sulfurane

76:R=TBS
77'R=H a) nBuyNF

b) Martin sulfurane

Qb Qb
OMe OMe

Scheme 4. Synthesis of allylic orthoesters 75, 78, and 81 from 2-deoxy orthoesters 72, 76, and 79, respectively.
a) 1.5 equiv nBu,NF, THF, 25°C, 1 h, 74: 95 %, 77: 95 %, 80: 93 %; b) 4.0 equiv Martin sulfurane, 0.5 equiv Et;N,
CHCl;, 50°C, 2 h, 75: 87 %, 78: 95%, 81: 87 %.
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Table 3. Solution- and solid-phase synthesis of 2-deoxy orthoesters and 2,3-allylic orthoesters.[*!

R = Ph: NalO,4, MeOH; then heat

Glycosides I

R = Q = polystyrene: mCPBA, -78 °C; then heat

Orthoesters I

O. .OMe Meq OMe
Glycosides —O0 )
X HO [¢]
Y= _O/\/OH HO" "OMe \__/
OMe —0  OMe
oY BnO
BnO (o)
W BnO! 3
BnO SeR o
OBn o B
Bno MeO OMe BnO OMe
R=Phor Q 64 [from R = Ph] (87%) 66 [from R = Ph] (83%, 3.2:1) 70 [from R = Ph] (75%, 15:1)
[fromR=Q] (12%, >74%) [from R=Q] (11%, >73%, 2.2:1) [fromR=Q] (2%, >57%, 15:1)
OMe
O Y opP TBSO! ° : oM
TBSO"- j TBSO! €
K o) o
TBSO SeR BnO H
0Bn Bno BnO OMe
R=Phor Q 65 [from R = Ph] (85%) 67 [from R = Ph] (81%, 2.7:1) 71 [from R = Ph] (73%, 12:1)
[fromR=Q] (20%, >80%) [fromR = Q] (5%, >65%, 1:1) [from R =Q] (3%, >61%, 12:1)
OMe
o Y oo —O° %
- PMBO- 1 PMBO!™ ", Q©° OMe
. o O 1OMe PMBO!+ . o
PMBO" SeR TBSG TBSO / o" Y
oTBS MeO  OMe TBSO OMe
R=PhorQ 40 [from R = Ph] (82%) 68 [from R = Ph] (82%, 2:1) 72 [from R = Ph] (72%, 10:1)
[from R=Q] (15%, >76%) [fromR=Q] (8%, >70%, 1:1) [from R = Q] (7%, >68%, 10:1)
OMe
SN\ 4 % Ou -
0o PMBOI--\/_ \ 0 OMe
. PMBOI--~<;)< ] — PMBO( L o
PMBO" SeR —/ 0 / oV ™y
OH MeO  OMe OMe

R=PhorQ 42 [from R = Ph] (79%)

[from R =Q] (19%, >81%)

69 [from R = Ph] (61%, 10:1)
[from R=Q] (6%, >70%, 10:1)

73 [from R = Ph] (86%, 16:1)
[from R = Q] (5%, >69%, 16:1)

[a] Selenoxides were heated in a sealed tube at 140°C in vinyl acetate/toluene/diisopropylamine 1:1:2 for 12 h. Yields of orthoesters from solution-phase
chemistry: (combined yield for deprotection, oxidation and orthoester formation, ratio of orthoester diastereoisomers). Yields of orthoesters from solid-
phase chemistry: (overall yield for sequence from arylselenium bromide resin determined by weight of released product, average yield for each step, (e.g. for

64: 0.746 =0.12), ratio of orthoester diastereoisomers). (@ = polystyrene).

to excellent yields (66—95% ). Table 3 catalogs a number of
examples of orthoester formation as well as of 2,3-allylic
orthoesters.

In order to compare the stereochemistries of orthoesters 72
and 73 (Table 3), 72 was transferred to its respective 2,3-allylic
orthoester as shown in Scheme 4. Thus, liberation of the
silicon protected hydroxyl group of 72 (nBu,NF, THF, 95 %
yield) followed by dehydration of the resulting alcohol 74 with
Martin sulfurane (CHCl;, 50°C, 87 % yield) furnished or-
thoester 75. This orthoester (75) obtained by the three-step
sequence proved, by NMR spectroscopy, to possess the
opposite stereochemistry to that obtained directly via the
one-step Ferrier-type procedure (73, Table 3). Thus it appears,
that while the stereochemistry during the formation of
2-deoxy orthoesters (e.g. 72, Table 2) is controlled by the
anomeric effect!'¥! [the incoming hydroxyl group approaches
the intermediate ketene acetal from an axial direction so as to
maximize the anomeric effect], the Ferrier-type orthoester
formation (e.g. 73, Table 3) must involve attack from the top
(same side as the leaving hydroxyl group) face of the
molecule. The latter mechanism may require initial departure
of the leaving group with concomitant double bond migration
and oxonium species formation followed by ring closure. Further

Chem. Eur. J. 2000, 6, No. 17
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examples of these modes of action are found in Part 2 of this
series (GH and FGH model systems)? and in Scheme 5.
The latter Scheme shows the fate of the G-3 and G-4 linked
disaccharides 82 and 85 when subjected to the Ferrier-type
allylic orthoester formation versus their processing through

0Bn PhSe OR C:)Bnphs OR
MeOy 3.0, MeO. - . .OPMB
W H ) mOPMB ~OH
G o G LH
o OH O ~o""0

82:R = TBS 85: R = TBS ——
83 R=H 18 nBUNF a) nBuNF [ ga! R =H

b) NalO4, MeOH b) NalO4, MeOH
c) Heat ¢) Heat

OBn OBn

MeO, N0, = MeO, Ok —
@\ @wopMB @ @““OPMB
d) o o O 0\ o O d)
84 87

Scheme 5. Solution-phase synthesis of 2,3-allylic orthoesters 84 and 87.
a) 1.5 equiv nBu,NF, THF, 25°C, 1 h, 83: 94%, 86: 90%; b) 10.0 equiv
NalO,, MeOH/CH,Cl,/H,0 7:3:1,25°C, 1 h, 95 % c) vinyl acetate/toluene/
diisopropylamine 2:2:1, sealed tube, 140°C, 12 h, 84: 70%, 87: 75%;
d) oxidation, heat, desilylation, mesylation, elimination, see Part 2 in this
series.!
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the multi-step sequence to the same products. Thus, when 82
and 85 were desilylated (nBu,NF, THF) led to hydroxy
compounds 83 (94 % yield) and 86 (90 % yield), respectively.
Oxidation of these substances (NalO,, MeOH) followed by
heating (vinyl acetate/toluene/diisopropylamine 2:2:1, 140 °C)
furnished allylic orthoesters 84 (70% yield) and 87 (75%
yield). In contrast and as already described in Part 2 of this
series,”! the normal orthoester conditions starting with 82 and
85 led to the isomeric allylic orthoesters 87 and 84, respec-
tively, underscoring the mechanistic differences of the two
processes.

Intrigued by these results and in order to explore the
generality of these phenomena we prepare, according to
Scheme 6, further substrates (91, 92, 95, 97, 98, 101) for
orthoester formation. Thus, the C-3 and C-4 hydroxy com-
pounds 88 and 89 were coupled with glycosyl fluoride 36a
(SnCl,, Et,0) furnishing the C-3 and C-4 linked disaccharides
90 and 96 in 45 and 52 % yield, respectively. These disacchar-

O._.OMe O F
cro” ™ "ome PMBO\WKK{SGP“
OH OTBS OCA

88 36a 89
ia) 36a, SnCly, E,O a) 36a, SnCl, Etzol

OR!
_o. O\C( OO, A
! SePh SePh
PMBO" H)‘Meo \\\\\ o PMBO RI0” 7 “OMe
OR EMe OR OMe

96: R=TBS,R! =CA b
97:R:TBS,R1:H<——I )
98:R=H,R! =H <)
99:R=H,R! =CA
©)BCIL 0. R =Bz, RI = CA

N KCOsle 101 R = Bz RY = H

92:R=H,R! =H <] ©) NBUNF
93:R=H,R! =CA

s g4 R=p2, R = CA

Ol 95.:R =Bz R = H

90: R=TBS,R! =CA b K,CO
d)[91:R:TBS,R1:H<j ) K2CO3 d) nBuyNF

Scheme 6. Solution-phase synthesis of 2-phenylselenoglycosides for ster-
eochemical studies. a) 2.5 equiv 364, 2.5 equiv SnCl,, Et,0,0—25°C, 12 h,
90: 45%, 96: 45%; b) 0.5 equiv K,CO;, MeOH, 25°C, 1 h, 91: 98 %, 97:
99 % ¢) 1.2 equiv nBu,NF, THF, 25°C, 4 h, 92: 86 %, 98: 90 %; d) 1.1 equiv
nBu,NF, 0.2 equiv AcOH, THF, 25°C, 3 h, 93: 90 %, 99: 93 %; ¢) 2.0 equiv
BzCl, 3.0 equiv Et;N, 0.5 equiv 4-DMAP, CH,Cl,, 0 —25°C, 3 h, 94: 92%,
100: 93 %; f) 0.2 equiv K,CO;, MeOH, 25°C, 1h, 95: 75%, 101: 93%.
CA =chloroacetyl.

ides were modified to produce three orthoester precursors
each. Thus, removal of the chloroacetate groups (K,CO;,
MeOH) led to alcohols 91 (98 % yield) and 97 (99 % yield)
ready for normal orthoester formation. Subsequent cleavage
(nBu,NF, THF) of the TBS groups from 91 and 97 furnished
diols 92 (86% yield) and 98 (90% yield) ready for allylic
orthoester formation. In order to probe the effect of esterify-
ing the C-3 hydroxyl group on orthoester formation, we
proceeded to prepare, via a three-step procedure, benzoates
95 and 101. Desilylation of 90 and 96 (nBu,NF, AcOH, THF)
gave hydroxy compounds 93 (90 % yield) and 99 (93 % yield)
onto which the benzoate group was installed (BzCl, Et;N,
4-DMAP cat.) leading to 94 (92 % yield) and 100 (93 % yield)
respectively. Finally, selective removal of the chloroacetate
group (K,CO;, MeOH) from 94 and 100 led to the desired
compounds 95 (75 % yield) and 101 (93 % yield), respectively.

Table 4 illustrates the results of the orthoester forming
reactions with these phenylseleno substrates. Thus, beginning
with alcohols 91 and 97, orthoesters 79 and 76 were obtained
as the major products [3.2:1 (92 % total yield) and 3.5:1 ratios
(89% total yield), respectively]. These results were in line
with our previous experience with orthoester formation
reactions. However, when the C-3 linked diol 92 was subjected
to the allylic orthoester conditions, allylic orthoester 81 was
obtained as the major product (ca. 30:1 ratio, 86 % combined
yield) instead of the predicted 78. This reversal in selectivity
was also observed when the C-4 linked diol 98 was similarly
processed leading to allylic orthoester 78 as the major product
(ca. 20:1 selectivity, 87 % combined yield) instead of the
expected 81. The corresponding benzoates 95 and 101
followed the same pattern, leading to the same allylic
orthoesters 81 (ca. 15:1 ratio, 80 % combined yield) and 78
(ca. 15:1 ratio, 82% combined yield), respectively, when
subjected to the same orthoester forming conditions and
indicating that either a C-3 alcohol or its benzoate could be
used for the same orthoester construction. These results were
inconsistent with our previous observations in that in these
latter cases the anomeric effect seemed to control both types
of orthoester formation, suggesting that other factors, includ-
ing precise substitution and sterics play important roles.

Table 4. Solution-phase synthesis of 2-deoxy orthoesters and 2,3-allylic orthoesters.[?!

a) NalO4, MeOH

b) heat

- Orthoesters

Ratio of orthoesters

o 0. o ,0n. Q0. o 0.
PMBOH-Q ’KL)O PMBOH-C}{ ’iL)O PMBO"™ '(L)O PMBO™ \ '(L)O
Combined =/ 0" " "OMe =/ 0" """OMe ¢ “OMe o “OMe

Glycoside  Vield (%) of OMe OMe TBSO OMe TBSO OMe
orthoesters 81 78 76 79

91 92 - - 1 3.2

92 86 30 1 -

95 80 15 1

97 89 - - 35 1

98 87 1 20 - -

101 82 1 15

[a] Orthoesters were prepared by: a) 10.0 equiv NalO,, MeOH/CH,Cl,/H,0 7:3:1,25°C, 1 h, 95 %; b) vinyl acetate/toluene/diisopropylamine 2:2:1, sealed

tube, 140°C, 12 h.

3172

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

0947-6539/00/0617-3172 $ 17.50+.50/0 Chem. Eur. J. 2000, 6, No. 17



Everninomicin 13,384-1: Part 4 3166-3185
As a final application of this Vo O ,F
methodology, we chose to study
the chemistry of the mannose- PMBO SePh OH
oTBS c)NalO, 0.0 -
type substrate 102 (Scheme 7). 102 aysncl, M \W d)Heat  MeO \O/
The couplings of carbohydrate 0. .OMe PMBO™ ,\'Ae OF:h PMBO" Y peo O
donor 102 with the C-3 and C-4 . ’ oTBS OTBS OMe
hydroxy components 88 and 89 CAO" “Ome 103:R=CA <i| b) KoCO 105
. . . . - 2 3
were first investigated. With SCB)H 104 R=H
alcohol 88, the glycosidation
proceeded under the influence MeO oF /(L) ﬁ§ ”g.lacth MeO © 0:5\0
of SnCl, in ether and, through PMBO" " “SePh PMBO" = “oMe . PMBO" N HO” > OMe
the directing effect of the OTBS OTBS OMe oTBS OMe
2-phenylseleno group, afforded 102 ! e) snci, 106:R = CA 1) K,C04 108
the expected [-disaccharide
103, albeit sluggishly and in O .OMe MeO O wOn, I hg Hgla?A
only 42 % yield. In an attempt . SePh PMBO
to produce the corresponding HO™ “OMe OTBSRO i OMe T8sd OM Me
orthoester, the chloroacetate OCA 09:R=C ¢ ¢
89 120: R 2 11 =D KoCOs

group was removed from 103
by the action of K,CO; in
MeOH (93% yield) and the
resulting alcohol 104 was sub-
jected to the normal oxidative/
thermolysis conditions. Purifi-
cation followed by spectroscop-
ic analysis, however, revealed
that enol ether 105 had been formed (70 % yield) instead of
the desired orthoester, indicating that the syn-elimination had
occurred away from the anomeric center. In the case of
alcohol 89, the coupling reaction with 102 furnished both
isomers 106 and 109 in 50 % combined yield (106:109 ca. 1:2
ratio). An explanation for the origin of this unexpected
observation may be that the reaction proceeded so sluggishly
that the 2-phenylseleno-1-fluoro derivative 102 suffered loss
of PhSeF under the Lewis acid conditions, which re-added
back to the generated glycal from both faces, forming a
mixture of the 2a- and 2f-phenylseleno fluorides whose
combination with 89 led to the observed products 106 and 109.
Removal of the chloroacetate group from 106 and 109
(K,CO;, MeOH) provided 107 and 110 (90% combined
yield, ca. 1:2 ratio), respectively. Processing 107 under the
orthoester forming protocol, again furnished the unexpected
enol ether 108 (65% yield), whereas the isomeric hydroxy
selenide 110 led to the anticipated orthoester 111 in 70 % yield
and as a mixture of diastereoisomers (ca. 2:1, 111 major). The
stereochemical outcome of this orthoester formation was in
line with expectation (control by the anomeric effect)
although the selectivity was rather low.

Our next objective was to develop a solid-phase version of
this selenium-based chemistry that may aid combinatorial
chemistry efforts. To describe our initial studies in this
context, we must return to Scheme 3. In the solution-phase
chemistry, we utilized a solution of PhSeH generated from
PhSeSePh by reduction under argon (PhSeH undergoes rapid
oxidative dimerization in air) to form the phenylseleno
glycosides. For the purposes of the solid-phase version of this
chemistry, we required a suitable resin-bound selenol that
could be manipulated in air. To this end, the previously
reported polystyrene selenium bromide resin”! (e-SeBr) was

Chem. Eur. J. 2000, 6, No. 17
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Scheme 7. Solution-phase synthesis of 2-phenylselenoglycosides and orthoesters from mannose donor 102.
a) 2.5 equiv 102, 2.5 equiv SnCl,, Et,0, 0—25°C, 12 h, 42%; b) 0.5 equiv K,CO;, MeOH, 25°C, 1 h, 93%;
¢) 10.0 equiv NalO,, MeOH/CH,Cl,/H,0O 7:3:1, 25°C, 1h; d) vinyl acetate/toluene/diisopropylamine 2:2:1,
sealed tube, 140°C, 12 h, 70%; e) 2.5 equiv 102, 2.5 equiv SnCl,, Et,0, 0—25°C, 12 h, 50% as 1:2 ratio of
inseparable isomers 106 and 109; f) 0.5 equiv K,CO;, MeOH, 25°C, 1 h, 107:110 ca. 1:2 ratio, 90 % combined
yield; g) 10.0 equiv NalO,, MeOH/CH,Cl,/H,0 7:3:1,25°C, 1 h; h) vinyl acetate/toluene/diisopropylamine 2:2:1,
sealed tube, 140°C, 12 h, 65 % of 108 from 107, 70 % of 111 as a 2:1 ratio of diastereoisomers from 110.

reduced (LiBH,, THF) and the resulting lithioselenide resin
(®-SeLi) was quenched with excess nBu;SnCl furnishing a
colorless, odorless resin (@-SeSnnBus;) which could be quickly
filtered in air and immediately used. Thus treatment of this
seleno-tin resin with three equivalents of trichloroacetimidate
32 (Scheme 3) in the presence of BF;-Et,O led to excellent
loading (>90%, as determined by IR spectroscopy and
cleavage with nBu;SnH/AIBN cat.) of the sugar, furnishing 33
(R=4e). Of particular interest was the fact that cleavage of
the resin-bound 1- or 2-seleno glycosides with nBu;SnH/
AIBN cat. regenerated the nBu;SnSe-resin, which could be
filtered off and re-used in coupling reactions. Proceeding with
resin-bound selenoglycoside 33 (R=we), its acetate groups
were cleaved (NaOMe, MeOH, > 95 % yield) to afford diol 34
(R=4e), which was monoprotected (TBSOTY, 2,6-lutidine,
>80% yield) furnishing the 2-hydroxyseleno glycoside 35
(R = ). Exposure of the latter resin (35) to DAST in CH,Cl,
led, in quantitative yield, to glycosyl fluoride 36 (R=e) in
which the carbohydrate moiety was attached to the seleno
polymer at the C-2 position. Coupling of 36 with the
monobenzoate of ethylene glycol (43) (10 equivalents) under
the influence of SnCl, furnished, stereoselectively, resin 37
(R=e) in >89% yield. The 2-deoxy glycoside 38 was then
released from 37 (R = @) by reductive cleavage of the C—Se
bond (nBu;SnH/AIBN cat., benzene, 80°C, 95% yield). In
order to set the stage for orthoester formation, the benzoate
group was removed from 37 (R = e by exposure to NaOMe in
THF/MeOH (>95% yield) leading to 39 (R=e) which
underwent smooth desilylation upon treatment with nBu,NF
to afford dihydroxy selenide 41 (R=e) (>95% yield).
Oxidation of the resin-bound selenium to the selenoxide
was found to be delicate and, therefore, several methods were
explored, including mCPBA in CH,Cl, at —78°C, H,0, in
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THF at 0°C, and O; in toluene at — 78 °C. Unlike the solution-
phase selenoxides, it was observed that the resin-bound
selenoxides were more prone to syn-elimination at room
temperature and, therefore, necessitated the employment of
lower temperatures for the oxidation step and the mCPBA
method was proven to be the preferred procedure for this
task. Thus, treating selenide resin 39 (R = @) with mCPBA in
CH,C], at > —78°C, followed by rapid filtration and transfer
to a sealed tube was found to give the cleanest results. The
orthoester 40 was obtained after heating the selenoxide in
vinyl acetate/toluene/diisopropylamine 2:2:1 at 140°C for
12 h in a sealed tube, filtering, concentrating the obtained
solution and finally chromatography (>85% yield). Diol 41
(R=we) yielded 42 on similar treatment (81% yield) as
expected. The generality and scope of the solid-phase syn-
thesis of 2-deoxy sugars, orthoesters, and 2,3-allylic ortho-
esters were examined and the results are tabulated in Tables 2
and 3. The selectivities and yields in these reactions were
found to be identical or similar to those observed for the
solution-phase chemistry (see Tables 2 and 3).

Conclusion

The described chemistry lays the foundation for reliable,
practical and stereocontrolled constructions of 1,1’-disacchar-
ides and higher oligosaccharides on one hand, and 2-deoxy
glycosides and orthoesters on the other. The first method
relies on tin-acetal, trichloroacetimidate, and glycosyl fluoride
technologies while the second objective requires 1,2-phenyl-
seleno migrations followed by oxidative or reductive process-
ing of the 2-phenylseleno glycosides obtained. A solid-phase
version of the latter, selenium-based methodology was also
developed. Both technologies found admirable applications
in, and were crucial for the success of the total synthesis of
everninomicin 13,384-1 (1) described in the preceding arti-
cles.'3l Further applications of these methods in organic
synthesis in general and combinatorial chemistry in particular
are envisioned.

Experimental Section

General: For general techniques and procedures, see paper 1 in this series.!!]

Typical procedure for the synthesis of disaccharides Preparation of
disaccharide 5: In a 50 mL Schlenk-tube were added diol 2 (91 mg,
0.20 mmole), nBu,SnO (60 mg, 0.24 mmol), and anhydrous methanol
(5 mL) and the mixture was brought to a gentle reflux under argon. After
the solution turned clear, refluxing was continued for an additional 2 h,
before cooling to ambient temperature and concentration under reduced
pressure. The residue was azeotroped with benzene (2 mL) before addition
of imidate 3 (85 mg, 0.13 mmol) in benzene (2 mL). Removal of the solvent
under reduced pressure followed by further drying by azeotroping with
benzene (3 x 2 mL) and finally applying high vacuum (1 mbar, 0.5 h) gave
an amorphous residue which was dissolved in anhydrous Et,O (1.0 mL).
The solution was cooled (0°C) and TMSOTTf in Et,O (0.13 mL, 0.5M) was
added dropwise. The reaction mixture was allowed to warm slowly to room
temperature and stirred until TLC analysis indicated complete disappear-
ance of imidate 3 (ca 48 h). Triethylamine (0.2 mL) was added, followed by
a saturated aqueous solution of NaHCO; (10 mL) and EtOAc (30 mL). The
layers were separated and the organic phase was extracted with brine
(5 mL), dried (MgSO,), filtered, and concentrated in vacuo. Purification of
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the residual oil on silica gel (30 —100% Et,0 in hexanes) afforded
compounds 5 (81 mg, 66%) and 6 (17 mg, 9%).

Disaccharide 5: The data for disaccharide 5 was given in Part 2"l of this
series.

Typical procedure for the synthesis of trisaccharides Preparation of
trisaccharide 6: The procedure as described above for the synthesis of
disaccharides was followed, except for the use of 2.2 equiv of glycosyl
fluoride 4 instead of trichloroacetimidate 3. Yield of 6 (84 %).
Trisaccharide 6: R;=0.11 (60 % Et,0O in hexanes); [a]# =+21.8 (c=1.71,
CHCL;); IR (thin film): 7 =3031, 2864, 1743, 1496, 1454, 1368, 1236, 1110,
912, 739, 698 cm™!; 'H NMR (600 MHz, CDCl;): 6 =7.35-7.02 (m, 45H,
ArH), 5.69 (dd, J=33, 1.8 Hz, 1H, H2'), 543 (s, 1H, H2"), 5.38 (s, 1 H,
H1),5.12 (s, 1H, H1"), 4.92-4.27 (m, 18H, CH,Ar), 4.64 (s, 1 H, H1), 435
(d,/=1.6 Hz, 1H, H2),4.32 (brd,/=10.4 Hz, 1 H, H5'), 422-4.20 (m, 1 H,
H5"),4.16 (dd, J =9.6, 3.4 Hz, 1 H, H3'), 4.00 (dd, J =9.7,9.4 Hz, 1 H, H4"),
3.93 (dd, /=10.0, 9.9 Hz, 1H, H4'), 3.89-3.82 (m, 3H, H3", H4, H6'),
3.73-3.66 (m, 6H, H3, H6, H6, H6', H6”, H6"), 3.49 (ddd, J=9.9, 5.6,
1.9 Hz, 1H, H5),2.17 (s, 3H, OAc), 2.13 (s, 3H, OAc); *C NMR (150 MHz,
CDCl,): 0 =170.2,170.1, 138.5, 138.4, 138.2, 138.2, 138.0, 138.0, 137.9, 137.6,
128.3,128.3, 128.2, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 1275, 127.5,
1274, 1274, 1274, 1274, 127.1, 1270, 98.9, 98.7, 98.2, 82.4, 78.6, 78.6, 75.7,
75.1,75.0, 74.8, 74.2, 73.8, 73.8, 73.3, 73.1, 72.1, 72.0, 71.8, 71.8, 71.5, 71.5,
69.3, 68.6, 68.5, 68.2, 68.1, 21.1, 21.0; *C NMR (150 MHz, CDCl;; proton
coupled): =989 (Joy=177.5Hz), 98.7 (Jouy=1512Hz), 982 (Jeu=
170.5 Hz); HRMS (FAB): calcd for CgHgO,sCs [M+Cs*: 1532.5182,
found 1532.5122.

Diol 2: See ref. [19].

Imidate 3: See ref. [20].

Fluoride 4: See ref. [21].

Imidate 7: See ref. [22].

Fluoride 8a: R;=0.54 (50% Et,O in hexanes); [a]¥ =+50.6 (c=147,
CHCl;); IR (thin film): 7 =2923, 1746, 1454, 1366, 1231, 1162, 1060 cm™!;
'H NMR (600 MHz, CDCL,): 6 =7.33-7.14 (m, 15H, ArH), 5.71 (dd, J =
53.9,2.7Hz, 1H, H1), 4.90 (ddd, J =24.9, 9.9, 2.7 Hz, 1 H, H2), 4.84-4.50
(m, 6H, CH,Ar), 3.98 (dd, /=9.6, 9.6 Hz, 1H, H3), 3.96 (ddd, / =10.0, 3.5,
1.9Hz, 1H, H5), 3.81 (dd, J=9.6, 9.6 Hz, 1H, H4), 3.77 (dd, J=11.0,
3.5Hz, 1H, H6), 3.68 (dd, J=11.0, 1.9 Hz, 1H, H6), 2.03 (s, 3H, OAc);
3C NMR (150 MHz, CDClLy): 6=170.2, 138.2, 137.8, 137.7, 128.4, 1284,
1279, 1279, 127.8, 127.8, 127.6, 105.4, 103.9, 79.4, 76.7, 75.5, 75.3, 73.5, 72.9,
72.9, 72.8, 67.7, 20.7, HRMS (FAB): calcd for C,H; O¢FNa [M+Na]*:
5172002, found 517.2018.

Fluoride 8f: m.p. 49-50°C (Et,O/hexanes); R;=0.52 (50% Et,0 in
hexanes); [a]F =+15.5 (¢=2.19, CHCLy); IR (thin film): 7=23025, 2873,
1750, 1454, 1368, 1228, 1106 cm~!; '"H NMR (500 MHz, CDCl;): 6 =736 -
716 (m, 15H, ArH), 5.26 (dd, J =54.0, 6.3 Hz, 1 H, H1), 5.11 (ddd, J = 11.0,
8.2, 6.5 Hz, 1H, H2), 4.78-4.53 (m, 6H, CH,Ar), 3.85 (dd, /=9.3, 9.2 Hz,
1H, H3),3.77-3.66 (m, 4H, H4, H5, H6, H6), 2.02 (s, 3H, OAc); *C NMR
(125 MHz, CDCly): 6 =169.3, 137.7, 137.5, 128.4, 128.3, 1279, 1279, 127.8,
1277,1276,107.5,105.8, 81.5, 81.5,76.6, 74.8, 74.3,73.5,72.5,72.3, 68.3, 20.7;
HRMS (FAB): calcd for C,0H;,O¢FNa [M+Na]*: 517.2002, found 517.2014.
Disaccharide 9: R;=0.24 (70% Et,0 in hexanes); [a]F =—-2.1 (c=1.1,
CHCLy); IR (thin film): 7=3025, 2868, 1746, 1366, 1234, 1066 cm™';
'H NMR (600 MHz, CDCl,): 6 =736-7.19 (m, 30H, ArH), 5.05 (dd, /=
9.2, 79 Hz, 1H, H2'), 4.84 (d, J=78 Hz, 1 H, HI'), 4.84-453 (m, 12H,
CH,Ar), 478 (s, 1H, H1), 4.17 (d, J=3.0 Hz, 1H, H2), 3.96 (dd, J=9.5,
9.4 Hz, 1H, H4), 3.78 (dd, J=11.0, 1.9 Hz, 1H, H6'), 3.75-3.73 (m, 5H,
H3', H4', H6, H6, H6'), 3.57 (dd, J =9.1,3.1 Hz, 1 H, H3),3.53 (m, 1 H, H5'),
3.44 (ddd,J=9.7,4.9, 1.8 Hz, 1 H, H5), 2.48 (s, 1 H, OH), 1.96 (s, 3H, OAc);
3C NMR (150 MHz, CDCL): 6 =170.6, 138.2, 138.1, 138.0, 137.8, 137.7,
128.4,128.3,128.3, 128.3, 128.2, 128.2, 128.2, 128 .2, 128.0, 127.9, 127.8, 127.8,
127.8, 127.7, 127.7, 1277, 127.7, 127.7, 127.6, 127.6, 127.6, 1275, 1275, 1275,
96.6, 95.4, 82.4, 80.8, 774, 75.2,75.2, 75.0, 74.9, 74.9, 73.9, 73.4, 73.2, 73.1,
70.9, 68.9, 68.4, 67.7, 20.9; HRMS (FAB): caled for CsH,O,,Cs [M+Cs]*:
1057.3139, found 1057.3108.

Trisaccharide 10: R;=0.49 (70 % Et,0 in hexane); [a]F = —19.0 (¢=0.3,
CHCL,); IR (thin film): %=3029, 2920, 1746, 1454, 1365, 1233, 1058, 739,
697 cm™!; 'TH NMR (600 MHz, CDCl,): 6 =7.32-7.14 (m, 45H, ArH), 5.09
(dd, J=8.0, 3.3 Hz, 1H, H2' or H2"), 5.07 (dd, J=8.0, 2.9 Hz, 1H, H2' or
H2"), 4.94-4.45 (m, 18H, CH,Ar), 4.85 (d, /=78 Hz, 1H, H1' or H1"),
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4.78 (d, J=79 Hz, 1H, H1' or H1"), 4.59 (s, 1 H, H1), 4.40 (d, J=2.7 Hz,
1H, H2),3.87 (dd,J=9.6,8.9 Hz, 1 H, H3' or H3"), 3.77-3.52 (m, 11 H, H3’
or H3”, H4, H4', H4", H5' or H5”, H6, H6, H6', H6', H6”, H6”), 3.48 (dd,
J=9.4,29Hz, 1H, H3), 3.44 (ddd, J=9.9, 3.7, 2.3 Hz, 1 H, H5), 3.41 (ddd,
J=9.8,72,22Hz, 1H, H5 or H5"), 1.9 (s, 3H, OAc), 1.89 (s, 3H, OAc);
3C NMR (150 MHz, CDCL,): 6 =169.7, 169.4, 138.9, 138.6, 138.3, 138.2,
138.2,137.9,137.7,128.5, 128.4, 128.4, 128.4, 128.3, 128.3, 128.2, 128.1, 128.0,
1279, 1279, 127.8, 127.8, 1277, 127.6, 1276, 127.6, 127.4, 1274, 127.3, 99.6,
95.5,95.1,93.6, 83.1, 82.4,80.0, 78.6, 77.6,75.7,75.1,75.1,74.9,74.7,74.7,74.4,
74.3,73.8,73.5,73.4,72.9, 70.2, 69.6, 69.4, 68.1, 21.3, 21.2; HRMS (FAB):
calcd for CgsHggO,sCs [M+Cs]*: 1531.5182, found 1531.5254.

Imidate 11: See ref. [23].
Fluoride 12: See ref. [24].

Disaccharide 13: m.p. 74-75°C (Et,0O/hexanes); R;=0.13 (70 % Et,O in
hexanes); [a]¥ =—25.7 (c=0.43, CHCL); IR (thin film): 7=3541, 3032,
2868, 1750, 1496, 1454, 1372, 1239, 1073, 911, 800, 735, 699 cm~'; '"H NMR
(600 MHz, CDCl,): 6 =7.43-7.24 (m, 20H, ArH), 5.50 (s, 1H, ArCH), 5.40
(dd, J=9.5, 9.4 Hz, 1H, H3'), 5.03 (dd, J=9.2, 8.0 Hz, 1H, H2'), 5.00 (d,
J=179 Hz, 1H, HY'), 491, 457 (AB, J=11.1 Hz, 2H, CH,Ar), 4.77, 4.65
(AB,J=12.3 Hz,2H, CH,Ar), 4.73 (d,/ =0.6 Hz, 1 H, H1), 4.61, 4.55 (AB,
J=12.3 Hz, 2H, CH,Ar), 435 (dd, J=10.5, 5.0 Hz, 1H, H6'), 4.11 (d, /=
2.8 Hz, 1H, H2), 3.95 (dd, /=94, 9.4 Hz, 1H, H4), 3.78 (dd, J=10.8,
2.1 Hz, 1H, H6), 3.77 (dd, J=10.3, 10.2 Hz, 1H, H¢'), 3.73 (dd, J=10.9,
4.9 Hz, 1H, H6), 3.69 (dd,J =9.6,9.5 Hz, 1 H, H4'), 3.56 (dd, J = 9.2, 3.0 Hz,
1H, H3), 3.53 (ddd, J=9.8, 9.8, 49 Hz, 1 H, HY'), 3.46 (ddd, J=9.5, 4.9,
2.0 Hz, 1H, H5),2.36 (s, 1H, OH), 2.07,2.00 (2 x 5,2 x 3H, OAc); 3C NMR
(150 MHz, CDCl;): 6 =170.7, 169.9, 138.2, 138.1, 137.8, 136.7, 129.1, 128.4,
128.4,128.2,128.1,127.8,127.8,127.7,127.6, 126.1, 101.5, 972, 95.9, 80.9, 78.3,
75.4,75.2,73.8,73.8,73.4,71.9,71.2, 71.1, 68.9, 68.4, 67.8, 66.4, 20.7; HRMS
(FAB): calcd for C,,H ;30,3Cs [M+Cs]*: 917.2149, found 917.2170.

Trisaccharide 14: m.p. 97-98°C (Et,0O/hexanes); R;=0.36 (70% Et,0 in
hexanes); [a]® =—70.0 (c=1.2, CHCL); IR (thin film): ¥=23033, 2871,
1751, 1497, 1454, 1372, 1316, 1236, 1068, 912, 802, 739, 700 cm~'; 'H NMR
(600 MHz, CDCL): 6 =7.44—7.26 (m, 25 H, ArH), 5.50 (s, 2H, ArCH), 5.50
(t,/=9.8,9.2 Hz, 1 H, H3"), 5.40 (t,/ =9.9, 9.8 Hz, 1 H, H3'), 5.15 (dd, /=
9.8,8.1 Hz, 1 H, H'),5.14 (dd, J = 9.2,8.3 Hz, 1H, H2"),5.11 (d,/ = 8.0 Hz,
1H, H1"), 5.01 (d, J=8.2Hz, 1H, H1"), 492, 449 (AB, /=112 Hz, 2H,
CH,Ar), 4.80 (s, 1H, H1), 4.75, 4.58 (AB, J=12.2 Hz, 2H, CH,Ar), 4.55,
4.50 (AB, J=12.5 Hz, 2H, CH,Ar), 441 (dd, J=10.5, 5.0 Hz, 1 H, H6),
4.37 (dd, J=10.8, 5.1 Hz, 1H, H6"), 4.30 (d, /=2.9 Hz, 1H, H2), 3.83 (dd,
J=10.5,10.4 Hz, 1 H, H4"), 3.75 (dd, J=10.5,10.4 Hz, 1 H, H4'), 3.74-3.68
(m, 4H, H6, H6, H6', H6"), 3.61 (dd, J = 9.6, 9.6 Hz, 1 H, H4), 3.56 - 3.53 (m,
2H, H5, H5"), 3.52 (dd, J=9.3, 2.8 Hz, 1H, H3), 3.47 (ddd, J=9.6, 5.5,
1.9 Hz, 1H, HS5), 2.22, 2.08, 2.05, 1.94 (4 xs, 4x3H, OAc); “C NMR
(150 MHz, CDCl;): 6 =170.4, 169.9, 169.9, 169.6, 138.2, 137.9, 137.8, 136.9,
136.6, 129.1, 129.0, 128.4, 128.3, 128.3, 128.2, 128.1, 128.0, 127.9, 127.7, 127.6,
126.2,126.1, 101.5,99.7,95.5, 94.8, 80.4, 78.9, 78.3, 75.7,75.2,74.3,73.1, 724,
71.7,71.3,71.1,71.1,70.7,69.7, 68.6, 68.3, 66.2, 65.7,20.9, 20.7; HRMS (FAB):
caled for CqHgO,Cs [M+Cs]*: 1251.3202, found 1251.3258.

Imidate 15¢: R;=0.49 (60% Et,O in hexanes); IR (thin film): 7#=23031,
2868, 1747, 1620, 1452, 1369, 1299, 1228, 1066, 884, 832, 797, 739, 698,
645 cm™!; 'TH NMR (500 MHz, C¢Dy):  =8.41 (s, 1H, NH), 7.22-7.06 (m,
10H, ArH), 6.97 (d,/=4.6 Hz, 1H, H1), 5.52 (dd, /=5.1, 4.6 Hz, 1 H, H2),
4.53 (ddd, J=5.6, 5.6, 5.1 Hz, 1H, H4), 4.41, 429 (AB, J=115Hz, 2H,
CH,Ar), 4.28 (s, 2H, CH,Ar), 4.25 (dd, J=6.0, 5.1 Hz, 1H, H3), 3.72 (dd,
J=10.3, 5.2 Hz, 1H, H5), 3.61 (dd, /=10.3, 5.1 Hz, 1H, H5), 1.63 (s, 3H,
OAc); ®C NMR (150 MHz, CDCL,): 6 =170.5, 161.8, 139.0, 138.4, 129.3,
129.2, 128.8, 128.6, 128.5, 128.5, 98.2, 80.6, 79.3, 78.0, 74.4, 73.5, 68.8, 30.6,
21.4.

Imidate 154: R;=0.27 (60% Et,0O in hexanes); IR (thin film): ¥=23031,
2868, 1747, 1670, 1452, 1369, 1299, 1228, 1066, 843, 832, 797, 739, 698,
645 cm~!; 'TH NMR (500 MHz, C4D): 6 =8.41 (s, 1H, NH), 7.30-7.05 (m,
10H, ArH), 6.59 (s, 1H, H1), 5.57 (s, 1 H, H2), 4.67, 4.42 (AB, J=12.0 Hz,
2H, CH,Ar), 4.60 (ddd, J=6.0, 6.0, 5.6 Hz, 1H, H4), 4.40, 433 (AB, J=
11.8 Hz, 2H, CH,Ar), 3.98 (dd, J=10.0, 5.6 Hz, 1 H, H5), 3.91 (dd, J=10.0,
5.5 Hz, 1H, H5), 3.84 (d, /=5.3 Hz, 1 H, H3), 1.46 (s, 3H, OAc); *C NMR
(150 MHz, CDCl,): 6 =161.8, 129.2, 129.2, 129.2, 128.6, 128.5, 128.5, 128.4,
104.1, 84.0, 80.9, 79.6, 74.3, 72.8, 69.6, 21.7.

Disaccharide 17: R;=0.16 (70% Et,0 in hexanes); [a]¥ = —54.9 (c=0.8,
CHCLy); IR (thin film): 7 =3495, 3029, 2866, 2359, 1742, 1496, 1453, 1369,
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1233, 1097, 1046, 739, 697 cm™*; '"H NMR (600 MHz, CDCL,): 6 =7.37-7.19
(m, 25H, ArH), 5.52 (s, 1H, HI), 5.35 (s, 1H, H2), 4.90-4.51 (m, 10H,
CH,Ar),4.81 (d,J =0.7 Hz, 1 H, H1), 4.45 (dt,J =74, 4.9 Hz, 1 H, H4'), 4.06
(brs, 1H, H2), 3.95 (d, J=5.1 Hz, 1 H, H3"), 3.93 (dd, J=9.3, 9.0 Hz, 1H,
H4), 3.77-3.70 (m, 4H, H5, H5', H6, H6), 3.57 (dd, J=9.0, 3.1 Hz, 1H,
H3), 3.47 (ddd, J =94, 3.3, 2.9 Hz, 1 H, H5), 2.46 (s, 1 H, OH), 2.06 (s, 3H,
OAc); *C NMR (150 MHz, CDCL,): 6 =169.5, 138.2, 138.2, 138.0, 1379,
1376, 128.4, 128.3, 1283, 128.3, 128.2, 128.0, 1278, 1278, 1277, 1277, 1277,
1275, 102.6, 95.3, 81.6, 81.2, 80.4, 79.7,75.2, 75.0, 73.9, 73.4, 73.3, 71.6, 71.3,
69.2, 689, 68.2, 65.8, 20.8; HRMS (FAB): calcd for C,gH5,0,,Cs [M+Cs]*:
937.2564, found 937.2597.

Trisaccharide 18: R;=0.48 (70 % Et,0 in hexanes); [a]¥ = —104.2 (¢=0.9,
CHCL;); IR (thin film): #=3030, 2865, 1742, 1496, 1453, 1369, 1234, 1050,
738,697 cm~!; 'H NMR (600 MHz, CDCl;): 6 =7.39-7.11 (m, 35H, ArH),
5.65 (s, 1 H, H1' or H1"), 5.52 (s, 1H, H or H1"), 5.40 (s, 1 H, H2' or H2"),
5.31 (s, 1H, H2 or H2"),4.91-4.78 (m, 14 H, CH,AT), 4.79 (s, 1 H, H1), 4.45
(ddd,J=75,75,5.4 Hz, 1 H, H4' or H4"), 436 (m, 1 H, H4' or H4"), 4.23 (d,
J=3.0Hz, 1H, H2),3.91 (d, /=5.1 Hz, 2H, H3', H3"), 3.79-3.67 (m, 7H,
H4, Ho, H6, H5', HY', H5”, HS"), 3.51 (dd, J=9.3, 2.9 Hz, 1H, H3), 3.45
(ddd,J=9.7,5.3,1.8 Hz, 1H, H5), 2.07,1.99 (2 x 5,2 x 3H, OAc); C NMR
(150 MHz, CDCL;): 6 =169.7, 169.7, 138.7, 138.5, 138.4, 138.4, 138.3, 138.0,
1375, 128.4,128.4, 128.2, 128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 127.7, 127.7,
127.6,127.5,1274,127.4,1274,127.3,127.2,127.1,106.4, 102.0, 99.5, 95.9, 81.7,
81.2, 80.8, 80.6, 80.1, 79.8, 79.8, 75.5, 75.0, 74.3, 73.3, 73.2, 73.0, 72.4, 71.3,
712, 70.1, 69.5, 69.2, 20.9, 20.8; HRMS (FAB): calcd for Cy,H7,0,,Cs
[M+Cs]*: 1291.4031, found 1291.4135.

Disaccharide 20: m.p. 165-166 °C (Et,O/hexanes); R;=0.21 (70% Et,O in
hexanes); [a]F =+19.9 (¢=0.56, CHCl;); IR (thin film): 7=3546, 3031,
2903, 1744, 1452, 1365, 1231, 1071, 740, 695 cm~'; '"H NMR (600 MHz,
CDCly): 6 =7.34-726 (m, 25H, ArH), 5.05 (dd, J=9.3, 8.0 Hz, 1H, H2'),
4.96-4.54 (m, 10H, CH,Ar), 4.81 (d, J=8.0 Hz, 1H, H1'), 4.60 (s, 1H, H1),
4.05 (d,J=2.7Hz, 1H, H2), 3.74 (dd, J=10.8, 1.9 Hz, 1 H, H6'), 3.68 - 3.64
(m,3H, H3', H4', H6'), 3.57 (m, 1 H, H5),3.56 (dd, /=9.2,9.2 Hz, 1 H, H4),
3.49 (dd, /=91, 3.0 Hz, 1H, H3), 3.34 (dq, /=9.2, 6.2 Hz, 1H, H5), 2.90
(brs, 1H, OH), 1.95 (s, 3H, OAc), 1.34 (d, /=6.1 Hz, 3H, H6); *C NMR
(150 MHz, CDCl;): 6 =169.4, 138.3, 138.0, 137.9, 137.8, 137.7, 128.4, 128.4,
128.4, 128.3, 128.1, 128.0, 127.9, 127.8, 127.8, 127.8, 127.7, 1276, 98.1, 97.8,
82.9, 81.0, 79.2, 77.8, 75.4, 75.4, 75.1, 75.0, 73.4, 72.9, 71.2, 68.6, 68.4, 20.9,
179; HRMS (FAB): caled for CyH;s,0,,Cs [M+Cs]*: 951.2735, found
951.2720.

Trisaccharide 21: R;=0.2 (60% Et,0 in hexanes); [a]§ =492 (c=04,
CHCL;); IR (thin film): 7=3029, 2866, 1741, 1453, 1365, 1235, 1064, 826,
739, 697 cm~'; 'TH NMR (600 MHz, CHCL,): 6 =7.34-7.16 (m, 40H, ArH),
5.03 (dd,J=9.1,79 Hz, 1H, H2' or H2"), 5.01 (dd, J=9.0, 8.1 Hz, 1H, H2'
or H2"),4.80 (d, /=78 Hz, 1H, H1' or H1"), 4.79-4.45 (m, 16 H, CH,Ar),
4.75 (d, /=89 Hz, 1H, H1' or H1"), 4.59 (s, 1 H, H1), 4.16 (brs, 1H, H2),
3.74 (brd, J=11.5Hz, 1H, H6' or H6"), 3.70 (dd, J=11.5,5.2 Hz, 1H, H6'
or H6"), 3.66-3.61 (m, 5H, H3' or H3”, H4', H4", H6', H6"), 3.58 (dd, J =
9.3,9.3 Hz, 1H, H3' or H3"), 3.47-3.43 (m, 3H, H3, H5, H5"), 3.37 (dd,
J=9.0,9.0 Hz, 1H, H4), 3.31 (dq, / =8.9, 2.7 Hz, 1 H, H5), 1.96, 1.86 (2 x s,
2 x3H, OAc), 1.59 (d, J=2.4 Hz, 3H, H6); '*C NMR (125 MHz, CDCL):
0=169.6, 169.3, 138.6, 138.3, 138.2, 138.1, 138.0, 137.9, 128.4, 128.4, 128.0,
128.0, 128.0, 127.9, 127.9, 127.8, 127.7, 1277, 127.6, 1275, 127.5, 101.0, 98.0,
95.6, 83.1, 83.0, 82.6, 80.0, 78.0, 77.8, 76.8, 75.5, 75.3, 75.0, 74.9, 74.2, 73.8,
73.5,73.2,72.5,72.3,72.3,69.1,68.7,21.1,21.0, 17.9; HRMS (FAB): calcd for
CysHgyO1,Cs [M+Cs]*: 1425.4763, found 1425.4860.

Diol 22: R;=0.30 (50% Et,0 in hexanes); IR (thin film): 7 =3411, 2954,
2927, 2853, 1612, 1514, 1358, 1300, 1250, 1180, 1096, 837 cm~'; 'H NMR
(600 MHz, CDCl;, a:f ratio ca. 1.5:1): 6 =724 (d, J=8.8 Hz, 4H, PMB),
6.88 (d,/=8.8 Hz,4H, PMB), 5.21 (s, 1H, H1), 4.67 (s, 1 H, H1), 4.58, 4.48
(AB, J=11.4 Hz, 2H, CH,Ar), 4.57, 448 (AB, J=11.4 Hz, 2H, CH,Ar),
3.94 (dd, J=3.5, 1.8 Hz, 1H, H2), 3.91 (dq, J=8.8 Hz, 1H, HY), 3.87 (dd,
J=3.5,15Hz, 1H, H2), 3.81 (s, 3H, OMe), 3.80 (s, 3H, OMe), 3.63 (dd,
J=8.8,3.5Hz,1H, H3),3.53 (t,/ =8.8 Hz, 1 H, H4),3.46 (t,/ =8.8 Hz, 1 H,
H4), 3.33 (dd, / =8.8, 3.5 Hz, 1H, H3), 3.27 (dq, /=8.8, 6.1 Hz, 1H, H5),
1.29 (d, J=6.1 Hz, 3H, H6), 1.25 (d, /=6.1 Hz, 3H, H6), 0.88 (s, 18H,
BusSi), 0.07 (s, 3H, MeSi), 0.06 (s, 6 H, MeSi), 0.05 (s, 3H, MeSi); *C NMR
(150 MHz, CDCl,): 6 =129.6, 129.5, 114.0, 113.9, 93.8, 81.6, 79.6, 77.1, 72.6,
72.3,71.5,71.4,68.8,68.7,68.3,55.2; HRMS (FAB): calcd for C,)H;,04SiNa
[M+Na]*: 421.2017, found 421.2037.
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Disaccharide 23: R;=0.41 (70% Et,O in hexanes); [¢]¥ =+9.1 (¢=0.23,
CHCl;); IR (thin film): 7 = 3064, 3031, 2931, 2858, 1736, 1613, 1514, 1456,
1369, 1248, 1104, 1050, 836, 735 cm™'; 'H NMR (600 MHz, CDCl;): 6 =
735-715 (m, 17H, ArH), 6.88 (d, J=8.8 Hz, 2H, PMB), 5.40 (brs, 1H,
H2'), 5.14 (s, 1H, H1'), 4.86, 4.48 (AB, J=11.0 Hz, 2H, CH,Ar), 4.69, 4.46
(AB, J=10.9 Hz, 2H, CH,Ar), 4.66, 4.54 (AB, J=11.4 Hz, 2H, CH,Ar),
4.60 (s, 1H, H1), 4.54 (brs, 2H, CH,Ar), 4.13 (brd, /=83 Hz, 1H, HY),
4.06 (dd, J=9.7, 3.5 Hz, 1 H, H3), 4.04 (brs, LH, H2), 3.94 (t, J=9.7 Hz,
1H, H4'), 3.81 (s, 3H, OMe), 3.78 (dd, J=9.4, 4.0 Hz, 1 H, H6'), 3.66 (brd,
J=9.3Hz, 1H, H6'), 3.55 (t, /] =8.8 Hz, 1H, H4), 3.27 (dd, J=9.7, 7.0 Hz,
1H, H3), 324 (dq, J=8.8, 6.1 Hz, 1H, H5), 251 (d, J=2.2 Hz, 1 H, OH),
2.15 (s, 3H, OAc), 1.24 (d, J=6.1 Hz, 3H, H6), 0.89 (s, 9H, BuSi), 0.13,
0.07 (2 x s, 2 x 3H, MeSi); BC NMR (150 MHz, CDCl,): 6 =170.5, 163.6,
159.3, 138.4, 138.0, 137.8, 129.7, 129.6, 128.3, 128.3, 128.2, 128.0, 127.7, 127.7,
127.6,127.5,127.4,113.8,99.1, 97.8, 80.9, 77.8, 74.9,74.0, 73.4,73.3,72.2,72.0,
70.9, 68.6, 68.4, 67.9, 55.2, 25.9, 21.0, 18.2, 18.0, — 3.7, — 4.6; HRMS (FAB):
caled for C,HgOp,Na [M+Na]*: 895.4059, found 895.4037.

Trisaccharide 24: R; = 0.62 (70 % Et,0 in hexanes); [a]¥ = +14.5 (¢ =2.94,
CHCl;); IR (thin film): 7= 3031, 2929, 2858, 1746, 1512, 1455, 1369, 1237,
1107, 1054, 837 cm~!; '"H NMR (600 MHz, CDCl;): 6 =7.36-7.00 (m, 32H,
ArH), 6.84 (d, J =83 Hz, 2H, PMB), 5.61 (brs, 1 H, H2"), 5.39 (brs, 1H,
H2'), 5.20 (s, 1H, H1”), 5.08 (s, 1 H, HI'), 4.80-4.25 (m, 15H, 7 x CH, AT,
H1), 4.26-4.25 (m, 2H, HY', H5"), 420 (brd, J = 9.7 Hz, 1 H, H2), 4.14 (dd,
J=9.7,3.1Hz, 1H, H3"), 3.99 (dd, /=97, 3.1 Hz, 1H, H3'), 3.94 (t, /=
9.7 Hz, 1H, H4"), 3.89 (t, J=10.1 Hz, 1H, H4"), 3.84-3.77 (m, 3H, HE',
H6', H6"), 3.80 (s, 3H, OMe), 3.64 (d, J=9.6 Hz, 1H, H6"), 3.62 (1, /=
9.2 Hz, 1H, H4), 3.28-3.22 (m, 2H, H3, H5), 2.15, 2.10 (2 xs, 2x3H,
OAc), 1.26 (d, ] = 6.2 Hz, 3H, H6), 0.89 (s, 9H, rBuSi), 0.14, 0.06 (2 x 5, 2 x
3H, MeSi); *C NMR (150 MHz, CDCL;): 6 =170.3, 170.1, 158.9, 138.5,
138.3,138.1,137.9, 128 4, 128.2, 128.2, 128.2, 128.1, 128.1, 128.0, 129.9, 127.9,
127.8,127.8,127.6,125.6, 100.7,98.7,98.7,98.7,98.4, 82.3,78.6, 78.5, 75.1, 74.9,
742,740, 73.9, 73.7, 73.3, 72.5, 72.2, 71.9, 71.6, 71.5, 71.1, 68.7, 68.5, 68.4,
68.3,55.2,30.3,29.7,21.2,21.1, 18.4, 18.1, — 3.8, — 4.5; HRMS (FAB): calcd
for CyyHy,0,5SiNa [M+Na]*: 1369.6102, found 1369.6088.

Diol 25: R;=0.32 (100 % Et,0); IR (thin film): ¥#=3401, 2919, 2927, 1643,
1455, 1419, 1355, 1255, 1091, 1002, 920, 844, 761 cm~!; '"H NMR (600 MHz,
CDCl;, a:f ratio ca. 3:1): 0=5.93-5.82 (m, 8H, CHCH,), 5.29-5.23 (m,
8H, CH,-E), 5.18-5.13 (m, 8H, CH,-Z), 5.00 (t, J = 4.3 Hz, 3H, H1), 4.87
(dd,J=10.5,2.6 Hz, 1H, H1), 448 (d,J = 10.6 Hz, 1 H, OH), 4.17-4.12 (m,
8H, OCH,), 4.09-4.05 (m, 8H, OCH,), 3.96-3.93 (m, 2H, H2, HS), 3.83
(ddd,J =4.0,4.0,3.7 Hz, 3H, H2),3.79 (d,J = 4.8 Hz, 3H, OH), 3.74 (d,J =
5.6 Hz, 6H, H5), 3.71 (dd, J = 6.9, 3.4 Hz, 3H, H3), 3.65-3.60 (m, 5H, H4,
H4, H5), 3.42 (dd, J = 12.6, 5.0 Hz, 1H, H3), 2.79 (d, J =75 Hz, 1 H, OH),
275 (d, J=4.0 Hz, 3H, OH); *C NMR (150 MHz, CDCL): 6 =134.6,
134.5,134.4,133.9, 118.3, 1174, 117.3, 117.2, 94.4, 94.3, 78.5, 77.5, 73.7, 73.4,
72.3, 71.6, 71.4, 71.0, 69.6, 66.8, 61.5, 59.2; HRMS (MALDI): calcd for
C;;HjOsNa [M+Na]*: 253.1046, found 253.1041.

Disaccharide 26: R;=0.33 (70 % Et,0 in hexanes); [a]¥ = +36.7 (¢=0.21,
CHCI,); IR (thin film): 7=23459, 2908, 1736, 1592, 1448, 1364, 1232, 1082,
927, 795, 729 cm~!; 'TH NMR (600 MHz, CDCl): 6 =7.35-712 (m, 15H,
ArH), 5.92-5.80 (m, 2H, CHCH,), 5.42 (dd, J=3.0, 2.0 Hz, 1H, H2'), 5.29
(ddm, /=172, 1.6 Hz, 1H, CH,-E), 527 (ddm, J=172, 1.6 Hz, 1H, CH,-
E), 5.19 (s, 1H, H1"), 5.18 (ddm, J = 10.4, 12 Hz, 1 H, CH,-Z), 5.11 (ddm,
J=10.4,13Hz, 1H, CH,Z),4.97 (d,J=3.5Hz, 1H, H1), 4.82, 446 (AB,
J=10.6 Hz, 2H, CH,Ar), 4.69, 4.49 (AB, J=11.0 Hz, 2H, CH,Ar), 4.68,
4.48 (AB, J=11.8 Hz, 2H, CH,Ar), 4.12-4.00 (m, 4H, OCH,), 3.97 (dd,
J=9.3,32Hz, 1H, H3), 3.93 (t, /=9.6 Hz, 2H, H4', HS), 3.91 (brs, 1H,
H2), 3.87 (brdd, J=9.6, 2.2 Hz, 1H, HY'), 3.80 (dd, /=10.9, 3.9 Hz, 1H,
H6'), 3.68 (dd, J = 10.8, 1.6 Hz, 1 H, H6'), 3.59 (brs, 2 H, H3, H5), 3.4 (ddd,
J=121, 2.4, 24 Hz, 1H, H4), 2.14 (s, 3H, OAc); *C NMR (150 MHz,
CDCl;): 6 =170.4,138.1,138.0, 137.8, 134.5, 128.4, 128.3, 128.3, 128.1, 128.0,
128.0, 127.9, 127.8,127.8, 127.7, 127.7,127.6, 117.4, 117.0, 94.0, 93.6, 78.2, 76.5,
75.3,74.1,73.4,73.0,71.8, 71.6, 70.8, 68.6, 68.5, 65.5, 58.8, 30.3, 21.1; HRMS
(MALDI): caled for C,yH,40,,Na [M+Na]*: 727.3089, found 727.3063.

Trisaccharide 27: R;=0.42 (70 % Et,0 in hexanes); [a]# = +46.0 (¢ =0.48,
CHCI,); IR (thin film): #=2919, 2860, 1741, 1598, 1448, 1364, 1232, 1095,
1053, 735, 693 cm~!; 'H NMR (600 MHz, CDCl,): 6 =7.35-7.12 (m, 30H,
ArH), 5.89-5.76 (m, 2H, CHCH,), 559 (brs, 1 H, H2"), 5.25 (brs, 1H,
H2"),5.25 (d, /=14 Hz, 1H, H1"), 523 (dd, /=172, 1.5 Hz, 1H, CH,-E),
5.22 (dd, J=172, 1.6 Hz, 1H, CH,-E), 5.13 (brs, 1H, H1'), 5.13 (dd, J=
10.2, 1.2 Hz, 1H, CH,-Z), 5.07 (dd, /=10.4, 1.3 Hz, 1H, CH,-Z), 4.83 (d,
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J=109 Hz, 1H, CH,Ar), 4.82 (d, /=10.8 Hz, 1H, CH,Ar), 475 (d, /=
10.7 Hz, 1H, CH,Ar), 4.74 (brs, 1H, H1), 4.71-4.62 (m, 4H, CH,Ar),
4.51-4.41 (m, 5SH, CH,Ar), 420 (brs, 1H, HY'), 4.12 (dd, J=13.0, 5.3 Hz,
2H, OCH,), 4.07 (t, J=1.6 Hz, 1H, H2), 4.05-3.98 (m, 3H, OCH,, HY),
3.97-3.93 (m, 2H, H3’, H4'),3.90 (dd, J =8.9,3.6 Hz, 1H, H3"),3.84 (t,J =
9.5 Hz, 1H, H4"), 3.78 (dd, /=10.7, 3.6 Hz, 1 H, H6'), 3.77-3.67 (m, 3H,
H5", H6", H6"), 3.61 (dd, J=10.5, 1.1 Hz, 1H, H6'), 3.58 (ddd, /=82, 8.2,
48 Hz, 1H, H4), 337 (brs, 1H, H3), 3.18 (dd, J=10.5, 9.1 Hz, 1H, H5),
2.11, 1.96 (2 x5, 2x 3H, OAc); “C NMR (150 MHz, CDCl,): 6 =170.0,
169.9,138.6, 138.4, 138.3,138.2, 138.2, 138.0, 134.8, 134.7, 128.4, 128.3, 128.3,
128.3,128.3, 128.2, 128.2, 128.2, 128.1, 128.0, 127.9, 127.8, 127.6, 127.6, 127.5,
127.5,1274,116.9, 116.5, 98.6, 98.5, 94.4,91.8, 78.7, 77.7,75.1,75.0, 74.2, 74.1,
74.0, 73.5, 73.4, 72.1, 71.9, 71.6, 71.5, 71.2, 68.9, 68.8, 68.8, 68.4, 29.7, 21.0,
20.9; HRMS (MALDI): calcd for CeH,3sO;Na [M+Na]*: 1201.5131, found
1201.5166.

Ring F diol 28: See Part 21?! in this series.

Imidate 30: R;=0.55 (70 % Et,0 in hexanes); IR (thin film): 7 = 3336, 3032,
2921, 1746, 1672, 1496, 1367, 1231, 1069, 795, 737 cm~'; 'TH NMR (500 MHz,
CDCl;, a:f ca. 9:1): 6 =8.69 (s, 0.9H, NHa), 8.60 (s, 0.1 H, NHp), 7.37-7.30
(m, 10H, ArH), 7.26 (s, 0.1H, H1p), 6.17 (d, /=3.3 Hz, 0.9H, Hla), 5.60
(dd, J=3.1,3.1 Hz, 0.9H, H2a), 5.55 (d, J=3.0 Hz, 0.1 H, H2(3), 4.83, 4.66
(AB, J=115Hz, 2H, CH,Ar), 4.75, 4.64 (AB, J=11.4 Hz, 2H, CH,Ar),
3.99-3.93 (m, 3H, H3, H4, H5), 3.75 (m, 1H, H5),2.17,2.13 (2 x 5,2 x 3H,
OAc); BC NMR (125 MHz, CDCl;): 6 =169.9, 160.1, 138.1, 137.5, 1284,
128.4, 128.3, 128.2, 127.8, 1277, 127.6, 95.1, 77.3, 770, 76.7, 76.4, 73.7, 73.4,
72.6,72.3, 677, 67.3, 63.4, 20.9.

Ring FG system 31: R;=0.14 (70% Et,0 in hexanes); [a]§ =—32.2 (c=
0.7, CHCl,); IR (thin film): 7=3477, 3031, 2922, 1746, 1613, 1513, 1456,
1371, 1304, 1242, 1105, 1048, 924, 820, 738, 699 cm~!; '"H NMR (600 MHz,
CDCL): 8 =7.39-726 (m, 15H, ArH), 725 (d, J = 8.9 Hz, 2 H, PMB), 6.88
(d, J=8.8 Hz, 2H, PMB), 5.52 (dd, J=2.8, 2.7 Hz, 1 H, H2'), 5.19 (d, J =
2.2 Hz, 1H, HY'), 4.84-4.53 (m, SH, CH,Ar), 4.67 (s, 1 H, H1), 4.06 (d, J =
3.7Hz,1H,H2),3.92 (dd,J=9.3,3.3 Hz, 1H, H3"),3.90 (dd, /= 9.4,9.4 Hz,
1H, H4), 3.86 (ddd, J=9.6, 3.8, 2.8 Hz, 1 H, H4'), 3.81 (s, 3H, OMe), 3.79
(dd,J=11.1,5.5 Hz, 1 H, H6), 3.63 (dd, J =11.1, 2.5 Hz, 1 H, H5'), 3.60 (dd,
J=11.1, 4.3 Hz, 1H, HY'), 3.56 (dd, J=9.2, 3.1 Hz, 1H, H3), 3.52 (dd, /=
10.8, 10.5 Hz, 1H, H6), 3.38 (s, 3H, OMe), 3.35 (ddd, /=9.9, 4.3, 2.5 Hz,
1H, H5), 2.12 (s, 3H, OAc); *C NMR (150 MHz, CDCL): 6 = 169.8, 159.3,
138.3, 137.9, 137.7, 130.3, 129.7, 128.5, 128.4, 128.3, 128.2, 128.0, 127.9, 127.8,
127.7,127.7,113.8, 101.6, 94.8, 94.5, 81.2, 77.2, 77.0, 76.9, 76.8, 75.3, 74.8, 73.7,
73.7,73.4, 71.9, 71.4, 71.1, 68.3, 68.1, 61.7, 59.3, 56.7, 55.2, 33.4, 29.6, 20.9;
3CNMR (150 MHz, CDCl;; proton coupled): 6 94.9 (Jo; = 168.8 Hz), 94.6
(Jen=159.1 Hz); HRMS (FAB): calcd for C;3Hs,0,,Cs [M+Cs]*: 891.2357,
found 891.2379.

General procedure for the formation of resin bound seleno-glycosides:
LiBH, (1.5 equiv) was added to a solution of the selenium bromide resin!”}
(1.0 equiv) in THF (0.1m) at 25 °C and the reaction mixture was stirred until
the resin turned completely colorless. The solvents were removed by
cannula and the resin was rinsed with THF under an atmosphere of argon.
The colorless lithio-selenium resin was redissolved in THF (0.1m) and
nBu;SnCl (20 equiv) was added. The reaction mixture was stirred for 2 h
and then filtered through a sintered glass frit. The resin was rinsed with
THEF, CH,Cl,, and Et,0 and then dried under argon for 30 min. The resin
was dissolved in CH,Cl, containing the trichloroacetimidate (2.0 equiv,
0.1m) and 4 A MS were added. After stirring for 10 min, the reaction
mixture was cooled to —78°C and BF;-Et,0 (1.5equiv) was added
dropwise. The reaction mixture was stirred at —78°C for 3—12 h and then
filtered through a sintered glass frit. The resin was rinsed with CH,Cl,,
MeOH, CH,Cl,, and finally Et,O. The resin was then air dried for 2 h.

General procedure for the preparation of glycosyl fluorides: Solid phase:
DAST (3.0 equiv) was added to a solution of the resin-bound alcohol
(1.0 equiv) in CH,Cl, (0.2m) at 0°C and the resulting mixture was stirred
for 0.5 h. The reaction mixture was filtered through a glass frit and dried
under argon for 30 min.

Solution phase: DAST (1.5 equiv) was added to a solution of the alcohol
(1.0 equiv) in CH,Cl, (0.2M) at 0°C and the resulting mixture was stirred
for 0.5 h. The reaction mixture was quenched by the addition of saturated
aqueous NaHCOs, diluted with CH,Cl, and washed with saturated aqueous
NaHCO; and brine. The organic layer was dried (Na,SO,) and the solvents
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were removed under reduced pressure. The residue was used crude. This
procedure is further illustrated by the following example:

Fluoride 36: DAST (0.08 mL, 0.60 mmol) was added to a solution of
alcohol 352 (0.210 g, 0.40 mmol) in CH,Cl, (2.0 mL) at 0°C and the
resulting mixture stirred for 0.5 h. The reaction mixture was quenched by
the addition of saturated aqueous NaHCO; (5 mL), diluted with CH,Cl,
(100 mL) and washed with saturated aqueous NaHCO; (10 mL) and brine
(10 mL). The organic layer was dried (Na,SO,) and the solvents were
removed under reduced pressure. The residue was used crude.

Fluoride 46 was prepared from the corresponding 2-hydroxy-1-seleno-
phenyl glycoside. Alcohol: R;=0.35 (40 % Et,0 in hexanes); [a]F = —1.41
(¢=0.92, CHCL); IR (thin film): 7=23442, 3030, 2867, 1580, 1360, 1210,
1116, 1073, 910, 738, 697 cm~!; 'H NMR (600 MHz, CDCL;): 6 =7.70 (d, J =
7.7 Hz, 2H, ArH), 739-723 (m, 18 H, ArH), 4.94-4.87 (m, 6H, CH,Ar),
4.76 (d, J=9.7 Hz, 1H, H1), 3.82 (dd, J=11.0, 1.8 Hz, 1 H, H6), 3.78 (dd,
J=11.0, 42 Hz, 1H, H6), 3.66-3.59 (m, 2H), 3.56-3.49 (m, 2H), 2.48 (d,
J=1.9 Hz, 1H, OH); *C NMR (150 MHz, CDCl;): 6 =138.4, 138.2, 138.0,
135.0, 129.0, 128.5, 128.4, 128.3, 128.3, 127.9, 127.9, 127.7, 127.5, 126.9, 126.6,
85.6, 84.6,80.4,772,75.3,75.0,73.3,73.4, 68.8; HRMS (MALDI): calcd for
C;;3H3,05SeNa [M+Na]*: 613.1463, found 613.1473.

Fluoride 47 was prepared from the corresponding 2-hydroxy-1-seleno-
phenyl glycoside. Alcohol: R;=0.38 (50 % Et,O in hexanes); [a]F =—13.2
(¢=0.65, CHCl,); IR (thin film): ¥ =3496, 2930, 2857, 1580, 1474, 1381,
1252, 1120, 1074, 1037, 858, 837, 779, 736, 694 cm~!; 'H NMR (600 MHz,
CDCly): 0 =765 (d, J=6.9 Hz, 2H, ArH), 7.39-7.27 (m, 8H, ArH), 4.94,
4.78 (AB,J=11.4 Hz,2H, CH,Ar), 4.76 (d, /] =9.8 Hz, 1 H, H1), 3.50 (ddd,
J=10.1, 10.1, 1.9 Hz, 1H, H2), 3.37 (dq, J=8.9, 6.2 Hz, 1H, H5), 3.35 (t,
J=8.5Hz, 1H, H3), 329 (t, /=8.7Hz, 1H, H4), 2.38 (d, /=2.0 Hz, 1H,
OH), 1.33 (d, J=6.2 Hz, 3H, H6), 0.92 (s, 9H, rBuSi), 0.08 (s, 3H, MeSi),
0.06 (s, 3H, MeSi); 3C NMR (150 MHz, CDCL): 6 =138.7, 124.7, 129.0,
128.3, 128.1, 127.7, 127.5, 1271, 85.7, 85.4, 78.2, 75.6, 74.9, 73.9, 25.9, 18.7,
18.0, —3.7, —4.3; HRMS (MALDI): calcd for C,sH;,0,SeSiNa [M+Na]*:
531.1548, found 531.1523.

Fluoride 102 was prepared from the corresponding 2-hydroxy-1-seleno-
phenyl glycoside. Aleohol: R;=0.38 (70% Et,0 in hexanes); [a]F =
+164.9 (c =2.66, CHCl;); IR (thin film): 7 = 3467, 2929, 2861, 1612, 1580,
1513, 1472, 1302, 1250, 1088, 869, 837 cm~!; '"H NMR (600 MHz, CDCl,):
0="757-155 (m, 2H, ArH), 726-7.22 (m, 5H, ArH), 6.88 (d, /=8.3 Hz,
2H, PMB), 5.87 (d, J=13 Hz, 1H, H1), 4.75, 451 (AB, J=10.8 Hz, 2H,
CH,Ar), 4.13 (dd, J=3.1, 1.3 Hz, 1H, H2), 4.05 (ddd, J=9.8, 3.6, 1.9 Hz,
1H, HS), 4.02 (dd, /=8.8, 3.5 Hz, 1H, H3), 3.84 (t, /=94, Hz, 1H, H4),
3.79 (s, 3H, OMe), 3.65 (dd, /=10.8, 3.7 Hz, 1H, H6), 3.50 (dd, J=10.8,
2.0 Hz,1H, H6), 3.32 (s, 3H, OMe), 2.80 (brs, 1 H, OH), 0.95 (s, 9 H, rBuSi),
0.16, 0.15 (2 x s, 2 x 3H, MeSi); *C NMR (150 MHz, CDCl;): 6 =159.2,
133.7,130.4, 129.3, 129.2, 129.1, 127.6, 113.7, 85.3, 75.1, 74.8, 73.9, 73.8, 70.9,
59.0, 55.2,25.8,179, —4.6, —4.7; HRMS (MALDI): calcd for C,;H,,O4Se-
SiNa [M+Na]*: 591.1656, found 591.1658.

Alcohols used in coupling reactions:

Alcohol 44: See ref. [26].

Alcohol 45: R;=0.21 (100% Et,0); [a]} =+136.4 (¢=0.89, CHCL); IR
(thin film): 7 = 3035, 2975, 2945, 2885, 1725, 1205, 1105, 1000, 960, 736 cm™;
'"H NMR (600 MHz, CDCl;): d =5.12 (t, /=9.7 Hz, 1H, H3), 472 (d, J =
3.8 Hz, 1H, H1), 3.61-3.59 (m, 1H, HS), 3.57-3.52 (m, 3H, H2, H6, H6),
3.31(t,/=9.7 Hz, 1H, H4), 3.40 (s, 3H, OMe), 3.37 (s, 6H, OMe), 2.25 (d,
J=9.4Hz, 1H, OH), 2.10 (s, 3H, OAc); *C NMR (150 MHz, CDCl;): 6 =
1712, 994, 76.7, 75.5, 712, 70.5, 69.8, 60.0, 59.1, 55.3, 21.0; HRMS
(MALDI): calcd for C;;H,,0,Na [M+Na]*: 287.1101, found 287.1099.
Alcohol 88: R;=0.28 (100% Et,0); [a] =+107.3 (¢=0.79, CHCL); IR
(thin film): 7=3449, 2928, 1765, 1743, 1451, 1303, 1248, 1160, 1094, 1044,
1028, 962, 791 cm~'; '"H NMR (600 MHz, CDCl;):  =4.81 (d, J=3.5 Hz,
1H, H1), 4.69 (d, /=9.7Hz, 1H, H4), 4.09, 4.07 (AB, J=14.5Hz, 2H,
CH,(l), 3.89 (t,/=9.5 Hz, 1H, H3), 3.76 (dq, J=9.7, 6.2 Hz, 1 H, H5), 3.46
(s, 3H, OMe), 3.38 (s, 3H, OMe), 3.21 (dd, J=9.2, 3.5 Hz, 1 H, H2), 2.73
(brs, 1H, OH), 1.15 (d, J=6.1 Hz, 3H, H6); *C NMR (150 MHz, CDCl,):
0=166.9,96.5, 81.5,77.1, 70.4, 64.7, 58.5, 55.3, 40.7, 17.2; HRMS (MALDI):
caled for C,jH;ClO¢Na [M+Na]*: 291.0611, found 291.0608.

Alcohol 89: R;=0.45 (100% Et,0); [a]} =+148.4 (¢ =0.42, CHCL); IR
(thin film): 7=3456, 2917, 1754, 1451, 1308, 1248, 1193, 1160, 1099, 1050,
967,912, 835,791 cm~'; 'H NMR (600 MHz, CDCl,): 6 =5.14 (t,J =9.7 Hz,
1H, H3), 4.78 (d, J=3.5Hz, 1H, H1), 4.11, 4.09 (AB, /=149 Hz, 2H,
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CH,Cl), 3.64 (dq, /=9.6, 6.2 Hz, 1 H, H5), 3.39 (s, 3H, OMe), 3.37 (s, 3H,
OMe), 3.30 (dd, /=9.8, 3.7 Hz, 1H, H2), 3.22-3.17 (m, 1H, H4), 2.62 (d,
J=6.6 Hz, 1H, OH), 1.24 (d, /=6.1 Hz, 3H, H6); *C NMR (150 MHz,
CDCly): 0=1679, 96.9, 79.0, 76.9, 74.7, 67.3, 58.8, 55.1, 40.8, 17.3; HRMS
(MALDI): caled for C,,H;;ClIO¢Na [M+Na]*: 291.0611, found 291.0601.

General procedure for the coupling of glycosyl fluorides and alcohols:
Solid phase: The resin was diluted with CH,Cl, (1.0M), 4 A MS (spheres)
were added and the reaction mixture was stirred for 10 min. The alcohol
(10 equiv) was added, followed by the addition of SnCl, (3.0 equiv) in one
portion, and the resulting mixture was warmed to 25°C and stirred for 2 -
12 h. The reaction mixture was filtered through a sintered glass frit and
washed with CH,Cl,, MeOH, CH,Cl,, and finally Et,O. The resin was then
air dried for 2 h.

Solution phase: The crude glycosyl fluoride (1.5-2.5 equiv) and the alcohol
(1.0 equiv) were azeotroped with benzene (3 x 10 mL) and then dried
under high vacuum for 1 h. Et,O (0.2m) and 4 A MS were added, and the
mixture was stirred for 5 min. SnCl, (1.5-2.5 equiv) was added in one
portion and the resulting mixture was warmed to 25°C and stirred for 2—
12 h. The reaction mixture was quenched by the addition of Et;N (5 mL),
diluted with CH,Cl, and washed with saturated aqueous NaHCO; and
brine. The organic layer was dried (Na,SO,), the solvents were removed
under reduced pressure, and the residue was purified by flash column
chromatography. This procedure is further illustrated by the following
example:

Glycoside 37a: Glycosyl fluoride 36a (0.20 g, 0.40 mmol) and alcohol 43
(0.10 g, 0.60 mmol) were azeotroped with benzene (3 x 10 mL) and then
dried under high vacuum for 1 h. Et,0 (2.0 mL) and 4 A MS were added,
the mixture was stirred for 5 min, and then cooled to 0°C. SnCl, (0.114 g,
0.60 mmol) was added in one portion and the resulting mixture was
warmed to 25 °C and stirred for 3 h. The reaction mixture was quenched by
the addition of Et;N (5 mL), diluted with CH,Cl, (100 mL) and washed
with saturated aqueous NaHCO; (10 mL) and brine (10 mL). The organic
layer was dried (Na,SO,), and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 50% Et,0 in hexanes) to afford glycoside 37a (0.253 g, 94%) as a
white foam. 37a: R;=0.38 (50 % Et,0O in hexanes); [a]¥ = +20.0 (¢c=0.2,
CHCL); IR (neat): 7 =2929, 2856, 1724, 1672, 1513, 1453, 1359, 1274, 1175,
1110, 943, 838, 778, 713 cm~'; 'TH NMR (500 MHz, CDCl;): 6 =8.08 (d, J =
8.0 Hz, 2H, ArH), 7.71-7.68 (m, 2H, ArH), 7.60 (t, /=74 Hz, 1H, ArH),
746 (t, J=17.7Hz, 2H, ArH), 734 (d, J=8.3 Hz, 2H, ArH), 7.23-710 (m,
3H, ArH), 6.95 (d,/=8.3 Hz,2H, ArH),4.93 (d,/ =74 Hz, 1H, H1), 4.77,
4.60 (AB, J=12.0 Hz, 2H, CH,Ar), 4.53-4.46 (m, 2H, CH,0Bz), 4.38 (t,
J=3.9Hz, 1H, H3), 420-4.16 (m, 1H, CH,0), 3.95-3.89 (m, 3H, CH,0,
H5),3.87 (s,3H, OMe), 3.68 (dd,J=7.3,3.3 Hz, 1H, H2), 3.39 (m, 1 H, H4),
0.99 (s, 9H, rBuSi), 0.22 (s, 3H, MeSi), 0.05 (s, 3H, MeSi); *C NMR
(125 MHz, CDCLy): 0 =166.4, 159.3, 133.0, 132.7, 130.9, 130.1, 129.6, 129.3,
128.6, 128.1, 126.4, 113.8, 101.9, 75.1, 72.5, 71.2, 66.8, 63.9, 62.4, 55.2, 49.7,
25.8,18.0, — 4.5, — 4.8; HRMS (FAB): calcd for C3,H,,0,SeSiNa [M+Na]*:
695.1914, found 695.1900.

Glycoside 48a: R;=0.42 (50% Et,0 in hexanes); [a]¥ = +37.5 (c=0.20,
CHCIL,); IR (thin film): 7¥=3062, 3030, 2918, 1724, 1602, 1453, 1363, 1273,
1110, 1026, 909, 739, 696 cm~'; 'H NMR (600 MHz, CDCL;): 6 =8.14 (d,
J=9.6 Hz, 2H, ArH), 7.74 (d, J=10.0 Hz, 2H, ArH), 7.63 (t, /=75 Hz,
1H, ArH), 749-726 (m, 20H, ArH), 5.32 (d, /=17, 1H, H1), 5.01-4.55
(m, 6H, CH,Ar), 4.54-4.52 (m, 2H, CH,0Bz), 4.35 (dd, J=10.1, 5.5 Hz,
1H, H3), 4.07-3.96 (m, 4H), 3.88—3.86 (m, 2H), 3.81 (dd, J = 13.0, 2.3 Hz,
1H); BC NMR (150 MHz, CDCl;): 6 =166.3, 138.4, 138.3, 138.0, 134.6,
132.9,129.9, 129.6, 129.0, 128.3, 128.2, 128.2, 127.9, 127.9, 127.6, 127.5, 1274,
100.5, 78.8, 75.6, 74.8, 73.3, 71.9, 71.5, 69.6, 65.1, 63.6, 49.2; HRMS
(MALDI): caled for C,,H,,0,SeNa [M+Na]*: 761.1988, found 761.2001.

Glycoside 50a: R;=0.63 (50% Et,0 in hexanes); [a]¥ =+78.0 (c=0.23,
CHCL,); IR (thin film): ¥ =2929, 2856, 1727, 1454, 1383, 1273, 1116, 1025,
877,835,779, 740 cm™"; 'H NMR (600 MHz, CDCL): 6 = 8.04 (d, /=78 Hz,
2H, ArH), 7.59-7.53 (m, 2 H, ArH), 7.45 (t, / = 7.8 Hz, 2 H, ArH), 7.35-7.18
(m, 9H, ArH), 4.98 (s, 1 H, H1), 4.65, 438 (AB, J = 11.6 Hz, 2H, CH,Ar),
4.47-439 (m, 2H), 3.95-3.88 (m, 3H), 3.77 (dq, J=8.9, 63 Hz, 1H),
3.71-3.68 (m, 1H), 3.54 (t, /=83 Hz, 1 H), 129 (d, J=6.3 Hz, 3H, H6),
0.84 (s, 9H, rBusSi), 0.07, 0.03 (2 x s, 2 x 3H, MeSi); 3C NMR (150 MHz,
CDCl,): 6 =166.4,159.1,137.9, 134.5, 133.0, 130.0, 130.0, 129.6, 129.3, 129.1,
128.4, 128.1, 128.0, 127.6, 100.2, 78.4, 74.3, 70.7, 69.4, 65.1, 63.7, 48.6, 30.3,
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29.7, 259, 18.5, 182, 152, —3.5, —4.7; HRMS (MALDI): caled for
C3,H,,OSeSiNa [M+Na]*: 679.1969, found 679.1972.

Disaccharide 52a: R;=0.35 (100 % Et,0); [a]§ =+475 (¢ =0.72, CHCl,);
IR (thin film): 7= 3441, 3030, 2920, 1453, 1362, 1070, 910, 737, 697 cm™;
'H NMR (600 MHz, CDCl;): 6 =7.64 (d, J=8.2 Hz, 2H, ArH), 7.40-7.14
(m, 18H, ArH), 5.14 (s, 1 H, H1), 4.86, 4.47 (AB, J=10.8 Hz, 2H, CH,Ar),
4.79 (d,J=3.5Hz, 1H, Hl"), 4.66,4.51 (AB,J=11.3 Hz,2H, CH,Ar), 4.62,
4.58 (AB,J=12.2 Hz, 2H, CH,Ar), 417 (dd, J =75, 4.6 Hz, 1 H), 3.98 (dd,
J=11.1, 3.6 Hz, 1H), 3.93-3.90 (m, 2H), 3.76 (t, J=9.1 Hz, 1H), 3.71-
3.63 (m, 2H), 3.62-3.59 (m, 1H), 3.61 (s, 3H, OMe), 3.54 (dt, /=110,
2.2 Hz,1H),3.50 (s,3H, OMe), 3.47 (t,/ =9.1 Hz, 1H), 3.36 (s, 3H, OMe),
3.21 (brs, 1H),3.18 (dd, J =9.6,3.7 Hz, 1H), 1.85 (brs, 1 H, OH); 3C NMR
(150 MHz, CDCl,): 6 =138.0, 138.0, 137.9, 135.0, 129.0, 128.4, 128.3, 128.2,
128.0, 127.8, 127.7, 127.6, 127.5, 100.4, 97.5, 82.9, 81.6, 78.9, 75.6, 75.0, 73.2,
71.8, 71.3, 70.0, 69.4, 68.9, 65.5, 61.2, 58.6, 574, 55.1, 49.1, 30.0; HRMS
(MALDI): caled for C,Hs,O,,SeNa [M+Na]*: 817.2466, found 817.2428.

Disaccharide 54a: R;=0.41 (100 % Et,0); [a]¥ = +26.2 (¢=0.42, CHCL,);
IR (thin film): 7=3442, 2930, 1455, 1384, 1254, 1113, 878, 837, 779,
740 cm~!; 'TH NMR (600 MHz, CDCl;): 6 =7.57-7.19 (m, 10H, ArH), 4.97
(s, 1H, H1), 4.72 (d, J=3.6 Hz, 1 H, H1"), 4.66, 4.36 (AB, J=11.0 Hz, 2H,
CH,Ar), 3.86 (dd, J=4.5, 1.3 Hz, 1H), 3.76 (dq, J = 8.9, 6.3 Hz, 1 H), 3.62—
3.57 (m, 2H), 3.83-3.80 (m, 2H), 3.64 (s, 3H, OMe), 3.51 (t, J=8.8 Hz,
1H), 3.49 (s, 3H, OMe), 3.48 - 3.44 (m, 2H), 3.41 (t,/ = 9.1 Hz, 1 H), 3.34 (s,
3H, OMe), 3.14 (dd, J=9.4,3.7 Hz, 1H), 1.28 (d, /= 6.2 Hz, 3H, H6), 0.84
(s, 9H, rBuSi), 0.05, —0.04 (2xs, 2 x 3H, MeSi); *C NMR (150 MHz,
CDCly): 6=1379, 135.1, 129.0, 128.1, 128.0, 127.7, 127.4, 100.0, 97.3, 82.9,
81.7, 78.2, 74.3, 70.6, 69.9, 69.8, 69.3, 65.4, 61.3, 58.4, 55.1, 48.8, 30.3, 18.5,
18.2, —3.8, —4.7; HRMS (MALDI): calcd for C;H;,0,SeSiNa [M+Na]*:
735.2443, found 735.2412.

Disaccharide 56a: R;=0.28 (100 % Et,0); [a]¥ =+67.3 (¢=0.92, CHCL,);
IR (thin film): 7 = 3441, 3063, 2931, 1613, 1515, 1470, 1359, 1302, 1250, 1046,
908, 835,778,735 cm~'; "TH NMR (600 MHz, CDCl;): 6 =7.61-7.59 (m, 2H,
ArH), 723-717 (m, 5SH, ArH), 6.84 (d, /J=8.6 Hz, 2H, PMB), 4.82 (d, /=
70 Hz, 1H, H1), 4.71 (d, J=3.5Hz, 1H, H1'), 4.55, 447 (AB, J=12.0 Hz,
2H, CH,Ar), 4.23 (t,J =42 Hz, 1H), 3.93 (dd, J=10.9, 4.3 Hz, 1 H), 3.83 -
3.71 (m, 2H), 3.76 (s, 3H, OMe), 3.60—3.54 (m, 2H), 3.60 (s, 3H, OMe),
3.50-3.46 (m, 2H), 3.46 (s, 3H, OMe), 3.40 (t,/ =9.3 Hz, 1H), 3.30 (s, 3H,
OMe), 3.11 (dd, J=9.4, 3.5 Hz, 1H), 3.00 (brs, 1H, H4), 2.25 (brs, 1H,
OH), 0.88 (s, 9H, BuSi), 0.09, —0.08 (2 xs, 2 x3H, MeSi); *C NMR
(150 MHz, CDCl;): 6 =159.1, 133.2, 129.9, 129.2, 128.5, 126.7, 113.7, 101.0,
97.1,82.5,81.1,75.2,72.3,71.2,70.1,70.0, 67.1, 62.4,60.9, 58.3, 55.1, 54.9, 30.1,
25.7,179, —4.6, —4.9; HRMS (FAB): calcd for C3,H5,0;,SeSiNa [M+Na]*:
751.2392, found 751.2405.

Disaccharide 58a: R;=0.19 (50% Et,0O in hexanes); [a]# =+52.9 (c=
0.17, CHCL,); IR (thin film): %= 3037, 2926, 1749, 1453, 1368, 1231, 1196,
1072, 989, 909, 737, 697 cm~'; 'H NMR (600 MHz, CDCl,): 6 =7.72-7.23
(m, 20H, ArH), 547 (t, /=9.8 Hz, 1H), 5.19 (s, 1H, H1), 5.02-4.56 (m,
6H, CH,Ar), 4.81 (d, J=4.1 Hz, 1H), 420 (dd, J=8.7, 48 Hz, 1H), 4.08
(dd,J=4.8,12 Hz,1H),3.97 (t,J=9.5Hz, 1H), 3.93-3.81 (m, 4H), 3.77 -
3.75(m,1H),3.71 (dd,J =10.6,3.7 Hz, 1 H), 3.67 (dd, J = 10.6, 2.1 Hz, 1H),
3.51 (s, 6H, OMe), 3.44 (t,J=9.8 Hz, 1H), 3.37 (s, 3H, OMe), 2.11 (s, 3H,
OAc); BC NMR (150 MHz, CDCL): 6 =169.9, 138.6, 138.4, 137.9, 134.5,
129.2,129.0,128.2,128.0, 127.6, 127.5, 127.3,127.2, 96.3, 95.9, 78.6, 77.2, 74.8,
74.7,73.2, 72.4, 71.9, 71.8, 71.1, 70.6, 69.5, 68.9, 59.8, 59.1, 55.0, 48.0, 30.2,
20.9; HRMS (MALDI): caled for C,Hs0;;SeNa [M+Na]*: 859.2567,
found 859.2603.

Disaccharide 60a: R;=0.38 (50% Et,0 in hexanes); [a]f =+373 (c=
0.44, CHCL,); IR (thin film): 7=2930, 2856, 1752, 1554, 1370, 1231, 1121,
1073, 989, 837 cm™'; '"H NMR (600 MHz, CDCl;): 6 =7.54-7.20 (m, 10H,
ArH), 532 (t, J=9.7Hz, 1H, H3'), 4.84 (s, 1H, H1), 4.73, 429 (AB, J=
10.7 Hz,2H, CH,Ar), 4.57 (d,/=3.4 Hz, 1H,H1'),4.01 (d,/=5.0 Hz, 1 H),
3.72 (dd,J=8.8,5.0 Hz, 1H), 3.67 (dd,J=10.1,3.3 Hz, 1 H), 3.66 —3.63 (m,
2H),3.60 (dd,J=10.6,3.5 Hz, 1H), 3.56 (brd,/=10.6 Hz, 1 H),3.49 (t,/ =
6.1 Hz, 1H), 3.43 (s, 3H, OMe), 3.41 (s,3H, OMe), 3.37 (t,/=9.3 Hz, 1 H),
3.19 (s, 3H, OMe), 2.12 (s, 3H, OAc), 1.30 (d, / =6.2 Hz, 3H, H6), 0.80 (s,
9H, rBuSi), 0.02, —0.11 (2xs, 2x3H, MeSi); ®C NMR (150 MHz,
CDCl;): 6=169.9, 137.8, 134.5, 129.1, 128.9, 128.2, 128.0, 127.6, 127.3, 96.0,
95.9, 78.0, 77.1, 73.8, 72.5, 71.7, 70.6, 70.3, 69.5, 69.1, 59.9, 59.2, 55.2, 474,
30.3, 25.8, 21.0, 184, 18.1, —3.9, —4.8; HRMS (MALDI): caled for
CyHs,0,0SeSiNa [M+Na]t: 7772548, found 777.2561.
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Disaccharide 62a: R;=0.15 (50% Et,0 in hexanes); [a]F =+275 (c=
0.12, CHCl,); IR (thin film): 7=2931, 2856, 1751, 1612, 1513, 1468, 1369,
1249, 1195, 1046, 907, 837, 779, 735 cm~!; '"H NMR (500 MHz, CDCl;): 6 =
765 (d, J=8.6 Hz, 2 H, ArH), 731-727 (m, SH, ArH), 6.93 (d, J=8.6 Hz,
2H, PMB), 5.46 (1, J =9.7 Hz, 1 H, H3), 478 (d, J = 5.1 Hz, 1H, H1'), 4.72
(d,J=3.0 Hz, 1H, H1), 4.60 (s, 2H, CH,Ar), 4.24 (dd, J = 5.8, 4.0 Hz, 1 H),
3.87 (s, 3H, OMe), 3.72-3.71 (m, 1H), 3.79 (dd, J=10.3, 3.6 Hz, 1H), 3.73
(dd,J=10.3,3.3 Hz, 1 H), 3.68 (t, / = 4.3 Hz, 1 H), 3.66 (dd,J = 10.5,3.5 Hz,
1H),3.61 (dd,J =10.5,2.1 Hz, 1 H), 3.49 (s, 3H, OMe), 3.48 - 3.46 (m, 1 H),
3.46 (s,3H, OMe), 3.45 (t,J =9.8 Hz, 1 H), 3.44-3.40 (m, 1H), 3.18 (s, 3H,
OMe), 2.18 (s, 3H, OAc), 0.98 (s, 9H, rBuSi), 0.19, 0.09 (2 xs, 2 x 3H,
MeSi); *C NMR (125 MHz, CDCL): 6 =169.8, 159.1, 130.4, 129.1, 128.8,
126.8,113.7,75.4,72.6,70.7, 69.5, 59.6, 59.1, 55.2, 55.0, 25.8, 21.6, 18.0, — 4.5,
—4.8; HRMS (FAB): calcd for C;,Hs,0,,SeSiNa [M+Na]*: 793.2493, found
793.2502.

Disaccharide 90: R;=0.42 (80 % Et,O in hexanes); [a]¥ =+72.9 (c=041,
CHCLy); IR (thin film): #=2930, 1771, 1611, 1512, 1462, 1248, 1165, 1105,
1039, 835, 780 cm~!; '"H NMR (600 MHz, CDCl;): 6 =753 (dd, /=178,
1.9 Hz, 2H, ArH), 723-7.18 (m, 5H, ArH), 6.83 (d, /=8.7 Hz, 2H, PMB),
4.86 (d,J =74 Hz, 1 H, H1),4.70 (d,J = 3.6 Hz, 1 H, HI'), 4.66 (t,/ = 9.7 Hz,
1H, H4'), 4.55, 4.43 (AB, J=11.8 Hz, 2H, CH,Ar), 423 (t,J =3.6 Hz, 1 H,
H3), 4.10 (t,J=9.6 Hz, 1 H, H3'), 3.96 (brd, /= 9.6 Hz, 1 H, H5), 3.89 (brs,
2H, CH,C1), 3.77 (s, 3H, OMe), 3.74—3.68 (m, 2H, H5, HY), 3.43 (s, 3H,
OMe), 3.42 (dd, J =70, 3.3 Hz, 1H, H2), 3.36 (s, 3H, OMe), 3.26 (brs, 1 H,
H4),3.06 (dd, 7 =9.5,3.5 Hz, 1H, H2'), 1.1 (d,J = 6.3 Hz, 3H, H6'), 0.87 (s,
9H, BuSi), 0.10, 0.05 (2 x s, 2 x 3H, MeSi); *C NMR (150 MHz, CDCL):
0=166.4,159.2,133.2,130.2, 129.2, 128.7,126.8, 113.8, 101.9, 97.9, 80.3, 77.5,
75.9, 754, 65.1, 61.9, 60.2, 55.2, 55.1, 41.2, 25.8, 18.1, 17.3, —4.5, —4.8;
HRMS (MALDI): caled for C;5Hs;ClO,,SeSiNa [M+Na]*: 797.2002, found
797.2000.

Disaccharide 96: R;=0.46 (80 % Et,O in hexanes); [a]¥ =+55.0 (¢ =0.32,
CHCL); IR (thin film): 7=2931, 1774, 1605, 1514, 1468, 1308, 1252, 1138,
1088, 1036, 834, 775, 736 cm~!; 'H NMR (600 MHz, CDCl;): 6 =7.56 (dd,
J=6.7,15Hz,2H, ArH), 723 (d, /= 8.6 Hz, 2H, PMB), 7.20-7.17 (m, 3H,
ArH), 6.85 (d, J=8.6 Hz, 2H, PMB), 5.32 (1, /= 9.5 Hz, 1 H, H3), 4.85 (d,
J=84Hz, 1H, H1), 476 (d, J=3.4Hz, 1H, HY'), 4.56, 4.46 (AB, J=
12.1 Hz, 2H, CH,Ar), 4.24 (brs, 1H, H3), 4.06 (brs, 2H, CH,Cl), 3.85,
3.76 (AB,J=12.0 Hz, 2H, HS, H5), 3.78 (s, 3H, OMe), 3.46 -3.43 (m, 2H,
H4', H5'), 3.37 (s, 3H, OMe), 3.36 (s, 3H, OMe), 3.32 (dd, J=8.3, 2.9 Hz,
1H, H2), 3.21 (dd, J=10.0, 3.4 Hz, 1H, H2'), 3.20 (brs, 1H, H4), 1.23 (d,
J=55 Hz, 3H, H6), 0.87 (s, 9H, BuSi), 0.10, —0.07 (2 x s, 2 x 3H, MeSi);
3C NMR (150 MHz, CDCl3): 6 =165.8, 159.3, 133.9, 129.9, 129.5, 129.2,
128.5, 126.8, 113.8, 102.2, 96.6, 80.2, 75.3, 75.3, 66.2, 62.6, 58.5, 55.2, 55.1,
41.4,25.8,18.0,17.9, —4.5, —4.8; HRMS (MALDI): calcd for C3sH;,ClO -
SeSiNa [M+Na]*: 797.2002, found 797.2036.

Disaccharide 103: R;=0.56 (80% Et,0O in hexanes); [a]5 =+26.30 (c=
0.46, CHCl;); IR (thin film): ¥=2917, 1770, 1748, 1611, 1578, 1512, 1462,
1369, 1303, 1248, 1165, 1132, 1105, 1039, 835, 775 cm~!; 'H NMR (600 MHz,
CDCL): 6 =750 (dd, J=8.4, 1.1 Hz, 2H, ArH), 724711 (m, 5H, ArH),
6.83 (d, J=8.6 Hz, 2H, PMB), 4.73 (d,J =9.1 Hz, 1 H, H1), 4.70, 4.48 (AB,
J=16.9 Hz, 2H, CH,Cl), 4.70 (d, J=3.6 Hz, 1H, H1’), 448 (t, J=9.2 Hz,
1H, H4'), 439, 414 (AB, J=15.1 Hz, 2H, CH,Ar), 3.90 (t, / =9.3 Hz, 1 H,
H3'),3.80-3.72 (m, 1 H, H5'), 3.76 (s, 3H, OMe), 3.59 (dd, J =10.0, 8.0 Hz,
1H, H3), 3.57 (dd, J=10.2, 2.7 Hz, 1 H, H6), 3.49 (dd, /=10.2,2.0 Hz, 1H,
H6),3.44 (t,J =7.8 Hz, 1 H, H4), 3.40 (s, 3H, OMe), 3.38 (s, 3H, OMe), 3.29
(s, 3H, OMe), 3.25-3.21 (m, 1H, H5), 3.04 (t, /= 10.0 Hz, 1H, H2), 3.01
(dd, J=9.6, 3.4 Hz, 1H, H2), 1.14 (d, J=6.3 Hz, 3H, H6), 0.84 (s, 9H,
/BuSi), 0.14, 0.01 (2 x s, 2 x 3H, MeSi); *C NMR (150 MHz, CDCL): =
167.0, 158.9,133.1, 132.2, 131.2, 130.7, 129.0, 128.6, 128.5, 125.8, 113.6, 103.4,
96.5, 81.5, 79.6, 75.6, 75.3, 74.8, 73.7, 73.5, 70.9, 64.3, 58.4, 58.2, 55.2, 55.2,
52.3, 409, 26.2, 182, 173, —3.2, —3.3; HRMS (MALDI): calcd for
C,HysClO,;SeSiNa [M-+Na]*: 841.2264, found 841.2248.

General procedure for the formation of 2-deoxyglycosides: Solid phase:
AIBN (0.1 equiv) was added to a solution of the resin bound glycoside
(1.0 equiv) and nBu;SnH (10 equiv) in benzene (0.1m) at 25°C and the
resulting mixture was refluxed for 1 h. The reaction mixture cooled and the
reaction mixture was filtered. The solvents were removed under reduced
pressure and the residue was purified by flash column chromatography.

Solution phase: AIBN (0.1 equiv) was added to a solution of the glycoside
(1.0 equiv) and nBu;SnH (10 equiv) in benzene (0.2M) at 25°C and the
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resulting mixture was refluxed for 1 h. The reaction mixture cooled, the
solvents were removed under reduced pressure, and the residue was
purified by flash column chromatography. This procedure is further
illustrated by the following example:

Glycoside 38: AIBN (0.002 g, 0.007 mmol) was added to a solution of the
glycoside (0.05g, 0.074 mmol) and nBu;SnH (0.20 mL, 0.74 mmol) in
benzene (3.0 mL) at 25°C and the resulting mixture was refluxed for 1 h.
The reaction mixture cooled, the solvents were removed under reduced
pressure, and the residue was purified by flash column chromatography
(silica gel, 50 % Et,O in hexanes) to afford glycoside 38 (0.034 g,90%) as a
white foam. 38: R;=0.45 (50% Et,O in hexanes); [a]¥ = +28.4 (c=1.25,
CHCL;); IR (thin film): 7=2954, 2932, 2897, 2856, 1723, 1611, 1513, 1460,
1380, 1273, 1250, 1109, 1043, 1006, 902, 837, 778, 712cm~'; 'H NMR
(500 MHz, CDCLy): 6=8.12 (d, J=8.0 Hz, 2H, ArH), 7.62 (t, J=8.0 Hz,
1H, ArH),7.49 (t,/=8.0 Hz,2H, ArH), 7.30 (d, /= 8.8 Hz,2H, PMB), 6.92
(d, J=8.8 Hz, 2H, PMB), 4.90 (t, /=3.3 Hz, 1H, H1), 4.69, 4.59 (AB, J=
11.8 Hz, 2H, CH,Ar), 4.56 (ddd, J=11.8, 6.3, 3.7 Hz, 1 H, CH,0Bz), 4.51
(ddd,J=11.8,6.3,3.7 Hz, 1H, CH,0Bz), 4.08 (ddd, / =9.5,7.7,4.8 Hz, 1 H,
H3), 4.02 (ddd, /=114, 6.6, 4.1 Hz, 1H, OCH,), 3.87 (s, 3H, OMe), 3.80
(ddd, J=114, 6.6, 4.1 Hz, 1H, OCH,), 3.70 (dd, J=11.8, 5.2 Hz, 1H, H5),
3.64 (dd, /=114, 8.5 Hz, 1H, HS), 3.32 (dt, /=8.1, 4.8 Hz, 1H, H4), 2.08
(ddd,J=13.4,4.4,3.3 Hz,1H,H2),1.71 (ddd,/=12.9,9.2,3.3 Hz, 1 H, H2),
0.95 (s, 9H, rBuSi), 0.12 (s, 6H, MeSi); *C NMR (125 MHz, CDCL;): 6 =
166.5, 159.1, 132.9, 130.8, 130.1, 129.6, 129.3, 128.3, 113.7, 97.8, 77.8, 72.4,
69.0, 65.1, 63.9, 61.3, 55.3, 38.1, 25.8, 18.0, — 4.6, —4.8; HRMS (FAB): calcd
for CysH,yO;SiNa [M+Na]*: 539.2441, found 539.2426.

Glycoside 49 (from solid phase): R;=0.31 (50 % Et,0O in hexanes); 'H NMR
(600 MHz, CDCL,): 6 =8.02 (d, /=74 Hz, 2H, ArH), 753 (t, /=75 Hz,
1H, ArH), 748 (t,/ =74 Hz,2H, ArH), 7.14 (m, 15H, ArH), 5.04 (brs, 1 H,
H1), 4.88-4.45 (m, 6H, CH,Ar), 4.45-4.42 (m, 2H, CH,0Bz), 4.00 (ddd,
J=13.6,8.9, 52 Hz, 1H, H3), 3.92 (ddd, /=114, 6.2, 3.5 Hz, 1 H, CH,0),
3.82-3.80 (m, 1 H), 3.77-3.71 (m, 2H), 3.64—3.58 (m, 2H), 2.30-2.28 (m,
1H), 2.00-198 (m, 1H); HRMS (MALDI): caled for CiHaO,Na
[M+Na]*: 605.2515, found 605.2537.

Disaccharide 51 (from solid phase): R;=0.21 (70% Et,O in hexanes);
'"H NMR (600 MHz, CDCl;): 6 =7.57-7.14 (m, 10H, ArH), 4.73 (brs, 1H,
H1),4.67,4.41 (AB,J=11.0 Hz,2H, CH,Ar), 4.53-4.51 (m, 1H), 3.83 (dq,
J=8.6,6.4Hz, 1H), 3.74-3.62 (m, 2H), 3.62 (dd, J = 8.6, 4.7 Hz, 1 H), 3.56
(t,J=8.0 Hz, 1H), 3.53-3.47 (m, 1 H), 3.33-3.27 (m, 1H), 3.17 (brs, 1H),
1.29 (d, J=6.2 Hz, 3H, H6), 0.81 (s, 9H, rBuSi), 0.09, 0.04 (2 xs, 2 x 3H,
MeSi); HRMS (MALDI): caled for C,H,O4SiNa [M+Na]*: 500.2594,
found 500.2578.

Disaccharide 53 (from solid phase): R;=0.15 (100% Et,0); 'H NMR
(600 MHz, CDCl;): 6 =736-7.14 (m, 15H, ArH), 4.98 (brd, J=3.1 Hz,
1H, H1),4.86-4.47 (m, 6 H, CH,Ar),4.87 (d,/ =4.0 Hz, 1 H, H1'), 4.01 (dd,
J=10.9,3.1 Hz, 1H), 3.94 (ddd, /=11.0, 8.8, 4.8 Hz, 1 H), 3.84 (dd, J=9.7,
3.5Hz,1H),3.71-3.54 (m, 5H), 3.63 (s, 3H, OMe), 3.51 (s, 3H, OMe), 3.48
(t,J=9.2Hz,1H), 3.43 (t,/ =9.2 Hz, 1 H), 3.40 (s, 3H, OMe), 3.25 (dd, J =
9.2,3.5Hz, 1H), 3.12 (brs, 1H, OH), 2.38 (dd, J=12.7, 44 Hz, 1H), 1.76
(ddd, J=12.8,12.8,4.0 Hz, 1 H); HRMS (MALDI): calcd for C;sH,0,(Na
[M+Na]*: 661.2989, found 661.2964.

Disaccharide 55 (from solid phase): R;=0.20 (100% Et,0); 'H NMR
(600 MHz, CDCly): 8 =7.31-728 (m, SH, ArH), 4.88 (d, J=3.1 Hz, 1H,
H1), 4.86 (d,J =3.5 Hz, L H, H1'), 4.55,4.49 (AB,J = 11.8 Hz, 2H, CH,Ar),
3.90 (dd, J =10.9, 4.4 Hz, 1H), 3.71-3.49 (m, 5H), 3.66 (s, 3H, OMe), 3.51
(s, 3H, OMe), 3.46 (t, J=9.2 Hz, 1 H), 3.42 (s, 3H, OMe), 3.28-3.22 (m,
2H), 2.51 (brs, 1H, OH), 2.29 (dd, J=13.1, 4.8 Hz, 1H), 1.71-1.69 (m,
1H), 1.28 (d,J = 6.2 Hz, 3H, H6), 0.87 (s, 9 H, rBuSi), 0.05, —0.01 (2 x 5,2 x
3H, MeSi); HRMS (MALDI): caled for C,3H,sO,SiNa [M+Na]*: 579.2965,
found 579.2977.

Disaccharide 57 (from solid phase): R;=0.14 (100% Et,0); 'H NMR
(600 MHz, CDCL,): 6 =7.29-7.22 (m, 2H, PMB), 6.87 (d, /=8.6 Hz, 2H,
PMB), 4.84 (d,/=3.5Hz, 1H, H1"), 4.78 (t,/=3.1 Hz, 1 H, H1), 4.60, 4.53
(AB, J=114Hz, 2H, CH,Ar), 400-3.97 (m, 1H), 391 (dd, /=10.9,
4.4 Hz, 1H), 3.80 (s, 3H, OMe), 3.68-3.60 (m, 2H), 3.64 (s, 3H, OMe),
3.58-3.48 (m, 2H), 3.50 (s, 3H, OMe), 3.40 (t,/ =9.2 Hz, 1H), 3.34 (s, 3H,
OMe), 3.25-3.19 (m, 2H), 2.75 (d, J=2.6 Hz, 1H, OH), 2.04-2.00 (m,
1H), 1.65-1.63 (m, 1H), 0.88 (s, 9H, rBuSi), 0.09, —0.08 (2 xs, 2 x 3H,
MeSi); HRMS (MALDI): caled for CyHy,0,,SiNa [M+Na]*: 595.2914,
found 595.2930.
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Disaccharide 59 (from solid phase): R;=0.10 (70% Et,0 in hexanes);
'H NMR (600 MHz, CDCLy): 6 =7.72-723 (m, 15H, ArH), 5.38 (t, /=
10.0 Hz, 1H), 5.07 (s, 1 H, H1), 4.91-4.40 (m, 6H, CH,Ar), 491 (d, J=
4.1 Hz, 1H),3.90-3.52 (m, 9H), 3.42 (s, 3H, OMe), 3.41 (s, 3H, OMe), 3.40
(s, 3H, OMe), 3.36 (t, J=9.2 Hz, 1H), 2.36-2.28 (m, 1H), 2.10 (s, 3H,
OAc), 1.89-179 (m, 1H); HRMS (MALDI): caled for C;H,;0,Na
[M+Na]*: 703.3094, found 703.3104.

Disaccharide 61 (from solid phase): R;=0.18 (50% Et,O in hexanes);
'"H NMR (600 MHz, CDCLy): 6 =737-720 (m, 5H, ArH), 539 (t, J=
10.1 Hz, 1H, H3'), 495 (d, J=3.1Hz, 1H, H1), 4.55, 441 (AB, J=
11.4 Hz, 2H, CH,Ar), 3.92-3.84 (m, 4H), 3.66-3.63 (m, 2H), 3.60 (dd,
J=10.6, 3.5 Hz, 1H), 3.56 (brd, J=10.6 Hz, 1H), 3.45 (s, 3H, OMe), 3.43
(s, 3H, OMe), 3.40 (s, 3H, OMe), 3.28 (t, /=9.3 Hz, 1H), 2.36-2.24 (m,
1H), 2.12 (s, 3H, OAc), 1.79-1.64 (m, 1H), 1.30 (d, J=6.2 Hz, 3H, H6),
0.83 (s, 9H, rBuSi), 0.04, —0.03 (2 x s, 2 x 3H, MeSi); HRMS (MALDI):
calcd for C3H;s,O,(SiNa [M+Na]*: 621.3071, found 621.3094.

Disaccharide 63 (from solid phase): R;=0.10 (70% Et,0 in hexanes);
'H NMR (600 MHz, CDCL,): 6 =7.23 (d,J = 8.6 Hz, 2H, PMB), 6.86 (d, J =
8.6 Hz, 2H, PMB), 5.37 (t, J=9.7 Hz, 1H, H3'), 4.86 (d, J=5.3Hz, 1H,
H1),4.84 (d,J=3.0 Hz, 1 H, H1'), 4.62, 4.50 (AB, J = 11.4 Hz, 2H, CH,Ar),
3.90-3.86 (m, 1H), 3.88 (s, 3H, OMe), 3.72-3.56 (m, 5H), 3.49-3.44 (m,
2H), 3.43 (s, 3H, OMe), 3.42 (s, 3H, OMe), 3.38 (s, 3H, OMe), 3.25-3.22
(m, 1H), 2.20-2.07 (m, 1 H), 2.18 (s, 3H, OAc), 1.99—~1.97 (m, 1 H), 0.87 (s,
9H, rBusSi), 0.06 (s, 3H, MeSi), 0.05 (s, 3H, MeSi); HRMS (MALDI): calcd
for C;,H;0,;SiNa [M+Na]*: 637.3020, found 637.3015.

General procedure for the removal of esters (chloroacetates, acetates,
benzoates): Solid phase: NaOMe (5.0 equiv) was added to a solution of the
resin bound ester (1.0 equiv) in THF/MeOH (2:1, 0.1m) at 25°C and the
resulting mixture was stirred for 612 h. The reaction mixture was filtered
through a sintered glass frit and washed thoroughly with MeOH, CH,Cl,,
and Et,0. The resin was then air dried for 2 h.

Solution phase: K,CO; or NaOMe (0.2-2.0 equiv) was added to a solution
of the ester (1.0 equiv) in MeOH (0.2Mm) at 25°C and the resulting mixture
was stirred for 1-3 h. The reaction mixture quenched by the addition of
saturated aqueous NH,Cl, diluted with Et,0 or CH,Cl, and washed with
brine. The organic layer was dried (Na,SO,), the solvents were removed
under reduced pressure, and the residue was purified by flash column
chromatography. This procedure is further illustrated by the following
example:

Alcohol 39: NaOMe (0.051 g, 0.95 mmol) was added to a solution of
benzoate 37a (0.253 g, 0.38 mmol) in MeOH (2.0 mL) at 25°C and the
resulting mixture was stirred for 1 h. The reaction mixture quenched by the
addition of saturated aqueous NH,ClI (5 mL), diluted with Et,O (200 mL)
and washed with brine (2 x 10 mL). The organic layer was dried (Na,SO,),
and the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0 —50% Et,O in
hexanes) to afford alcohol 39 (0.191 g, 95 %) as a white foam. 39: R;=0.18
(50% Et,0 in hexanes); [a]f =+38.2 (c=0.33, CHCL); IR (thin film):
7=3454, 2929, 1612, 1514, 1469, 1351, 1303, 1250, 1033, 942, 834, 777,
737 cm~'; 'H NMR (500 MHz, CDCl;): 6 =768 (d, J=7.7 Hz, 2H, ArH),
7.35-727 (m, 5H, ArH), 6.95 (d, J=8.6 Hz, 2H, PMB), 4.86 (d, /=8.5 Hz,
1H, H1), 4.71, 456 (AB, J=12.1 Hz, 2H, CH,Ar), 4.38 (brt, J=2.8 Hz,
1H, H3), 3.96-3.90 (m, 3H, H5, H5, CH,0), 3.87 (s, 3H, OMe), 3.76-3.73
(m, 1H, CH,0), 3.71 (dd, /=87, 3.1 Hz, 1H, H2), 3.70-3.65 (m, 2H,
CH,0), 3.32 (m, 1H, H4), 2.47 (brt, J=6.4 Hz, 1H, OH), 0.99 (s, 9H,
BuSi), 0.23, 0.03 (2 x5, 2 x 3H, MeSi); *C NMR (125 MHz, CDCL): ¢
=159.3, 132.4, 130.8, 129.8, 129.3, 128.7, 126.7, 102.5, 74.8, 72.7, 71.8, 70.8,
66.7, 62.8, 61.8, 55.1, 49.3, 30.2, 25.7, 17.9, 15.1, — 4.5, —4.8; HRMS (FAB):
caled for C;HyOgSeSiNa [M+Na]*: 591.1651, found 591.1642.

Alcohol 91: R;=0.33 (60% Et,0 in hexanes); [a]¥ =+69.8 (c=0.63,
CHCL,); IR (thin film): 7 = 3456, 2929, 1612, 1513, 1459, 1358, 1297, 1250,
1103, 1053, 956, 906, 834, 777 cm~'; '"H NMR (500 MHz, CDCl,): 6 =7.62
(dd, J=75,12 Hz, 2H, ArH), 727-721 (m, SH, ArH), 6.84 (d, /= 8.6 Hz,
2H, PMB), 4.99 (d,J=9.1 Hz, 1 H, H1), 475 (d,J = 3.6 Hz, 1 H, H1"), 4.60,
4.45 (AB,J=12.1 Hz, 2H, CH,Ar), 4.30 (brs, 1H, H3), 3.97,3.81 (AB,J=
123 Hz, 2H, H5, H5), 3.84 (t, J=9.1 Hz, 1H, H3'), 3.79 (s, 3H, OMe),
3.69-3.63 (m, 1H, H5), 3.64 (dd, J=9.1, 2.8 Hz, 1H, H2), 3.56 (brs, 1H,
OH), 3.52 (s, 3H, OMe), 3.39 (s, 3H, OMe), 3.19 (t, /= 1.6 Hz, 1 H, H4),
3.17(dd,J=9.6,3.7 Hz, 1H, H2"), 3.11 (dt,J =9.3,2.2 Hz, 1H, H4"), 1.22 (d,
J=62Hz,3H, H6'), 0.87 (s, 9H, rBuSi), 0.13, —0.07 (2 x s, 2 x 3H, MeSi);
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3BC NMR (150 MHz, CDCLy): 6 =159.3, 131.8, 130.8, 130.0, 129.3, 129.0,
126.8,113.9, 103.0, 97.8, 83.9, 79.9, 76.3, 75.1, 73.7, 70.5, 66.3, 63.0, 59.4, 55.3,
54.9, 512,258,177, —4.4, — 4.7, HRMS (MALDI): calcd for C3;;Hs,OoSe-
SiNa [M+Na]*: 721.2286, found 721.2264.

Alcohol 95: R;=0.37 (100% Et,0); [a]2 =+72.8 (c=0.67, CHCL,); IR
(neat): 7 =3478, 2917, 1721, 1599, 1578, 1506, 1446, 1369, 1253, 1171, 1105,
1050 em~'; '"H NMR (600 MHz, CDCl;): 6 =794 (d, J=8.3 Hz, 2H, ArH),
757 (t, J=8.7 Hz, 1H, ArH), 757 (t, J=8.7 Hz, 1H, ArH), 7.54-7.50 (m,
2H, ArH), 743 (t, J=8.0 Hz, 2H, ArH), 7.23 (d, /=8.6 Hz, 2H, PMB),
718-713 (m, 3H, ArH), 6.81 (d, J =8.6 Hz, 2H, PMB), 5.61 (1, /= 4.2 Hz,
1H, H3), 523 (d, J=70Hz, 1H, H1), 478 (d, J=3.6 Hz, 1H, H1'), 4.61,
4.59 (AB,J=11.9 Hz,2H, CH,Ar), 3.97 (dd, J =12.5, 4.3 Hz, 1 H, H5), 3.89
(dd,J=6.9,3.5 Hz, 1 H, H2), 3.88 (t,/ = 9.1 Hz, 1 H, H3),3.79 (dd,J = 12.5,
2.9 Hz, 1H, H5), 3.76 (s, 3H, OMe), 3.69-3.64 (m, 2H, H4, H5), 3.50 (s,
3H, OMe), 3.40 (s, 3H, OMe), 3.24 (t, J=9.5Hz, 1H, H4'), 3.22 (dd, J=
9.4, 3.7Hz, 1H, H2'), 3.18 (brs, 1H, OH), 1.25 (d, J=6.3 Hz, 3H, H6');
3C NMR (150 MHz, CDCl,): 6 =165.4, 159.3, 133.4, 133.2, 129.8, 129.5,
129.2, 128.5, 127.5, 125.5, 113.8, 102.6, 97.5, 80.4, 76.2, 77.7, 72.6, 71.6, 66.5,
65.8, 59.2, 55.2, 55.1, 48.1, 29.7, 17.6; HRMS (MALDI): caled for
C3H,Oy0SeNa [M+Na]*: 711.1684, found 711.1677.

Alcohol 97: R;=0.26 (60% Et,0 in hexanes); [a]f =+90.5 (c=0.55,
CHCI,); IR (thin film): 7 = 3456, 2929, 1612, 1513, 1459, 1358, 1297, 1250,
1103, 1053, 956, 907, 834, 771 cm~'; '"H NMR (600 MHz, CDCl;): 6 =7.56
(dd, J=78,15 Hz, 2H, ArH), 724-7.16 (m, 5H, ArH), 6.83 (d, /= 8.6 Hz,
2H, PMB), 5.04 (d, /= 8.8 Hz, 1 H, H1), 474 (d, J = 3.6 Hz, 1 H, H1), 4.58,
445 (AB,J=12.2 Hz, 2H, CH,Ar), 4.27 (brs, 1 H, H3), 3.88,3.80 (AB, J=
12.4 Hz, 2H, H5, H5), 3.85 (dt, J = 9.8, 2.3 Hz, 1 H, H3),3.77 (s, 3H, OMe),
3.54(dq,J =9.7,6.2 Hz, 1 H, H5), 3.52 (dd, / = 8.6, 2.9 Hz, 1 H, H2), 3.49 (s,
3H, OMe), 3.35 (s, 3H, OMe), 3.22 (dd, J=9.9, 3.8 Hz, 1 H, H2'), 3.19 (t,
J=9.6 Hz, 1 H, H4'), 3.17 (brs, 1H, H4), 1.29 (d, /= 6.2 Hz, 3H, H6'), 0.85
(s, 9H, BuSi), 0.10, —0.06 (2 xs, 2 x 3H, MeSi); *C NMR (150 MHz,
CDCly): 6 =159.4, 132.3, 130.5, 129.4, 128.9, 126.8, 113.9, 102.9, 96.9, 85.3,
80.5, 75.0, 73.3, 73.2, 70.9, 65.5, 63.3, 58.6, 55.3, 55.1, 50.9, 25.8, 18.1, 17.9,
—4.3, —4.8; HRMS (MALDI): caled for C;HsiO,SeSiNa [M+Na]*:
721.2286, found 721.2318.

Alcohol 101: R;=0.37 (100% Et,0); [a]¥ =+91.3 (¢=0.12, CHCL); IR
(thin film): ¥ =3478, 2917, 1721, 1611, 1512, 1451, 1369, 1248, 1094, 1039,
901, 813 cm™'; '"H NMR (600 MHz, CDCl;): 6=7.96 (d, /=73 Hz, 2H,
ArH),7.57 (t,J =74 Hz, 1H, ArH), 751 (dd, /=177, 1.4 Hz, 2H, ArH), 7.44
(t, /=78 Hz, 2H, ArH), 725 (d, J=8.6 Hz, 2H, PMB), 718 -7.12 (m, 3H,
ArH), 6.82 (d, /=8.6 Hz, 2H, PMB), 5.58 (t, /=4.3 Hz, 1 H, H3), 5.37 (d,
J=69Hz, 1H, H1), 4.79 (d, J=3.5Hz, 1H, HY1’), 4.63, 459 (AB, J=
119 Hz, 2H, CH,Ar), 3.96 (dt, /=9.5, 2.0 Hz, 1H, H3'), 3.87 (dd, /=
12.5, 4.4 Hz, 1H, HY), 3.83 (dd, /=6.8, 3.7 Hz, 1H, H2), 3.79 (dd, /=
12.4,3.1 Hz, 1H, H5), 3.76 (s, 3H, OMe), 3.70-3.67 (m, 1 H, H4), 3.63 (dq,
J=9.6,6.3 Hz, 1H, H5"), 3.50 (s, 3H, OMe), 3.39 (s, 3H, OMe), 3.32 (brs,
1H, OH), 3.29 (t,/=9.2 Hz, 1H, H4'), 3.21 (dd, J=9.7, 3.6 Hz, 1 H, H2'),
1.31(d,J=6.3 Hz, 3H, H6'); *C NMR (150 MHz, CDCl;): 6 =165.3,159.4,
133.6, 133.4, 129.9, 129.8, 129.5, 129.4, 129.1, 128.5, 127.5, 102.5, 96.7, 83.6,
81.0,73.4,72.6,71.8,65.8,65.6,63.8,58.6,55.2,55.1,18.0; HRMS (MALDI):
caled for C3H,y,OSeNa [M+Na]*: 711.1684, found 711.1695.

Alcohol 104: R;=0.35 (80% Et,0 in hexanes); [a]F =+56.8 (c=0.5,
CHCLy); IR (thin film): 7=3467, 2917, 1611, 1572, 1512, 1462, 1363, 1297,
1248, 1198, 1110, 1055, 835, 775 cm™!; "TH NMR (600 MHz, CDCl,): 6 =7.56
(dd,/=6.4,12Hz,2H, ArH), 7.24-7.16 (m, 5H, ArH), 6.85 (d,/=8.5 Hz,
2H, PMB), 4.77 (d,/ =82 Hz, 1H, H1), 4.73 (d,/ =3.6 Hz, 1 H, H1'), 4.70,
4.48 (AB, J=11.1 Hz, 2H, CH,Ar), 3.80-3.76 (m, 4H, OMe, H3), 3.70 (t,
J=9.1Hz,1H, H3'),3.64-3.57 (m, 1 H, H5),3.58 (dd, /=10.2,3.6 Hz, 1 H,
H6), 3.56 (t, J=8.2 Hz, 1H, H4), 3.50 (dd, /=10.5, 2.4 Hz, 1H, H6), 3.46
(dt,J=8.9,3.2 Hz, 1H, H5), 3.37 (s, 3H, OMe), 3.33 (s, 3H, OMe), 3.31 (s,
3H, OMe), 3.18 (t,/=8.1 Hz, 1H, H2), 3.10 (dd, J=9.4,3.7 Hz, 1 H, H2'),
3.05 (t, J=9.0Hz, 1H, H4'), 1.26 (d, /=63 Hz, 3H, H6'), 0.86 (s, 9H,
tBuSi), 0.13 (s, 3H, MeSi), 0.04 (s, 3H, MeSi); *C NMR (150 MHz, CDCl,):
0=159.0,132.5,131.4,130.4, 128.9, 128.8, 126.6, 113.7, 103.5, 96.7, 81.8, 80.7,
79.1,75.3, 74.3, 74.1, 73.6, 71.2, 66.9, 59.1, 58.4, 55.3, 54.9, 52.1, 26.2, 18.2,
17.8, —3.4, —3.5; HRMS (MALDI): calcd for C3sHs,O,(SeSiNa [M+Na]*:
765.2548, found 765.2565.

Alcohol 107: R;=0.09 (80% Et,0 in hexanes); [a]¥ = +59.11 (¢ =0.516,
CHCL,); IR (thin film): 7 =3476, 2919, 1608, 1580, 1513, 1458, 1369, 1302,
1246, 1107, 1046, 840, 779, 734 cm~'; '"H NMR (600 MHz, CDCl;): 6 =7.50
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(dd,J=179,1.6,2H, ArH), 725-7.16 (m, 5H, ArH), 6.86 (d,/ =8.7 Hz,2H,
PMB), 4.70, 4.48 (AB, J=11.2 Hz, 2H, CH,Ar), 4.70 (d, J=3.3 Hz, 1H,
H1'), 4.58 (d, J=8.3 Hz, 1H, H1), 3.81-3.77 (m, 4H, OMe, H3), 3.73 (t,
J=8.9Hz, 1H, H3'), 3.57-3.47 (m, 7H, OMe, H6, H6, H5, H4), 3.40-3.36
(m, 1H, H5'),3.32 (s, 3H, OMe), 3.31 (s, 3H, OMe), 3.23 (t,/ =8.6 Hz, 1 H,
H2),3.19 (dd,J=9.5,3.6 Hz, 1H, H2"), 3.05 (t,/ =8.9 Hz, 1 H, H4'),2.24 (s,
1H, OH), 1.28 (d,/=6.2 Hz, 3H, H6'), 0.86 (s, 9H, rBuSi), 0.15, 0.04 (2 x s,
2 x 3H, MeSi); *C NMR (150 MHz, CDCl,): 6 =159.1, 132.2, 131.1, 130.1,
128.9, 128.8, 126.7, 125.5, 113.8, 103.8, 96.8, 87.0, 80.8, 79.1, 74.9, 74.6, 73.7.
71.5,71.4,65.1,59.2, 58.7, 55.2, 55.0, 52.7, 30.3, 26.1, 18.1, 18.1, x 3.4, x 3.4;
HRMS (MALDI): calcd for C;H;,0,,SeSiNa [M+Na]*: 765.2548, found
765.2543.

Alcohol 110: R;=021 (80% Et,O in hexanes); [a]5 =+68.4 (c=0.5,
CHCLy); IR (thin film): 7=3456, 2917, 1611, 1578, 1512, 1462, 1380, 1297,
1248, 1094, 1051, 985, 868, 834, 773 cm~!; 'H NMR (600 MHz, C,Dq,
340K): =771 (dd, J=8.1, 1.3, 2 H, ArH), 728 (d, J = 8.6 Hz, 2H, PMB),
7.02-6.93 (m, 3H, ArH), 6.80 (d, J = 8.6 Hz, 2H, PMB), 5.65 (d, /=2.3 Hz,
1H,H1),4.88,4.60 (AB,J =11.2 Hz,2H, CH,Ar), 4.62 (dd,J=8.0,4.4,2H,
H3), 4.54 (d, J=3.5 Hz, 1H, H1"), 423 (ddd, J=8.8, 5.9, 2.5 Hz, 1 H, H5),
4.14 (dd, J=4.3,2.4 Hz, 1H, H2), 4.09 (t,/=9.2 Hz, 1H, H3"), 3.92 (t,J =
8.7 Hz, 1H, H4), 3.70-3.65 (m, 1H, H5'), 3.68 (dd, /=10.7, 5.4 Hz, 1H,
H6), 3.61 (dd, /=107, 2.3 Hz, 1H, H6), 3.36 (s, 3H, OMe), 3.32 (t, /=
9.3 Hz, 1H, H4'), 3.26 (s, 3H, OMe), 3.09 (s, 3H, OMe), 3.06 (s, 3H, OMe),
2.90 (dd, J=9.5, 3.5 Hz, 1 H, H2'), 2.48 (brs, 1 H, OH), 1.36 (d, /= 6.2 Hz,
3H, H6'), 1.03 (s, 9H, BuSi), 0.19 (s, 3H, MeSi), 0.17 (s, 3H, MeSi);
13C NMR (150 MHz, CDCl,): 6 =159.2, 134.0, 130.4, 129.8, 129.4, 128.9,
1272, 113.7,100.6, 96.5, 82.7, 81.3, 74.1, 72.4, 72.2,72.1, 71.7, 65.1, 59.2, 58 4,
55.2, 55.1, 30.3, 29.6, 25.9, 18.0, 17.9, —4.5; HRMS (MALDI): calcd for
C35H;,040SeSiNa [M+Na]*: 765.2548, found 765.2556.

General procedure for the removal of TBS groups: Solid phase: nBu,NF
(5.0 equiv) was added to a solution of the resin bound TBS ether (0.43 g,
0.36 mmol) in THF (0.1m) at 25°C and the resulting mixture was stirred for
1-3 h. The reaction mixture filtered through a sintered glass frit and the
resin was washed with MeOH, CH,Cl,, and Et,O. The resin was then air
dried for 2 h.

Solution phase: nBu,NF (1.5 equiv) was added to a solution of the TBS
ether (1.0 equiv) in THF (0.2Mm) at 25°C and the resulting mixture was
stirred for 1-3 h. The reaction mixture quenched by the addition of
saturated aqueous NH,Cl (5 mL), diluted with CH,Cl, (100 mL) and
washed with brine (2 x 5 mL). The organic layer was dried (Na,SO,), and
the solvents were removed under reduced pressure. The solvents were
removed under reduced pressure and the residue was purified by flash
column chromatography. This procedure is further illustrated by the
following example:

Diol 41: nBu,NF (0.50 mL, 1.0M solution in THF, 0.50 mmol) was added to
a solution of alcohol 39 (0.19 g, 0.34 mmol) in THF (1.7 mL) at 25°C and
the resulting mixture was stirred for 1 h. The reaction mixture quenched by
the addition of saturated aqueous NH,Cl (5mL), diluted with CH,Cl,
(100 mL) and washed with brine (2 x 5 mL). The organic layer was dried
(Na,S0,), and the solvents were removed under reduced pressure. The
solvents were removed under reduced pressure and the residue was
purified by flash column chromatography (silica gel, 0 — 100% EtOAc in
hexanes) to afford diol 41 (0.144 g, 95%) as a white foam. 41: R;=0.30
(100% Et,0); [a]§ =+14.4 (¢=0.16, CHCL;); IR (thin film): 7=23417,
2932, 2873, 1605, 1512, 1248, 1077, 1033, 830, 736 cm~'; 'TH NMR (600 MHz,
CDCly): 6 =7.60-759 (m, 2H, ArH), 728-7.25 (m, 3H, ArH), 7.24 (d, /=
8.4,2H, PMB), 6.85 (d,/=84,2H, PMB), 4.93 (d, J=5.2, 1H, H1), 454,
4.52 (AB,J=11.0 Hz, 2H, CH,Ar), 4.11 (brt,/ =43 Hz, 1H), 3.82 (dd,J =
11.8, 3.5 Hz, 1H), 3.78 (s, 3H, OMe), 3.76-3.61 (m, 6H), 3.47-3.45 (m,
1H),2.86 (brs, 1H, OH), 2.46 (brs,1H, OH); *CNMR (150 MHz, CDCl;):
0=159.3,133.7,129.9,129.4,129.2, 128.9, 127.7, 113.8,101.2, 75.8, 71.8, 70.7,
69.5, 62.1, 61.8, 55.2, 51.6; HRMS (MALDI): calcd for C,H,OSeSiNa
[M+Na]*: 477.0792, found 477.0790.

Alcohol 74: R;=020 (70% Et,O in hexanes); [a]F=+72 (c=0.43,
CHCL,); IR (thin film): 7#=3501, 2932, 1614, 1515, 1456, 1368, 1248, 1203,
1083, 918, 746 cm~!; 'H NMR (600 MHz, CDCL,): 6 =726 (d, J=8.5 Hz,
2H, PMB), 6.88 (d, J=8.5 Hz, 2H, PMB), 5.08 (d, J=3.0 Hz, 1H, HI'),
4.58, 4.52 (AB, J=114Hz, 2H, CH,Ar), 4.06 (t, J=9.6 Hz, 1H, H3'),
4.02-3.99 (m, 1H, H3), 3.96 (dd, J=11.8, 3.9 Hz, 1H, HS), 3.83 (dd, J =
10.2, 3.1 Hz, 1H, H2'), 3.80 (s, 3H, OMe), 3.62 (brs, 2H, H6', H6'), 3.53 -
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3.48 (m, 3H, H4, H5, H5), 3.50 (s, 3H, OMe), 3.44 (s, 3H, OMe), 3.40 (s,
3H, OMe), 3.37 (ddd, J=9.1,9.1, 4.1 Hz, 1 H, H4), 2.63 (d, /= 4.5 Hz, 1 H,
OH), 2.33 (dd, /=132, 4.7 Hz, 1H, H2), 1.93 (dd, /=132, 8.5 Hz, 1H,
H2); *C NMR (150 MHz, CDCL,): 6 = 159.4, 130.0, 129.5, 120.3, 113.9, 974,
78.8,78.5, 763, 75.2, 71.9, 71.4, 70.7, 68.8, 62.6, 59.4, 58.8, 55.6, 55.5, 376,
30.3; HRMS (MALDI): caled for Cp,H,;,0,0Na [M-+Na]*: 479.2001, found
479.1987.

Alcohol 77: R;=0.26 (100% Et,0); [a]Z =+41.1 (c=0.75, CHCL); IR
(thin film): 7=3445, 2917, 1611, 1512, 1451, 1369, 1330, 1297, 1242, 1088,
1028, 967, 824 cm™'; '"H NMR (600 MHz, CDCL,): 6 =723 (d, J=8.6 Hz,
2H, PMB), 6.86 (d, J=8.6 Hz, 2H, PMB), 4.82 (d, J=3.7 Hz, 1 H, HI'),
456,451 (AB, J=11.4 Hz, 2H, CH,Ar), 3.94-3.85 (m, 4H, H3, H5, H,
H5'), 3.78 (s, 3H, OMe), 3.59 (dd, J=11.4, 8.6 Hz, 1 H, H5), 3.53 (dd, J=
10.2,3.7 Hz, 1 H, H2'), 3.49 (s, 3H, OMe), 3.39 (s, 3H, OMe), 3.38 (ddd, J =
82,82, 4.5 Hz, 1H, H4), 329 (t, J=9.6 Hz, 1 H, H4), 2.64 (d, J=3.9 Hz,
1H, OH), 225 (dd, J=13.1, 47 Hz, 1 H, H2), 1.91 (dd, J=13.1, 10.0 Hz,
1H, H2), 1.29 (d, /=62 Hz, 3H, H6); *C NMR (150 MHz, CDCL,): 6 =
1300, 129.5, 1204, 114.0, 98.5, 80.5, 79.5, 78.4, 77.3, 72.2, 68.8, 66.7, 62.9,
58.4,55.5, 55.3, 38.2, 17.6; HRMS (ESI): caled for C,;H;OsNa [M+Na]*:
449, found 449.

Alcohol 80: R;=031 (100% Et,0); [a]Z =+28.7 (c=0.38, CHCL); IR
(thin film): ¥ =3379, 2917, 1605, 1506, 1451, 1369, 1242, 1209, 1165, 1094,
1028, 967, 824 cm~!; '"H NMR (600 MHz, CDCl;): d =723 (d, J=8.7 Hz,
2H, PMB), 6.85 (d, J=8.6 Hz, 2H, PMB), 4.83 (d, J=3.9 Hz, 1H, H1),
4.55,4.50 (AB,J=11.4 Hz, 2H, CH,Ar), 412 (t,J=9.9 Hz, 1H, H3"), 3.92
(ddd, /=10.7, 8.1, 5.0 Hz, 1H, H3), 3.91-3.86 (m, 1H, HY'), 3.83 (dd, /=
11.4, 4.8 Hz, 1H, HS), 3.78 (s, 3H, OMe), 3.54 (dd, /=11.4, 9.7 Hz, 1H,
HS), 3.52 (dd, J=10.3, 3.7 Hz, 1H, H2'), 3.49 (s, 3H, OMe), 3.39 (s, 3H,
OMe), 3.36 (dt, J=9.2, 4.8 Hz, 1 H, H4), 3.06 (t, J = 9.7 Hz, 1 H, H4'), 2.55
(d, J=3.1Hz, 1H, OH), 2.25 (dd, J = 12.9, 4.9 Hz, 1 H, H2), 1.92 (dd, J =
12.9,11.1 Hz, 1H, H2), 1.28 (d, J=6.2 Hz, 3H, H6'); *C NMR (150 MHz,
CDCl;): 6 =129.5, 128.8, 120.3, 114.0, 98.5, 80.8, 79.8, 77.9, 72.3, 69.1, 674,
62.8, 58.3, 5.4, 55.3, 45.8, 38.6, 17.7; HRMS (ESI): caled for Cy;HyO,Na
[M+Na]*: 449, found 449.

Diol 83: (from 82, see ref. 2) R;=0.36 (100% Et,0); [a]¥=—-5.98 (c=
0.18, CHCl;); IR (thin film): 7= 3425, 2919, 1508, 1455, 1243, 1126, 1055,
1026, 814, 732 cm™!; 'H NMR (600 MHz, CDCl;): 6 =7.56 (d, J=8.1 Hz,
2H, ArH), 7.42-7.20 (m, 8H, ArH), 7.17 (d, /= 8.6 Hz, 2H, PMB), 6.82 (d,
J=8.6Hz, 2H, PMB), 491 (d, /=70Hz, 1H, H1), 4.72, 460 (AB, J=
12.0 Hz, 2H, CH,Ar), 4.56 (d,/=1.6, 1H, G1), 4.51, 4.45 (AB, J=11.7 Hz,
2H, CH,Ar), 4.07 (ddd,J=9.7,9.7,5.7 Hz, 1H, G4), 3.97 (t, /=39 Hz, 1H,
H3), 3.93-3.90 (m, 2H, HS5, H5), 3.83 (s, 1H, OH), 3.82 (dd, J=11.0,
5.5 Hz, 1H, G5),3.78 (s, 3H, OMe), 3.75 (dd, J=7.1, 3.2 Hz, 1H, H2), 3.72
(t, J=3.0Hz, 1H, G2), 3.71 (dd, /=74, 3.2 Hz, 1H, G3), 3.46 (brs, 1H,
H4), 3.38 (t,/=10.5 Hz, 1H, G5), 3.30 (s, 3H, OMe), 2.64 (brs, 1H, OH);
3C NMR (150 MHz, CDCly): 6 =159.4, 138.3, 134.1, 129.7, 129.4, 129.4,
128.2,1279,1278,1275, 82.8,76.5,74.8,73.7,71.5, 68.9, 65.8, 63.3, 62.4,55.3,
54.8,50.9, 30.3, 29.7; HRMS (MALDI): calcd for C;,H330,SeNa [M+Na]*:
669.1578, found 669.1547.

Diol 86: (from 85, see ref. 2) R;=0.16 (60% Et,0 in hexanes); [a]F =
—3.80 (¢=0.26, CHCl;); IR (thin film): 7=3413, 2919, 1613, 1508, 1443,
1378, 1302, 1249, 1108, 1067, 1026, 808, 738, cm~'; 'H NMR (600 MHz,
CDClLy): 6=1758 (dd, J=5.2, 1.6 Hz, 2H, ArH), 7.37-725 (m, 8H, ArH),
7.22 (d, J=8.6 Hz, 2H, PMB), 6.85 (d, /=8.6 Hz, 2H, PMB), 4.93 (d, /=
6.0 Hz, 1H, H1), 4.78, 4.69 (AB, J=12.0 Hz, 2H, CH,Ar), 458 (d, /=
2.6 Hz, 1H, G1), 4.55, 4.50 (AB, J=11.7 Hz, 2H, CH,Ar), 4.06-4.03 (m,
1H, H3), 3.95-3.84 (m, 4H, G3, G4, H5, H5), 3.80 (s, 3H, OMe), 3.71 (t,
J=2.8Hz, 1H, G2), 3.70-3.59 (m, 2H, G5, H2), 3.49-3.46 (m, 1H, H4),
3.43-3.37 (m, 2H, G5, OH), 3.32 (s, 3H, OMe), 2.52 (d, /=42, 1H, OH);
3C NMR (150 MHz, CDCL): 6 =138.1, 132.9, 130.4. 130.0, 129.8, 129.2,
128.3, 128.2, 1275, 127.5, 1274, 113.7, 82.6, 77.5, 76.5, 73.4, 71.8, 70.6, 67.9,
59.0, 55.3,30.3, 29.7; HRMS (MALDI): calcd for C;,H330,SeNa [M+Na]*:
669.1578, found 669.1556.

Diol 92: R;=0.50 (100% Et,0); [a]Z = +50.5 (c =0.94, CHCL); IR (thin
film): 7 =23449, 2917, 1611, 1583, 1506, 1446, 1369, 1303, 1242, 1094, 1039,
896,819,741 cm~'; "H NMR (500 MHz, CDCly): 6 = 7.61-7.57 (m, 2H, Ar),
729-726 (m, 3H, Ar), 721 (d, J=8.6 Hz, 2H, PMB), 6.84 (d, J=8.6 Hz,
2H, PMB), 5.25 (d,J=6.2 Hz, 1 H, H1), 4.78 (d, /= 3.6 Hz, 1 H, H'), 4.55,
4.50 (AB,J=11.7 Hz, 2H, CH,Ar), 4.11 (dd, 7 =9.1, 42 Hz, 1 H, H3), 3.92
(dd, 7 =122, 52 Hz, 1H, H5), 3.84 (t, =92 Hz, 1 H, H3'), 3.82 (dd, J =
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11.3, 8.8 Hz, 1H, H5), 3.79 (s, 3H, OMe), 3.73 (dd, J=6.2, 3.6 Hz, 1H,
H2), 3.64 (dq, /=9.5, 6.2 Hz, 1H, HY5'), 3.49 (s, 3H, OMe), 3.46-3.42 (m,
1H, H4),3.40 (s,3H, OMe), 3.21 (dt,J=9.3,3.7 Hz, 1 H, H4),3.20 (dd, / =
9.6,3.6 Hz, 1H, H2'), 2.50 (d,/=4.5 Hz, 1H, OH), 1.25 (d, /=6.2 Hz, 3H,
H6'); BC NMR (125 MHz, CDCL): 6 =159.3, 133.7, 130.1, 129.3, 128.9,
127.7,113.8, 101.1, 974, 80.3, 76.4, 75.7, 71.3, 70.1, 66.6, 62.4, 59.0, 55.3, 55.1,
52.8, 30.3, 17.6; HRMS (MALDI): caled for C,;H3;O,SeNa [M+Na]*:
607.1422, found 607.1426.

Alcohol 93: R;=0.28 (80% Et,O in hexanes); [a]F=+55.6 (c=0.5,
CHCly); IR (thin film): 7=3456, 2917, 1765, 1605, 1506, 1451, 1297, 1248,
1165, 1099, 1039, 967, 831 cm~'; '"H NMR (600 MHz, CDCL,): 6 =7.59-7.54
(m, 2H, ArH), 727725 (m, 3H, ArH), 721 (d,/ =8.5 Hz, 2H, PMB), 6.84
(d, J=8.6 Hz, 2H, PMB), 5.15 (d, J=3.0 Hz, 1 H, H1), 4.79 (d, J=3.4 Hz,
1H, H1'), 4.73 (t, J=9.6 Hz, 1H, H4'), 4.55, 4.53 (AB, J=11.5Hz, 2H,
CH,Ar),4.02 (dd,J=7.7,4.1 Hz, 1 H, H3),3.97 (t,/=9.5 Hz, 1H, H3'), 3.83
(dd, /=115, 8.8 Hz, 1H, H5), 3.78 (5, 3H, OMe), 3.74 (dq, /= 9.9, 6.3 Hz,
1H, HY'), 3.68 (dd, J=11.6, 4.7 Hz, 1H, H5), 3.63, 3.60 (AB, J=14.6 Hz,
2H, CH,Cl), 3.55 (t, J=3.5Hz, 1H, H2), 3.46-3.42 (m, 4H, OMe, H4),
3.38 (s, 3H, OMe), 3.21 (dd, J=9.6, 3.6 Hz, 1H, H2'), 1.10 (d, /= 6.3 Hz,
3H, H6'); *C NMR (150 MHz, CDCl,): 6 =133.7,131.3, 130.2, 129.4, 127.7,
113.9, 101.6, 97.1, 80.4, 77.7, 75.7, 72.1, 69.3, 65.9, 64.8, 61.6, 59.0, 55.3, 53.4,
48.6, 40.3, 30.3, 29.7, 17.2; HRMS (MALDI): calcd for C,yH,ClO,,SeNa
[M+Na]*: 683.1132, found 683.1157.

Diol 98: R;=0.14 (90 % Et,0 in hexanes); [a]§ = +56.7 (c=0.62, CHCl,);
IR (thin film): 7 =3445, 2917, 1611, 1583, 1506, 1446, 1369, 1303, 1242, 1094,
1038, 896, 819, 742 cm~'; 'H NMR (500 MHz, CDCl;): 6 =7.62-7.57 (m,
2H, ArH), 729-724 (m, 3H, ArH), 721 (d, J = 8.6 Hz, 2H, PMB), 6.85 (d,
J=8.6 Hz,2H, PMB), 5.38 (d,/=5.5Hz, 1H, H1),4.79 (d,/=3.5Hz, 1H,
HI'), 4.5 (s, 2H, CH,Ar), 4.06 (dd, J=5.8, 3.6 Hz, 1H, H3), 3.90 (t, J =
9.4 Hz, 1H, H3), 3.81 (dd, J=11.9, 3.6 Hz, 1H, H5), 3.80 (s, 3H, OMe),
3.76 (dd, J=11.9, 5.9 Hz, 1H, H5), 3.72 (dd, J=5.4, 3.7 Hz, 1 H, H2), 3.64
(dq, J=9.6, 6.2 Hz, 1 H, H5), 3.54—3.44 (m, 1 H, H4), 3.49 (s, 3H, OMe),
3.39 (s, 3H, OMe), 3.26 (t, /=9.9 Hz, 1H, H4'), 3.15 (dd, J=9.6, 3.5 Hz,
1H, H2), 1.31 (d, /= 6.2 Hz, 3H, H6'); ®C NMR (125 MHz, CDCly): 6 =
159.4, 133.8, 130.1, 129.4, 129.2, 128.9, 1277, 113.9, 101.4, 96.5, 94.4, 82.4,
81.3, 73.2, 71.8, 69.7, 65.6, 62.5, 58.5, 55.3, 55.1, 38.1, 30.3, 18.1; HRMS
(MALDI): caled for CyHsO,SeNa [M+Na]*: 607.1422, found 607.1405.

Alcohol 99: R;=0.36 (80% Et,0 in hexanes); [a]¥ =+14.3 (c=3.48,
CHC,); IR (thin film): 7=3445, 2927, 1770, 1611, 1578, 1506, 1457, 1369,
1303, 1248, 1165, 1132, 1088, 1039, 912, 819, 742 cm~!; '"H NMR (600 MHz,
CDCLy): 6 =7.57-755 (m, 2H, ArH), 728 -7.24 (m, 3H, ArH), 720 (d, J =
8.6 Hz, 2H, PMB), 6.84 (d, J=8.6 Hz, 2H, PMB), 537 (t,/=9.6 Hz, 1 H,
H3'), 5.08 (d, /=5.1Hz, 1H, H1), 478 (d, J=3.4 Hz, 1 H, H1’), 451, 4.51
(AB,J=12.2 Hz, 2H, CH,Ar), 3.93 (dd, J=6.2, 3.6 Hz, 1 H, H3), 3.81, 3.80
(AB,J=14.7 Hz, 2H, CH,C1), 3.78 (s, 3H, OMe), 3.78-3.72 (m, 2 H, HS5,
HS5), 3.69 (dg, / =9.5, 6.2 Hz, 1 H, H5'), 3.51 (dd, J = 5.0, 3.7 Hz, 1 H, H2),
3.47-3.42 (m, LH, H4), 3.40 (t, J=9.8 Hz, 1H, H4'), 3.39 (s, 3H, OMe),
3.36 (s, 3H, OMe), 3.23 (dd, J=10.1, 3.5 Hz, 1H, H2'), 1.29 (d, /= 6.2 Hz,
3H, H6'); BCNMR (150 MHz, CDCl;): 6 = 166.0, 134.0, 130.0, 129.3, 127.8,
125.5,113.9,101.8, 96.6, 79.9, 75.7,75.6, 71.8, 68.9, 66.0, 62.6, 58.6, 55.2, 55.1,
51.7, 40.7, 30.3, 29.7, 17.9; HRMS (MALDI): calcd for CyH;,ClO,;,SeNa
[M+Na]*: 683.1132, found 683.1105.

General procedure for the formation of orthoesters: Solid phase: mCPBA
(3.0 equiv) was added to a solution of the resin bound glycoside (1.0 equiv)
in CH,Cl, (0.1m) at —78°C. After stirring for 10 min at —78°C, the
resulting mixture was quickly filtered through a cold sintered glass frit and
washed with CH,Cl,. The resin was then transferred to a sealed tube and
diluted with diisopropylamine/vinyl acetate/toluene 1:2:2. The tube was
sealed and heated to 140°C for 12 h. After cooling, the reaction mixture
was filtered, and concentrated, and the residue was purified by flash
column chromatography.

Solution phase: NalO, (10 equiv) and NaHCO; (8.0 equiv) were added to a
solution of the glycoside (1.0 equiv) in MeOH/CH,CL,/H,0 3:2:1 (0.2Mm)
and the resulting mixture was stirred at 25°C for 1-6h. The reaction
mixture was diluted with CH,Cl, and washed with saturated aqueous
NH,CI and brine. The organic layer was dried (Na,SO,), and the solvents
were removed under reduced pressure. The crude selenoxide was dissolved
in toluene and transferred by cannula to a sealed tube. The flask was
washed with toluene and the organics were transferred to the cannula.
Diisopropylamine and vinyl acetate were added so that the final ratio was
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2:2:1 toluene/vinyl acetate/diisopropylamine, and the tube was sealed and
heated to 140°C for 12h. After cooling, the reaction mixture was
concentrated and the residue was purified by flash column chromatog-
raphy. This procedure is further illustrated by the following example:

Orthoester 40: NalO, (305mg, 1.43mmol) and NaHCO; (96 mg,
1.14 mmol) were added to a solution of alcohol 39 (81 mg, 0.14 mmol) in
MeOH/CH,CL,/H,0 (3:2:1, 2.1 mL) and the resulting mixture was stirred at
25°C for 1 h. The reaction mixture was diluted with CH,Cl, (150 mL) and
washed with saturated aqueous NH,Cl (10 mL) and brine (10 mL). The
organic layer was dried (Na,SO,) and the solvents were removed under
reduced pressure. The crude selenoxide was dissolved in toluene (2 mL)
and transferred by cannula to a sealed tube. The flask was washed with
toluene (2x2mL) and the organics were transferred to the tube.
Diisopropylamine (3 mL) and vinyl acetate (6 mL) were added, and the
tube was sealed and heated to 140°C for 12 h. After cooling, the reaction
mixture was concentrated and the residue was purified by flash column
chromatography (silica gel, 0—80% Et,0 in hexanes) to afford the
orthoester 40 (49 mg, 82 % over two steps) as a colorless oil. 40: R;=0.33
(70% Et,0 in hexanes); [a]5 =+10.9 (¢=0.23, CHCL); IR (neat): 7=
2929, 1688, 1512, 1462, 1253, 1099, 1044, 835 cm™!; 'H NMR (500 MHz,
CDCl;): 6 =724 (d,J=8.4 Hz,2H, PMB), 6.85 (d, J=8.5,2H, PMB), 4.66,
4.50 (AB, /=115 Hz, 2H, CH,Ar), 4.08 (ddd, J=11.9, 11.9, 53 Hz, 1H,
CH,0), 3.98 (m, 2H, CH,0), 3.94-3.92 (m, 2H, H3, CH,0), 3.79 (s, 3H,
OMe), 3.66 (dd, J=11.2, 5.0 Hz, 1H, HY), 3.40 (t, /=112 Hz, 1H, H5),
3.34-3.30 (m, 1 H, H4),2.09 (dd, J=12.9,5.1,1H, H2), 1.93 (t,/ = 12.6 Hz,
1H, H2), 0.90 (s, 9H, rBuSi), 0.08, 0.06 (2 x s, 2 x 3H, MeSi); *C NMR
(125 MHz, CDCl,;): 6 =159.1, 134.5, 133.6, 132.5, 130.6, 128.6, 119.0, 113.7,
78.1, 72.8, 70.8, 64.4, 63.5, 62.7, 55.2, 39.5, 25.8, 18.0, —4.5, —4.8; HRMS
(MALDI): caled for C,;H3,04SiNa [M+Na]*: 433.2115, found 433.2132.

Orthoester 42: R;=0.16 (70% Et,0 in hexanes); [a]¥ = +29.2 (¢=0.12,
CHCL;); IR (neat): 7 =2903, 1738, 1612, 1513, 1450, 1401, 1248, 1183, 1071,
1017, 950, 821 cm~!; 'H NMR (600 MHz, CDCl;): 6 =726 (d, J=8.1 Hz,
2H, PMB), 6.87 (d, /=8.1 Hz, 2H, PMB), 6.18 (dd, /=122, 3.1 Hz, 1H,
H3),5.74 (dd,J =11.9, 1.4 Hz, 1 H, H2), 4.53 (s, 2H, CH,Ar), 4.06-3.92 (m,
7H, H4, H5, H5, CH,0, CH,0), 3.78 (s, 3H, OMe); *C NMR (125 MHz,
CDCl;): 6 =159.3,132.9,130.1, 129.4, 127.0, 113.8, 70.4, 67.7, 65.3, 64.6, 55.3;
HRMS (MALDI): caled for C;sH;sOsNa [M+Na]*: 301.1154, found
301.1123.

Orthoester 64: R;=0.44 (70 % Et,0 in hexanes); [a]¥ = +43.5 (¢=0.20,
CHCl,); IR (thin film): 7#=3016, 2895, 1539, 1451, 1358, 1236, 1203, 1099,
1022, 742, 698 cm~!; 'H NMR (600 MHz, CDCl;): 6 =7.36-7.19 (m, 15H,
ArH), 4.91,4.55 (AB,J=10.9 Hz, 2H, CH,Ar), 4.69, 4.65 (AB, J=11.5 Hz,
2H, CH,Ar), 4.63, 4.52 (AB, J = 12.2 Hz, 2H, CH,AT), 4.19-4.16 (m, 1 H),
4.03-3.93 (m, 4H), 3.76-3.68 (m, 3H), 3.62 (1, J =9.2 Hz, 1H), 2.36 (dd,
J=12.6, 51 Hz, 1H, H2), 2.05 (t, J=12.6 Hz, 1H, H2); C NMR
(150 MHz, CDCl;): 6 =138.4, 138.4, 138.3, 128.5, 128.4, 127.8, 127.7, 127.6,
1275, 118.8, 79.0, 77.8, 74.8, 73.4, 73.3, 71.8, 69.0, 64.6, 63.6, 36.6, 30.3, 29.6;
HRMS (MALDI): caled for C,H;O¢Na [M+Na]*: 499.2097, found
499.2099.

Orthoester 65: R;=0.58 (50% Et,0 in hexanes); [a]# =+8.5 (¢=0.68,
CHCLy); IR (thin film): ¥ =2930, 2856, 1473, 1368, 1250, 1114, 1050, 876,
836, 778, 738 cm™!; '"H NMR (600 MHz, CDCl;): 6 =7.33-7.26 (m, 5H,
ArH), 4.57, 452 (AB, J=11.6 Hz, 2H, CH,Ar), 4.15 (dt, J=6.4, 6.4 Hz,
1H), 3.95 (t, /=75 Hz, 1H), 3.66-3.58 (m, 2H), 3.54-3.53 (m, 2H), 3.27
(t, /=89 Hz, 1H), 2.30 (dd, J=12.6, 5.0 Hz, 1 H, H2), 1.96 (t, /=12.6 Hz,
1H, H2), 1.25 (t, /= 6.3 Hz, 3H, H6), 0.88 (s, 9H, rBuSi), 0.05, 0.03 (2 x s,
2 x 3H, MeSi); *C NMR (150 MHz, CDCl;): 6 =138.4, 134.6, 133.6, 129.4,
128.2,127.7,1274,118.6,78.7,76.5,71.3,71.2, 64.5, 63.6, 36.8, 36.5, 30.3, 25.9,
18.6, —3.7, —4.6; HRMS (MALDI): caled for C,H;,05SiNa [M+Na]*:
4172073, found 417.2075.

Orthoester 66: R;=0.49 (100 % Et,0); IR (thin film): ¥ =23030, 2920, 1453,
1367, 1298, 1196, 1055, 913, 737, 699 cm~'; 'H NMR (600 MHz, CDCl;,
major isomer): 6 =7.37-7.17 (m, 15H, ArH), 4.88, 4.51 (AB, /J=10.8 Hz,
2H, CH,Ar), 4.79 (d,/=3.7 Hz, 1 H, HY'), 4.65, 4.56 (AB,J=11.3 Hz, 2H,
CH,Ar), 4.65,4.56 (AB,J=12.2 Hz,2H, CH,Ar), 4.26 (dd,J=10.2, 7.2 Hz,
1H), 4.07-4.05 (m, 1 H), 3.88-3.83 (m, 2H), 3.73-3.71 (m, 2H), 3.67 (dd,
J=10.9,1.9 Hz, 1H), 3.62-3.59 (m, 2H), 3.54 (s, 3H, OMe), 3.53-3.50 (m,
1H), 3.49 (s, 3H, OMe), 3.34 (s, 3H, OMe), 3.21-3.20 (m, 1H), 2.55 (dd,
J=122, 49Hz, 1H, H2), 1.69 (t, J=122Hz, 1H, H2); “C NMR
(150 MHz, CDCl;): 6 =138.4, 128.5, 128.4, 128.3, 128.1, 127.9, 127.8, 127.7,
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1277,1276,1275, 111.2,98.3,80.7, 80.5,78.3, 75.0, 74.1,73.2, 68.7, 63.2, 62.5,
59.3, 552, 49.2, 37.1; HRMS (MALDI): caled for CyH,,0,0Na [M+Na]*:
659.2832, found 659.2851.

Orthoester 67: R;=0.27 (50 % Et,O in hexanes); IR (thin film): #=2931,
1455, 1383, 1252, 1112, 1056, 875, 836, 778, 737 cm~'; 'H NMR (600 MHz,
CDCl;, major isomer): 0 =7.33-7.26 (m, 5H, ArH),4.79 (d,/=3.7 Hz, 1 H,
H1'), 4.79 (s, 2H, CH,Ar), 4.15 (dd, J=10.3, 6.8 Hz, 1H), 3.98-3.96 (m,
1H), 3.76-3.73 (m, 1H), 3.60-3.51 (m, 2H), 3.58 (s, 3H, OMe), 3.54 (s,
3H, OMe), 3.49 (t,/=7.7 Hz, 1H), 3.42-3.40 (m, 1H), 3.40 (s, 3H, OMe),
3.27 (t, J=8.8 Hz, 1H), 3.21 (dd, /=92, 3.8 Hz, 1H), 2.54 (dd, /=122,
4.7Hz, 1H, H2), 1.51 (t,J =12.2 Hz, 1H, H2), 1.27 (d, /= 6.2 Hz, 3H, H6),
0.88 (s, 9H, rBuSi), 0.06 (s, 3H, MeSi), 0.04 (s, 3H, MeSi); *C NMR
(150 MHz, CDCl;): 6 =138.3, 128.3, 128.2, 128.0, 127.8, 127.6, 127.4, 111.0,
98.4, 80.8, 80.4, 77.6, 76.5, 74.7, 71.6, 71.5, 63.3, 62.5, 60.8, 59.4, 55.3, 35.8,
25.9, 18.6, 182, —3.7, —4.6; HRMS (MALDI): calcd for CyH,O,SiNa
[M+Na]*: 5772809, found 577.2796.

Orthoester 68: R;=0.5 (100% Et,0); IR (thin film): 7 =2931, 2856, 1613,
1514, 1466 1383, 1250, 1101, 1055, 914, 864, 837, 779, 733 cm~'; 'H NMR
(600 MHz, CDCl;, major isomer): 6 =7.23 (d, J=8.5 Hz, 2H, PMB), 6.86
(d,J=8.5Hz,2H, PMB), 479 (d,/=3.7 Hz, 1 H, H1"), 4.78, 4.66 (AB, J =
11.5 Hz, 2H, CH,Ar), 3.92-3.89 (m, 1 H), 3.86-3.84 (m, 1H), 3.80 (s, 3H,
OMe), 3.72-3.67 (m, 3H), 3.56 (s, 3H, OMe), 3.53-3.50 (m, 1H), 3.51 (s,
3H, OMe), 3.49 (t,/ =9.3 Hz 1H), 3.40 (s, 3H, OMe), 3.35-3.33 (m, 1 H),
328 (t,J=10.7 Hz, 1H), 321 (dd, J=9.1, 3.6 Hz, 1 H, H2'), 2.12 (dd, J =
13.1, 5.3 Hz, 1H, H2), 1.67 (dd, J=12.8, 102 Hz, 1H, H2), 0.89 (s, 9H,
BusSi), 0.08 (s, 3H, MeSi), 0.07 (s, 3H, MeSi); *C NMR (150 MHz, CDCl,):
0=159.2,129.5113.9,111.4,110.3,98.4, 81.6,79.4,77.9, 73.6, 73.0, 70.1, 62.5,
62.0, 60.7, 55.4, 41.3, 25.8, 18.0, —4.6, —4.8; HRMS (FAB): calcd for
CosH,0,,SiNa [M+Na]*: 593.2758, found 593.2741.

Orthoester 69: R;=0.33 (100 % Et,0); IR (thin film): ¥ =2920, 2840, 1611,
1517, 1303, 1242 1182, 1099, 1050, 1000 cm~'; 'H NMR (600 MHz, CDCl;,
major isomer): 0 =7.26 (d, /=8.6 Hz, 2H, PMB), 6.87 (d, J=8.6 Hz, 2H,
PMB), 6.04 (dd, J=10.6, 3.8 Hz, 1H, H3), 5.80 (dd, /=10.1, 1.3 Hz, 1H,
H2), 4.81 (d, J=3.7Hz, 1H, Hl’), 4.53 (brs, 2H, CH,Ar), 4.04-3.98 (m,
3H, H6', H6', HS), 3.89-3.87 (m, 1H, HY'), 3.86-3.81 (m, 2H, H4', HS),
3.80 (s, 3H, OMe), 3.74 (dd, J=10.4, 5.0 Hz, 1 H, H4), 3.54-3.42 (m, 4H,
OMe, H3'), 3.51 (s, 3H, OMe), 3.23 (dd, /=92, 3.6 Hz, 1H, H2'), 3.16 (s,
3H, OMe); BC NMR (150 MHz, CDCl,): 6 =159.3, 130.1, 129.9, 129.4,
128.7, 113.8, 98.4, 81.6, 79.5, 73.5, 70.3, 67.2, 64.4, 62.4, 62.0, 60.7, 59.3, 55.2,
49.3; HRMS (FAB): calcd for C,H;OoNa [M+Na]*: 461.1787, found
461.1789.

Orthoester 70: R;=0.32 (70% Et,0 in hexanes); IR (thin film): 7= 3010,
2919, 1496, 1454, 1366, 1313, 1203, 1073, 916, 805, 737, 700 cm~'; 'H NMR
(600 MHz, CDCl;, major isomer): 6 =7.38-717 (m, 15H, ArH), 5.13 (d,
J=3.0Hz, 1H, H1"), 492, 4.56 (AB, J=10.7 Hz, 2H, CH,Ar), 4.71, 4.65
(AB, J=11.4 Hz, 2H, CH,Ar), 4.67, 453 (AB, J=12.2 Hz, 2H, CH,Ar),
4.10 (ddd,J=9.6,4.2,4.2 Hz, 1H), 4.00 (ddd,J=11.7,9.1, 5.1 Hz, 1H), 3.95
(dd, J=10.1, 2.7 Hz, 1H), 3.92-3.89 (m, 1H), 3.82 (dd, /=10.9, 3.9 Hz,
1H), 3.73 (t,/=10.2 Hz, 2H), 3.65-3.52 (m, 3H), 3.51 -3.48 (m, 1 H), 3.50
(s, 3H, OMe), 3.48 (s, 3H, OMe), 3.43 (s, 3H, OMe), 2.45 (dd, /=122,
5.0Hz, 1H, H2), 2.05 (t, J=12.2Hz, 1H, H2); *C NMR (150 MHz,
CDCly): 0 =138.2,138.1, 128.4, 128.4, 128.3, 128.3, 128.2, 128.0, 127.9, 1277,
1277, 127.6, 127.6, 127.5, 1274, 120.0, 97.1, 79.2, 78.8, 773, 75.3, 75.0, 73.5,
73.4,71.6,71.3,70.6, 68.6, 65.7,59.3, 58.7, 55.5, 37.7; HRMS (MALDI): calcd
for C;H,,0,(Na [M+Na]*: 659.2832, found 659.2809.

Orthoester 71: R;=0.35 (100 % Et,0); IR (thin film): ¥ =2928, 2862, 1451,
1253, 1204, 1116, 1077, 1017, 918, 879, 841, 775 cm~!; 'H NMR (600 MHz,
CDCl;, major isomer): 6 =7.32-7.26 (m, SH, ArH), 5.08 (d,/=3.7 Hz, 1 H,
H1'),4.57,4.48 (AB,J=11.4 Hz, 2H, CH,Ar), 4.04 (t,/=9.9 Hz, 1H, H3'),
3.88 (dd,/=10.1,3.1 Hz, 1 H, H2),3.72 (dq,/ =9.1, 6.2 Hz, 1 H, H5), 3.66 -
3.61 (m,3H, H3, H6', H6'), 3.64 (s, 3H, OMe), 3.55-3.48 (m, 2H, H4', HY"),
3.54 (s,3H, OMe), 3.42 (s, 3H, OMe), 327 (t,/ = 9.9 Hz, 1 H, H4), 2.37 (dd,
J=122,49 Hz, 1H, H2), 1.88 (t, J=12.2 Hz, 1 H, H2), 1.26 (d, /= 6.2 Hz,
3H, H6), 0.87 (s, 9H, BuSi), 0.05 (s, 3H, MeSi), 0.02 (s, 3H, MeSi);
BC NMR (150 MHz, CDCl,): 6 =138.2,128.2, 1278, 127.5, 119.9, 97.1, 78.7,
78.6, 78.5, 76.4, 75.3, 71.5, 71.3, 71.1, 70.7, 59.4, 58.9, 55.5, 37.6, 26.0, 18.6,
18.2, —3.7, —4.6; HRMS (MALDI): caled for C,3H;O,SiNa [M+Na]*:
577.2809, found 577.2807.

Orthoester 72: R;=0.35 (50% Et,0 in hexanes); IR (thin film): 7 =2931,
2856, 1613, 1514, 1468, 1383, 1320, 1250, 1203, 1104, 963, 920, 838, 778 cm™!;
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'H NMR (600 MHz, CDCl;, 10:1 ratio, major isomer): 0 =724 (d, J=
8.5Hz, 2H, PMB), 6.85 (d, J=8.5Hz, 2H, PMB), 5.07 (d, J=3.0 Hz,
1H, HI'), 4.65, 4.51 (AB,J = 11.4 Hz, 2 H, CH,Ar), 4.03 (t, /= 9.6 Hz, 1 H,
H3'), 3.98-3.92 (m, 1H, H3), 3.82 (dd, /=10.1, 3.1 Hz, 1H, H2'), 3.78 (s,
3H, OMe), 3.77 (dd,J=11.2,4.8 Hz, 1 H, H5), 3.61 (brs,2H, H6', H6'), 3.55
(t, J=11.4 Hz, 1H, H5), 3.52-3.48 (m, 2H, H4', H5'), 349 (s, 3H, OMe),
341 (s, 3H, OMe), 3.39 (s, 3H, OMe), 3.33 (ddd, J=9.1, 9.1, 4.1 Hz, 1H,
H4), 2.13 (dd, J=13.0, 5.0 Hz, 1H, H2), 1.91 (dd, /=13.0, 10.0 Hz, 1H,
H2), 0.86 (s, 9H, rBuSi), 0.08 (s, 3H, MeSi), 0.07 (s, 3H, MeSi); *C NMR
(150 MHz, CDCl;): 6 =159.2, 130.6, 129.4, 120.3, 113.7, 972, 78.7,78.5, 75.2,
72.9, 71.4, 70.7, 70.6, 62.9, 59.3, 58.7, 55.5, 55.2, 40.5, 30.3, 25.7, 18.0, — 4.6,
—4.8; HRMS (MALDI): caled for CyH,0,,SiNa [M+Na]t: 593.2758,
found 593.2755.

Orthoester 73: R;=0.32 (100 % Et,0); IR (thin film): 7 = 2983, 2922, 2862,
1617, 1512, 1451, 1384, 1248, 1182, 1077, 1017, 918, 819 cm™!; 'H NMR
(500 MHz, CDCl;, 10:1 ratio, major isomer): d =725 (d, J=8.6 Hz, 2H,
PMB), 6.86 (d, /=8.6 Hz, 2H, PMB), 6.15 (dd, J=10.0, 4.1 Hz, 1H, H3),
5.77 (dd, J=10.0, 1.1 Hz, 1H, H2), 5.06 (d, /=3.0 Hz, 1H, H1’), 4.59, 4.51
(AB,J=11.7 Hz, 2H, CH,Ar), 431 (t,/=9.5 Hz, 1 H, H3"), 4.14-4.11 (m,
2H, H3, H5), 3.88-3.85 (m, 1 H, H4), 3.81 (s, 3H, OMe), 3.65-3.63 (m, 2 H,
H6'),3.61-3.53 (m, 2H, H4, H5), 3.59 (dd, J=10.1, 3.0 Hz, 1 H, H2"), 3.50
(s,3H, OMe), 3.46 (s, 3H, OMe), 3.41 (s, 3H, OMe); *C NMR (125 MHz,
CDCly): 0=159.2, 130.5, 130.2, 129.3, 128.4, 125.5, 116.6, 113.8, 97.4, 777,
76.2, 71.3, 70.7, 69.9, 66.8, 65.7, 59.3, 58.8, 55.7, 55.2, 30.3, 20.6; HRMS
(MALDI): caled for C,,H3y0O¢Na [M+Na]*: 461.1787, found 461.1789.

Orthoester 76: R;=0.44 (80 % Et,0O in hexanes); IR (thin film): 7=2928,
1611, 1512, 1462, 1380, 1319, 1248, 1165, 1094, 1033, 972, 835, 774 cm™;
'HNMR (600 MHz, CDCl,): 6 =7.22 (d,J=8.6 Hz, 2H, PMB), 6.83 (d, J =
8.6 Hz,2H, PMB), 4.80 (d,/=3.7 Hz, 1H, H1"), 4.64,4.47 (AB,J =11.3 Hz,
2H, CH,Ar),3.94-3.86 (m, 2H, H3, H5"),3.83 (t,/ =9.9 Hz, 1H, H3'), 3.77
(s,3H, OMe), 3.70 (dd, J=11.3, 5.2 Hz, 1 H, H5), 3.55-3.45 (m, 5H, OMe,
H2', H5), 3.39 (s, 3H, OMe), 3.33 (ddd, /=10.1, 8.2, 5.2 Hz, 1 H, H4), 3.24
(t, /=9.6 Hz, 1H, H4'), 2.08-2.04 (m, 1H, H2), 1.94-1.89 (m, 1H, H2),
1.28 (d, J=6.1 Hz, 3H, H6'), 0.87 (s, 9H, rBuSi), 0.07, 0.06 (2 xs, 2 x 3H,
MeSi); BC NMR (125 MHz, CDCl,): 6 =159.2 130.5, 129.4, 120.3, 113.7,
98.6, 80.6, 79.4, 78.2, 77.8, 73.0, 70.4, 66.7, 63.4, 58.4, 55.5, 55.2, 29.7, 25.7,
23.9, 209, 20.6, 179, 176, —4.6, —4.7, HRMS (MALDI): calcd for
Cy;H 50,51 [M+H]*: 541.2833, found 541.2847.

Orthoester 78: R;=0.28 (80% Et,0 in hexanes); [a]¥ = +4.04 (¢=0.99,
CHCl,); IR (thin film): 7 =2917, 1727, 1605, 1506, 1457, 1374, 1253, 1171,
1132, 1088, 1033, 978, 797 cm~!; 'H NMR (600 MHz, CDCl;):  =7.21 (d,
J=8.8Hz, 2H, PMB), 6.83 (d, /=8.8 Hz, 2H, PMB), 6.12 (dt, /=10.1,
1.3 Hz, 1H, H3),5.62 (dd, J=10.1,1.3 Hz, 1 H, H2), 4.82 (d,/ =3.5Hz, 1 H,
H1'),4.51,4.47 (AB,J =114 Hz,2H, CH,Ar), 4.07-4.04 (m, 1 H, H4), 4.02
(dd,J=11.0,5.3 Hz, 1H, H5), 3.91-3.86 (m, 3H, H3', HS", H5), 3.77 (s, 3H,
OMe), 3.55 (dd, J=10.3, 3.7 Hz, 1 H, H2'), 3.48 (s, 3H, OMe), 3.37 (s, 3H,
OMe), 329 (t, J=9.6 Hz, 1H, H4'); ®C NMR (125 MHz, CDCL): 6 =
159.4, 132.8, 129.8, 129.4, 113.9, 98.5, 88.3, 80.5, 79.7, 78.4, 70.9, 66.9, 58.4,
55.5, 55.3, 17.7; HRMS (ESI): calcd for C, H,3OgNa [M+Na]*: 431, found
431.

Orthoester 79: R;=0.44 (80 % Et,0O in hexanes); IR (thin film): #=2930,
1612, 1513, 1464, 1380, 1320, 1250, 1170, 1099, 1035, 972 864, 835, 779 cm™;
'"HNMR (600 MHz, CDCl;): 6 =7.21 (d,J=8.2 Hz, 2H, PMB), 6.83 (d,J =
8.6 Hz,2H,PMB), 4.83 (d,/=3.6 Hz, 1H, H1'), 4.63,4.47 (AB,J =11.2 Hz,
2H, CH,Ar), 4.09 (t, J=10.0 Hz, 1H, H3'), 3.93 (ddd, J=9.5, 8.6, 5.2 Hz,
1H, H3), 3.89 (dq, J=9.4, 6.4 Hz, 1H, H5'), 3.78 (s, 3H, OMe), 3.65 (dd,
J=11.3,5.2 Hz, 1H, H5), 3.54 (dd, J=10.4, 3.7 Hz, 1H, H2'), 3.49 (s, 3H,
OMe), 3.45 (t,J =10.7 Hz, 1 H, H5), 3.39 (s, 3H, OMe), 3.33 (ddd, J =13.5,
10.3, 5.2 Hz, 1H, H4), 3.04 (t, J=9.6 Hz, 1H, H4'), 2.09 (dd, /=132,
5.2 Hz,1H, H2),1.92 (t,/ =12.0 Hz, 1H, H2), 1.26 (d, /= 6.1 Hz, 3H, H6'),
0.88 (s, 9H, rBuSi), 0.07 (s, 3H, MeSi), 0.06 (s, 3H, MeSi); *C NMR
(150 MHz, CDCl;): 6 =159.2,130.5, 129.4,120.3, 113.7,98.4, 80.6, 79.7, 78.0,
73.0,70.5,674,63.2,58.1,55.4,55.2,45.9,41.1,30.3,29.6,25.7,17.9, 17.6,10.7,
—4.5, —4.8; HRMS (ESI): calcd for C,;H,;50,Si [M+H]*: 541, found 541.

Orthoester 81: R;=0.28 (80% Et,0 in hexanes); [a]# =+41.6 (c=0.67,
CHCl,); IR (thin film): #=2917, 1726, 1605, 1506, 1457, 1374, 1253, 1171,
1088, 1028, 973, 797 cm~'; '"H NMR (600 MHz, CDClLy): =722 (d, J=
8.6 Hz, 2H, PMB), 6.85 (d,/=8.6 Hz,2H, PMB), 6.15 (dd, /=10.1, 1.3 Hz,
1H, H3), 5.64 (dd, J=10.1, 1.9 Hz, 1H, H2), 4.83 (d, J=3.7 Hz, 1H, HY1'),
450, 448 (AB, J=114Hz, 2H, CH,Ar), 4.14 (t, /=99 Hz, 1H, H3'),
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4.13-4.11 (m, 1H, H4), 3.99 (ddd, J=11.1, 5.3, 1.0 Hz, 1 H, H5), 3.92 (dq,
J=9.6, 6.3 Hz, 1H, HY'), 3.87 (dd, J=11.1, 9.1 Hz, 1H, H5), 3.78 (s, 3H,
OMe), 3.53 (dd, J=10.3, 3.7 Hz, 1H, H2'), 3.50 (s, 3H, OMe), 3.40 (s, 3H,
OMe), 3.08 (t,J =9.6 Hz, 1 H, H4'), 1.29 (d, J = 6.2 Hz, 3H, H6'); *C NMR
(150 MHz, CDCl,): 0 =145.6, 133.9, 129.4, 126.2, 124.8, 113.9, 98.5, 81.1,
79.9, 70.9, 68.4, 674, 66.1, 58.3, 55.4, 55.3, 17.7;, HRMS (ESI): calcd for
C,H,sOgNa [M+Na]*: 431, found 431.

Orthoester 84: See Part 2?! of this series.
Orthoester 87: See Part 21?! of this series.

Enol ether 105: R;=0.36 (80% Et,0 in hexanes); [a]¥ =+68.8 (c=0.49,
CHCL); IR (thin film): 7= 3459, 2928, 1677, 1611, 1550, 1511, 1462, 1363,
1303, 1242, 1083, 1033, 967, 840 cm~'; 'H NMR (600 MHz, CDy, 340 K):
0=723(d,J=8.5,2H, ArH PMB), 6.78 (d, /=8.6 Hz, 2H, PMB), 5.46 (s,
1H, H2), 523 (d, J=2.0 Hz, 1H, H1), 4.69, 4.50 (AB, J=11.2 Hz, 2H,
CH,Ar), 4.68 (d, J=3.5Hz, 1H, H1'), 4.11 (t, J=9.1 Hz, 1H, H3'), 4.04
(ddd, J=6.3, 5.0, 4.1 Hz, 1H, H5), 3.92 (d, J=5.0 Hz, 1 H, H4), 3.90 (dq,
J=9.3, 6.1 Hz, 1H, HY5'), 3.63 (dd, J=10.4, 6.5 Hz, 1H, H6), 3.38 (t, /=
9.0 Hz, 1H, H4'), 3.35 (s, 3H, OMe), 3.31 (dd, /=10.4, 4.0 Hz, 1H, H6),
3.25 (s, 3H, OMe), 3.22 (dd, J =9.5, 3.6 Hz, 1H, H2'), 3.16 (s, 3H, OMe),
3.11 (s, 3H, OMe), 1.50 (d, J=6.2 Hz, 3H, H6'), 0.95 (s, 9H, rBuSi), 0.16,
0.15 (2 x5, 2 x 3H, MeSi); BC NMR (150 MHz, CDCL): 6 =159.2, 151.7,
130.0,129.6,113.7,104.8,99.2,97.4, 84.4,80.6, 74.6, 74.5,72.6,72.2,71.8, 67.2,
59.4, 58.6, 552, 54.9, 25.6, 178, —4.4, —4.5; HRMS (ESI): calcd for
CyyH,30,,SiNa [M+Na]*: 607, found 607.

Enol ether 108: R;=0.09 (80% Et,0 in hexanes); [a]# =+57.0 (c=0.43,
CHCL,); IR (thin film): % =3456, 2917, 1732, 1672, 1611, 1550, 1506, 1462,
1363, 1297, 1248, 1094, 982, 837,775 cm~"'; '"H NMR (600 MHz, CDCl;): 6 =
722 (d,J=8.5,2H, PMB), 6.83 (d, /= 8.6 Hz, 2H, PMB), 5.19 (s, | H, H2),
4.87 (d, J=2.0Hz, 1H, H1), 4.75 (d, J=3.5 Hz, 1 H, H1'), 4.65, 4.50 (AB,
J=11.1 Hz, 2H, CH,Ar), 4.06 (ddd, J =77, 4.3, 4.3 Hz, 1 H, H5), 3.79 (t, / =
9.1 Hz, 1H, H3'), 3.77 (s, 3H, OMe), 3.71 (d, / = 4.3 Hz, 1 H, H4), 3.64 (dq,
J=95, 6.1 Hz, 1H, H5), 3.55 (1, J=9.0 Hz, L H, H6), 3.54 (s, 3H, OMe),
339 (dd, J=9.1, 4.8 Hz, 1 H, H6), 3.37 (s, 3H, OMe), 3.30 (s, 3H, OMe),
323 (dd,J=9.7,3.4 Hz, 1H, H2'), 3.08 (t, / = 9.0 Hz, 1 H, H4"), 1.20 (d, J =
6.2 Hz, 3H, H6), 0.92 (s, 9H, rBuSi), 0.19, 0.18 (2 xs, 2 x 3H, MeSi);
BC NMR (150 MHz, CDCl;): 6 =159.3, 151.9, 130.0, 129.7, 129.6, 113.7,
104.2, 98.9, 97.2, 88.0, 80.9, 74.8, 72.4, 72.2, 71.9, 71.5, 65.2, 59.1, 59.0, 55.2,
55.0, 30.3, 29.7, 25.6, 17.6, — 4.4, —4.5; HRMS (ESI): caled for CoH,4Oy.
SiNa [M+Na]*: 607, found 607.

Orthoester 111 (major): R;=0.4 (90% Et,0 in hexanes); [a]¥ =+68.2
(¢=0.20, CHCl;); IR (thin film): ¥=2919, 1608, 1514, 1461, 1378, 1308,
1250, 1207, 1087, 1033, 971, 955, 836, 778 cm~!; 'H NMR (600 MHz, CDCl;):
6=1722 (d,J=8.6,2H, PMB), 6.85 (d, /= 8.6, 2H, PMB), 4.83 (d, /=37,
1H, H1'), 4.79, 4.50 (AB, J=10.6 Hz, 2H, CH,Ar), 4.11 (t, J=9.9, 1H,
H3'),4.03 (ddd, J=11.3,8.7, 5.3 Hz, 1H, H3), 3.94 (dq, /=9.7, 6.1 Hz, 1H,
H5'),3.77 (s, 3H, OMe), 3.69 (ddd, J =10.0, 2.6, 2.6 Hz, 1 H, H5), 3.57 (dd,
J=10.5,32 Hz, 1 H, H6), 3.52 (dd, J =104, 3.6 Hz, 1 H, H2'), 3.49 (1, J =
9.8 Hz, 1H, H4), 3.47 (s,3H, OMe), 3.46 (dd,J=10.0, 1.9 Hz, 1 H, H6), 3.40
(s,3H, OMe), 3.29 (s, 3H, OMe), 3.05 (t,J = 9.6 Hz, 1 H, H4), 2.07 (dd, J =
12.7,5.3 Hz, 1 H, H2), 2.01 (1, J = 12.6 Hz, 1 H, H2), 1.27 (d,/ = 6.1 Hz, 3H,
H6'), 0.87 (s, 9H, rBuSi), 0.09, 0.07 (2xs, 2 x 3H, MeSi); ®C NMR
(150 MHz, CDCl;): 6 =159.1,130.7,129.5,119.9, 113.8, 98.4, 80.8,79.8, 78 .4,
76.7, 74.7, 73.7, 71.5, 70.8, 59.0, 58.3, 55.4, 55.3, 41.7, 179, 177, — 4.4, —4.5;
HRMS (MALDI): caled for C,H,0,,SiNa [M+Na]*: 607.2909, found
607.2898.

Orthoester 111 (minor): R;=0.33 (90% Et,O in hexanes); [a]¥ =+71.2
(c=0.24, CHCl;); IR (thin film): ¥=2919, 1608, 1508, 1461, 1378, 1308,
1243, 1202, 1090, 1049, 967, 832, 773 cm~'; '"H NMR (600 MHz, CDCl;): 6 =
723 (d, J=8.6,2H, PMB), 6.85 (d, /=8.6,2H, PMB), 4.81 (d,/=3.7, 1H,
H1'), 4.81, 449 (AB, J=10.6 Hz, 2H, CH,Ar), 4.00 (ddd, J=11.4, 8.6,
5.3 Hz, 1H, H3), 3.87 (dq, /=9.6, 6.2 Hz, 1H, H5'),3.82 (t,/=9.9 Hz, 1H,
H3'),3.78 (s, 3H, OMe), 3.71 (ddd, J =10.0, 4.0, 2.0 Hz, 1 H, H5), 3.57 (dd,
J=10.2,3.6 Hz, 1H, H2'), 3.57 (dd, J=10.5, 4.2 Hz, 1H, H6), 3.52 (dd, J =
10.6,2.0 Hz, 1 H, H6), 3.48 (s, 3H, OMe), 3.43 (dd,J=9.9,8.7 Hz, 1 H, H4),
3.39 (s,3H, OMe), 3.31 (s, 3H, OMe), 3.26 (t,J =9.6 Hz, 1 H, H4), 2.05 (dd,
J=12.8,5.3 Hz, 1H, H2), 1.99 (dd, J=12.7, 11.5 Hz, 1H, H2), 1.25 (d, /=
6.2 Hz, 3H, H6'), 0.89 (s, 9H, tBuSi), 0.09, 0.07 (2 xs, 2 x3H, MeSi);
BCNMR (150 MHz, CDCl,): 6 =159.2,130.7,129.5, 120.1, 113.8, 98.5, 80.1,
79.5,78.5,78.0,74.7,73.8,71.6,71.2,66.7,59.0, 58.4,55.5, 55.3, 41.7,25.8, 17.9,
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177, —4.4, —4.5; HRMS (MALDI): calcd for C,yHy;0,0SiNa [M+Na]*:
607.2909, found 607.2898.

General procedure for the dehydration of alcohols with Martin sulfurane:
Martin sulfurane dehydrating agent (4.0 equiv) was added to a solution of
alcohol (1.0 equiv) and Et;N (0.1 equiv) in CHCl; (1.5 mL) at 25°C and the
resulting mixture was heated to 50 °C and stirred for 2 h. The solvents were
removed under reduced pressure and the residue was purified by flash
column chromatography.

Orthoester 75: R;=0.43 (100 % Et,0); [¢]Z =+163 (c =0.23, CHCI,); IR
(thin film): 7=2919, 1698, 1649, 1514, 1249, 1184, 1074, 823 cm'; '"H NMR
(500 MHz, CDCl,): 6 =726 (d, J=8.6 Hz, 2H, PMB), 6.86 (d, J=8.6 Hz,
2H, PMB), 6.14 (dd, J=10.0, 4.4 Hz, 1 H, H3), 5.77 (dd, J=10.0, 0.8 Hz,
1H, H2), 5.09 (d, J=3.1 Hz, 1H, HI'), 456, 4.51 (AB, J=11.6 Hz, 2H,
CH,Ar),4.14-4.11 (m, 1 H, H5), 4.09 (t,/ = 9.7 Hz, 1 H, H3'), 3.81-3.77 (m,
2H, H6', H6'), 3.80 (s, 3H, OMe), 3.79 (dd, J = 10.1,3.0 Hz, 1 H, H2'), 3.61 -
3.53 (m, 2H, H4', H5'),3.59 (1, = 9.3 Hz, 1 H, H4), 3.54-3.52 (m, 1 H, H5),
353 (s, 3H, OMe), 3.46 (s, 3H, OMe), 3.41 (s, 3H, OMe); 3C NMR
(125 MHz, CDCL,): 6 =159.3, 131.0, 130.1, 129.7, 129.4, 129.4, 129.3, 128.5,
124.8,116.6,113.8,972,79.2,78.4,74.3,71.5,70.9, 70.2, 66.5, 65.9, 59.4, 58.9,
55.5, 55.3; HRMS (MALDI), cald for C,,H;OsNa [M+Na]*: 461.1787,
found 461.1789.

General procedure for benzoylation: BzCl (2 equiv) was added to a solution
of alcohol (1 equiv), Et;N (3 equiv), and 4-DMAP (0.5 equiv) in CH,Cl,
(0.1m) at 0°C. The resulting mixture was warmed to 25°C and stirred for
3 h. The reaction mixture was quenched by the addition of MeOH, diluted
with CH,Cl, and washed with saturated aqueous NaHCOj; and brine. The
organic layer was dried (Na,SO,), and the solvents were removed under
reduced pressure. The residue was purified by flash column chromatog-
raphy. This procedure is further illustrated by the following example:

Benzoate 94: BzCl (3.5 uL, 0.030 mmol) was added to a solution of alcohol
93 (10 mg, 0.015 mmol), Et;N (6.4 pL, 0.045 mmol) and 4-DMAP (0.92 mg,
0.008 mmol) in CH,Cl, (0.15mL) at 0°C. The resulting mixture was
warmed to 25 °C and stirred for 2 h. The reaction mixture was quenched by
the addition of MeOH (0.1 mL), diluted with CH,Cl, (60 mL) and washed
with saturated aqueous NaHCO; (10 mL) and brine (10 mL). The organic
layer was dried (Na,SO,) and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0 —100% Et,O in hexanes) to afford benzoate 94 (10.6 mg, 92%) as a
white foam. 94: R;=0.33 (80 % Et,O in hexanes); [a]¥ =+139.2 (¢ =0.24,
CHClL;); IR (thin film): #=2917, 1765, 1721, 1605, 1512, 1451, 1363, 1253,
1165, 1105, 1039, 813, 709 cm™!; '"H NMR (600 MHz, CDCl;): 6 =7.89 (d,
J=80Hz, 2H, ArH), 754 (t, /] = 7.4 Hz, 1 H, ArH), 745 (t,J =75 Hz, 2 H,
ArH), 742-735 (m, 2H, ArH), 717 (d, /=8.5 Hz, 2H, PMB), 7.12-7.04
(m,3H, ArH), 6.77 (d, J=8.5 Hz, 2H, PMB), 5.48 (dd, J=7.0,4.2 Hz, 1 H,
H3),5.18 (d,/=4.1 Hz, 1H, H1), 4.82 (t,J=9.5 Hz, 1H, H4'), 4.80 (d, /=
2.2 Hz, 1H, HY1'), 456, 4.54 (AB, J=11.8 Hz, 2H, CH,Ar), 4.08 (t, J=
9.5Hz, 1H, H3'), 3.99 (dd, J=11.8, 7.5 Hz, 1H, H5), 3.85, 3.84 (AB, /=
14.6 Hz, 2H, CH,Cl), 3.84-3.80 (m, 2H, H2, H4), 3.79-3.70 (m, 5SH, OMe,
H5, H5'), 3.49 (s, 3H, OMe), 3.40 (s, 3H, OMe), 3.28 (dd, J=9.5, 3.6 Hz,
1H, H2'), 1.14 (d, J=6.3 Hz, 3H, H6'); *C NMR (150 MHz, CDClL;): 6 =
166.4,165.4,159.2,133.7,133.5,133.1,130.2, 129.7, 129.3, 129.1, 129.0, 128.9,
128.4,128.4 128.3, 1275, 126.3, 113.8, 97.2, 80.6, 77.6, 75.8, 73.0, 64.9, 59.4,
55.3, 552, 17.3; HRMS (MALDI): caled for CsH,,ClO;;SeNa [M+Na]*:
787.1400, found 787.1368.

Benzoate 100: R;=0.35 (80% Et,O in hexanes); [a]F =+96.6 (c=0.96,
CHCly); IR (thin film): #=2917, 1765, 1743, 1721, 1506, 1451, 1253, 1094,
1039, 918, 818, 714 cm™'; '"H NMR (600 MHz, CDCl;): 6=794 (d, J=
71Hz, 2H, ArH), 7.57 (t, J=74 Hz, 1H, ArH), 746 (dd, J=6.8, 1.5 Hz,
2H, ArH), 744 (t, =78 Hz, 2H, ArH), 723 (d, J=8.6 Hz, 2H, PMB),
7.17-7.10 (m, 3H, ArH), 6.82 (d,/=8.6 Hz, 2H, PMB), 5.47 (t,J = 3.6 Hz,
1H, H3), 5.45 (t,/=9.6 Hz, 1 H, H3'), 5.12 (d, /= 6.8 Hz, 1 H, H1), 4.80 (d,
J=3.4Hz, 1H, H1'), 4.61, 457 (AB, J=11.8 Hz, 2H, CH,Ar), 4.11, 4.08
(AB,J=14.8 Hz,2H, CH,Cl), 3.86 (dd, J=12.4, 4.7 Hz, 1 H, H5), 3.78 (dd,
J=12.4,3.4Hz, 1H, H5), 3.77 (s, 3H, OMe), 3.69-3.66 (m, 2H, H2, H4),
3.66 (dq,J=9.5,6.2 Hz, 1 H, H5"), 3.54 (t,/ =9.4 Hz, 1 H, H4'), 3.40 (s, 6 H,
OMe), 3.29 (dd, J=10.0, 3.5 Hz, 1H, H2'), 1.30 (d, /=6.3 Hz, 3H, H6');
3C NMR (125 MHz, CDCL,): 6 =165.8, 165.1, 159.3, 134.4, 133.3, 129.9,
129.6, 129.5, 129.4, 128.9, 128.7, 128.4, 127.6, 113.8, 102.1, 96.7, 80.1, 78.9,
75.5, 72.8, 72.7, 71.7, 66.2, 63.5, 58.6, 55.3, 55.2, 41.1, 30.3, 17.9; HRMS
(MALDI): caled for C;H,,ClO,;SeNa [M+Na]*: 787.1400, found 787.1374.
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