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A novel glycosidation method has been developed which utilizes a trimethylsilyl halidezinc triflate catalyst system
to activate various benzyl-protected fucosyl, glucosyl and galactosyl esters. The promoter system was extended to use
benzyl-protected alkyl glycosides and N-2,2,2,-trichloroethoxycarbonyl-protected glucosaminyl and galactosaminyl

acetates as glycosyl donors.
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The very high abundance and paramount biological
importance of oligosaccharides and glycoconjugates necessi-
tate the development of new methods for the efficient and
stereocontrolled construction of glycosidic linkages.!+?
Recently, we have developed a glycosidation, catalyzed by
a combination of trimethylsilyl bromide (TMSBr) and zinc
bromide (ZnBr,) using simple O-glycosides of glucosamine
derivatives directly as glycosyl donors.® This methodology
was also applicable to acetyl-protected glucopyranosides
other than glucosamine, though low conversion to the
glycosidation product was encountered with such substrates.
As an extension of the studies on glycosidation by the
combined use of trimethylsilyl halide (TMSX) and Lewis
acid as activators, in this paper, we describe an improved
glycosidation, promoted by the combination of TMSX and
zinc triflate (Zn(OTf),) using various 1-O-acyl® and
1-0-alkyl glycopyranosides® as glycosyl donors.

The glycosyl esters (1, 2, 5, 6, 8—10) and alkyl glycosides
(3, 4, 7) used here as glycosyl donors for this glycosidation
are shown in Chart 1. These compounds were easily
prepared according to published procedures and could be
stored at 5°C for at least several weeks without detectable
deterioration.

First, we evaluated the catalyst system generated from
the TMSX-Lewis acid type species in a glycosidation using
benzyl-protected fucose derivatives (1—4) having an
acyloxy or alkoxy moiety at the anomeric position as a
leaving group.® Since the combined use of TMSBr and
ZnBr, was presumed to cleave the benzyl ether bond, we
postulated that the Lewis acid Zn(OTf),, would be the

preferred reagent. Initially the glycosidation reactions were
investigated with 3f-cholestanol (11a) as a model acceptor
and benzyl-protected fucopyranosyl p-nitrobenzoate (1) as
a donor.” After surveying a variety of conditions, coupling
of the p-nitrobenzoate (1, a 36:64 anomeric mixture of
1a:18) with 3fB-cholestanol (11a) (2.0eq) in dichloro-
methane in the presence of trimethylsilyl chloride (TMSCI)
(1.5eq) and Zn(OTf), (1.5eq) with ice cooling for 1h was
found to proceed smoothly to give the steroidal glycoside
(12a) with the «: f ratio of 55:45 in 60% combined yield
(Table I, run 1). It should be noted that no reaction occurred
when Zn(OTf), alone was used as an activator, indicating
that the presence of both TMSCl and Zn(OTY), is necessary
for this glycosidation to proceed. Glycosidation of the
steroidal alcohol (11a) with a-anomer (1) or f-anomer (1f)
under the above conditions furnished the glycoside (12a)
with the o : f ratio of 47: 53 in 65% yield and 70:30 in 55%
yield, respectively (runs 2 and 3). When TMSBr was used
instead of TMSCI, 12a was obtained with the «: f ratio of
81:19 in 53% yield (run 7). In an effort to enhance the
yield and the stereoselectivity, we focused on the effect
of solvents.” The glycosidation of 1la with 1 in di-
chloromethane in the presence of small amounts of ethers
(5.0eq) such as monoglyme, diglyme or tetraglyme required
longer reaction times than the original method, but the yield
of 12a was improved to over 79% with the « : 8 ratio ranging
from 51:49 to 75:25 (runs 4—6).

To ascertain the improvements in stereoselectivity and
yield from using diglyme as an additive, glycosidation of
3p-cholestanol (11a) with other glycosyl donors such as

R, OBn R, OAc Me
0 O, ROH a!Rs= Me
e R N o
0Bn n ¢ ¢ 1 Me
BnO TrocHN a—c Me
BnO ©OBn
1: X =OPNBz 5 . Ry=H,Ry=0Bn, X=0PNBz 9. Ry=H,R;=0Ac
2. X=0Ac 6. Ry=H,R,=0Bn, X=0Ac 10 I Ry =0OAc,Ry=H b R= nCyHg
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12a—c 13a,b : Ry =H, Rp = OBn 15a 1 Ry =H, Ry = OAc Troc: 2,2,2-trichloroethoxycarbony!
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16a : R, = OAc, Ry=H

Bn: benzyl
PNBz: p-nitrobenzoyl

Chart 1
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TaBLE I. Glycosidation Promoted by the Combination of Trimethylsilyl
Halide and Lewis Acid Using 1-0-Acyl (1, 2, 5, 6, 8—10) or 1-O-Alkyl
Glycosides (3, 4, 7) as Glycosyl Donors

4 e
Run Donor Acceptor® Activator? Additive® Tlg:; Y(‘(,e/]‘g o: gl
1 1 11a A 1 60 55:45
2 11a A — 1 65 47:53
3 14 11a A — 1 55 70:30
4 1 11a A Monoglyme 16 79 75:25
5 1 1la A Diglyme 15 90 65:35
6 1 11a A Tetraglyme 15 85 51:49
7 1 11a B — 1 53 81:19
8 1 11a B Diglyme 16 81 61:39
9 2 11a A — 2 70 73:27
10 2 1ia A Diglyme 20 88 71:29
11 2 11a B — 1 65 85:15
12 3 11a B — 4.5 509 78:22
13 3 11a B Diglyme 15 65" 71:29
14 4 11a B Diglyme 18 399 72:28
15 1 11b B — 1 58 50:50
16 1 11b B Diglyme 17 84 52:48
17 2 11b B — 0.5 75 37:63
18 2 11b B Diglyme 18 93 61:39
19 3 11b B — 2 699 61:39
20 3 11b B Diglyme 16 79% 65:35
21 1 11c A — 1.5 87 70:30
22 1 11c A Diglyme 19 93 69:31
23 Sa i1a B — 3 51 67:33
24 So 11a B Diglyme 3h 85 68:32
25 6 11a B Diglyme 2.59 63 65:35
26 So 11b B Diglyme 19 77 44:56
27 78 11b B Diglyme 24 7m 65:35
28 8o 11a B — 0.5 37 87:13
29 8a 11a B Diglyme 15 98 49:51
30 9 11a A — 40" 75 >99:1
31 9 11a B — 30 81 >99:1
32 9 11a C — 229 61 >99:1
33 10 11a B —_ 20 82 >99:1

a) Two equivalent amounts of acceptor were used in each case. b) A, TMSCI
(1.5eq)~Zn(OT),(1.5€q); B, TMSBr (1.5¢q)-Zn(OTf),(1.5¢q); C, TMSCI (1.5eq)-
ZnCl,(1.5¢q). ¢) Five equivalent amounts of additive were used. d) All reactions
were carried out in dichloromethane with ice cooling unless otherwise noted.
¢) Isolated total yield. f) The o:f ratios were determined by ‘H-NMR analysis.
g) The starting material (3) was recovered in 15% yield. h) The starting material
(3) was recovered in 14% yield. i) The starting material (4) was recovered in 54%
yield. j) The starting material (3) was recovered in 9% yield. k) The starting
material (3) was recovered in 10% yield. [) Performed at room temperature.
m) The starting material (7) was recovered in 13% yield.

fucopyranosyl acetate (2), isopropyl fucopyranoside (3) and
benzyl fucopyranoside (4) using the catalyst system in both
the absence and presence of diglyme was carried out.
Fucopyranosyl acetate (2, an 88:12 anomeric mixture of
20:2f) was also found to be reactive as a glycosyl donor
(runs 9—11). When isopropyl fucopyranoside (3, a 47:53
anomeric mixture of 3« :3f) was used as a glycosyl donor,
results similar to those with fucopyranosyl esters (1, 2) were
obtained (runs 12, 13), whereas the reaction using benzyl
fucopyranoside (4, a 30:70 anomeric mixture of 4o :4p)
resulted in the recovery of the starting material in a
substantial quantity and the yield of the steroidal glycoside
(12a) was 39% (run 14).

We then investigated the reactions of fucose derivatives
(1—3) with one of the other alcohols (11b, ¢). All the
reactions resulted in the formation of the corresponding
glycosides (12b, ¢) in good yields (runs 15—22).

Furthermore, the generality of this method was
demonstrated for a range of differently protected glycosyl
donors prepared from glucose (5—7), galactose (8),
glucosamine (9) and galactosamine derivatives (10) by use
of the acceptors (11a, b) (runs 23—33). The results are
summarized in Table I. Glycosidation of 3f-cholestanol
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(11a) with glucopyranosyl p-nitrobenzoate (5x),'® gluco-
pyranosyl acetate (6, an 88:12 anomeric mixture of
60.:6p) or galactopyranosyl p-nitrobenzoate (8x)'? using
the combination of TMSBr and Zn(OTf), as an activator
in the presence of diglyme afforded the corresponding
steroidal glycosides (13a,'® 14a) in good yields (runs 24,
25, 29). Isopropyl glucopyranoside (78)'* was found to be
applicable as a glycosyl donor (run 27). Apart from
benzyl-protected glycopyranoses, the method could advan-
tageously be extended to N-2,2,2-trichloroethoxycarbonyl
(Troc)-protected glycosaminyl acetates (9, 10). It should be
noted that the reactions using N-Troc-protected glycosami-
nyl acetates 9,1 (an 83:17 anomeric mixture of 9x:9p)
and 10 (a 36: 64 anomeric mixture of 10x: 108) as glycosyl
donors resulted in the stereoselective formation of a-
glycosides 15a¢'® and 16ax, which are thought to be
difficult to obtain in good yields, because the neighboring-
group participation in principle would lead predominantly
to the f-glycoside (runs 30—33).

In summary we have demonstrated that the combination
of TMSX and Zn(OTf), can serve as a potential activator
in glycosidation using glycosyl esters or alkyl glycosides as
glycosyl donors. Further extension of this method to other
glycopyranoses is currently under investigation.

Experimental

Melting points were determined on a Yanagimoto melting point
apparatus, and are uncorrected. Proton nuclear magnetic resonance
('H-NMR) spectra were obtained in deuteriochloroform on a Varian
VXR-500S spectrometer (500 MHz). Chemical shifts are reported in parts
per million relative to tetramethylsilane (6 units) as an internal standard.
Optical rotations were measured with a Perkin-Elmer 241 polarimeter.
Column chromatography was performed with Merck Silica gel 60
(230—400 mesh).

1-0-Acetyl-2,3,4-tri-O-benzyl-L-fucopyranose (2) 2,3,4-Tri-O-benzyl-L-
fucopyranose® (4.27 g, 9.83 mmol) was dissolved in pyridine (13 ml) and
acetic anhydride (10 ml) was added to this solution under ice-cooling. The
reaction mixture was allowed to warm to room temperature and stirring
was continued for 15h at room temperature. The reaction mixture was
diluted with AcOEt, washed with water, 10% citric acid, water, 5%
NaHCO; and water, dried over MgSO, and concentrated under reduced
pressure. The residue was chromatographed on silica gel (200g) with
chloroform to give an inseparable 82 : 12 anomeric mixture (4.68 g, quant.)
of 2 and 28 as a colorless powder.

Isopropyl 2,3,4-Tri-O-benzyl-L-fucopyranoside (3) A mixture of 2,3,4-
tri-O-benzyl-L-fucopyranose (2.00g, 4.60mmol) and Dowex 50W-X8
(7.00 g) in isopropyl alcohol (100ml) was heated under reflux for 24h.
After cooling, the resin was removed by filtration, and solution was
concentrated under reduced pressure. The residue was chromatographed
on silica gel (50g) with chloroform to give a 47:53 anomeric mixture
(2.19g, quant.) of 3x and 3f. Analytical samples of 3x and 3§ were
prepared by repeated silica gel (50g) column chromatography with
hexane—chloroform (1:1).

3a: A colorless oil. [a],—48.2° (¢=0.85, CHCI;). Anal. Caled for
C,oH3605: C, 75.60; H, 7.61. Found: C, 75.19; H, 7.71. 'H-NMR &: 1.06
(3H, d, J=64Hz, CH,), 1.13 (3H, d, /=6.4Hz, CH,), 1.17 (3H, d,
J=64Hz, CH,), 3.63 (1H, d, J,;=29Hz, H-4), 3.83 (1H, heptet,
J=6.4Hz, CH(CH,),), 3.89 (IH, q, J5¢=6.4Hz, H-5), 3.90 (1H, dd,
J34=29Hz, J;,=10.0Hz, H-3), 397 (lH, dd, J,,=3.7Hz, J,;=
10.0Hz, H-2), 4.61 (1H, d, J=11.5Hz, ArCH,), 4.63 (1H, d, J=12.0Hz,
ArCH,), 4.69 (1H, d, /J=11.7Hz, ArCH,), 475 (1H, d, J=12.0Hz,
ArCH,), 4.84 (1H,d, J=11.7Hz, ArCH,); 4.86 (1H, d, J, , =3.7Hz, H-1),
4.94 (1H, d, J=11.5Hz, ArCH,), 7.24—7.40 (15Hz, m, ArH).

3f3: A colorless oil. [a]lp +7.7° (¢=0.94, CHCl;). Anal. Caled for
C;0H;605: C, 75.60; H, 7.61. Found: C, 75.28; H, 7.70. 'H-NMR §: 1.16
(3H, d, J=64Hz, CH,), 1.21 (3H, d, J=6.1 Hz, CH,), 1.26 (3H, d,
J=6.1Hz, CH,), 3.42 (1H, dq, J, ,=0.7Hz, J=6.4Hz, H-5), 3.49 (1H,
dd, J;,=29Hz, J; ,=9.8Hz, H-3), 3.53 (1H, dd, J, s=0.7Hz, J, ;=
2.9Hz, H-4), 3.77 (1H, dd, J,,=7.6Hz, J, ;=9.8Hz, H-2), 3.98 (1H,
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heptet, J=6.1Hz, CH(CH,),), 4.38 (1H, d, J,,=7.6Hz, H-1), 4.70
(1H,d, J=11.7Hz, ArCH,), 4.71 (1H, d, J=11.7Hz, ArCH,), 4.74 (1H,
d, /=108 Hz, ArCH,), 4.79 (IH, d, J=11.7Hz, ArCH,), 4.95 (1H, d,
J=10.8 Hz, ArCH,), 4.96 (1H, d, J=11.7Hz, ArCH,), 7.25—7.38 (15H,
m, ArH).

Benzyl 2,3,4-Tri-O-benzyl-L-fucopyranoside (4) A mixture of 2,3 4-tri-
O-benzyl-L-fucopyranose (3.07g, 7.07mmol) and 2.8M HCl-dioxane
(10ml) in benzyl alcohol (50 ml) was stirred for 2 h at 100 °C. After cooling,
the reaction mixture was concentrated under reduced pressure and the
residue was partitioned between AcOEt and water. The separated organic
layer was washed with 5% NaHCO, and water, dried over MgSO, and
concentrated under reduced pressure. The residue was chromatographed
on silica gel (150 g) with hexane-AcOEt (12:1) to give 4a (2.10g, 57%)
and a 30:70 anomeric mixture (1.50 g, 40%) of 4« and 48.

4o mp 100—104°C. [a], —58.8° (c=1.52, CHCl,). Anal. Calcd for
C34H3605: C, 77.83; H, 6.92. Found: C, 77.69; H, 7.01. 'H-NMR &: 1.07
(3H, d, J=6.4Hz, CH,), 3.66 (1H, d, J, ,=2.7Hz, H-4), 3.88 (1H, g,
J=6.4Hz,H-5),3.99 (1H, dd, J; ,=2.7Hz, J; , = 10.0 Hz, H-3), 4.03 (1H,
dd, J, 1 =3.7Hz, J, 3=10.0Hz, H-2), 4.57 (1H, d, J=12.2Hz, ArCH,),
4.58 (1H, d, J=12.0Hz, ArCH,), 4.64 (1H, d, J=11.5Hz, ArCH,), 4.67
(1H, d, J=12.2Hz, ArCH,), 4.73 (1H, d, J=12.0Hz, ArCH,), 4.75 (1H,
d, J=11.7Hz, ArCH,), 487 (IH, d, J, ,=3.7Hz, H-1), 4.88 (1H, 4,
J=11.THz, ArCH,), 4.98 (1H, d, J=11.5Hz, ArCH,), 7.23—7.41 (20H,
m, ArH).

1,3,4,6-Tetra-O-acetyl—l-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)—
D-galactopyranose (10) Trichloroethoxycarbonyl chloride (7.35g, 34.7
mmol) was added to a solution of p-(+)-galactosamine hydrochloride
(5.00 g, 23.2 mmol) and NaHCOj (5.00 g, 59.5 mmol) in water (70 ml) under
ice-cooling. The reaction mixture was allowed to warm to room
temperature and stirring was continued for 48 h at room temperature. The
precipitate was collected by filtration, washed with ice-cold water and dried
to give crude 2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-galacto-
pyranose. The filtrate and washings were combined and concentrated under
reduced pressure and the resulting precipitate was collected by filtration,
washed with ice-cold water and dried. 2-Deoxy-2-(2,2,2-trichloroethoxy-
carbonylamino)-p-galactopyranose (6.45g) thus obtained was dissolved
in pyridine (26 ml) and acetic anhydride (20 ml) was added to this solution
under ice-cooling. The reaction mixture was allowed to warm to room
temperature and stirring was continued for 20 h at room temperature. The
reaction mixture was diluted with AcOEt, washed with water, 10% citric
acid, water, 5% NaHCO, and water, dried over MgSO, and concentrated
under reduced pressure. The residue was chromatographed on silica gel
(250 g) with hexane—AcOEt (3: 1) to give a 36 : 64 anomeric mixture 9.27g,
76%) of 100 and 108 as a colorless powder.

Typical Procedure for the Reaction between Glycosyl Esters (1, 2, 5, 6,
8, 9) or Alkyl Glycosides (3, 4, 7) and Alcohols (11a—c) TMSCI (72 mg,
0.66 mmol) was added to a solution of 1 (257 mg, 0.44 mmol), 11a (342
mg, 0.88mmol), diglyme (295mg, 2.2mmol) and Zn(OTf), (240mg,
0.66mmol) in dichloromethane (20ml) under ice-cooling. After being
stirred for 15h at the same temperature, the reaction mixture was diluted
with AcOEt, washed with 5% NaHCO, and water, dried over MgSO,
and concentrated under reduced pressure. The residue was chromato-
graphed on silica gel (60g) with chloroform to give a 65:35 anomeric
mixture (318 mg, 90%) of 12ax and 12ap as a colorless foam. Analytical
samples of 12a« and 12af were prepared by repeated silica gel (40 g) column
chromatography with hexane-AcOEt (8: 1).

Analytical data for the glycosides (12a—c, 13a, b, 14a—16a) thus
obtained are as follows,

12a¢: mp 111—112°C. [«]p —30.9° (¢=0.90, CHCl,). Anal. Calcd for
Cs4H;605: C, 80.55; H, 9.51. Found: C, 80.16; H, 9.45. '"H-NMR §: 0.64
(3H, s, CH;), 0.80 (3H, s, CH,), 0.86 (3H, d, J=6.6 Hz, CH,), 0.87 (3H,
d, J=6.6 Hz, CH;), 0.89 (3H, d, /=6.6 Hz, CH,), 1.08 (3H, d, /=6.6 Hz,
CH,), 3.48 (1H, m, OCH), 3.65 (1H, d, J, ;=2.5Hz, H-4), 3.93 (1H, dd,
J34=2.5Hz, J; ,=10.0Hz, H-3), 3.94 (1H, q, J=6.6 Hz, H-5), 4.00 (1H,
dd, J,,,=3.7Hz, J, 3=10.0Hz, H-2), 4.65 (1H, d, J=11.7Hz, ArCH,),
4.67 (1H, d, J=11.7Hz, ArCH,), 4.73 (1H, d, J=11.7Hz, ArCH,), 4.78
(1H, d, J=11.7Hz, ArCH,), 4.88 (1H, d, J=11.7Hz, ArCH,), 4.94 (1H,
d, J;,=3.7Hz, H-1),497 (1H, d, J=11.7Hz, ArCH,), 7.24—7.40 (15H,
m, ArH).

12af: mp 155—157°C. [alp+13.9° (¢=0.92, CHCl,). Anal. Calcd for
Cs4H;605: C, 80.55; H, 9.51. Found: C, 80.23; H, 9.20. 'H-NMR §: 0.64
(3H, s, CHy), 0.82 (3H, s, CH3), 0.86 (3H, d, J=6.6 Hz, CH,), 0.88 (3H,
d, J=6.6Hz, CH3;), 0.89 (3H, d, J=6.6 Hz, CH,), 1.16 3H, d, J=6.4 Hz,
CH;), 3.42 (1H, q, J=6.4Hz, H-5), 3.48 (IH, dd, J34=2.7THz,
J3,2=9.5Hz, H-3), 3.53 (1H, d, J, ;=2.7Hz, H-4), 3.61 (1H, m, OCH),
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377 (1H, dd, J, ;,=7.8Hz, J, ;=9.5Hz, H-2), 442 (1H, d, J, ,=7.8 Hz,
H-1),4.69 (1H, d, /=11.7Hz, ArCH,), 4.70 (1H, d, J=11.7Hz, ArCH,),
4,74 (1H, d, J=10.8 Hz, ArCH,), 4.79 (1H, d, J=11.7Hz, ArCH,), 4.96
(1H, d, J=10.8 Hz, ArCH,), 4.96 (1H, d, J=11.7Hz, ArCH,), 7.24—7.38
(15H, m, ArH).

12ba: mp 34°C. [a]p—30.6° (c=1.48, CHCl,). Anal. Caled for
C,3Hg,05: C, 78.37; H, 9.49. Found: C, 78.38; H, 9.69. 'H-NMR §: 0.88
(3H, t, J=6.8Hz, CH3), 1.10 (3H, d, /=6.6Hz, CH,), 1.20—1.38 (26H,
m, CH, x 13), 1.58—1.65 (2H, m, CH,), 3.43 (1H, m, OCH,), 3.58 (1H,
m, OCH,), 3.65 (1H, d, J, ;=2.9Hz, H-4), 3.87 (1H, q, J=6.6 Hz, H-5),
3.94(1H, dd, J; ,=2.9Hz, J; , = 10.0 Hz, H-3),4.02 (1H, dd, J, , =3.7 Hz,
J>,3=10.0Hz, H-2), 4.65 (1H, d, J=11.5Hz, ArCH,), 4.67 (1H, d,
J=12.0Hz, ArCH,), 474 (1H, d, J=11.7Hz, ArCH,), 4.78 (1H, d,
J1,,=3.7Hz, H-1), 481 (IH, d, J=12.0Hz, ArCH,), 4.88 (1H, d,
J=11.7THz, ArCH,), 498 (1H, d, J=11.5Hz, ArCH,), 7.24—7.41 (15H,
m, ArH).

12bB: mp 48—49°C. [a], +9.4° (¢=0.97, CHCl,). Anal. Calcd for
C43Hg,05: C, 78.37; H, 9.49. Found: C, 78.05; H, 9.61. '"H-NMR §: 0.88
(3H, t, J=6.6Hz, CH,;), 1.17 (3H, d, J=6.4Hz, CH,), 1.20—1.42 (26H,
m, CH, x 13), 1.57—1.69 (2H, m, CH,), 3.43 (1H, q, J= 6.4 Hz, H-5), 3.46
(1H, m, OCH,), 3.50 (1H, dd, J; , =2.9Hz, J, ,=9.5Hz, H-3), 3.54 (1H,
d, J,3=2.9Hz, H-4), 3.79 (1H, dd, J, ; =7.8 Hz, J, =9.5Hz, H-2), 3.92
(1H, m, OCH,), 4.30 (1H, d, J, ,=7.8 Hz, H-1), 4.69 (1H, d, J=11.7Hz,
ArCH,), 4.72 (1H, d, J=12.0Hz, ArCH,), 4.76 (1H, d, J=10.8 Hz,
ArCH,), 479 (1H, d, J=12.0Hz, ArCH,), 4.94 (1H, d, J=10.8 Hz,
ArCH,), 497 (1H, d, J=11.7Hz, ArCH,), 7.24—7.38 (15H, m, ArH).

12¢ca: A colorless oil. [a], —42.4° (c=0.88, CHCl,). Anal. Caled for
C3,3H,,CIO;: C, 71.65; H, 7.47. Found: C, 71.20; H, 7.68. "H-NMR §:
1.11 (3H, d, J=6.6 Hz, CH;), 1.32—1.40 (2H, m, CH,), 1.40—1.48 (2H,
m, CH,), 1.56—1.68 (2H, m, CH,), 1.76 (2H, m, CH,), 3.43 (I1H, m,
OCHy,), 3.51 (2H, t, J=6.6 Hz, CH,Cl), 3.60 (1H, m, OCH,), 3.66 (1H,
d, J,3=29Hz, H-4), 386 (IH, q, J=6.6Hz, H-5), 3.93 (1H, dd,
J34=29Hz, J,,=10.0Hz, H-3), 4.02 (1H, dd, J,,=3.7Hz, J,,=
10.0Hz, H-2), 4.65 (1H, d, J=11.7Hz, ArCH,), 4.67 (1H, d, J=12.0Hz,
ArCH,),4.74 (1H, d, J=11.7Hz, ArCH,), 4.78 (1H, d, J, , =3.7Hz, H-1),
4.81 (IH, d, J=12.0Hz, ArCH,), 4.88 (1H, d, J=11.7Hz, ArCH,), 4.98
(1H, d, J=11.7Hz, ArCH,), 7.24—7.41 (15H, m, ArH).

12¢B: A colorless oil. [a]p +8.8° (c=1.29, CHCI,). 4nal. Caled for
C;33H4,ClO;: C, 71.65; H, 7.47. Found: C, 71.28; H, 7.71. 'H-NMR ¢
1.17 3H, d, J=6.6 Hz, CH;), 1.32—1.44 (4H, m, CH, x2), 1.58—1.68
(2H, m, CH,), 1.70—1.76 (2H, m, CH,), 3.44 (1H, q, J=6.4Hz, H-5),
3.46 (1H, m, OCH,), 349 (2H, t, J=6.6Hz, CH,CI), 3.51 (1H, dd,
J3,4=27Hz,J; ,=9.5Hz, H-3),3.55(1H, d, J, 3 =2.7Hz, H-4), 3.79 (1H,
dd, J,,=7.6Hz, J, ;=9.5Hz, H-2), 3.93 (IH, m, OCH,), 4.30 (IH, d,
J1,2,=7.6Hz, H-1), 470 (1H, d, J=12.0Hz, ArCH,), 472 (I1H, d,
J=12.0Hz, ArCH,), 4.77 (IH, d, J=12.0Hz,-ArCH,), 4.79 (IH, d,
J=12.0Hz, ArCH,), 4.93 (IH, d, J=12.0Hz, ArCH,), 4.98 (1H, d,
J=12.0Hz, ArCH,), 7.25—7.35 (15H, m, ArH).

13a0: mp 119—120°C. [lit.'¥ mp 117.5—119.0°C]. [oa]p+60.6°
(¢=0.94, CHCly). [lit.'¥ [«]p +65.1° (¢=1.06, CHCl,)]. 'H-NMR :
0.65 (3H, s, CH3;), 0.80 (3H, s, CH3,), 0.86 (3H, d, /=6.6 Hz, CH,), 0.87
(3H,d, J=6.6 Hz, CH;), 0.90 (3H, d, J=6.6 Hz, CH}), 3.52 (1H, m, OCH),
3.54(1H, dd, J, , =3.7Hz, J, 3 =9.3Hz, H-2), 3.61 (1H, dd, J43=9.3Hz,
J4,5=10.0Hz, H-4), 3.63 (1H, dd, Js s =2.0Hz, Js ¢, = 10.8 Hz, H-6), 3.72
(1H, dd, Js, 5=3.7Hz, J,. ¢=10.8 Hz, H-6), 3.88 (1H, ddd, Js.6=2.0Hz,
Js,6=3.THz, J5 ,=10.0Hz, H-5), 3.99 (1H, t, J; ,=J, ,=9.3Hz, H-3),
4.46 (1H, d, J=12.0Hz, ArCH,), 4.46 (1H, d, J=11.0Hz, ArCH,), 4.60
(1H, d, J=12.2Hz, ArCH,), 4.65 (1H, d, J=12.2 Hz, ArCH,), 4.75 (1H,
d, J=12.0Hz, ArCH,), 4.80 (1H, d, J=11.2Hz, ArCH,), 4.83 (IH, d,
J=112Hz, ArCH,), 493 (IH, d, J,,=3.7Hz, H-1), 500 (I1H, d,
J=11.0Hz, ArCH,), 7.12—7.36 (20H, m, ArH).

13af: mp 96—97 °C. [lit."® mp 93.5°C]. [«]p, +17.9° (c=0.91, CHCl,).
[lit.'® [a]p+20.2° (c=1.04, CHCl,)]. '"H-NMR §: 0.65 (3H, s, CH,),
0.82 (3H, s, CH;), 0.86 (3H, d, /=6.6Hz, CH,), 0.87 (3H, d, /J=6.6Hz,
CHj), 090 (3H, d, J=6.4Hz, CH,), 343 (1H, dd, J,,1=8.1Hz,
J2,3=9.0Hz, H-2), 345 (1H, ddd, J;4=1.7Hz, J,,=54Hz, Isa=
9.8Hz, H-5), 3.53 (IH, dd, J,;=88Hz, J,;=9.8Hz, H-4), 3.62
(IH, dd, J;,=8.8Hz, J;,=9.0Hz, H-3), 3.65 (IH, dd, Js ;=5.4Hz,
Js,6o=10.8 Hz, H-6), 3.66 (1H, m, OCH), 3.74 (1H, dd, Js:s=1.7Hz,
Jo,6=108Hz, H-6'), 4.51 (1H, d, J, ,=8.1Hz, H-1), 453 (I1H, d,
J=10.8Hz, ArCH,), 4.55 (IH, d, /J=12.2Hz, ArCH,), 4.60 (IH, d,
J=122Hz, ArCH,), 471 (1H, d, J=11.0Hz, ArCH,), 477 (1H, d,
J=11.0Hz, ArCH,), 4.81 (IH, d, J=11.0Hz, ArCH,), 491 (IH, d,
J=11.0Hz, ArCH,), 4.96 (1H, d, J=10.8 Hz, ArCH,), 7.16—7.36 (20H,
m, ArH).
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13ba: mp 29—30°C. [a]p+29.5° (¢=1.22, CHCl;). Anal. Caled for
CsoHgsO4: C, 78.49; H, 8.96. Found: C, 78.21; H, 9.10. '"H-NMR 4: 0.88
(3H, t, J=6.8Hz, CH;), 1.20—1.38 (26H, m, CH, x 13), 1.62 (2H, m,
CH,), 3.42 (1H, m, OCH,), 3.55 (1H, dd, J, , =3.7Hz, J, ;=9.3 Hz, H-2),
3.61 (1H, m, OCH,), 3.62 (1H, dd, J4 s=2.0Hz, J; .= 10.8 Hz, H-6), 3.63
(14, dd, J,3=9.3, J,s=10.0Hz, H-4), 3.72 (1H, dd, Js s=3.7Hz,
Jos=10.8Hz, H-6¢), 3.77 (IH, ddd, J5,=2.0Hz, Js¢=3.7Hz,
Js..=10.0Hz, H-5), 3.99 (1H, t, J; ,=J54=9.3Hz, H-3), 446 (1H, d,
J=10.8Hz, ArCH,), 447 (1H, d, J=12.2Hz, ArCH,), 4.61 (1H, d,
J=122Hz, ArCH,), 4.65 (1H, d, J=122Hz, ArCH,), 4.75 (1H, d,
J.,=3.7Hz, H-1), 478 (1H, d, J=122Hz, ArCH,), 481 (IH, d,
J=10.8Hz, ArCH,), 4.83 (1H, d, /=10.8Hz, ArCH,), 499 (1H, d,
J=10.8Hz, ArCH,), 7.11—7.36 (20H, m, ArH).

13bg: mp 42—44°C. [a]p+4.4° (c=1.46, CHCl;). Anal. Caled for
C50Hgs04: C, 78.49; H, 8.96. Found: C, 78.15; H, 9.13. 'H-NMR §: 0.88
(3H, t, J=6.8 Hz, CH,), 1.18—1.44 (26H, m, CH, x 13), 1.60—1.71 (2H,
m, CH,), 3.45 (1H, dd, J, ,=7.8Hz, J, ;=9.0Hz, H-2), 3.46 (1H, ddd,
Js.6=1.7Hz, J5 ¢.=5.1Hz, J5 ,=9.5Hz, H-5), 3.56 (1H, m, OCH,), 3.57
(14, dd, J, 3=9.0Hz, J, s=9.5Hz, H-4), 3.64 (1H, t, J; ,=J5 ,=9.0Hz,
H-3), 3.67 (1H, dd, J¢s=5.1Hz, Js=10.8Hz, H-6), 3.74 (1H, dd,
Jo.s=1.7Hz, J¢ ¢=10.8 Hz, H-6), 3.96 (IH, m, OCH,), 4.40 (1H, d,
Jy,=7.8Hz, H-1), 452 (1H, d, J=10.8Hz, ArCH,), 4.56 (lH, d,
J=122Hz, ArCH,), 4.62 (IH, d, J=12.2Hz, ArCH,), 472 (1H,
d, J=11.0Hz, ArCH,), 479 (1H, d, J=11.0Hz, ArCH,), 4.81 (I1H, d,
J=10.8 Hz, ArCH,), 493 (lH, d, J=11.0Hz, ArCH,), 4.96 (1H, d,
J=11.0Hz, ArCH,), 7.14—7.35 (20H, m, ArH).

14aa: A colorless oil. [a]p+41.2° (¢=0.26, CHCl;). Anal. Calcd for
Ce;Hg,04 2H,0: C, 77.34; H, 9.15. Found: C, 77.72; H, 9.20. '"H-NMR
8:.0.65 (3H, s, CH;), 0.80 (3H, s, CH,), 0.87 (3H, d, J=6.6Hz, CH,),
0.87 (3H, d, J=6.6Hz, CH3;), 0.91 (3H, d, J=6.6Hz, CH,), 3.48—3.68
(3H,m), 3.93—3.97 (2H, m),4.01(1H,dd, J, , =3.7Hz,J, ;=98 Hz, H-2),
4.04 (1H, t, J=6.0Hz), 4.41 (1H, d, J=11.7Hz, ArCH,), 449 (1H, d,
J=11.7Hz, ArCH,), 4.57 (1H, d, J=11.5Hz, ArCH,), 4.68 (1H, d,
J=12.0Hz, ArCH,), 4.73 (1H, d, J=11.5Hz, ArCH,), 4.79 (1H, d,
J=12.0Hz, ArCH,), 4.86 (1H, d, J=11.5Hz, ArCH,), 4.96 (l1H, d,
J=11.5Hz, ArCH,), 499 (1H, d, J, ,=3.7Hz, H-1), 7.24—7.40 (20H, m,
ArH).

14af: mp 99—100°C. [a]p +5.0° (¢=0.46, CHCI;). Anal. Calcd for
CeHg,04H,0: C, 78.84; H, 9.11. Found: C, 79.09; H, 9.35. 'H-NMR ¢
0.64 (3H, s, CH;), 0.80 (3H, s, CH,), 0.86 (3H, d, J=6.6 Hz, CH3), 0.86
(3H, 4, J=6.6Hz, CH,), 0.90 (3H, d, J=6.6 Hz, CH3), 3.47—3.52 (2H,
m), 3.57 (2H, d, J=6.1 Hz, H-6 and H-¢'), 3.59—3.66 (1H, m, OCH), 3.79
(1H, dd, J, ;=7.8Hz, J, 3=9.8Hz, H-2), 3.86 (1H, d, J, ;=2.7Hz, H-4),
4.41 (1H, d, J=11.7Hz, ArCH,), 4.44 (1H, d, J=11.7Hz, ArCH,), 4.46
(1H, d, J, ,=7.8Hz, H-1), 4.61 (1H, d, J=11.7 Hz, ArCH,), 4.70 (1H, d,
J=12.0Hz, ArCH,), 4.75 (1H, d, J=10.5Hz, ArCH,), 475 (1H, d,
J=12.0Hz, ArCH,), 4.92 (1H, d, J=11.7Hz, ArCH,), 494 (1H, d,
J=10.5Hz, ArCH,), 7.24—7.38 (20H, m, ArH).

15a0: mp 178180 °C. [lit.*® mp 180—182 °C]. [a]p +79.0°C (¢ =0.94,
CHCl,). [1it.*® [«]p +79.1° (¢=0.43, CHCl3)]. *H-NMR §: 0.65 (3H, s,
CH,), 0.82 (3H, s, CH;), 0.86 (3H, d, J=6.6Hz, CH;), 0.86 (3H, d,
J=6.6 Hz, CH;), 0.90 (3H, d, J=6.6 Hz, CH3), 2.00 (3H, s, CH,;CO), 2.03
(3H, s, CH,CO), 2.09 (3H, s, CH,CO), 3.54 (1H, m, OCH), 4.02 (1H,
ddd, J, ; =3.7Hz, J, x\y=9.8 Hz, J, ;=10.0 Hz, H-2), 4.05—4.12 (2H, m,
H-5 and H-6), 4.23 (1H, dd, J4, s =4.6Hz, J ¢ =12.2Hz, H-6'), 4.66 (1H,
d, J=12.0Hz, CH,CCl,), 4.78 (1H, d, J=12.0Hz, CH,CCl;), 5.01 (1H,
d, J, ,=3.7Hz, H-1), 5.08 (1H, t, J, 3=J, s=10.0Hz, H-4), 5.19 (1H, d,
Jan2=9.8Hz, NH), 5.24 (1H, t, J; ,=J; ,=10.0 Hz, H-3).

16ax: mp 92—97°C. [a]p+75.6° (¢=0.99, CHCl;). Anal. Calcd for
C,HgsClL3NO, o C, 59.25; H, 7.81; N, 1.65. Found: C, 58.94; H, 7.50;
N, 1.62. 'H-NMR §: 0.65 (3H, s, CH3), 0.82 (3H, s, CH3;), 0.86 (3H, d,
J=6.6Hz, CH,), 0.86 (3H, d, J=6.6Hz, CH;), 0.90 (3H, d, J=6.6 Hz,
CH,), 1.97 (3H, s, CH;CO), 2.04 (3H, s, CH,CO), 2.16 (3H, s, CH;CO),
3.54 (1H, m, OCH), 4.06 (1H, dd, J¢ s=7.1Hz, J ¢ = 11.2Hz, H-6), 4.12
(1H, dd, J. ¢=6.1 Hz, J¢ ¢ =11.2Hz, H-6'), 4.25 (1H, ddd, J, ; =3.7Hz,
Jonn=10.0Hz, J, ;=11.2Hz, H-2), 4.28 (1H, dd, J5 ¢ =6.1Hz, Js =
7.1Hz, H-5), 4.65 (1H, d, /J=12.2Hz, CH,CCl,;), 4.80 (1H, d, J=12.2Hz,
CH,CCly), 5.04 (1H, d, J, ,=3.7Hz, H-1), 5.08 (1H, d, Jyy,,=10.0Hz,
NH), 5.15 (1H, dd, J,,=3.2Hz, J;,=11.2Hz, H-3), 5.38 (IH, d,
J43=3.2Hz, H-4).
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