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Supporting Information for:

Efficient Synthesis of 2-Deoxy L-Ribose
from L-Arabinose: Mechanistic
Information on the 1,2-Acyloxy Shift in
Alkyl Radicals

Michael E. Jung” and Yue Xu

Department of Chemistry and Biochemistry, University of
California, Los Angeles, California 90095-1569

1,2-0-[Ethylthio(4-methylphenyl)methylidene]-3,5-di-O-p-toluoyl-a-L-
arabinofuranose (7). The arabinofuranosyl bromide 2a (1.14 g, 2.0 mmol) was
dissolved in 8 mL of dry nitromethane. Collidine (352 pL, 2.4 mmol) and ethanethiol (237
uL, 2.4 mmol) were added, and the mixture was stirred at 25 °C. After it stirred for 2 h, the
reaction was diluted in 150 mL of dichloromethane and was extracted with ice water (3 X
60 mL). The organic layer was then washed with brine, dried over magnesium sulfate and
rotoevaporated to give a white solid residue (1.1 g, 100%). Recrystallization in ether and
hexanes then gave the pure product 7 (0.95 g, 86%). mp 74 — 76 °C. 'H NMR (CDCls,
200 MHz) é: 7.93 (d, 2H, J = 8.2 Hz), 7.91 (d, 2H, J = 8.2 Hz), 7.57 (d, 2H, J = 8.1
Hz), 7.15 - 7.30 (m, 6H); 6.35 (d, 1H, J = 4.1 Hz, H,), 5.56 (s, 1H, H3), 5.17 (d, 1H, J
= 4.2 Hz, H,), 4.61 (t, 1H, J = 7.1 Hz, Hy), 4.22 (d, 2H, J = 7.2 Hz, Hs), 2.42 (s, 3H,
Me), 2.39 (s, 3H, Me), 2.37 (q, 2H, J = 7.4 Hz), 2.36 (s, 3H, Me), 1.08 (t, 3H, /=74
Hz). >C NMR (CDCls, 50 MHz) §: 165.89, 165.35, 144.49, 143.70, 138.97; 136.14,
129.92, 129.84, 129.26, 129.06, 128.79, 127.06, 126.34, 125.81, 119.95, 107.28,

85.22, 84.70, 77.61, 63.60, 24.69, 21.74, 21.67, 21.29, 14.47. IR (KBr): 2967 (w),
1725 (s), 1613 (m), 1271 (s), 1103 (s), 1071 (m), 752 (m) cm™". High-resolution MS
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(CI, m/z): 487.1761, caled for CooHp;0; 487.1757 (M - EtS)". [a]y=+24.1 (c = 1.3,
CHCLy).

2-Deoxy-1,3,5-tri-O-p-toluoyl-ﬁ-L-erythro-pentofuraﬁose (4). A solution of
1,2-0—[ethylthio(4-methylpheny1)methyIidene]-3,5-di-0—toluoyl-B—L-arabinofuranose 7
(0.11 g, 0.2 mmol) and 2,4,6-collidine (50 pL, to make a 0.5% solution) in 10 mL of dry
toluene was vigorously stirred at 105 °C. AIBN (8.2 mg, 0.05 mmol) and tﬁbutylstannane
(108 uL, 0.4 mmol) in 10 mL of dry toluene was added via a syringe pump over 1 h. The
solution was heated for another hour after the addition was complete. The toluene was
rotoevaporated. The residue was dissolved in acetonitrile (30 mL), and the solution was
extracted with pentane (3 x 20 mL) to remove the tin residue. The acetonitrile was then
evaporated in vacuo. The residue was co-rotoevaporated with xylene and thén chloroform
to remove collidine. Recrystallization in ether and pentane furnished the product as thin

* needles (83 mg, 85%). mp 105 — 107 °C, (lit. 107 °C for D-isomer). 'H NMR (CDCls,,
200 MHz) &: 7.94 (d, 2H, J = 8.4 Hz), 7.89 (d, 2H J=8.4Hz),7.87 (d,2H, J = 8.1
Hz), 7.24 (d, 2H, J = 8.0 Hz), 7.17 (d, 2H, J = 8.1 Hz), 7.11 (d, 2H, J = 8.1 Hz), 6.74
(dd, 1H, J = 5.6, 2.4 Hz, H,), 5.73 (ddd, 1H, J =7.1, 4.8, 2.8 Hz, H;), 4.47 — 4.77 (m,
3H, Hy, Hs), 2.85 (ddd, 1H, J = 14.4, 7.0, 2.4 Hz, H,), 2.62 (ddd, 1H, J = 14..4, 5.4,
5.4 Hz, Hy), 2.41 (s, 3H, CHy), 2.39 (s, 3H, CHy), 2.36 (s, 3H, CH;). "°C (CDCly): -

- 166.21, 166.09, 165.60, 144.29, 144.06, 143.74, 129.85, 129.82 (2.C’s), 129.24,
129.16, 129.06, 126.96, 126.92, 126.67, 99.04, 82.94, 74.58, 64:43, 38.81, 21.72 (2
C’s), 21.67. IR (KBr): 2965 (w), 1732 (s), 1721 (s), 1613 (m), 1269 (s), 1173 (m),
1100 (m), 961 (m), 750 (m) cm ™. High-resolution MS (CI, m/z): 353.1382, calcd for
C21H2105 353.1389 (M — MePhCOy)". [a]i= + 12.1 (c = 1.0, CHCl3). |




e
(4 Wdd .
06 &F o0V G ‘6 .66 09 69 0¢ SL 08 68 06
1040 1 P S S elae sl pppdonsala R AU SN
: | LSish thlph ™ :

v.N om
0000000 ¥ 1a

16 2ree Hs
4

ETE’ WI/Wdd
EVG 29 HWI/IH
0

d86G " - cd
dEOb '6 | ¥
00°81 Ad
00°2E X

00€E’ al

41 1d/ZH
‘862 "CEOY MS

000 SPSE 10’
2€1°002 4s

vE @1 3RIL
(6-11-8% 31va
NY " 00X
:904d Ny
LET " JOCAIN .
mwmm \ 7,_/ A\ \ PR A _ ] N
| i N 4 i QL Db
i P ERiAbEEE K SRR Bt | RESRRERRRE
e 3ISON1GVHY-ET0L~bE { ~ HMH . —rﬂur_c‘_b—m.

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 3




el
Wdd
10lO g 0 02 ov 09 08 00t 021 ort 091 oat
Y SEUSE SN SRR S | PR VN SRR SRR T U U WIS B S [ G NS R SE— U
”~
O oL
oL
0 sa
215 SN
0°0S 30
00 Kd
0’0 QO
Yo
02 od . A
0000100° SO .
HLY 1S Il
0000000°2 10 (
00°SIEE S y ;
!

¥ SI
GLE'9 RI/Wdd
918" 02€ RI/ZH
0°0 IN
d696 "2~ c3
dv€E0 102 14
00°0t AJ
00°2E XJ

000°3 A

TIE' ¥ oy
o
0°0 Kd

€9¢L° 1d/ZH
000 00521 MS

000 6rEB 10
€CE"0SG a5

90 61 3WIL
(6-11-81 31vQ
ny " 20ox

904d Ny

LET " J12BIN

4534 | BN J

[~
[~

I
--AZ ;z- -—
T A

L
[‘. $ ee
[
L
[

i
ezl B B F2

L)

Pmoz<r}u»m<m<um40~|mm

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 4
C




q?
—Q-—;o m—ﬁhm mf;lf. o_ PP ” . .. 1 m_m o_mul.l.-lum...
0°0l°L H
oL
91 o +
Gt g _

ve 0d
00000007 % 10

[0 4 4 X4 Hs
14 SI

EI1€° K3/Wdd

E¥S°29 HW3I/ZH
‘0

dB86S " - <cd
dEov "6

00°@aty Ad
00°2€ XJ

2e0’2
0°0 ay
0’0

418 1d/ZH
8GS2 " 2eor MS

000°SYSE 10
2€1° 002 45

0S LT 3HIL
86-2-L1 31va
ny 00X
‘904d Ny

Lr1 402414

xS ) ¥ T N T N

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 5




QN Wd. i
d.
02 ov 09 oY oot 0ct ovi 041 o8t
—O'H.o m.ﬂ—m m " 1 1 U | ORI PUR EEVPUUR SO R e L —_ 1 1
0”0loL
oL e,
0 S0 Mtthas
F11 SN
0°0S 30
00 nd
o g
0°2 od / _
0000100° sQ | i I
HLT 1S I | _ I
0000000°2 10 .
00'GIEE  HS | o A -
1 sI z o :
SLE'9  WI/HWIJ : " -
918 02€ WI/ZH , ___ i
“0°0 IN z
oeo-s0z  v4 i
dveo’ .
00° 0t AD : (w
00°2¢€ X2 . Pl
S IN z
0001 a1 . . a v
g8 HLT 40 b3
000°SPGE 20
0051 Md
or M
21 4o Va
>

1IE" T oy
0"
o'o Md

€9¢L° 1d/IH
000°00G21 MS

000°6¥€EB 10
€2E’ 05 ER)

LG 81 3JNIL
86-2-41 31v0
ny 20X
:904d Ny
€ST - JoeLtd

mwwm J AN
l?u _ m /J,j,

x_,.,»_r..w 2 R
3 B a.mﬂ 3 mm%nu. R,

9HOO0E T3INA

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 6




e o © A ) d J ~\.\||||/\J
g m HWed
& 10L0 §'- 00 u 01 Gt 0m  wr 34 wE QL 0% &% 09 sw 0 &0 08 58 06
P R P § PR WP RrUN PP v b vl o et oo Loas ol g .J»..rr w N P PO S b Wb agegegd cnvel v bia oo
| 1] X 1H Z
2
el - . I~
— 07 oo "
an0
j=
~N— 0 SO
— a1 SN
m.. o.wm_ mm
0 M
o 00 ad
5 vou
"2 “0d
w 0060000°F 50
> ¥G-O¥EZ S
o0 v SI
(o) €1€” HI/Add
o0 mvw”mo zuan
% d865 " - 24
o JEOV ° 6 13
(=) 00° 81 Ad
) 00" 2€ %)
o IN
o) 00€" 81
m 0d €9 dd
00 20
- 001G M4
o | £ ]¢]
+~— 2l ug
S 0" GGt 30
— ai SN
. ol B
2€0° v
Wo 0°0 ay
O 0°0 Md
- 26y " 1d/TH
= 9G2°2€0F NS u
= vEEST 0L !
O vOEQF IS
e 000°GVGE 10 |
Q 2€1 7002 45
nw a1 :€2 IAIL
(6-8-v 31va
.nl.a nv - 00X
5 :00Hd NV |
© €51 302r0Y i
..muu mwmm :__. I I
[
O LU 4 SIETNVRONNRNSRULAN .
b (IR : s o RO R
g . gz i - m_m.,.we.r.r_f,.ceﬁ.ﬁ&a Z
o —
5 3any3 032n03Y
(@)
(@)
(@)
A
©




© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 8

€ : . ._:: sH f\,_,
110 o e e e oe s o M . ot

Loa s »FV»I-I._- ».b-rF»P P

P

o
o

Z
[
[
Lo
[
[

TYH93INI

v'e
0000000° ¢ 10

20°2kES HS

€ SI

€I1E’ W3/Hdd
Mvm.mw WI/ZH
‘0 IN
&mmm - c4d

(420 4
0'0 o]}
0°0

26¥° - - Ld/ZH
852 2EOF  MS

000 'SrSE 10
2El "002 4s

B8€ L1 INIL

L6-01-€2 31Y0
ny 00X

904d nvy

601 " 402€20

mmmwmmwm. w o L gy
Lz O




. . . " . I T I
G- 00 L S 7 0'F [P & o'v LS9 0y [ 0’9 (5] 07/ S ¢ o'g [} 0’6

‘1
_O.FO ) U rrfrr .rr_.r r.,_r..rr.r:rrr U SURVRIVS S B .L.r_.p...LLl [UUNEPE EPSENEPU BOPEINITE PP RPN BN SRS SN

i ’ |

|

|

0
oL
|||4=\\

WYY93IIN]

°
=
o

A— L
0 1] ' ! ) "
9 SN R .i - . 1
0'GSt 30 { ‘ T
0°0 Md . B
0’0 o - :
vou
v2 od
0000000°F 0 \
20°2v€2  HS
v s1
€IE"  WI/Wdd
€¥G'29 MWI/ZH
0'0 In
dB6G - 24
dEOF "6 T4 ]
00°8% Ad
00" 2€ %]
T- N
00€E" a1
od €3 da %
00 20
001G M4
vel Ma
21 40
0°SS§ 30
af SN -
v 9y
2€0°2 ov . . , [
00 Y .
0°0 ud
260" 1d/2M
852°2€0r  MS
¥EESF QL
¥BEQF IS
000°GPSE 10
2€1°002  dS
1€ 122 INIL .o
(6-0T-EF 31VQ
. nv- 00X .
:904d NY _
€217 402EF0

: .._.________ POV by LLI_LL/L__HGL_ __A :
RN SYINT VYUY T VY VY FLY L I N oy S N N S S A -B—I;-.;;sggsggggggll~15LL Y R Y o) -

Iwmm . Jom - _L . T Sl 2 _:& N ]

SN AN 4t WO I DD O Oreanen EZEEPI.L YTy 5 -
T o g PRt -4 fuird gﬁ.

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 9




1 4
Rdd
I°oLO 0 02 ov 09 08 00l 024 vt 09t 081 -
—l e A e Le oo a o b a e NN U UURIUIY ST SRS S GH T U S 1 . | L

()
—
]
af
2o
[
@]
2 oo O
= 10LO olog,
o] 0 sa
m 215 wm
. 0° 05
= 0°0 Md
o 00 mu
A\
S o \ __
= 00007 00" 50
. HLE 1S
78! 0000000°2 10
> 00°GIEE  US
o0 1 SI
o GLE'9  WI/HWdd |
o0 918’ 02€ WI/ZH B!
= 0°0 IN
o d696 " ¢- é4
o dvEo 102 13
2 R g
o v ;N
foT0) 000" { a1
m g8 HLY o dO
g 000°GFGE 20
004ST M3
o or xm
+— 21 H
2 0° 05 aa
- 216 SN
. 002  oH |
o)) BIET ov
= 0°0 ou
O 00 Hd
- £9¢° Ld/ZH
> 000° 0062} MS
ﬁ . 89/2€ QL
L2 89£2€ IS
O 000" 6r€EB 10
S . €2€° 06 48
wn 1€ €2 IMIL
— £6-0%-€F 31V0
< ny " 20X
O '904d NV
m 921~ J02E10
5 .
2 O | N | Ih )
O _ _ | _ NN (
L Benfenne aa ¥
m N & ey Yl R b W.,D.QG_Gub.Gwﬁ aa e m
9/. n. » Py [ o \!E n,.nxn..z_{ Jon
Fae- . W n Y w ~ MU es B WRAW -
m Fi E [ p Y s o s o s
P} - WISAHS 3Nk
z |
(@)
(@)
(@)
—
©




S
1°L0
KEp- 000
H
‘HD
[} SO
gct SN
0°'GG!Y a0
0°0 Md
0°0 od
vod

v'e
0000000°% 10
¥G"OveES Hs

2 s1
£1E° WI/Wdd
£vbG 29 HI/ZH

0°0 N
486G " - 24
dEOY "6 13

0081 %]
00" 2€ X3

v M
00€° 81

0d €9 d0

00 20

001G MJ
ves Mo

v Ho

0° 651 30

821 SN

002 9Y
2€0°2 ov

0°0 oy

0°0 nd
26v " 1d/2H
9GZ 2E0¥  MS

voegr Ol

veeE9l IS
000°GVGE 10
2er-002 35
co €2 INIL

96-,-62 31v0

nv - 00X
:904d NV
ot Jo2ver

019 : : :
99 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 11

0°0 G ot

.. b eeur b

Gt

0°F S

Jaa vl o

°F (U4
Leee s ben

Hdd

G

-r

—
—

G°6 0'9

ad ol caa s daan

G'9 0L S’ 0o'8 s'8 0°6

L
_...r—..-._-r.—....

t 0'S

el
—WW7

eg3INT




© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 12

1010 §
-
00 0
1O
omo« mc
1 4 N
mmﬁmv 0°0G 30
0'0 Mnd
0°0 og
Y94y
0°¢2 od
0000100° ({4}
HLT 1S
0000000°¢C 10
00 SIEE Hs
4 SI
GLE'9 HNWI/Rdd
918°02€ WI/ZH
0°0 IH
d696 "S- cJ
dvEo 102 13
0001 ) $o]
00°2€ XJ
1 4 IN
0003 87
88 WY d0
000 °SPSE 20
006G MJ
oy [ ]1]
A 4 4o
0°0G 30
rcot SN
002 94
12100 4 oy
0’0 ay
00 Hd
€9¢L° 1d/ZH
000°00G2F NS
89¢2e 01
89¢2€ IS
000°6FED 10
€2E ' 0S 4S
L2 ‘81 3IRIL
L6-21-8% 31v0
ny - 20X
90Hd Ny
2E1 " 302610

w5

Wl .
02 or 09 08 oot o2t ovt 09¥ o8t
N 1 1 L N L 1 . i Il N 1 "
U
|
i
| |l I
_ _
! 4
L 7 oA
q Yy = <
- - -.M w
| ¥
_
e X1
£k
_
i
i
A
o
m.
L
LR B PP 3 3
N REbE B °
1+t J
_ Io:mu ana : o uw_.ﬁ_u w Q
vl a2t ¢ -
o3 r




)

y2 0d
0000000°F 0

€y Ly€2 HS

€1E°__ HI/Wdd
€r5 28 HI/ZH

dB6s - 24
dEOY 6 ¥

00°CE XJ
00E" a

2E0’C
0°0 o]

0’0
c6y” 1d/IH
862 "2EQr MS

000°SrSE 10
2El 002 a5

0t 12 INIL
86-2-€2 31vY0
ny " 00X
:90Hd nvY
tri-302€2d

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 13

0’6

Wwyo3INL [




1010 Hedel
- 00 & o c1 02 62 0€ &Ff o0v &b 06 66 09 69 0L &

1
[T AN BN .L B e = ST e Lveobameablogpadaonocvboroad panslo oyl 1
-

0’8 S8

A
4
y
s
r
r
]
e
: =2}
Y93 UINI

orr ™

<
S
S

=
S O

v'e od
ooooooo.— «n

£0°IvE2  HS
€ s1
£1€° HWI/Wdd
£95°29 HWI/ZH
00 IN
dB65 " - 24
dEOV 6 14
0083 A2
00°2€ X2

0
00€"_ a1
od 19 d0
00 20
0015 M4

2ET 002 45

6€ ST 3WI1
86-€-81 31va -

ny 00X

‘904d Ny

VET 40CBTH

S

L

[

4

=

/ h A

L0110 a—

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 14




, L
1910

_ Hdd A
\N’y . 0z or 09 08 oot o2t ovt 091 ) 081
O\O A 1. s " 1
LO” o _ , ‘
SN 1

0 ,_
21s SN
m B

ge 15

r o
<

S

t

!

[

i

b

o Pa

o
0

(=2~
x
a
Nk
7

oo Od g I _

02 od | _ : _
0000%00° S0

HLY  BS )
0000000°2 10 : |

00 GIEE  US , o
1 s1 |
SLE'9  WI/Mdd _
918°02€ HI/ZH ] _
070 IN
d696° 2= 24
dvED 102 14

Tr L
L o
th oy —
XYL —

£9¢° 1d/ZH
000°0052F MS

000°6VED 10
€2E°0S 45

20 11 3WIL
86-c-61 31v0 ~
ny " 2ox -
‘90Hd Nv
901" 412614

SR AL . | \x}r

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Infi
e




© 1999 American Chemical Society, Org. Lett., Jung 01990838 Supporting Info Page 16

—
) =
aa ow oo —
NO o o o Mo omm o - .. < O
e @ mo "o m © 000OmMm ww N OWN own [
© a2, —e Y 000 o e, M sovwoum v o wwo o
=) mMm onvvTN cCoONOW NNTOOE 'ONANION Mw O o \
-.. t. OWwg®EM - DO M o T O . o
SO NIDMMMO - et _ ™ . o
Lo~ MWW o ™ X N - —
or - e = [T} O =]
o Naoww a oS [ CQ
W_OrFX ~ ~x <
“OXC— L==OEN EQO000N WEEENL @QUX>=UNNOLOE —OVOXEWUON =
I< O VOoVr-NT AE<CZ O0DLOO JZoLuLXITIa~®N Oacxaazao
(s
-
'r I
r
. .= o
g9 Z C- ———‘—-v—-twjzzz:E
12000°~ [o
) r
b
| 'r:
ro
) . o
26537V _ t
- A'gz.'g";_ -
—€." TETT = — — ;
v 6L9RETE L == = o
‘goder Yy o~ .
LBISTS -
L IR - L — RIg Y ;
98es: 17 b
870502 "o
0796272 . . e
2
T o
- S L
. —
2T~ - N
o=
5=
i E .
. -2
2 2 P M
5= '
- r
2T .
- -0
e'2 _ .m
2 3
-y r (=]
1 -
w .
> b
= . :
8C853 ' tn
22089°¢ - -
ISV v
."g'g.l" A "
LGCEL'Y,
0.290°7 = r
08ELL Y e
BEROE ¥ -
FEHEH r
9699 Y r
_};ossz 5 -
TrEG S . ~— .
v _-qjuxsé'é == e
Y 9:209°5 __ - r
—~€9529°5 L
ro
Fe
.F
i
Fn
-
. ©
r
: 89T ¢ =)
Apsiiiang .
S =
=3 — '
It '\_%!égZ'L Vo : P
:SOS'E v~
1 SGE'V

[o]

8.5

9.0

E
3
F

RLLEEPL )M

(,,-u\\

PPM




0°¢e 0od
0000100° sa

HLT 1S
0000000°2 1Q

00°'SIEE  US

1 si
SLE°9  WI/HWdd
a18°02€ WI/ZH
00 IN
d696° 2~ 24
d¥E0° 102 T4
00°01 AD
00°2€ X3

£ IN
000°t g1

11E°S ov
o
0°0 Md

E9L”
000°00S2T MS

000 'GvEBD 1]
ECE’'0S EL)

€EE 61 3INIL
86-€E-91 31va
nv - 2o0x
‘90Hd nv
611" J029TIN

B

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 17

e

B9E"¥S
Tos [382°3%

—_—

TesT T

| NJ / ,
_ [}

IO, Op w0
g

T TreEe

[

HS13

Hdd
0ot oct ovl 091 08t
N U S ORI U S | PR
_“
_
_ !
T A
(f ﬂ {
_P..F.v»..ﬂ»_.vn,_.! ..Fu NS oo b
o> yokooy 2 : £
Frevo=rs; Mw. nh,’.a
PO e et b
| WY RN Ry W | — L)

[T




=
Q

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 18

0l

1°LO

D

ooooooo 1 ta
€0'treS US

€1€°__ WI/Wdd
€vg 20 WI/ZH

0 I
4866 "~ 24
dEOr 6 7]

0081 AD
00" 2€ X3
T N
00€" . a1
0d 1€9 d0
00 20
001G  MJ

vel MO

21 ]

0° GGt a0
9t SN

02 94

2e0°2 ov
00 ay
00 nd
26" 1d/7H
§G2 2E0F NS
rgegt Gl
¥OEQF IS

000°GFSE 10
2Er 002 EH

02 ‘€2 INIL
96-8-1€ 31v0
ny - 00x
904d Ny
£97° J02TEY

4

o

0 5 o't G} G

aaqbiaias Loicaadaroecloea »PWP

[

1

€

zaa . .. . .
e rr s L% ﬁﬁ ﬁrr e _ RS TP DA AP W W
[} R .




(@)
—
) 01
ah
pea . o Wil
a W 1°0LO 0 02 ov 09 4 001 021 ovi 09t o8t
[ e N S P S SRR NP e
@]
) D
RS o
mo_o,_b ~ _ _ A A
.u 0 sa 1 _ | ! i ! (¥ i
= 216 SN |
o) 0'0S 30 _
<Y 00 na
o 0’0 0O
vou
=S 02 od
05 0000100° S0
HLE 1S . ‘
OW 0000000°2 10
o 00°GIEE  HS _
e 1 sI :
S GLE'9  WI/Wdd |
o 918" 02€ WI/IH !
00 IN ! ]
(©) d696° 2~ 24 '
3 dv€D 102 P
008} A2
00" 2€ X
mc € N
5 000"} a1
- 88 KLY do
o 000 G¥GE 20
- 00/SF M4
- ov L]
Q 21 Ha
— 0° 0% 30
" 216 SN
mo ooz  9H
O PIE"T oy
0°0 ay |
- 0°0 nd [
et €9L" 1d/ZH
O 000 00S2T MS
5 89z2€ Ol
S 89.2€ IS
000 6¥EB 10
N €2€°0G FH
= 25 €2 IIL -
S 86-6-1€ 310 _
= nv - 20X
s :90Hd Y
5 L9 T2IEY
=
@) u a _ _ _ | ,.t_ ]
m _ | m.__ | ﬁ_ |
| Lo ..
O o i % BRE B 2 :
.H r.u m..." o
) = ~
(@)
(@)
(@)
—
©




© 1999 American Chemical Society, Org. Lett.,h Jung 01990838v Supporting Info Page 20

- -

eZ1
. o ftHul M
0 x..._..._ . :
G'-. 00 G o't ¢V 02 62 0€ GE 0 . 09 6°'9 S8 06
—-!F.-—.-rb—-r-rrP-.o—»n-.»-»»nn»r»r-F»-P-}b»—f?f-—?.» -»—»F?Pr#»?»--. -.—.--.-»{—h-.

Sud
0 ) w_f
Q\Fo 07p .
904d Nv

+ - . z
! _ﬂ __ ﬂ
L4 |
| _.,_ _
| : ‘
| . ,
o9p 1 40280V

e P o A

VLA INT

91 . SN
0°GST 30
0'0

0'0 a4

e 0d
0000000° ¢ g

80 'BEES  HS
S S1

EIE’ H)/Hdd
‘€E¥G°29 NWI/ZH
0’0 In
d866° - cd

1 1d/ZH
gs2 " 2eor LY
¥BE9T Al
¥B8EIT IS
000°G¥SE 10
€T 002 EL)

61 €2 INIL
86-8-9 31vao
ny " 00x b

§
9
12
P3|
3
44
L
d.
I
bra
LSLE
i
74+
Ly
é ry
2f342
y
3
-t
A
']
3
y
LZ43
H
¥
{2
141742
[
y

Lnt Aot 2

SHd EOHd-D VHY

Ll L am e 4 Lamn o et




o : , Hdd .
i oe ov 09 []:] 00} ozt ovt 4 o8t
Sud R 1 R 1 R 1 R I . 1 A il . 1 . o R % " 1

=0
)
o)
\
@)

<1

-SHd €04d-D vHY

— ,
@\l
D]
ah
<
g~
@]
(e
=
e
ah
g 000} N
= 0° 05 a0
o 00 Nd
3, 0’0 oM
o vou
=] S050100° %0
P Het o 1S |
> 0000000°2 10 _
o0 00°GIEE  US
on T s1
o0 GLE'S  WI/MWdd |
S 918 02€ W/ZH
x 0°0 In
X d696° 2- 24
=) dveo 102 b4
o 00° 0% A3
W &
Mc 000° ¥, a1
- AR
000°GVGE 20 _
o 00£SF M4
= % ha
.aLu 0°0S | |
. w5 !
eh TIE"S By
e 0°0 Y
0°0 Nd
S SgoL: 1d/2H
= 000°00S2T MS
.9 g9z2e Ol
1) 992€ 15
Q 20065 %8
w
—_ 6% :0 INIL
< 96-8-, 31Y0 .
O ny" 20X
— :904d NY
= ari - 1290y
[P
s B “ A
- 9 J \
< . T ENS ¥
.w - il . N
=
m
(@)
(@)Y
(@)Y
—
©




Q]
Q]
]
o) qQzl “
= O
= Q\:/O ‘0 S’ o't St 0’2 g2 0€E ned
pm a_c....o:..._...r_:.._..rr_:.._...._...._.r.LL.:_r..._..:_...._..,._p. .o-m».._...Lr...m_m....o.m..:
| -
= a :
!y} O~ e
= (o) 0 E
a. 0
v Sa ]
(oF 9t SN L | _ |
2 oF .
2 00 ay 4 _
> voH
o0 v-e . od
o 0000000°F 10
-0 09°'9€€2 WS
- S s1
(@) €IE°  HWI/Wdd
@) mvm mm WJ/ZH
p— In
S M, 5
9808 -
o 00° @1 A2
= 00" 2€ X2
o] T~ IN
— 00E" a1
3 0d €9 d0
= 0°0 20
W 001G  MJ H
p— ver Mo
2t ]
o 0°s6t 30
i~ 91 SN
@) ot 9y
. = o |
fy 00 Nd
L .
o 26¥ 1d/ZH
Q 852 2E0F NS
o v8E9T QL
0p) veE9T IS
000°GFSE 10
= 2€1 002 JS : -
RS 10 €2 INIL
m 86-8-ST 31vQ
ny ° 00X
) :904d Ny
= EVE H02KiY
golay S 2 L |
w % AR ,,n,/,J,.mﬂf: ~ e % \‘ /_V/J// TR NSRS -
S ! Il _ TTLRELR R ] N
= ROk N y: n - e .99L°vr¥.| ok 4 ry "L ET : ~ o - '.In.w m
Q b o~ )| v”v - L r”.. re e g -1 7..- rr 'ﬁw m b ey o rl.'_ NOWA A 2 >
LA L e ¥ ¥ [oF L ¥ o I~ OIO¥ o o) &
4 J
m - L ! 01WoueE0ud vuy .Jga ! | »
(o) v *
o)
(@)
I
©




0] qzI

/VL_/C o |
02 or 09 08 oot o o i it
. A o * " — ’ —

0000000°2 10 |

00'GIEE  HS __ _
] SI :

GLE'9 MWI/Wdd
918°02€ WI/ZH
0'0 In
d696 ‘2~ ed
dvEO0 10 14
00°'0% AD _
oo.mm XJ

000°%¥ @
80 HLY da

000°GYGE CO
00£G1 M4

11€° 1 oy
0°0 oy
00 Md

€9L° 1d/2H
000°00G21 MS

89.2€ IS
000 6v€0 10.
€2E° 08 4

10:0 3W1L
86-9-9% 31va o
ny 20X
904d v -
€yt dieriy

]
Wdd

Hg €0HdI VHY

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 23




O

~1

© 1999 American Chemical Society, Org. Lett., J ung 01990838v Supporting Info Page 24

o .

)

1 JY S Ry RS by iy I Y
Y. xQme:qu ‘noay Wisend  Tle ¥ 3 f#w
. i - E

I
xr o~ =

cl

~
-

pL/ElL (§)
Th MI Th
Ammw\\pr/Av Wdd
o't 02 52 O0€ &€ ov &Sv 06 &6 09 5§59 o0¢L SL 08 58 06
2 2 al 4 A A | BTN PR | T | -.—PP.-.-»—-#..—»P.._.->>—>Ff-P>.._-rrun...F->->»-» ia
o)
o | 3
- m
(4] 070 : g
O >
— >— | , ”
(0]
0 _
0 sa _
91 SN
0°GG1 30
0°0 ] _
0’0 o
\Ll _ _
p2 od
0000000°% 10
T1°9EE2 WS
S S1
€1€°  WI/Wdd
£¥G 29 WI/ZH
0°0 N
do6s " - 24
dEOr ° 6 T3
00°81 AD
00°2E. XD
- IN
00€" 81
-0d €9 d0
0°0 20
001G  MJ
ves "1
2t ]
0" GS¥ 30
91 SN
of 9y
2€0°2 ov
0°0 oy
0°0 Wd
26y 1d/ZH
9GS2 2E0F  MS
¥BE9T 0L
yOE9T 1S
000°GVSE  §0
2€1°002 45
€2 :12 INIL
86-8-8 31v0
ny* 00X
:904d NV |
€11 30280
Ewmﬂ - \ r
q T T T
1) ({{ARRAARRRARRR .
a ARANTRA R TEELE 3
Ao foh--| tr ~ r NEYTS7- ey ® 0% o . x
RERSEISELCE SEREE RIS IR 3 R




© 1999 American Chemical Society, Org. Lett., Jung 01990838V Supporting Info Page 25

02 0d
0000100° Sa

H{E 133
0000000°¢C 114]

00°SIEE  HS

P SI
SLE'9_ WI/Wdd
arg’ 02€ Wd/ZH

[ ] In
d696°2- cd
dr€eo’ 102 | E]

00° 0% Ad
00°CE XJ
1 4 IN
00Q° 1 a1
a8 HLY dO
000°SPSE 2O
00L5% M4

or 1]

et Hag
0°0S 3a
v20t SN

00e 9y
TIE’ Y ov
0°'0 od

0°0 Md

€9L° 1d/ZH
000° 00521 MS
892 Qal
89(et IS
000°6vEB 10
E2E’0S EH
€2 ‘22 IMIL
86-8-8 31va
ny- 20X

‘90dd Ny

(A2 8F1Y4:10 4

upg5da

0oe

orv

Hdd
08 00!t o2t
1

ovt
1

09t%
1

081
1

| LY

pL/El

" Q\Fo

e

b4
AETR o 3
L@%

b
r

S
“w PEP2AN

oWy O03INWNI0D NA3IH HNSENE

—-

j:12:]
s

[i44




o SI

3

A4
IYWOIINT

. . s 0 . .
Pl BT AT a2 A Al 2
S | [
d - b -

Yy SN _ : 1
0°GG 30 - - .
0°0 Md 1

© 00 oy | ,

vou
r2 0d’ | |
0000000°% 10 ] :
90°6EE2  HS ’
v "SI .
€1E°  WI/Mdd
CE¥G 29 NWI/IH . |

0°0 I _
d86G° - 24 _ _ )
dEOY 6 14

00°81 Ad

00°2€ X2

0 N | _ I
00€". a1
od €9 dO .
00 20 _ | I

\O
(Q\
]
en
3]
A
S
=
e
e
=
=
—
Q
(oF
(oF
=S
n
>
o0
o
oo
-
o)
=)
—
o
eh
=
o]
—
Hw 001S LE]
Q
—
8D
—
o
>
=
(]
—
Q
@)
n
—
<
Q
—
=
(]
-
@,
=
<
Q
—
—
Amm
o)
o)
(@)}
i
©

vel M0
14 -]
0°GST. El]

2EQ’C oy
0'0 oy
[+ ] - nd

c6y” 1d/I4
8G2 "CEOY ns
reegy 0Ol
veES? IS
000°GrSE 1a
2€E1 002 s

ce ‘02 IMIL
86-8-L} 3lvd
ny " 00x
:904d ny
Ly1 - 402L1Y

S

1l

Wdd

i\
'99 \\:
&
'1‘ jj
]
—F
-

g3NWNT0D HSLI 3NA rﬁv JW

L

J
4

€
ol




7
Q) SI
o 0]
af
< o) : Ndd
=W 0 , og , o . o , ¥ R & L , ors 09t 08t
@] . ) .
=0
-
2 |
i i f
o p—( ~Q _ 1 _
+ .&Smdmm SN ﬁ _ _ j
o) 0S 30
p v'o Md
0’0 O
(oF vod
mw momo_oo. mm |
HLE 1S ﬂ _
> 0000000°2 10 | I
0 |
ey 00°GIEE  bS | || . ,
v v s _ |
e GIE'9 WI/WJd . |
a1g°02€ WI/ZH
(@) 0°0 In
(@) d696 "2~ 24
— dreo- 102 T4
g R
mc ¥ N
5 000§ 81
— g8 HLY  da
- 000°G¥YGE 20
- "~ 00LST M4
= or no
Q 2t 4a
p— 0°'0S 3a
. ¥20% SN
eb 002  SH
S TIET - ov
0°0 ay
- 0°'0 Md
2> €9s°  ld/ZH
O 000°00G2F MS
o= g9/2€ 0l
Q 89/2€ IS
Q 000°6PER 30
N €2€°0G 45
= 22 12 3nll
S g6-8~41 31v0 -
= Ay" 20X
g e NELY
2
$ Ay 14 A
g
nlu b = N m
= SHH AR
m Q3NKN109 HSL3
(@)
(@)
(@)
—
©




qe9] ds Add .
0 —~  or ov na R ool ?..J va_ oﬂ_z 08

)

AR I

JacL2l
L:.‘.Ll

; .

atvet

oyl!
1end
\."’-s

L€l

T Sen
’5-501

09 6€2v- US

€ sl
052°9 WI/Wdd
296695 WJ/ZH

10 I
d200° 24
J866°665 14 _
00°89 22
00" 2€ X2 r
9 N
000" § a |
0dd M9t dO
00l -grig 20
00G82 M3
2e na
9y Ha
0°0€ 30
952 SN
0091  9H
2t ov
000°2 au -
G e nd
v69°  1d/IH
€l2 (2122 WS
9EGST Q1
96659 IS
000°Zvi9 50
955 ° 06 45
£0:1 3INIL
96-8-6% 31v0
100" L

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 28




© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 29

---@-----n-»-b-- m-b-P- -m-- -l--ﬂ---»-m--.--.-m-.-»%&-*---Dmehn-----“““
wa/udd 00005° 0 RONdd s 3 \Rr i < & o ] s
ZH 80°0ve- c3
wdd 009°0- dcd
H 22 19L¢t 14
wdd 00’6 n__.._J
wd 00°02 XJ
sJa32weded 010 UWN OF
001 o
0 89
H 0E°0 a1
0 ass
CE ] . MON
HH 9€I00ET 00V -
- 9£6S9 IS
sJ3jawevged BuysSsaloud - 24
HS SNITNN
HH 900F2EY 00V 103S qe91
Jasn (G889 30 Av
J33sn G2°'9 1d
J3s 00000000°¢ ta
A 0°00t 3l
23sn [5°pg 3a
23sn 000°29 no \\le
oErt . 9294
235 0262€90°F ov
2H 55082170 S3J014 H)
IH 91G°¥908 HNS
0 . SO
8- . SN
E1J00 IN3A0S
9£GG9 111
oebz 9044 Nd
HI dNO W' G 0OHBO0Yd
i T st A= AT ST
e Ly et
618086 . TN 0000000000 R E R R L e et WWALAALAAAARALANMRDARNASHS S o
sJajaweded uotItsINbIyY - 24 88855656660000099966/.wrvrvIIEEEELLBBI.RH‘I‘IIUNVQGS 3
M PR R R E e B EE R A
i ONJOYd , :
1 ONdX3
x VYN
s

J319EWQuRd @380 JUININ)

.sJ333weued rnNesap . uolouwd. .




R —————..,

© 1999 American Chemical Society, Org. Lett., Jung 01990838v Supporting Info Page 3

a
Q0 ow [ &L.J
i NND Be owed w T ~ EaNan~NaN
3 I T wn 33¥w==§ s., i X UQEQIQE
7T §2RgEgARTC2EZEERosNGEE [#83°8°8 .ss3gAsg
S8y ~88 JR8 . 8883y rF83 o - SgozZosks
Q O o had [~ % - m -0 o
c o - (=] - . -] (o]
Q 5 <7 . (] o (] [ -—
=y N (=] [=4 (=] 4
-l - -y - [«
- e ] (2]
3 s a
2 §§ gé Zz n ! &
o I w w i
y&é L LIS sd .= o 3
< > N B8~ X écgmmx—-cox W ow v L) g N et Q%m Qx——&m ~N
Z W Qa w O = o - ZDM&(EDSD—QQD& u.mbixm_asg Lo Ji & I VUl VR VU VU x
8rILLE i
Lﬁ_;-ELOGL'E L
$3 - 86118°€ 8
fL —Gri€g°E L
, 0r60T°Y _:{
LE82T Y s
298t ¥ \ L
LELGT Y gag'2 |
BETLI Y L
Y JAS4 | o
azosrv\ [~
tSLQOE'Pk L
062FE " P —0__ L00° Y1}
0L62E v —
7 OLOSE 7
SPEGE”

62L9€"
v99LE"
pGy8E "

. oovee"
T1BESH”
_ 02r8L”
T GrybL”

n

S69°9

T+ —GBEEB’
G1866°
8L91T°

- L01LE
- ybele”
y3vr00-
80GI0°
144N
9rr0°
92560°

_‘{: LEBTT

17 4 T4

o LESLY

14 ‘- 16289%°
o2vLo”
gioft”
B9LEY”
LGLSY°
6EELY”
Geeet”
1egye”
144 2N
669"
£¢9G6E"

' L] L L 4 Ll l
6.0 5.5

L L
U
C

166°¢

Y 1] v v ¥
6.5

7.0

S

LANER S B |

GEE'E

=S\

-

LAREL RN M BN

LT I o ool oS o o Ve B Vo BT ITo BT R To RTe RETo B ToRNTo BN To BN To B JEE -2 - SN0~ SHE - JNE " 2R JNE "0 ° SE RP)

ppm

wdd [idﬂiqu:_




