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A 25-mL RB flask was charged with 7 (0.264 g, 1.13 mmol), methyl isocyanate (0.066 g, 1.05
mol eq, 1.16 mmol), and triethylamine (5.6 mL, 20 mol-eq, 22.6 mol). The reaction’ mixture was
stirred-at 23 °C for 168 h, then quenched by the addition of 1.0 mL of water.. The solvents-were-
removed by rotary evaporation and the residue was purified by flash chromatography (SiO,; 4:1
ethyl acetate:hexane) to give 8 as a thick oil in a yield of 0.325 g, 98.7%. 'H NMR (CDCl;,
300 MHz): 5 4.9-4.7 (m, 2H), 4.69-4.74 (dd, J=2.93, 12.83 Hz, 1H), 4.07-4.17 (m, 3H), 3.8 (d,
J=4.03 Hz, 1H), 3.49-3.61 (m, 2H), 3.4 (s, 3H, -OMe), 2.8 (d, J=4.76 Hz, 3H, -NMe), 1.51 (s,
3H, -CH3), 1.35 (s, 3H, -CH3). '3C NMR (CDCl3, 75.5 MHz): § 157.9 (-CONH), 109.5, 77.7,
76.7, 75.6, 69.2, 68.5, 63.7, 55.2, 28.1, 27.8, 26.1 (13 out of 13 ‘observed). IR (neat): 3581
(NH), 3370 (br, OH), 2986, 2938, 2910, 1702, 1538 cm’
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9 (MW=423)

To a »solution' bf the carbamate 8 (0.365 ‘g, 1.25 mmol) in 40- mL of ‘freshly "distilled

* dichloromethane in a 50-ml RB flask at 0 °C was added pyridine (0.052 mL , 4.0 mol-eq, 5.0
mimol) and triflic anhydride (0318 mL, 1.50 mol-eq, 1.87 mmol), and the reaction mixture was
allowed to stir at 0 °C for 1 h. A white precipitate formed after addition of the triflic anhydride
and the reaction mixture slowly turned yellow-brown. Then the mixture was quenched by
addition of 25 mL of water at 0 °C. ‘The ﬁﬁxmre was extracted with d‘ichlorom‘ethane‘ 3 X 20
mL) and the combined organic layer was wéshed with brine (25 mL), driéd over MgSO4,. and
then concentrated by rotary evaporation. Purification by flash chromatography (hexane:ethyl -
acetate 1:1)gave 9 as light yellow needles in a yield of 0.449 g, 85%, mp 67-71 °C. Compound 9
was quite sensitive to prolonged handling and should be stored at -20 °C under argon or used

immediately.
Me

O
PASS
~
o~ | v
A 50-mL RB flask was charged with a suspension of potassium hydride (0.188 g, 35 wt-%, 2.00
mol-eq, 2.50 mmol) and a catalytic amount (ca 10 mg) of 18-crown-6 in 10 mL of freshly
distilled THF. The solution was cooled to -30 °C for 30 min and a solution of 9 (from above
reaction without purification; ca 1.25 mmol) was added to the solution of KH dropwise over 5

4 (MW=273)

min and the mixture was stirred for an additional 4 hr at -30 °C. The mixture was quenched with
3 mL of saturated ammonium chloride solution at 0 °C and then allowed slowly to warm (o
23 °C. Water (10 mL) was added and the mixture was extracted with dichloromethane 3x20
mL); the combined organic layer was washed with brine (20 mL) and dried over MgSOa,.
Concentration by rotary evaporation furnished a white solid, which was purified by flash
chromhtography (hexane:ethyl acetate 1:5). Compound 4 was obtained as white crystals in a
yield of 0.266 g, 78% overall from 8, mp 153-154 °C. 'H NMR (CDCl3, 300 MHz) d: 4.9 (dd,
J=2.93, 7.69 Hz, 1H); 4.5-4.6 (m, 3H); 4.33-4.14 (m, 3H); 3.8 (dd, J=2.93, 8.05 Hz, 1H); 3.46
(s, 3H, -OMe); 3.05 (s, 3H, -NMe); 1.49 (s, 3H, -CHz), 1.34 (s, 3H, -CHa), 13C NMR (CDCls,
75.5 kHz) 8: 154.0 (CONMe), 110:7,99.3, 68.9, 66.7, 60.99, 56.3, 52.5, 34.3,26.2,24.5 (12 out
of 12 observed). IR (neat): 2999, 2914, 2830, 1718, 1442, 1442, 1388 cm’. EIMS: 273 (M™).




© 2001 American Chemical Society, Org. 'Lett., Semmelhack 01010119s Supporting Info Page 3

/N\%<O

To a lOO ml| RB- ﬂask equrpped with a reflux condensor was added a solution of of 11th1um
aluminum hydride (83.5 mg, 5. O mol- -eq) in 15 mL of freshly distilled THF. A solution of 4
(0.12 g, 0.44 mmol) in 15 mL of freshly distilled THF was added dropwrse at 23 °C. The

 reaction mixture was heated at reflux for 12 hr, then allowed to cool to 23-°C and the excess
LAH was decomposed by sequential’ addition of 0.1 mL of cold water, 0.1 mL of 15% sodium
hydroxide solution, and 0.3 mL of water. Stn'rrn0 was continued for another 1 hr at 23 °C. The
suspension was filtered, and the filtrate was washed: with ether (3 x 10 mL). The filtrate washed
with brine (10 mL) and dried over MgSOq. Concentratron by rotary evaporation provided a
colorless oil, which was purrﬁed by chromatography (hexane:ethyl acetate 1:5) to give 10 as a
colorless oil, 0.114 g, 99%. 'H NMR (CDCl3, 300 MHz): & 4.5-4.6 (m, 2H); 4.1-4.2 (m, 2H); ‘
3.9-4.1 (m, 3H); 3.44 (s, 3H, -OMe): 2.9 (dd, J=2.93, 6.96 Hz, 1H); 2.38 (s, 6H, -N(CH3),);
1.53 (s, 3H, -CHj3), 1.34 (s, 3H, -CH3). 13C NMR (CDCl3, 125 MHz): § 110.3, 98.9, 75.5,
71.3,70.6, 62.9, 59.96, 56.2, 44.3, 26.7, 24.7 (11 out of 11 expected peaks were observed) IR
(neat): 3470 (br, -OH), 2988, 2937, 2904, 2828,2776 cm’ - EIMS: 261 (M*) -

5 (MW=247)
7~ NH :

To a 50-ml RB-flask was introduced 4 (0 435 g 1.54 mmolj and IN NaOH solution (8.0 mL‘,'
8.0 mmol). The solution was heated at reflux for 20 min. During that time, the solid 4 dissolved
to leave a light yellow solution. After an additional 4 h at reﬂux the reaction mixture was
allowed to cool to 23 °C and stir for 20-30 min. Then IN HCI solution was added dropwise..
until pH 10 was reached (ca 6.5 mL). The aqueous solution was extracted with dichloromethane
(3 x 15 mL). The combined organic extract was ‘washed with cold brine (10 mL) qurckly and
dried over MgSO, for 10 min. Concentration under reduced pressure and drying under vacuum
for 3 h provided a crude light yellow oil containing the amino sugar 15. The yield was close to
100% accordmg to the 'H NMR spectrum of crude mixture. The crude mixture can be used
directly to next step without purification but a pure sample was be obtained by flash
chromatography (4:1 ethyl acetate:hexane with 1% triethylamine). 'H NMR (CDCl;, 300
MHz): 64.75 (s, IH, H)); 4.56 (dd, J=4.5, 7.0 Hz, 1H, H3); 4.08 (d, J=7.2 Hz, 1H, H,); 3.8-3.9
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(m, 3H, Hs&Hg); 3.45 (s, 3H, -OMe); 3.18 (¢, J=4.5 Hz, 1H, H4),-2.57 (s, 3H, Hy). 1.54 (s, 3H, -
CHa), 1.38 (s, 3H, -CHj). "C NMR (CDCl3, 125 MHz): 8 1096, 99.1, 74.3, 714, 68.4, 64.1,
55.7, 35.4, 26.2, 24.8 (10 out of 10 observed). 'H,!H COSY (500 MHz, CDCly): H,/Hx
coupling, Hs/Hs coupling, H4/H7 coupling, Hy/H4 coupling. IR'(neat): 3434 (br), 2985, 2936,

2841, 1457, 1381 cm’'. EIMS 247 (M+).

16 (MW=381)

.
o _Z/N\A<O10 3
To a 50-ml RB-flask was introd'uced‘ls (0.388 g; 1.57 mmol), potassium carbonate . (0:434 g,
3.14 mmol) and a mixture of 2.0 mL of H,0 and 6.0 mL of dioxane. The solution was stirred

for 10 min to dissolve all solids and it became lighf yellow. To the reaction mixture was added

Ch

carefully dropwise benzyl chloroformate (0.341 g, 2.00 mmol). The reaction mixture was -
allowed to cool to 23 °C and stir for an additional 10 h at 23 °C. Then an ice-cold IN HCL
solution was added dropWise until pH 8 was reached. The aqueous solution'Was ex’tractedﬁ with
dichloromethane (3 x 15mL). The combined organic extracts Wére washed with cold brine (10 .
mL) quickly and dried over MgSO, for 10 min. Conc_:entration under reduced pressure and. .
drying in vacuo for 3 h provided a light yellow solid. The yield was 542 mg, 100%_,: and >95%
pure according to the 'H NMR. The crude mixture was used. directly for the next step. A pure
sample was obtained from chromatography (1:2 ethyl acetate:hexane with 1% triethylamine).
'H NMR (CDCl3, 300 MHz): 8 7.3 (m, 5H, Hyrom), 5.20 (s, 2H, Hg of Cbz), 5.0-5.2 (m, 1H,
Hy), 4.70 (m, 1H, J=4.0 Hz, H, two overlappings broad peaks, due to restricted rotation in the
Cbz-N bond); 4.5 (dd, J=2.96, 7.25 Hz, 1H, Hy); 4.1 (m, 2H, Hs and H,); 3.6-3.8 (m, 2H, He);
3.4 (s, 3H, -OMe); 3.08 (s, 3H, -NCHy), 1.55 (s, 3H, -CHy), 1.36 (s,\3H, -CH;3). 13C NMR
(CDCl3, 125 MHZ): § 157.2, 136.4, 128.4, 128.0, 127.7, 127.4, 126.8, 111.0, 110.6, 100.4,
100.2,76.7, 76.2,71.9,70.3, 69.4, 67.5, 61.5, 61.4, 60.3, 55.9, 53.3, 50.0, 32.5,26.3, 25.1,249,
14.1 (17 out of 17 observed; every peak was doubled; due to two rigid conformations of 16).
‘H,‘H COSY (500 MHz, CDCly): Ho/Hj3 coupling, Hs/Hs coupling; Ha4/Hs coupling, H3/H4
coupling, Hg/Harom coupling. IR (neat): 3468 (br), 3063, 3033, 2086, 2938, 1698 cm’. EIMS:
/I MY | o
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All glassware was dried in an oven (150 °C) for 10 h before use. A solution of dry DMSO
(0.224 mL, 2.96 mmol) in dichloromethane . (6 mL) was added dropwise to a precooled(dry ice)
solution of freshly distilled oxalyl chloride (0. 920 mL, 2.0 M, 1.85 mmol) in 15 mL. of CH2C12
at such rate that the reaction temperature remained between -61°C to -59 °C. After 20 min at

-61°C to -59 °C, a solution of 16 ('0.542 g, 1.42 mmol) in 5.0 mL of dichloromethane was-added”
dropwise at such rate that the temperature remaihed at -61°C to -59 °C. . After 5 min,
triethylamine (0.576 g, 5.69 rnmol) was added dropwise to maintain the reaction temperature at
-61°C to -59 °C. The reaction mixture was warmed to 0 °C, and 20 mL of H,O was added. The
mixture was separated and the aqueous layer was washed with ether (3 x 70 mL). The combined
organic extract was washed with brine (30 mL), dried over MgSO, for 10 min. and concentrated
by rotary evaporation. The residue was diluted with 40 mL of ether, washed with 1% HCI (3 x
20 mL) and brine (30 mL). Crude product ‘was purified by flash chromatography " (4:1
hexane:ethyl acetate) to obtain 0.550 g of aldehyde 17 as a low mp solid, 93.1% yield. 'H NMR
(CDCl3, 300 MHz): 8 9.8 (s, 1H, He), 7.3 (m, 5H, Harom) 5.3 (d, 1H, J=7 Hz, Hy), 5.25 (4,
J=3.5 Hz, 1H, Hs), 5.0-5.2 (m, 2H, H7 from Cba)» 4.6 (d, J=3.6 Hz, 1H, Ha); 4.5 (dd, J=2.0, 7.5
Hz, 1H, H3); 4.25 (d, 1H, J=6 Hz, Hy); 3.5 (s, 3H, -OMe); 2.98 (s, 3H, -NCH»),1.55 (s, 3H, -
CHs3), 1.36 (s, 3H, -CHa). 13C NMR (CDCl3, 125 MHz): § 201.2, 200.4, 156.7, 155.7, 136.4,
136.1, 128.4, 127.9, 127.6, 111.4, 99.8, 76.4,73.7, 73.0, 71.2, 710, 67.7, 61.5, 56.0, 55.7, 52.7,
32.5,32.4, 26.6, 25.2 (17 out of 17 observed; every peak was doubled, due to two configurations
of 17). 'H,!H COSY (500 MHz, CDCl3): H,/H3 coupling, Hs/Hg coupling, Ha/Hs cbupling,
Hs/H, coupling. IR (neat): 3065, 2938, 1773, 1701, 1450 cm’ . EIMS: 379 (M*)
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The oxidation of aldehyde 17 to the ester 5 was carried out more than 10 times on scales ranging
from O 5 to 1.5 mmol accordrng to the following procedure. The yields ranged from 62-84%,
with an average of 72% The aldehyde 17 (1 mmol) was dissolved in 15 mL of distilled-
methanol and ice-cold solutions of KOH (2.2 mmol) in MeOH (5 mL) and iodine (1. 12 mmol) .
in methanol (5 mL) were successively added at 0 °C. KOH and iodine should be added
separately ‘and rapidly to give the active oxidant (HOI); the order of -addition can be reversed
without effect on the yield. After being stirred for an additional 45 min at 0 °C, the reaction
mixture was warmed to 23 °C, and 20 mL of H,O and 20 mL of ether were. added. The mixture
was poured into a. separatory funnel and 10 mL of saturated Na28203 was added. The mixture
was separated and the aqueous layer was washed with ether 3x70 mL) The combined organic
extracts were washed with brine (30 mL), dried over MGSO4 for 10 min and concentrated by
rotary evaporatron The residue was diluted with 40 mL of ether, washed with 1% HCl (3 %20
 mL) and brine (30 mL). The crude product was purified by flash chromatography (4:1 .
hexane:ethyl acetate) to obtain the methyl ester sugar 5 as an oil (O 62-0.84 mmol). 'H NMR
(CDCl3, 300 MHz): § 7.3 (m, 5H, Harom), 5.17 (dd, 1H. J=3.5, 9.25 Hz, Hy), 5.1-5.2 (m, 2H, Hy
from Cbz), 4.94 (s, 1H, H}); 4.65 (d, J=6 Hz, 1H, Hs); 4.5 (ddd, 1H, J=6, 4.5, 7.0 Hz, H3);
3.696 (s, 3H, Hg, -OMe); 3.443 (s, 3H, Hy,, -OMe); 3.01 (s, 3H, Hy, -NCH3), 1.55 (s, 3H, -
CH»), 1.36 (s, 3H, -CH;). 13C NMR (CDCl3, 125 MHz): § 169.8, 169.6, 157.0, 156.3, 136.6,
136.5, 128.3, 128.2, 127.8, 127.6, 127.5; 110.5, 110.2, 9.5, 99.4, 99.4, 99.3, 74.5, 74.3, 70.9,
70.8, 67.3,67.1, 67.1,67.0,66.7,55.9, 55.8, 55.7, 52.1, 52. 14, 52.0, 50.5, 50.3, 32.1, 32.0, 31.9,
25.7,25.6,24.9, 248,247 (18 outof 18 expected peaks were observed, every peak was doubled;, .
" due to two conformations of 5). 'H,'H COSY (500 MHz, CDC13) Hy/Hj3 coupling, H4/Hs
coupling, Hi/Hy4 coupling, Hi/Hj3 coupling. IR (neat): 3065, 2938, 1773, 1701, 1450 cmrl.
- EIMS: 409 (M™). ' '
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6a/b (MW=423)
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All glassware was dried in an oven (150 oC) over 10 h before use. A 25-ml RB-flask was
charged with a solution of 5 (31 mg, 0.076 mmol) in 3 mL of THF and 0.01 ml HMPA under

argon. The solution was cooled to 78 °C and potassium bis(trimethylsilyl)arnide- (0.114 L,

1.50 mol-eq, 0.114 mmol) was added dropwise to the cooled solution at a rate such that the
reaction temperature remained near -70 °C. After 2 min, a solution of rnethyl iodide (215 mg,
0.152 mmol) in 1.0 mL of THF was added dropwise at a rate such that the temperature remained
near -70 °C. After 35 min, 2 mL of saturated NH4CI was added dropwise. The reaction mixture
was warmed to 0 °C, and 10 mL of H,O was added. The mixture was separated and the
aqueous layer was washed with ether (3 X 10 mL). The combined organic extract was washed'
with brine (10 mL), dried over MgSO, for 10 min; and concentrated by rotary evaporation. The
residue was diluted with 20 mL of ether, and the ether solution was washed with ice cold 1%
HCI (3 x10 mL) and brine (10 mL). The crude product was puriﬁed by flash chromatography
4:1 hexane:ethyl acetate) to obtain 6a/b as a low mp yellow solid with a yield of 24 mg, 77 %.
iH NMR (CDCl3, 300 MHz): §7.3 (m, SH, Haom), 3.2 (M, 3H), 4.5 (m, 2H), 4.2 (m, 2H); 3.6 (5,
3H, -OCH3); 3.4 (s, 3H, -OCH#.3.0 (s, 3H, _NCH,), 1.5 (s, 3H, -CH»y), 1.32°(s, 3H, -CH3), 1.2
(s, 3H, -CHj). IR (neat): 2988, 2939, 1701, 1454, 1383 cm-!. EIMS 423 (M?‘)

Me

18alb (MW=275)

The Cbz-methyl ester sugat 6a/b (0.116 g, 0.284 mmol) was dissolved in 5.0 mL of freshly
distilled THF, placed in a 15.ml RB-flask which was then immersed in a water bath at 25 °C. A
gentle stream of argon was passed over the reaction mixture and thorough agitation was provide‘d
by a Vitro stirrer. To the flask was added dropwise LiAlH4 solution in ether (1.00 M, 0.464 mL,
0.464 mmol. After 4 h, the mixture was cooled to 0oC. Tothe mixture was added sequentially
0.5 mL of water, 0.5 mL of 3N NaOH and 1.5 mL of water. " After 30 min, the mixture was
filtered through a pad of Celite, rihs’mg with ether (3 x 10 mL) and the filtrate Was concentrated
by rotary evaporation. Flash chromatography of the residue (4:1 ethyl acetate:hexane) gave the
product mixture (ca 1:1 18a/b) as a light yellow oil (0.068 g 90 %) A sample of 18a

isomerically pure was obtained from reduction of 22a (see text) and was characterized as

e
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follows. 'H NMR (CDCl3, 300 MHz) 3: 4.66 (s, 1H, H)), 4.65 (m, IH, H,), 4.1 (m, 1H, ‘H'3’),
3.8 (dd, J=6.6, 93 Hz, Hs); 34 (s, 3H, -OCH;), 2.9 (d, 1H, J=2.4 Hz, Hy); 2.5 (s, 3H, -
NCH3),1.539 (s, 3H, -CH3), 1.42 (s, 3H, -CH3), 1.36 (s, 3H, -CH3). 13C NMR (CDCl5; 125
kHz) 6: 110.39, 101.88, 77.539, 76.068, 69.704, 67.17, 64.609, 56.129, 45.275, 26.833, 26.469,
24.917 (12 out of 12 expected peaks were observed). IR (neat): 3403(br), 2981, 2934, 1646,
1454, 1380 cm'l. EIMS: 275 (M*). Compound 18b was not obtained in a pure state and the
structure is inferred from the method of synthesis and the spectral data for the mixture of 18a/b.

Me 11

21 (MW=275)

The Cbz-methyl ester sugar 5 (0.116 g, 0.284 mmol) was dissolved in 5.0 mL of absolute
ethanol in a 25-ml RB-flask which was immersed in a water bath at 25 °C A gentle stream of
argon was passed over the reaction mixture and thorough agitation was prov1ded by a V1tro’
stirrer.  The catalyst, 5% palladium-on-carbon (0.116. g), was added followed by 1,4-
cyclohexadiene (0.135 ml, 1.42 mmol). After 4 h, the mixture was filtered through a pad of
Celite, rinsed with ether (3 x 10 mL, and the filtrate was concentrated by fotary evaporation. The
product 21 (68 mg, 86.8%) was obtained by flash chromatography (4:1 ethyl acetate:hexane).
'H NMR (CDCl3, 300 MHz): 4 4.96 (d, 1H, J=2.2 Hz, H,), 4.6 (dd, J=2.5, 3.75 Hz, 2H, Hj s);
4.1 (dd, IH, J=2.2, 6.59 Hz, H); 3.81 (s, 3H, He, -OMe); 3.488 (s, 3H, H, -OMe); 3.1 (br,
1H, Hy), 2.602 (s, 3H, H7, -NCHj3).1.475 (s, 3H, -CH3), 1.348 (s, 3H, -CH3). 13C NMR
(CDCl3, 125 MHz): § 170.8, 109.9, 99.1,74.9, 72.8,69.2, 56.2, 56.1, 51.9, 35.5, 25.7, 24.9 (12 -
out 12 expected peaks observed). | IR (neat): 3367 (br), 2985, 2936, 1738, 1453 cm-l.

MeO , ‘22a/b (MW=303)

»@X

The mixture 22a/b was prepared as a 1:1 mixture of epimers from 2] exactly according to the
experimental procedure for preparation of 6a/b (above). An isomerically pure sample of 22a
was obtained by cleavage (NaOMe) of B-lactam 23. Characterization of 22a: 'H NMR (CDCls,
300 MHz): $ 4.92 (d, J=2.92 Hz, 1H, H,), 4.55 (dd, J=2.2, 5.86 Hz, 1H, H3), 3.98 (dd, J=3.66,
5.86 Hz, 1H, Hy), 3.8 (s, 3H, -OCHj3); 3.52 (s, 3H, -OCH3); 3.1 (d, J=2.2 Hz, 1H, Hy), 2.48 (s,
3H, -NCH3).1.612 (s, 3H, -CH3), 1.478 (s, 3H, -CH3), 1.326 (s, 3H, -CH3). 13C NMR (CDCls,
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125 MHz): § 173.5, 110.5, 100.3, 774, 69.5, 66.4, 56.6, 51.8,45.4, 42.1,26.4,26.2, 25.4 (13 out -
13 expected peaks observed). IR (neat):‘2988, 2939, 1701, 1454, 1383-cmrl. EIMS: 30'3 (MH).
Epimer 22b could not be obtained in a pure state and the structure is inferred from the method of
synthesis and the characteristic peaks in the 'H NMR spectrum of the mixture 22a/b.

20 (MW=259)

(a) Preparanon of the mesylate from 22a/b. All glassware was dried in an oven (150 °C) over
10 h before use.” A 25-ml RB-flask was charged with NaH (3.84 mg, 95% 0.16 mmol) and 5

- mL of freshly distilled ether under argon, and then immersed in an ice-water bath. A solution of
22a/b (0.022 g, 0.080 mmol) in 0.5 mL of ether was introduced into the flask via syringe
dropwise over 1 min. After | hat0°C, rhesyl chloride (10.1 mg in 0.5 mL of ether) was added
via syringe. After being stirred for 50 min at'0 °C, the mixture was carefully- quenched with -
water (10 mL), the layers were separated, and the water layer was washed with ether (3 x 10 mL).
The combined ether solution was dried over MgSO4 and concentrated by rotary evaporation.
The crude mesylate product 19a/b (26 mg, 92.2%) was used in next step “without
chromatography. (b). Preparation of 20. A 25-ml RB-flask was charged with LiAlH4 (0.578 '
mL, 1.00 M, 0.578 mmol) and 5 mL of freshly distilled THF and then immersed in an ice-water
bath. A solution of 19a/b (0.051 g, 0.144 mmol) in 1 mL of THF was mtroduced into the flask
via syringe dropwise over 5 min. After 4 h at 0 °C, to the solution was added sequentially 0.2
mL of water, 0.2 mL of 3N NaOH solution and 0.6 mL of water. After being stirred for 30 min
at 0 °C, the mixture was filtered through a pad of Celite, washed with ether (3 x 10 mL) and the
combined ether solutions were concentrated by rotary. evaporation The product 20 (0.027 g,
72%) was present in >95% purity without chromatography ('"H NMR analysis). 'H NMR -
(CDCls, 300 MHz): 3 4.86 (d, 1H, J=4.4 Hz, H,), 4.58 (dd, J=2.93, 6.59 Hz, 1H, Hs); 4.05 (dd,
1H, J=5.13, 6.59 Hz, Hy); 3.56 (s, 3H, -OMe); 2.96 (d, J=2.93 Hz, 1H, Hy), 2. 53 s, 6H, -
N(CHs),).1.61 (s, 3H, -CHa), 1.48 (s, 3H, -CHy), 1.45 (s, 3H, -CH3), 1.34 (s, 3H, -CH;). 13C
NMR (CDCls, 125 MHz): § 110.5, 100.3, 77.4, 69.6, 66.5, 57.7, 51.9, 45.6, 26.5, 263, 25.4,
24.2 (12 out of 12 expected peaks observed). ' | ' ‘
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Treatment of 21 exactly according to the procedure for the formation of 6a/b from 5 (above) but
with LiTMP as base produced two fractions on flash chroiﬁatography' (4:1 hexane:ethyl a¢étate).
The first fraction eluted as a mixture of 22a/b (42%) and the sééond fraction was identified as
B-lactam 23 (35 %). Characterization of 23: 'H NMR (CDCls, 300 MHz): § 4.6 (d, J=7.21
Hz, IH, H,), 4.45 (dd, J=5.66, 8.62 Hz, 1H, Hy), 4.1 (dd, J=7.21, 8.65 Hz, 1H, H,), 3.81"(d,"'
J=5.66 Hz, Hy); 3.61 (s, 3H, OCHj3); 2.95 (s, 3H, fNCH3),1.563.(s; 3H,-CH3), 1.502 (s, 3H, -
CHj3), 1.336 (s, 3H, -CH3). 13C NMR (CDCl3,"125 MHz): § 169.0, 109.1, 101.1, 86.1, 73.9,
73.9, 60.2, 57.0, 29.1, 26.0, 234, 18.5 (12 out 12 expected peaks observed). IR (neat): 2981,
2935,2361, 1760, 1382 cml. EIMS: (M) 257. X-ray data: see below. |

Me Me
Me /N 2Mw=zig)
o 2
- OH
/N\

The protected sugar 20 (0.015 g, 0.0579 mmol) was dissolved in 30 mL of dry acetonitrile in a 25-
ml RB-flask and immersed in a water bath at 25 °C. A gentle stream of ar.gonfwas passed over the
reaction mixture and thorough agitation was provided by a Vitro stirrer. An HF solution (35 wt-%,
0.1 mL) was added and the reaction proceeded for an additional 40 min. The mixture was filtered
through a pad of Celite, washed with ether (3‘_-x. 10 mL) and Concentrated by rota'r_y‘ evaporation.
The product 2 (6.8 mg, 53%) was obtained without chromatography, mp 118-119.5 °C, and was
estimated at >95% purity by 'H NMR. Recrystallization of samples collected from several runs
gave the analytical sample of mp 123-123.5 oC. Literature:! mp 120-121 °C, 'H NMR (CDCls;
400 MHz): §4.61 (d, IH, J=7.84 Hz, H,), 4.45 (dd, J=3.3,2.95 Hz, 1H, H3); 3.49 (s, 3H, -OMe);
3.25(dd, IH, J=3.1,7.5 Hz, H,); 2.45 (s, 6H, Hy, -N(CH3),). 2.30 (d, J=2.95 Hz, 1H, Hy),1.55 (s,
3H, -CHj3), 1.30 (s, 3H, -CHj3). 13C NMR (CDCls, 125 MHz): § 1084, 78.7, 67.4, 64.3, 544,
49.7,43.2, 19.1, 18.2 (9 out of 9 expected peaks observed). For coinparison' of these spectral data”

with those previously reported for 2 see the text, footnote 27.

(1) lida, K-i.; Ishii, T.; Hirama, M. 7. etrahedron Lett., 1993, 34, 4079-4082.
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X-ray Diffraction Data for Compdund 23:

cmB)

ORTEP preséntation of Compound 23

A. Expérimental: v pages 1-3
B. Tables 1-6 of crystal data and structure refinement: pages 1-13
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Experimental:

A colorless prism cut to 0.15 mm X 0.25 mm x 0.25 mm in size was mounted on
a glass fiber with silicone grease and then transferred to a Nonius KappaCCD -
diffractometer equipped with an MSC X-stream cryosystem and Mo Kalpha
radiation (Iambda = 0.71073 Angstroms). Four hundred and sixty frames of
data were collected at 200(2) K with an omega oscillation range of 1.0
deg/frame and an exposure time of 40 sec/deg.]JREF1] A total of 28998
reflections (thetamax = 27.47 deg) were indexed, integrated and corrected
for Lorentz and polarization effects using DENZO-SMN and SCALEPACK.[REF2]
Data reduction yielded 6191 unique reflections (Rint = 0.052) of which 4062
had | > 2sigma(l). Postrefinement of the unit cell parameters gave a = '
9.8961(2)-Ahgstroms, b = 9:2301(2) Angstroms, ¢ = 15.2748(3) Angstroms,
alpha = 90 deg, beta = 104.301(1) deg, gamma = 90 deg, and V = 1351.99(5)
cubic Angstroms. Axial photographs and systematic absences were consistent .
with the compound having crystallized in the monoclinic space group P2(1)
or P2(1)/m. The former space group P2(1) (No. 4) was selected based on an
observed mean |E*E-1] value of 0.786 (versus the expectation values. of .
0.968 and 0.736 for centric and noncentric data, respectively). '

The structure was solved by direct methods .and refined by full-matrix
least-squares on FA2A using SHELXTL.[REF3] All of the nonhydrogen atoms
were refined with anisotropic displacement coefficients. The hydrogen
atoms were assigned isotropic displacement coefficients U(H) = 1.2U(C) or
1.5U(Cmethyl), and their coordinates were allowed to ride on their respec-
tive carbons. The weighting scheme employed was W = 1/[\sh2N(Fon2M)- +
(0.0603P)"2" + 0.3348P] where P = (For2r + 2Fcn2h)/3. The refinement
converged to R(F) = 0.0477, wR(FA27) = 0.1069, and S = 1.049 for 4062
reflections with | > 2sigma(l), and R(F) = 0.0922, wR(FA24) = 0.1318, ‘
‘and S = 1.034 for 6191 unique reflections, 357 parameters, and 1 origin
defining restraint.[REF4] The maximum Idelta/sigmal in the final cycle

of least-squares was less than 0.001, and the residual peaks on the final
difference-Fourier map ranged from -0.214 to 0.184 electrons/cubic Angstroms.
Scattering factors were taken from the International Tables for Crystal-
lography, Volume C.[REF5,REF6]. o

The Flack absolute structure parameter refined to 0.1(10) (versus the
expectation values of O for the correct hand and 1 for the wrong hand).
Due to the large estimated standard deviation associated with the

refined parameter, however, the hand.of the molecule(s) cannot be reliably
assigned with certainty.[REF7] ‘




© 2001 American Chemical Society, Org. Lett., Semmelhack 01010119s Supp}otting Info Page 13

REF1 COLLECT Data Collection Software. Nonius B.V. Rontgenweg 1,
P.O. Box 811, 2600 AV, Delft, The Netherlands, 1998.
REF2 Otwinowski, Z.; Minor, W., "Processmg of X-ray: Diffraction Data
Collected in Oscillation Mode" Methods Enzymol. 1997, 276, 307-326.
REF3 Sheldrick, G. M. SHELXTL Version 5.04. Siemens Analytical X-ray -
Instruments, Madison, Wisconsin, USA, 1996. .
- REF4 R(F) = R1 = SIGMA(.IIFol-IFcll ) / SIGMAIFol, wR(FA2~) = wR2 =
[ SIGMA( w(For2A-Fer2maza ) [ SIGMA( w(Fo/\2/\)’\2’\ ) M/2~, and
S = Goodness-of-fit on FA2A = . ,
[ SIGMA( W(FoA2A-FcA2A)A2A ) /- (n- -p) ]/\1/2’\ where n is the
number of reflections and p is the number of parameters refined.
REF5  Maslen, E. N.; Fox, A. G.; OKeefe M. A., International Tables for
Crystallography: Mathematical, Physical and‘ Chemical Tables, Vol C,
Chapter6 Wilson, A. J..C., Ed; Kluwer Dordrecht, The Netherlands,
1992; pp. 476-516. |
REF6 Creagh, D. C.; McAuley, W. J., International Tables for Crystallography:
Mathematical, Physical and Chemical tables, Vol C, Chapter 4, Wilson,
A. J. C., Ed;; Kluwer, Dordrecht, The Netherlands, 1992; pp. 206-222.
REF7 Flack, H. D. Acta Crystallographica, Section A 1983, 39, 876-881.

Miscellaneous:

1. The compound exammed crystalllzes in the chiral space group P2(1) (No. 4)
with 4 molecules in the unit cell, i.e., 2 molecules per asymmetric unit.

An "A" or "B" has been appended to the nonhydrogen atom labels of those
2 molecules to aid in distinguishing one from the other. ‘

2. The (15,2S5,35,4R,5S) isomer is depicted in all of the plots included with
this report. However, as indicated above, the absolute structure cannot
be unequivocally assigned based on the intensity data. The enantiomer,

. (1R,2R,3R,4S5,5R) gives an identically good fit of the data. One is
therefore encouraged to restrlct all discussions to matters of relative
stereochemistry only. '

3. The title compound is based on a (C3N-C302-C50) fused- r|ng system. The
C3N moiety corresponds to the beta-lactam part of the molecule, the C302
moiety corresponds to the 1,3-dioxolo portion ‘of the molecule, and the
C50 moiety is the pyran ring itself. A number of least- -squares planes
and interplanar angles of possible relevance may be computed and are
tabulated below (angles in degrees):
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O(4A),C(3A),C(4A),C(5A) - N(1A),C(4A),C(5A),C(10A) 117.3(1)
O(4B),C(3B),C(4B),C(5B) N(1B),C(4B),C(5B),C(108)  117.2(1)
" C(1A),C(2A),C(3A),C(4A)  O(2A),0(3A),C(2A),C(3A) 119.4(1)
C(1B),C(2B),C(3B),C(4B) O(28B),0(38),C(2B).C(38) 119.4(2)
0(2A),0(3A),C(2A),C(3A)  O(2A),0(3A),C(7A)  1449(2)
0(2B),0(3B),C(2B),C(3B) 0O(2B),0(3B),C(78) 149.0(2)

Please refer to the labelled plots included with this report to ascertain
which portions of the molecule are being used to define the planes.

4. A number of pyranosyl compounds containing fused beta-lactam rings have -
been crystallographically characterized by others. For examples of beta-
‘lactam fusion to the C(1) and C(2) positions of the pyran ring, please
see: Journal of Chemical Crystallography, 1995, 25, 693-699, and
Carbohydrate Research, 1990, 203, 183-194. All of these structurally -
characterized examples have nitrogen attached to the C(1) position and
the C=0 attached to the C(2) position. The molecule presented in this
report, exhibits the alternate fusion mode, i.e., the nitrogen and C=0
positions are swapped. e '
5. As indicated in Misc 43 above, the 5-membered dioxolo rings are not
completely planar, but are folded along their O...0 vectors. The dioxolo
ring in Molecule B is slightly more planar than in Molecule A. The C(7B) ,
atom is 0.449(4) Angstroms from the plane defined by [O(2B), O(3B), C(2B),

C(3B)], while the C(7A) atom is 0.500(4) Angstroms from the [O(2A), O(3A),

C(2A), C(3A)] plane. _, S '
6. The nitrogen atoms in the beta-lactam rings are not planar, but pyramidal.
The N(1A) atom is displaced by 0.150(3) Angstroms off of the plane defined
by [C(4A), C(10A), C(11A)]. The N(1B) atom is displaced by 0.130(3)
Angstroms from [C(4B), C(10B), C(11B)]. The nitrogen atoms in the
literature reference Journal of Chemical Crystallography, 1995, 25, 693-
699 are significantly more planar, i.e., roughly 0.04 Angstroms from the

planes defined by their 3. neighboring atoms.
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Table 1. Crystal data and structure refinement for C12H19NOS.

Formula ‘ C12H19 N 05

Formula weight ' 257.28

Temperature ' ' 200(2) K

Wavelength - - 0.71073 A

Crystal system. - ." Monoclinic

Space group P2(1) (No. 4) ’

Unit cell dimensions a= 9.8961(2) A alpha = 90 deg.

b= 9.2301(2) A beta = 104.301(1) deg.
¢ =15.2748(3) A gamma = 90 deg_.<_ -

Volume, Z - 1351.99(5) A”3, 4 - *

Density (calculated) 0 1.264 Mg/mA3

Absorption coefficient - 0.098 mmA-1
F(000) 552 S

Crystal size - 0.25x.0.25 x 0.15 mm

Theta range for data collection 1.38 to 27.47 deg. '
Limiting indices - . -12<=h<=12, -11<=k<=11, -19<=l<=19
Reflections collected 28998

Independent reflections 6191 [R(int) = 0.0520]
Absorption correction None ' S :
Refinement method . Full-matrix least-squares on FA2
Data / restraints / parameters -~ 6191 / 1 / 335
Goodness-of-fit on FA2 1.034 :

Final R indices [I>2sigma(l)] R1=0.0477, wR2.= 0.1069
R indices (all data) R1 =0.0922, wR2 = 0.1318
Absolute structure parameter  0.1(10) :

Largest diff. peak and hole 0.184 and -0.214 &6.AM-3

Table 2. Atomic coordina‘te,s‘(‘ x 1074) and equivalent isotropic
displacement parameters (A”2 x 1013) for C12H19NO5. U(eq) is N

defined as one third of the trace of the orthogonalized Uij tensor.

X oy z | ~U(eq)
O(1A) 7688(2) . 8031(2)  5940(1) | 47(1)
O(2A) 9048(2)  5101(2) . 6086(1) 48(1)
O(3A) 7819(2)  3037(2) 5854(1) 44(1)

=1 =
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O(4A) 5687(2)  6779(2) 5882(1) 40(1)
- O(BA)  5554(2)  55542)  7887(1) 53(1)
N(1A) . 6006(2) 3780(2)  6901(1)  43(1)
C(1A) 7175(3)  6705(3)  6144(2)  39(1)
C(2A) 7688(3) 5543(3) . 5609(2)  40(1)
C(3A) 6823(3) - 4128(3) 5466(2) 39(1)
C(4A) 5611(3)  4064(3)  5925(2) 38(1)
C(5A) 5046(3)  5547(3) . 6160(2)  38(1)
C(6A)  7434(4) 9190(3) 6492(2) 58(1)
C(7A)  9162(3)  3603(3) 5897(2)  43(1)
C(8A)  10187(3) = 2920(4)  6691(2) 64(1)
C(9A)  9568(3) 3393(4)  5014(2) . 55(1)
C(10A) 5573(3)  5065(3) 7150(2) 41(1)
C(11A) 6267(4) 2415(3) 7382(2) " 61(1)
C(12A) 3498(3) 5769(4) 5894(2) 54(1)
O(1B) ~ 6589(2)  7857(2)  533(1)  50(1)
O(2B) 8737(2) 5791(2)  274(2) 58(1)
O(3B) 8542(2) 3374(2) ~  385(1) 52(1)
O(4B) 5573(2) 5918(2) ~ 1035(1)  38(1)
O(5B) - 7099(2) 5046(2) 3125(1) 57(1)
N(1B) - 7674(2) 3570(3) - 2017(1)~  45(1)
C(1B) '6847(3) '6470(3) 889(2) 41(1)
C(2B) 7291(3) 5550(3) 191(2) 42(1)
C(3B) 7163(3) 3908(3)  314(2) 43(1)
C(4B) 6671(3) 3442(3)  1132(2) 40(1)
C(5B) 5748(3) 4571(3) 1495(2) 37(1)
C(6B) 6613(4) 8954(3) 1188(2) 62(1)
C(7B) 9324(3) 4472(4) 69(2) 52(1) -
C(8B) 10808(3)  4398(5) = 590(2) = 75(1) -
C(9B) 9158(4)  4318(5)  -943(2)  75(1)
C(10B) 6923(3) 4517(3)  2375(2) 43(1)
C(11B) 8828(4) 2644(4) ©  2442(2) 64(1)
C(12B) 4350(3) 4058(3) (2) 48(1)

3(3) 1575

Table 3. Selected bond lengths [A] and angies [deg] |
for C12H19NOs. .
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C(3B)-C(4B)-C(5B) 115.9(2) -
" N(1B)-C(4B)-H(4B) 1M .68(_1 4)
C(3B)-C(4B)-H(4B) 111.7(2)
C(5B)-C(4B)-H(4B) 111.68(13)
O(4B)-C(5B)-C(12B) - 108.4(2)
O(4B)-C(5B)-C(10B) 115.6(2)
C(12B)-C(5B)-C(10B) - 115.6(2)
O(4B)-C(5B)-C(4B) - 114.6(2)
C(12B)-C(5B)-C(4B) 116.6(2)
C(10B)-C(5B)-C(4B) 84.7(2)
O(1B)-C(6B)-H(6D) - 109.5(2)
O(1B)-C(6B)-H(6E) 109.5(2)
H(6D)-C(6B)-H(6E) 109.5
O(1B)-C(6B)-H(6F) 109.5(2)
H(6D)-C(6B)-H(6F) . - 1095
H(6E)-C(6B)-H(6F) 109.5
O(2B)-C(7B)-O(3B) 104.4(2)
O(2B)-C(7B)-C(8B) 109.0(3)
O(3B)-C(7B)-C(8B) 109.4(3)
O(2B)-C(7B)-C(98B) 111.0(3)
0O(3B)-C(7B)-C(9B) 110.2(3)
C(8B)-C(7B)-C(9B) 112.6(3)
C(7B)-C(8B)-H(8D) 109.5(2)
C(7B)-C(8 B)-H(8E) 109.5(2)
H(8D)-C(8B)-H(8E) 109.5
C(7B)-C(8B)-H(8F) 109.5(2)
H(8D)-C(8B)-H(8F) 109.5
H(8E)-C(8B)-H(8F) 109.5
C(7B)-C(9B)-H(9D) 109.5(2)
C(7B)-C(9B)-H(9E) . 109.5(2)
H(9D)-C(9B)- -H(9E) 109.5
C(7B)-C(9B)-H(9F) 1109.5(2)
H(9D)-C(9B)-H(9F) 109.5
H(9E) -C(9B)-H(9F) 109.5
O(5B)-C(10B)-N(1B) = 132.6(3)
O(5B)-C(10B)-C(5B) 135.0(3)
N(1B)-C(10B)-C(5B) 92.3(2)
N(1B)-C(11B)-H(11D) 109.5(2)
N(1B)-C(11B)-H(11E) 109.5(2)
H(11D)-C(11B)-H(11E) - 109.5
N(1B)-C(11B)-H(11F) 109.5(2)
H(11D)-C(11B)-H(11F) 109.5

- ]0_
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H(11E)-C(11B)-H(11F) 109.5

C(5B)-C(12B)-H(12D) 109.5(2)
C(5B)-C(12B)-H(12E) - - 109.5(2).
H(12D)-C(12B)-H(12E) - 109.5
C(5B)-C(12B)-H(12F) 109.47(14)
H(12D)-C(12B)-H(12F) 109.5

‘H(12E)-C(12B)-H(12F) 109.5

Table 5. Anisotropic displacement parameters (AN2 x 1013) for
C12H19NO5. The anisotropic displacement factor exponent takes the . o
- form: 2pif2 [h2 a2 U1 + ... +2hka*b* U12]

- U23 u13 Uiz

A1) 30(1)  -9(1)

-11(1)  10(1) -1(1)
1(1) 14(1) 4(1)
6(1) 18(1)  1(1)
0(1) 30(1) -2(1),
2(1)  21(1) 1(1)
2(1).  17(1) -4(1)
-1(1) 13(1) -2(1)
-3(1)  10(1) 1(1)
-5(1) © 10(1)  -3(1)
0(1) 14(1) -3(1)

-13(1) 33(2) -9(
-5(1)  13(1) 5(1
3(2) 8(2) 9(2)
-8(2)  19(2) 4(2)
3(1)  19(1) -3(1)
11(1)  37(2) 7(2)

-2(2) 14(1) - 1(1)
5(1) 20(1) 5(1)
-9(1) 35(1) -2(1)
1(1) ) 12(1)

21(1




Q(4B) - 39(1)
o(5B)  70(1)
N(1B) 48(1)
C(1B) 43(2)
C(2B) 37(1)
C(3B) 39(2)
C(4B) 43(2)
C(5B) 40(2)
C(eB) 72(2)
C(7B) 42(2)
C(8B) 47(2)
(9B) 71(2)
(10B) 49(2)
(11B). 64(2
(12B) 44(2)
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42(1)  -1(1) 12(1) 3(1)
38(1)  -5(1) 10(1) ~ 6(1)
41(1) ~ 5(1) 12(1) 9(1)
46(2) 4(1) 14(1) 2(1)
o38(1)  3(1)  12(1) 0 5(1)
45(2) -7(1) 13(1)  3(1)
48(2) -4(1) 13(1) - 0(1)
38(1) 1(1) - 11(1) 1(1)
77(2) -6(2) 20(2) 6(2)
(2) -7(2) - 18(1) 4(2)
80(2) -14(2) 14(2). 8(2)
57(2) 2(2) 31(2) 12(2)
42(2) - 2(1)  12(1) -~ 0(1)
56(2) . 15(2) 14(2)  24(2)
61(2)  -10(1) 22(1) -5(1)

~ Table 6. Hydrogen coordinates ( x 1074) and isotropic
displacement parameters (A2 X 1013) for C12H19NOS.

y z Ueq)
H(1A) 7502(3) 6503(3) 6806(2) 47
H(2A) 7728(3) 5945(3) - 5008(2) 48
H(3A) 6466(3)  3942(3) 4804(2) 47
H(4A) 4846(3) 3408(3) 5599(2) 45
"H(6A) 7936(19)  10056(8) 6376(11) 86
H(6B) 7759(21) 8917(10) 7130(2) 86
H(6C) 6432(4)  9396(16)  6352(11) 86
H(8A) 9866(14)  3075(24)  7242(3) 96
H(8B) 11106(7) 3365(19) . 6762(11) 96
H(8C) 10250(20) 1878(6) 6585(8) 96
H(9A) 8877(12) 3861(19) 4525(3) 82
H(98B) 9605(21) 2355(4)  4887(7) = 82
H(9C) 10487(10) 3826(20) 5058(5) 82
H(11A) 2547(7) 8001(5) 92

6174(25)

-12-
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H(11B) 7213(9) 2083(13)  7397(14) 92
H(11C) = 5591(16) 1692(8) 7073(9) 92
H(12A) 3250(4) 6576(15) 6241(11) -~ .81
H(12B) 3031(3) 4885(9)  6019(14) 81
H(12C) 3203(4) . 5991(23) 5247(4) = 81 -
H(1B) 7591(3) 6489(3) 1466(2) 49
- H(2B) 6749(3) - 5838(3) -427(2) - 50
- H(3B) 6522(3) . 3496(3) -241(2) 51
- H@4B)  6225(3) 2463(3) - 1046(2) = 49
H(6D) 6289(23) 9870(7) 883(2) 92
H(6E) = 7567(6) 9073(18)  1559(11) 92
H(6F) 5998(19)  8677(12) 1574(10) 92
H(8D) 10862(4) 4514(31) 1236(3) 113
H(8E) 11339(7) . 5173(19) 391(14) - 113
H(8F)  11201(9) - .3457(13)  487(15) 113
H(9D) 8170(5) 4404(31)  -1256(3) 113
H(9E) - 9507(27) 3369(13)  -1072(3) 113
H(9F) 9690(24) = 5082(19)  -1153(4) 113
11D) 9244(16) 2995(15)  3055(6) 97
11E 9530(12)  2658(20)  2089(9) 97
)

12D) 3937(9) 4786(10)  1898(12). 72
12E) 4456(4) 3142(11)  1909(12) 72

H(

H(11E)

H(11F) 8491(6) 1651(6)  2471(14 97
H(

H(

H(12F) 3741(7)  -8911(21)  970(2) 72

-13-
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Spectra—'H NMR and "C NMR
Compound #2, 4, 5, 6a/b mix ('H only), 8, 10, 15, 16, 17, 18a, 20, 21, 22a, 23
I
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