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Methyl 5-N-acetyl-7-0-acetyl-4-azido-2,3-didehydro-2,4-dideoxy-neuraminic acid (4azido-Neu2en5,7
Acy1Me) was synthesized regioselectively starting from 4azido-Neu2en5Ac1Me in high yield. The trans-
formation of 4azido-Neu2en5,7Ac,1Me to the corresponding thermodynamically stable 4azido-Neu2e-
n5,9Ac;1Me via intramolecular acetyl migration was confirmed by single-crystal X-ray diffraction
analysis. The proposed rearrangement mechanism is discussed.

© 2008 Published by Elsevier Ltd.

5-Acetamido-3,5-dideoxy-p-glycero-p-galacto-non-2-ulopyrano-
so nic acid (Neu5Ac, 1) and its derivatives are significant carbohy-
drates that play important roles in the construction of biological
molecules.’~3 In an effort to learn more about the involvement of
Neu5Ac derivatives substituted in the glycerol chain in biological
processes with retention of amino or guanido groups at C-4,41°
an efficient preparation of this class of compounds would provide
easy access to various structural congeners required for further
structure-activity relationships study. 4Azido-Neu2en5Ac1Me (2)
was a versatile intermediate for such kind of research since it
can be easily transformed into amino or guanido derivatives. Here-
in, we report our efforts on the first efficient and regioselective
synthesis of the 7-O-acetylated form of 4azido-Neu2en5Ac1Me
(Schemes 1 and 2).
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4-Azido-Neu2en5,7,8,9Acs1Me, prepared from Neu5Ac in good
yield,!! was deacetylated with NaOMe in MeOH to give compound
2'2 in 96% yield. Without separation, compound 2 was reacted
with acetone using Dowex 50W-X8 (H") resin as a catalyst to give
protected compound 3'® in 80% yield. Treatment of compound 3
with either propionic, butyric, methoxyacetic, benzoic or acetic
anhydride in pyridine under the catalysis of 4-dimethylaminopyr-
idine (DMAP)'* afforded the corresponding acylated compounds
4a-e in 95-98% yield.

Hydrolysis of 4a-d with water in the presence of Dowex 50W-
X8 (H") resin yielded the corresponding 7-O-acylated compounds.
Due to their unstable character, these compounds were difficult to
purify via crystallization and column chromatography, as indicated
by LC-MS. Fortunately, compound 4e could be converted into pure
compound 5 by hydrolysis and crystallization from EtOAc. Com-
pound 5 was stable when stored in desiccators or in common sol-
vents such as MeOH, CH,Cl, and EtOAc at room temperature,
while it was unstable in acidic media. It is interesting to note that
compound 5 in MeOH began to transform into the thermodynam-
ically stable compound 6 at 40 °C (Scheme 2). Furthermore, no 8-
O-acetylated product was found during the rearrangement. It
was postulated that the intramolecular transfer of the acetyl group
proceeded via the cyclic intermediates of orthoesters 7 and 8
(Scheme 3).1°

All structures of new compounds were confirmed by elemen-
tal analysis, '"H NMR, and '3C NMR spectroscopy. The evident
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Scheme 1. Reagents and conditions: (a) Dowex 50W-X8 (H*) resin, Me,CO, 80%; (b) anhydrides, Py, DMAP, 10-24 h; 95-98%.
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Table 1
Chemical shifts (ppm) in the '"H NMR spectra (Me,SO-dg) of 2,'? 5, and 6

4-H 5-H 6-H 7-H 8-H 9-H, 9-H,
2 4.50 3.95 415 3.44 3.65 3.65 3.44
5 4.30 4.02 4.86 4.37 3.79 3.33 3.20
6 4.42 3.94 341 4.17 3.83 4.27 3.94

difference between compounds 2,'2 5, and 6 was elucidated by the
chemical shifts of C-H in the '"H NMR spectra (Table 1). The obvi-
ous deviation of proton chemical shift was consistent with intro-
duction and the position change of the O-acetyl group. An
unambiguous confirmation of compound 6 was provided by X-
ray crystal analysis. Figure 1 illustrates the structure, conformation,
and atom numbering system of compound 6.

1. Experimental
1.1. General methods

The reactions were performed with the use of commercial
reagents and distilled solvents purified according to standard pro-
cedures. Optical rotations were recorded using a Perkin-Elmer 241
polarimeter. '"H NMR spectra and '*C NMR spectra were obtained
in CDCl; or Me,SO-dg on a Bruker AMX-400/600 equipment at
300 MHz or 400 MHz using TMS as an internal standard at room
temperature. The chemical shifts (5) are recorded in ppm relative
to CDCl; (6 =7.26) or Me,SO-dgs (6 =2.50) for proton and CDCls
(6 =77.0) or Me,SO-dg (6 =39.5) for carbon. Melting points were
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Figure 1. Crystal structure of 6 showing 50% probability displacement for
ellipsoids.

determined by using the capillary method on a Buchi-510 melting
point apparatus and are uncorrected. The mass spectrum was
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recorded on a Finnigan MAT-95/711spectrometer. High-resolution
mass spectra (HRMS) were recorded on an FTMS spectrometer. Ele-
mental analyses were performed on a Carlo Erba 1106 analyzer.

1.2. Preparation of methyl 5-acetamido-2,6-anhydro-4-azido-
3,4,5-trideoxy-8,9-0-isopropylidene-p-glycero-n-galacto-non-2-
enonic acid (3)"

Methyl 5-acetamido-2,6-anhydro-4-azido-3,4,5-trideoxy-p-gly-
cero-np-galacto-non-2-enonic acid 2 (724 g, 2.7 mmol) was dis-
solved in acetone (360 mL), and Dowex 50W x 8X (H") resin
(10 g) was added to the resulting soln while stirring at room tem-
perature to adjust pH to 4. The mixture was then stirred for 3 h.
Then, the soln was filtered and evaporated to give an oil, then sat-
urated aq sodium hydrogen carbonate (100 mL) and CH,Cl,
(200 mL) were added. After separation, the aq layer was extracted
with CH,Cl; (3 x 100 mL). All organic layers were combined,
washed with brine (200 mL), dried over anhyd sodium sulfate,
and the solvent was removed by distillation under diminished
pressure to give a white solid, which was of sufficient quality for
use in the next step. An analytically pure sample was obtained
via silica gel column chromatography (1:2 hexane-EtOAc). Yield:
21.5 g (80%); [«]3’ +158 (c 0.42, CHCls), lit.!* +161; mp 95-97 °C;
Rr 0.55 (20:1 CH,Cl,-MeOH); 'H NMR (300 MHz, CDCl5): § 5.95
(d, 1H, J 2.5 Hz, H-3), 5.85 (d, 1H, J 8.0 Hz, NH), 5.35 (dd, 1H, J
2.0, 5.3 Hz, H-7), 4.67 (dd, 1H, J 2.5, 9.0 Hz, H-4), 4.64 (dd, 1H, J
1.9, 11.2 Hz, H-6), 4.38 (dd, 1H, J 6.1, 11.7 Hz, H-8), 4.14 (dd, 1H,
J 6.2, 9.0 Hz, H-9), 3.96 (dd, 1H, J 6.1, 8.8 Hz, H-9), 3.81 (s, 3H,
CO,Me), 3.60 (dd, 1H, J 8.7, 18.6 Hz, H-5), 2.14 (s, 3H, OAc), 2.01
(s, 3H, NAc), 1.37 (s, 3H, CHs), 1.35 (s, 3H, CH3); '>C NMR
(400 MHz, CDCl3): & 20.73, 20.85, 23.30, 48.67, 52.58, 57.56,
61.96, 67.73, 70.82, 75.69, 107.50, 145.15, 161.50, 170.42,
170.64; HRESIMS: calcd for Ci5H,;N40;Na [M+Na]*: 393.1386;
found: m/z 393.1397.

1.3. General procedure for the preparation of methyl 5-
acetamido-7-0-acyl-2,6-anhydro-4-azido-3,4,5-trideoxy-8,9-0-
isopropylidene-p-glycero-p-galacto-non-2-enonic acid (4a-e)

A suspension of methyl 5-acetamido-2,6-anhydro-4-azido-3,4,
5-trideoxy-8,9-0-isopropylidene-p-glycero-p-galacto-non-2-enonic
acid 3 (100 mg, 0.27 mmol) in pyridine (1.0 mL) was treated with
DMAP (4 mg). The resulting mixture was cooled in an ice-water
bath while propionic anhydride, butyric anhydride, methoxyacetic
anhydride, benzoic anhydride, or acetic anhydride (0.54 mmol)
was added dropwise, respectively. After stirring for 10-24 h at
room temperature the mixture was concentrated to give an oil
which was dissolved in EtOAc (6 mL) and washed sequentially
with 1 M hydrochloric acid (2 x 3 mL), saturated aq sodium hydro-
gen carbonate (3 x 3 mL), and finally brine (3 mL). The organic
layer was then dried over MgS0O,4, concentrated, and the residues
were purified by column chromatography or recrystallization.

1.3.1. Methyl 5-acetamido-2,6-anhydro-4-azido-3,4,5-trideoxy-
8,9-0-isopropylidene-7-0-propionyl-b-glycero-bp-galacto-non-2-
enonic acid (4a)

The residue was chromatographed on silica gel with 1:1 EtOAc-
petroleum ether to give 4a (111 mg, 96%); white solid; [oc]?,o +48.1
(c 0.48, MeOH); mp 63-64°C; Rf 0.28 (1:1 EtOAc-petroleum
ether); "H NMR (400 MHz, CDCl;): 6 5.95 (d, 1H, J 2.6 Hz, 3-H),
5.85 (d, 1H, J 7.7 Hz, NH), 5.37 (dd, 1H, J 1.9, 5.2 Hz, 7-H), 4.72
(dd, 1H, J 2.7, 9.1 Hz, 4-H), 4.66 (dd, 1H, J 1.8, 10.6 Hz, 6-H), 4.37
(dd, 1H, J 6.2, 11.6 Hz, 8-H), 4.14 (dd, 1H, J 6.1, 9.0 Hz, 9-Ha),
3.95 (dd, 1H, J 6.3, 9.0 Hz, 9-Hb), 3.80 (s, 3H, CO,Me), 3.53 (dd,
1H, J 8.7, 18.5 Hz, 5-H), 2.43 (m, 2H, CH,), 2.01 (s, 3H, NAc), 1.36
(s, 3H, CH3), 1.34 (s, 3H, CH3), 1.16 (t, 3H, J 7.6 Hz, CH3); '3C NMR

(400 MHz, CDCl3): 6 8.94, 23.39, 25.21, 26.41, 27.43, 49.81, 52.46,
56.73, 65.52, 68.77, 74.72, 75.27, 107.48, 108.86, 145.01, 161.57,
170.82, 174.27; HRESIMS: calcd for CigHysN40gNa [M+Na]™:
449.1648; found: m/z 449.1636. Anal. Calcd for C;gHsN4Og: C,
50.70; H, 6.15; N, 13.14. Found: C, 50.71; H, 6.19; N, 12.88.

1.3.2. Methyl 5-acetamido-2,6-anhydro-4-azido-3,4,5-trideoxy-
7-0-n-butyryl-8,9-0-isopropylidene-p-glycero-bp-galacto-non-2-
enonic acid (4b)

The residue was chromatographed on silica gel with 3:7 EtOAc-
petroleum ether to give compound 4b (114 mg, 96%); white solid;
[#)2° +41.6 (c 0.65, MeOH); mp 126-128 °C; R; 0.41 (1:1 EtOAc-
petroleum ether); 6 5.95 (d, 1H, J 7.9 Hz, NH), 5.94 (d, 1H, J
2.8 Hz, 3-H), 5.36 (dd, 1H, J 1.7, 5.1 Hz, 7-H), 4.71 (dd, 1H, J 2.7,
9.1 Hz, 4-H), 4.65 (dd, 1H, J 2.0, 10.4 Hz, 6-H), 4.37 (dd, 1H, J 6.1,
11.5Hz, 8-H), 4.13 (dd, 1H, J 6.4, 9.0 Hz, 9-Ha), 3.93 (dd, 1H, J
6.2, 9.0 Hz, 9-Hb), 3.80 (s, 3H, CO,Me), 3.52 (dd, 1H, J 8.7, 17.4,
18.7 Hz, 5-H), 2.37 (m, 2H, CH,), 2.00 (s, 3H, NAc), 1.65 (m, 2H,
CH,), 1.35 (s, 3H, CH3), 1.33 (s, 3H, CH3), 0.95 (s, 3H, J 7.2 Hz,
CHs); '*C NMR (400 MHz, CDCl5): & 13.66, 18.25, 23.45, 25.25,
26.50, 35.99, 49.80, 52.53, 56.84, 65.61, 68.73, 74.75, 75.37,
107.55, 108.93, 145.07, 161.65, 170.93, 173.47; HRESIMS: calcd
for C;oH,gN4OgNa [M+Na]*: 463.1805; found: m/z 463.1804. Anal.
Calcd for Cy9HgN40g: C, 51.81; H, 6.41; N, 12.72. Found: C,
51.92; H, 6.34; N, 12.57.

1.3.3. Methyl 5-acetamido-2,6-anhydro-4-azido-3,4,5-trideoxy-
8,9-0-isopropylidene-7-0-methoxylacetyl-p-glycero-bp-galacto-
non-2-enonic acid (4c¢)

The residue was chromatographed on silica gel with EtOAc
(60%) in petroleum ether to give compound 4c (116 mg, 97%);
white solid; [¢]% +42.0 (c 0.23, MeOH); mp 80-81 °C; R; 0.15 (1:1
EtOAc-petroleum ether); 'H NMR (400 MHz, CDCls): 6 6.50 (d,
1H, J 8.5Hz, NH), 592 (d, 1H, J 2.4 Hz, 3-H), 5.48 (dd, 1H, J
1.5, Hz, 7-H), 4.60 (dd, 1H, J 1.5, 10.5 Hz, 6-H), 4.56 (dd, 1H, J 2.6,
9.5Hz, 4-H), 436 (dd, 1H, J 5.9, 10.7 Hz, 8-H), 4.19 (d, 1H, J
16.8 Hz, CH-H), 4.13 (dd, 1H, J 6.4, 9.1 Hz, 9-Ha), 4.02 (d, 1H, J
16.8 Hz, CH-H), 3.95 (dd, 1H, J 6.2, 9.1 Hz, 9-Hb), 3.78 (s, 3H,
CO,Me), 3.70 (dd, 1H, J 9.2, 19.0 Hz, 5-H), 3.45 (s, 3H, OCH3), 1.99
(s, 3H, NAc), 1.32 (s, 3H, CH3), 1.31 (s, 3H, CHs3); '*C NMR
(400 MHz, CDCl3): 6 23.30, 25.09, 26.42, 49.69, 52.48, 56.81,
59.40, 65.40, 69.36 (2C), 74.67, 75.23, 107.65, 108.85, 144.99,
161.49, 170.25, 170.99; HRESIMS: calcd for C;gH,6N4O09Na
[M+Na]*: 465.1597; found: m/z 465.1579. Anal. Calcd for
Ci1sH26N40g: C, 48.87; H, 5.92; N, 12.66. Found: C, 48.89; H, 5.95;
N, 12.49.

1.3.4. Methyl 5-acetamido-2,6-anhydro-4-azido-7-0-benzoyl-
3,4,5-trideoxy-8,9-0-isopropylidene-p-glycero-p-galacto-non-2-
enonic acid (4d)

The residue was chromatographed on silica gel with 2:3 EtOAc-
petroleum ether to give 4d (126 mg, 98%); white solid; [o]2° +51.0
(c 0.24, MeOH); mp 166-167 °C; Rf 0.37 (1:1 EtOAc-petroleum
ether); "H NMR (400 MHz, CDCl): § 8.06 (d, 2H, J 7.2 Hz, 2-H
and 2'-H), 7.61 (t, 1H, J 7.5 Hz, 4'-H), 7.47 (d, 1H, J 7.4 Hz, 3-H
and 3'-H), 6.04 (d, 1H, J 7.1 Hz, NH), 5.94 (d, 1H, J 2.7 Hz, 3-H),
5.62 (d, 1H, J 1.6, 4.7 Hz, 7-H), 5.08 (dd, 1H, J 2.7, 9.3 Hz, 4-H),
5.00 (dd, 1H, J 1.5, 10.3 Hz, 6-H), 4.51 (dd, 1H, J 6.0, 11.0 Hz,
8-H), 4.23 (dd, 1H, J 6.2, 9.1 Hz, 9-Ha), 4.16 (dd, 1H, J 6.1, 8.9 Hz,
9-Hb), 3.82 (s, 3H, CO,Me), 3.20 (ddd, 1H, J 7.3, 9.6, 17.1 Hz,
5-H), 2.06 (s, 3H, NAc), 1.34 (s, 3H, CH3), 1.25 (s, 3H, CHs); '3C
NMR (400 MHz, CDCls): 6 23.57, 25.28, 26.47, 51.78, 52.49, 55.80,
65.62, 69.93, 74.89, 75.29, 107.70, 109.04, 128.64 (2C), 129.03,
130.01 (2C), 133.74, 145.05, 161.66, 166.37, 171.34; HRESIMS:
caled for CyHyeN4OgNa [M+Na]': 497.1648; found: m/z
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497.1649. Anal. Calcd for C3Hy6N40g: C, 55.69; H, 5.52; N, 11.81.
Found: C, 55.83; H, 5.63; N, 11.55.

1.3.5. Methyl 5-acetamido-7-0-acetyl-2,6-anhydro-4-azido-
3,4,5-trideoxy-8,9-0-isopropylidene-p-glycero-p-galacto-non-2-
enonic acid (4e)

The residue was crystallized with EtOAc-petroleum ether to
give 4e (106 mg, 95%); white solid; [«]2 +60.8 (c 0.38, MeOH);
mp 155-156 °C; Ry 0.55 (20:1 CH,Cl,-MeOH); 'H NMR (400 MHz,
CDCl3): & 5.95 (d, 1H, J 2.7 Hz, H-3), 5.77 (d, 1H, J 8.1 Hz, NH),
5.35 (dd, 1H, J 1.9, 5.4 Hz, H-7), 4.70 (dd, 1H, J 2.6, 9.1 Hz, H-4),
4.65 (dd, 1H, J 1.6, 10.4 Hz, H-6), 4.38 (dd, 1H, J 6.2, 10.6 Hz, H-
8), 4.14 (dd, 1H, J 6.3, 9.0 Hz, H-9), 3.96 (dd, 1H, J 6.3, 9.0 Hz, H-
9), 3.81 (s, 3H,CO,Me), 3.57 (dd, 1H, J 8.7, 18.3 Hz, H-5), 2.14 (s,
3H, OAc), 2.01 (s, 3H, NAc), 1.37 (s, 3H, CH3), 1.35 (s, 3H, CHs);
13C NMR (400 MHz, CDCls): & 20.94, 23.36, 25.31, 26.47, 52.54,
52.71, 57.40, 65.62, 68.96, 74.81, 75.66, 107.62, 108.96, 145.18,
161.66, 170.85, 170.99; HRESIMS: calcd for Cy7H;5N4Os:
413.1672 [M+H]*; found: m/z 413.1651. Anal. Calcd for
C17H24N40g: C, 49.51; H, 5.87; N, 13.59. Found: C, 49.17; H, 6.07;
N, 13.59.

1.4. Methyl 5-acetamido-7-0-acetyl-2,6-anhydro-4-azido-3,4,5-
trideoxy-p-glycero-p-galacto-non-2-enonic acid (5)

Methyl 5-acetamido-7-0O-acetyl-2,6-anhydro-4-azido-3,4,5-tri-
deoxy-8,9-0-isopropylidene-p-glycero-p-galacto-non-2-enonic acid
4e (13 g, 37 mmol) was dissolved in water (390 mL), and then
Dowex 50W x 8X (H*) resin (5 g) was added to adjust pH to 4.
After reaction for 3 h, the resulting soln was filtered and evapo-
rated to give a foam, then EtOAc was added to crystallize the title
compound 5 (8.9 g, 76%); white solid; [¢]Z +55.9 (c 0.49, MeOH);
mp 174-175°C; Ry 0.18 (EtOAc); 'H NMR (400 MHz, Me,SO-dg):
6 8.10 (d, 1H, J 9.8 Hz, NH), 5.85 (d, 1H, J 2.5 Hz, 3-H), 5.74 (s,
1H, OH), 4.86 (dd, 1H, J 1.9, 9.5Hz, 6-H), 4.37 (dd, 1H, J 1.9,
10.3 Hz, 7-H), 4.30 (dd, 1H, J 2.6, 9.3 Hz, 4-H), 4.02 (ddd, 1H,
J 8.6, 19.2 Hz, 5-H), 3.79 (ddd, 1H, J 3.7, 7.3, 10.6 Hz, 8-H), 3.74
(s, 3H, CO,Me), 3.33 (dd, 1H, J 3.5, 11.5 Hz, 9-H), 3.20 (dd, 1H, J
7.3, 11.2 Hz, 9-H), 1.94 (s, 3H, OAc), 1.76 (s, 3H, NAc); '>*C NMR
(400 MHz, Me,SO-dg): 6 20.84, 22.67, 46.26, 52.42, 59.05, 63.24,
68.25, 69.45, 75.97, 108.11, 145.14, 161.51, 169.25, 169.67; HRE-
SIMS: caled for Ci4Hy1N4Og: 373.1359 [M+H]*; found: m/z
373.1356. Anal. Calcd for C;4H,9N40g 0.1 MeCOOEt: C, 45.38; H,
5.50; N, 14.70; Found: C, 45.67; H, 5.49; N, 14.47.

1.5. Methyl 5-acetamido-9-0-acetyl-2,6-anhydro-4-azido-3,4,5-
trideoxy-p-glycero-p-galacto-non-2-enonic acid (6)

A stirred soln of methyl 5-acetamido-7-0-acetyl-2,6-anhydro-
4-azido-3,4,5-trideoxy-p-glycero-p-galacto-non-2-enonic acid 5
(300 mg, 0.81 mmol) in MeOH (50 mL) was heated at reflux for
48 h. The solvent was evaporated under diminished pressure, and
the resulting mixture was chromatographed (silica gel, 50:1
CH,Cl,-MeOH) to give 6 as a white solid. Single crystals suitable
for X-ray analysis were obtained by slow evaporation of an
EtOAc-MeOH soln at 298 K. Yield: 240 mg (80%); [«]2’ +74.2 (c
0.99, MeOH); mp 194-195°C; R; 036 (EtOAc); 'H NMR
(300 MHz, Me,SO-dg): 5 8.10 (d, 1H, J 9.8 Hz, NH), 5.85 (d, 1H, J
2.5Hz, 3-H), 5.74 (s, 1H, OH), 4.86 (dd, 1H, J 1.9, 9.5 Hz, 6-H),
437 (dd, 1H, J 1.9, 10.3 Hz, 7-H), 4.30 (dd, 1H, J 2.6, 9.3 Hz, 4-H),
4.02 (ddd, 1H, J 8.6, 19.2 Hz, 5-H), 3.79 (ddd, 1H, J 3.7, 7.3,
10.6 Hz, 8-H), 3.74 (s, 3H, CO,Me), 3.33 (dd, 1H, J 3.5, 11.5Hz,
9-H), 3.20 (dd, 1H, J 7.3, 11.2 Hz, 9-H), 1.94 (s, 3H, OAc), 1.76
(s, 3H, NAc); '3C NMR (400 MHz, Me,SO-dg): & 20.83, 22.68,
47.56, 52.34, 58.09, 66.76, 66.86, 68.21, 76.40, 107.27, 145.23,
161.65, 170.47, 171.92; HRESIMS: calcd for C;4H;;N4Og [M+Na]*:

373.1359; found: m/z 373.1359. Anal. Calcd for Cy4H»oN4Os: C,
45.16; H, 5.41; N, 15.05. Found: C, 45.24; H, 5.34; N, 15.09.

1.6. X-ray crystallographic data

Crystal data were collected using a Bruker SMART APEX CCD
area detector diffractometer. A full sphere of the reciprocal space
was scanned by phi-omega scans. Semi-empirical absorption
correction based on redundant reflections was performed by the
program sapass.'® The structures were solved by direct methods
using sHerxs-97'7 and refined by full matrix least squares on F?
for all data using sHeix1-97.'® The hydrogen atom treatment varied
depending on the crystal quality. All H atoms were placed in
geometrically idealized positions and constrained to ride on their
parent atoms, with C-H=0.93-096 A, N-H=0.86 A, and Ui, =
1.2U¢q(C) or (N). The crystal structure of 6 was refined to
Ry =0.0413 (4579 reflections, all unique) and R, =0.0364 (3007
reflections with Fo > 20(Fp)) by the full-matrix least-squares meth-
od using the suex-97'® program based on 241 parameters.

Supplementary data

Complete crystallographic data for the structural analysis have
been deposited (Deposition No. CCDC 676214) with the Cambridge
Crystallographic Data Center. These data may be obtained, on
request, from The Director, CCDC, 12 Union Road, Cambridge, CB2
1EZ, UK (tel.: +44-1223-336408; fax: +44-1223-336033; e-mail:
deposit@ccdc.cam.ac.uk or via www: http://www.ccdc.cam.ac.uk).
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