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Abstract

The structures of four alkaloids extracted from Lycopodium lucidulum (Lycopodiaceae) were established by X-ray and 2D
NMR spectroscopic analyses. The dihydro-derivative of oxolucidine A, which was obtained by NaBH, reduction of oxolucidine
A, was treated with p-bromobenzoyl chloride to afford crystals, whose X-ray crystallographic analysis established the
stereostructure, including the absolute configuration. The 2D NMR spectra of tetrahydrodeoxylucidine B were fully analyzed to
establish the full structure of lucidine B, and the hitherto unknown stereochemistry at the C-14 position was established as -H.
The structure of a new alkaloid, lucidulinone, was determined by spectroscopic analysis to be luciduline lactam. © 2000 Elsevier

Science Ltd. All rights reserved.
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1. Introduction

Lycopodium plants have long been studied and many
alkaloids have been reported thus far (Ayer, Bere-
zowsky & Law, 1963; Ayer, Masaki & Nkunika, 1968;
Ayer, Altenkirk, Burnell & Moinas, 1969; Ayer &
Altenkirk, 1969; Ayer, Browne, Nakahara, Tori & Del-
baere, 1979; Ayer, Ball, Browne, Tori, Delbaere & Sil-
verberg, 1984; Ayer & Trifonov, 1994). Most of the
compounds reported have a common formula of C;oN
or CigN (Ayer & Trifonov, 1994) and representative
compounds 1-17 including several specific to this
study, are shown. Among them we have previously
reported several C;oN; alkaloids (Ayer et al., 1979)
including lucidine B (1) and lucidine A (8) and their
congeners. Lucidine B (1) was correlated by chemical
conversions (Ayer et al., 1979), and crystals of spirolu-
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cidine (16) were subjected to X-ray analysis (Ayer et
al., 1984). However, the structures of the remaining al-
kaloids were too complicated to solve either by simple
NMR spectroscopic techniques or by simple degra-
dation procedures. Thus, further studies in this area
were held in abeyance. Recently, huperzine was iso-
lated from Huperzia serrata (= L. serratum) (Lycopo-
diaceae) as a potent inhibitor of acetylcholine esterase
(Liu et al., 1986; Zhou et al., 1993). We also tested our
sample collections of Lycopodium alkaloids for their
anti-choline esterase activity, however, none were as
active as huperzine (Liu et al., 1986; Ayer, Ma, Liu,
Huang, Schultz & Clardy, 1994). This prompted a
reinvestigation of the chemical constituents of the L.
lucidulum extracts. As reported previously, lucidines A
(8) and B (1) produce oxolucidines A (9) and B (2), re-
spectively, on exposure to air (Ayer et al., 1979). This
occurs due to the readily oxidizable imino group pre-
sent in the structure (Cohen & Witkop, 1955). Further-
more, because of its acetamide moiety, its NMR
spectrum is not easy to analyze at room temperature
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(Nkunika, 1967; Ball, 1971). Therefore, tetrahydro-
deoxyoxolucidine B (6), which was derived from 4 by
LiAlH,4 reduction, was converted to the dibenzoate 7,
and a crystal of which was used for X-ray analysis
(Ayer et al., 1979). However, the stereochemistry at
the C-14 position of lucidine B (1) itself was unknown.
We now report the full structure of lucidine B (1) and
oxolucidine A (9), as well as lucidulinone (17), based
on X-ray and 2D-NMR spectroscopic analyses.

2. Results and discussion

Separation of lucidines A (8), B (1), oxolucidines A
(9), B (2), and lucidulinone (17) was carried out by CC
on alumina with different activities, followed by
reversed-phase HPLC (Develosil ODS UG-5) using
CH3CN*H20 (73) Lucidine B (1), C30H49N30, was
treated with LiAlH4 in THF under reflux to afford tet-
rahydrodeoxylucidine B (5), C3;oHs3N3, which was
fully analyzed using "H-NMR spectroscope techniques.
The molecular formula, C3yHs3N3, was determined by
HREIMS and the '3C-NMR spectrum suggested the
molecule lacked any oxygenated functionality. The 'H-
NMR spectrum showed the presence of an N-methyl
group at 02.11 (s) and ten protons adjacent to the
nitrogen atoms, two of which were methylene protons
of an N-ethyl group. Because the resonances of some
protons were highly congested in CDCl;, the NMR
solvent was changed to CgDg. Its HSQC spectrum
revealed the eight carbons next to the nitrogen atoms,
one of which was the N-methyl group [dy 2.10(s);
Oc 44.0 (CH3)]. The other characteristic peak was the
methylene group of an N-ethyl group (C-1") (dn 2.40
(g,J = 7.1 Hz); oc 48.5 (CH,)). Long-range correlation
peaks between the N-methyl group and two carbons
(0c 68.2 (CH,), 65.6 (CH)) attached to this nitrogen
atom were also detected (Fig. 1). Therefore, the two

Fig. 1. Selected long-range correlations for 5.

Fig. 2. NOEs around C-13 ~ C-17 for §

carbons were assigned to C-2 and C-6, respectively.
The assignment of C-2’ and C-6" was carried out simi-
larly by long-range correlations between the N-ethyl
group and the methine (Jc 54.5) and methylene
(0c 46.2) carbons. The protons attached to these car-
bons were also assigned using the HSQC spectrum.
Thus, six of the eight carbons adjacent to the nitrogen
atoms were assigned, and the other two carbons
should be C-13 (d¢ 59.2) and C-17 (¢ 55.6).

The proton at oy 3.03 (br s) attached to the carbon
at oc 59.2 (C-13) showed a correlation with the carbon
at oc 55.6 (C-17). Furthermore, the proton at oy 2.75
(t,J = 13 Hz), one of the methylene protons attached
to dc 40.1 (C-11), had a correlation with the carbon at
oc 59.2 (C-13). Because the carbon at o¢ 40.1 (C-11)
could be correlated with C-10, 5, and 6, the resonance
at oc 59.2 should be due to C-13, and that at dc 55.6
due to C-17. The other assignments were made by
analysis of the COSY, HSQC, HMBC, and HSQC-
TOCSY spectra. The NOESY spectrum indicated that
H-13 and H-17 were on the same side of the molecule
(Fig. 2 ). Moreover, H-13 also had a correlation peak
with H-14. Therefore, these three protons are on the
same side of the molecule. Since the rest of the con-
figuration was verified by X-ray analysis of compound
7 (Ayer et al., 1979), the full structure of lucidine B (1)
was established as depicted in the formula.

Oxolucidine A (9) was converted into dihydrooxolu-
cidine A (11) C50H5N50,, by treatment with NaBH,
in MeOH. This in turn was treated with p-bromoben-
zoyl chloride with triethylamine in CH,Cl, to afford
14 as crystals (mp 228-232°C) from MeOH. The 'H-
NMR spectrum of 14 showed the presence of more
than two p-bromobenzoyl moieties and no acetamide
group. The FABMS revealed the multiplet molecular
ion peaks at m/z 1038, 1036, 1034, and 1032 indicating
the presence of all three p-bromobenzoyl groups. Since
it was not easy to analyze its NMR spectrum, X-ray
analysis was performed next to yield a very unusual
structure having two p-bromobenzoyl units at one N-
acetamide position as well as one attached to N-18
(Fig. 3). This type of structure can be found in the lit-
erature (Kira, Zayed & Fathy, 1983), although it is
unusual to obtain such a compound from a simple p-
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Fig. 3. ORTEP drawing of benzoate 14.

bromobenzoylation reaction. In order to confirm this
reaction, N,N-dimethylacetamide was treated with p-
bromobenzoyl chloride to yield compound 15. With
the structure of oxolucidine A (9) established, it is
apparent that the three chiral centers of 9 at the C-17,
5’, and 6’ positions differ from those of oxolucidine B
(2). Because the n value was + 1.081, the absolute con-
figuration of 14 was also determined as depicted in the
formula. Although we have speculated on the biogen-
esis of these compounds (Ayer et al., 1979), it is still
necessary to accumulate examples of this type of alka-
loids. It is interesting to note that the X-ray structure
of compound 14 shows that the cis-decahydroquinoline
rings adopt the chair forms similar to those of oxoluci-
dine B (2) and spirolucidine (16). Spirolucidine (16)
might be derived from oxolucidine A (9) by skeletal re-
arrangement, although attempted acid-catalyzed reac-
tion of oxolucidine A (9) failed to produce
spirolucidine (16) (Tori and Ayer, unpublished results).

Lucidulinone (17) displayed a molecular ion peak at
m/z 222, indicating it to be a CjoN type alkaloid. Its
IR spectrum showed absorptions at 1720 and 1640
em™!, each revealing the presence of carbonyl and
amide groups, respectively. The analysis of the HMBC
spectrum showed correlations between the N-methyl
group and the carbonyl and methine carbons. The sec-
ondary methyl group lies between the methylene car-
bons, as shown by the HMBC spectrum, and had

C(44)

COSY correlation peaks assignable to a —CH—CH,—
CH(Me)-CH,—CH- functionality. The degree of unsa-
turation of 17 was 5, indicating a tricyclic compound,
and is therefore luciduline lactam, previously described
in the literature (Ayer & Altenkirk, 1969; Szychowaki
& MacLean, 1979), but isolated as a natural product
for the first time.

From the weakly basic fractions lucidine A (8), oxo-
lucidine A (9), lucidine B (1), oxolucidine B (2), and
lucidulinone (17) were also isolated. The presence of
these alkaloids was known for a long time, but the
structures were unknown. This problem was now suc-
cessfully solved by the combined use of 2D-NMR and
X-ray crystallographic analyses. Although the acetyl-
choline esterase inhibition activities of these com-
pounds were evaluated, no activity was observed (Tori,
Shimoji, Takaoka, Nakashima, Sono & Ayer, 1999).

3. Experimental

3.1. General

The IR spectra were obtained using with a JASCO
FT/IR-5300 spectrophotometer. The 'H-, 1*C-, and 2D
NMR spectra were obtained using Varian Unity 600
(600 MHz), JEOL GX400 (400 MHz), or Varian
Unity 200 (200 MHz) spectrometers. The mass spectra
including high resolution mass spectra were recorded
with a JEOL JMS AX-500 spectrometer. Develosil
ODS-UG-5 was used for HPLC. Alumina N, Akt. I
(ICN Biomedicals) was used for CC and aluminium
oxide 60 F,s4 plates (Merck) for TLC.

3.2. Plant material

Lycopodium lucidulum (8.2 kg) was collected near
Kesivick, York country, New Brunswick, Canada and
was identified by W.A. Ayer. A voucher specimen is
deposited in the herbarium of the University of
Alberta.

3.3. Extraction and isolation

Pulverized L. lucidulum was extracted with MeOH
to yield the methanol-soluble fraction (518 g). Acetone
was added and the precipitate was removed. Acetone
was then evaporated and the residue was digested with
aqueous HCI (6%). The insoluble portion was filtered
and then digested with aqueous HCI (10%). The pre-
cipitate was filtered off and the combined filtrates were
washed with ether. The PH of the aqueous phase was
adjusted to 10-11 with NH4OH, and then extracted
with CHCIl;. The organic layer was dried (K,CO3) and
evaporated to afford the crude alkaloids (14 g). The
total alkaloids were dissolved in aqueous HCI (10%)
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and the pH of the solution was adjusted to 5.5 by ad-
dition of saturated Na,HPQO,. Extraction with CHCI;
afforded the weak bases (10 g). The pH of the solution
was then raised to 10-11 by the addition of NH4OH.
Extraction with CHCIl; afforded the strong bases (3.2
g). The weak bases (10 g) were subjected to a 10-funnel
counter current distribution between CHCI; and satu-
rated potassium hydrogen tartrate solution to afford
three frs. The weaker bases fr. A (987 mg) were separ-
ated by CC on alumina followed by reversed phase
HPLC (Develosil ODS-UG-5; elution with CH3CN-
H,0, 7:3) to yield lucidine A (8) (34 mg), lucidine B
(1) (108 mg), oxolucidine A (9) (401 mg), oxolucidine
B (2) (181 mg), and lucidulinone (17) (27.6 mg).

Lucidine A (8): EIMS (rel. int.) m/z 467 [M]" (22),
424 (5), 273 (100), 260 (15), 217 (10), 164 (9); FTIR
Vimax €M~ 2800, 1640, 1460, 1280, 760.

Lucidine B (1): EIMS (rel. int.) m/z 467 [M]* (49),
455 (25), 424 (12), 289 (23), 273 (100), 260 (87), 248
(20), 233 (56), 218 (34), 205 (28), 164 (43); FTIR v
em™': 2800, 1660, 1460, 1450, 1390, 1280, 760.

Oxolucidine A (9): [¢]3° — 29.1° (CHCls, ¢ 0.74);
HREIMS Wl/Z found 483.3817. Calcd for C30H4902N3
483.3826; EIMS (rel. int.) m/z: 483 [M]" (46), 465
(59), 455 (100), 426 (19), 398 (7), 289 (47), 271 (82),
233 (56), 205 (84), 192 (51); FTIR vpa cm™': 3400,
2800, 1640, 1460, 1280, 760.

Oxolucidine B (2): [«]3~ — 30.7° (CHCl3, ¢ 0.55);
HREIMS WZ/Z found 483.3846. Calcd for C30H49N302
483.3825; EIMS (rel. int.) m/z 483 [M]" (82), 465 (42),
455 (47), 440 (8), 398 (10), 289 (44), 276 (100), 233
(93), 205 (34), 164 (39); FTIR vpa cm™': 3400, 1640,
1460, 1280, 760.

Lucidulinone (17): [o]3° + 185.0°C (CHCl3, ¢ 1.1);
HRCIMS m/z found m/z 222.1491 [M + H]" Calcd.
for C;3H19O,N 222.1494; CIMS (rel. int.) m/z 222 [M
+ H]" (100), 193(5), 165 (5); FTIR vpa cm™': 1720,
1640; '"H-NMR (600 MHz, CDCl;) 63.67 (1H, ¢, J =
3.3 Hz, H-6), 3.33 (1H, ¢, J = 1.9 Hz, H-3), 2.99 (3H,
s, H-13), 2.63 (1H, dd, J =14.8, 12.4 Hz, H-1pB), 2.38
(1H, m, H-10), 2.33 (1H, dt, J = 14.3, 3.3 Hz, H-4p),
2.27 (1H, m, H-7B), 2.25 (1H, m, H-1a), 2.10 (1H, m,
H-5), 2.05 (1H, m, H-4a), 1.70 (1H, m, H-8B), 1.58
(1H, dgq, J=13.5, 2.3 Hz, H-9B), 1.38 (1H, ddd,
J=13.5,12.1, 4.6 Hz, H-9a), 1.25 (1H, m, H-7a), 0.97
(BH, d, J=6.6 Hz, H-12); *C-NMR (150 MHz,
CDCl3) 62059 (C-12), 167.6 (C-2), 58.2 (C-6), 55.9
(C-3), 42.7 (C-11), 38.9 (C-9), 38.1 (C-7), 36.4 (C-10),
33.1 (C-5), 31.3 (C-4), 304 (C-14), 21.8 (C-13), 20.2
(C-8); Ae (298 nm) + 7.0 (CHCIy).

3.3.1. Preparation of tetrahydrodeoxylucidine B (5)

A solution of lucidine B (1) (68 mg) in dry THF (8
ml) was treated with LiAlH4 (100 mg) under reflux
overnight. Ethyl acetate, water (0.1 ml), 15% NaOH
(0.1 ml), and water (0.3 ml) were added successively.

The precipitate was removed and the solvent was evap-
orated to afford a residue (59 mg), which was purified
by CC on alumina (benzene—EtOAc, in gradient) to
give tetrahydrodeoxylucidine B (5) (30 mg); HREIMS
m/z found 455.4245. Calcd. for C;3oHs3N3 455.4240;
EIMS (rel. int.) m/z 455 [M]" (100), 440 (12), 426
(19), 398 (19), 384 (8), 343 (18), 301 (16), 275 (47), 261
(99), 180 (43); 'H-NMR (600 MHz, C4Dy) 6 3.18 (1H,
d, J =12 Hz, H-4a), 3.10 (1H, dt, J = 13, 4 Hz, H-6"),
3.03 (IH, br s, H-13), 2.75 (1H, ¢, J = 13 Hz, H-11p),
2.68 (1H, m, H-17), 2.57 (1H, br d, J =10 Hz, H-2'B),
2.47 (1H, d, J =10.7 Hz, H-2B), 240 2 H, ¢, J=7.1
Hz, H-1"), 2.26 (1H, br ¢, /=10 Hz, H-2'w), 2.22 (1H,
m, H-10), 2.10 (3H, s, N-Me), 2.08 (1H, m, H-7), 2.06
(1H, m, H-5"), 2.05 (1H, m, H-2a), 2.03 (1H, m, H-8'),
1.96 (1H, m, H-10"), 1.93 (1H, m, H-8), 1.90 (1H, ¢,
J =3 Hz, H-6), 1.70 (1H, br s, H-14), 1.66 (1H, br s,
H-5), 1.65 (1H, m, H-3"), 1.62 (2 H, m, H-3, 7"), 1.61
(1H, m, H-16), 1.59 (1H, m, H-16), 1.58 (1H, m, H-
11a), 1.54 (1H, m, H-3"), 1.53 (1H, m, H-9), 1.50 (1H,
m, H-4B), 1.45 (1H, m, H-15), 1.38 (2H, m, H-4', 11"),
1.32 (1H, m, H-9"), 1.28 (1H, m, H-11"), 1.26 (1H, m,
H-4"), 1.22 (2H, m, H-9, 9'), 1.20 (1H, m, H-15), 1.14
(1H, m, H-7"), 1.08 (3H, ¢, J=7.1 Hz, H-2"), 0.98
(3H, d, J=17.3 Hz, H-12), 0.88 (1H, m, H-7), 0.88
(3H, d, J=6.6 Hz, H-12); *C-NMR (150 MHz,
CsDg) 68.2 (C-2), 65.6 (C-6),0 59.2 (C-13), 55.6 (C-17),
54.5 (C-6), 48.5 (C-1"), 46.2 (C-2'), 44.0 (N-Me), 43.9
(C-9), 43.6 (C-14), 41.8 (C-11"), 40.4 (C-5"), 40.1 (C-3,
11), 39.5 (C-5, 7), 36.1 (C-16), 34.0 (C-9"), 33.2 (C-10),
31.7 (C-4), 30.9 (C-10"), 28.4 (C-15), 27.9 (C-8’), 25.8
(C-39, 232 (C-12), 21.9 (C-8), 21.7 (C-7"), 19.1 (C-
12, 17.8 (C-4"), 13.3 (C-2").

3.3.2. Preparation of tetrahydrodeoxyoxolucidine B (6)
A solution of oxolucidine B (2) (115 mg) in dry
THEF (20 ml) was treated with LiAlH4 (250 mg) under
reflux for 24 h. Wet Et,0, EtOAc, and 1 M HCI sol-
ution were added and the mixture was extracted with
Et,0. The aqueous solution was basified with NH,OH
to pH 12 and the mixture was extracted with CHCl;.
The organic solution was washed with brine, dried
(MgS0,), and evaporated to afford tetrahydrodeox-
yoxolucidine B (6) (81 mg); HREIMS m/z found
471.4195. Calcd. for C30H53N3O 4714189, EIMS (I‘Cl.
int.) m/z 471 [M]" (10), 453 (100), 438 (9), 409 (6),
396 (7), 289 (10), 259 (28), 227 (7), 192 (27), 164 (22);
FTIR Ve cm™': 3410, 1460, 1390, 740; 'H-NMR (600
MHz, C¢Dg) 00.81 (3H, d, J=6.3 Hz, H-12), 0.99
(3H, d, J =17.6 Hz, H-12"), 1.09 (3H, ¢, /= 7.1 Hz, H-
2", 1.54 (1H, m, H-11"), 1.57 (2H, m, H-5, 3"), 1.60
(1H, m, H-3"), 1.68 (2H, m, H-8, 7'), 1.74 (1H,
dd,J = 8.5, 2.4 Hz, H-2), 1.80 (1H, dd, J =10, 3.9 Hz,
H-15), 1.82 (3H, m, H-3, 6, 15), 1.89 (2H, m, H-7,
10", 1.91 (3H, s, N-Me), 2.01 (1H, m, H-8"), 2.02 (1H,
m, H-5"), 2.10 (1H, m, H-10), 2.31 (1H, ¢d, J = 9.3, 2.9
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Hz, H-2'), 2.42 (2H, m, H-1"), 2.57 (1H, m, H-2"), 2.58
(1H, 17, J=13.2 Hz, H-11), 2.75 (1H, m, H-17) 2.93
(1H, d, J = 5.1 Hz, H-13), 3.08 (1H, dt, J =129, 3.8
Hz, H-6'), 3.26 (1H, dt, J=9.9, 2.4 Hz, H-2), 3.47
(1H, br d, J=11.4 Hz, H-4); C-NMR (150 MHz,
Ce¢Dg) 0 13.6 (C-2"), 18.0 (C-4"), 19.2 (C-127), 21.5 (C-
8, 7'), 23.0 (C-12), 26.1 (C-3"), 27.9 (C-8"), 30.1 (C-
117), 31.2 (C-4), 31.3 (C-10"), 33.2 (C-10), 34.0 (C-9'),
34.4 (C-11), 38.7 (C-7), 39.2 (C-5), 40.8 (C-5'), 41.3
(C-16), 42.6 (C-3), 43.2 (C-15, N-Me), 43.4 (C-9), 46.1
(C-2), 48.5 (C-1¢"), 54.5 (C-6"), 55.2 (C-17), 62.2 (C-
2), 65.7 (C-6), 67.7 (C-13), 71.9 (C-14).

3.3.3. Preparation of the di-p-bromobenzoate of
tetrahydrodeoxyoxolucidine B (7)

A solution of tetrahydrodeoxyoxolucidine B (6)
(23.9 mg) in dry pyridine (1 ml) was treated with p-
bromobenzoyl chloride (112 mg) at room temperature
for 2 days. Water was added and the mixture was
extracted with CHCIl;. The organic layer was washed
with saturated NaHCO; and brine, dried (MgSOy),
and was evaporated to give a residue (73.4 mg), which
was purified by CC on alumina (grade III) elution
with a hexane—EtOAc gradient afforded the benzoate 7
(15 mg); [o]3° — 30.5° (CHCls, ¢ 0.89); HRFABMS
m/z found 836.2978 [M + H]". Caled. for
C44HgoN303Br, 836.300; FABMS (rel. int.) m/z 840
(21), 838 (44), 836 [M + H]" (37), 636 (67), 473 (58),
452 (37), 180 (100); FTIR vpa cm™': 3450, 2950, 2790,
1710, 1630; Zmax 243 nm (e 16,000); Ae (249 nm) —
12.1 (CHCI,).

3.3.4. Preparation of dihydrooxolucidine A (11)

A solution of oxolucidine A (9) (47 mg) in MeOH
(1 ml) was treated with NaBH, (30 mg) at room tem-
perature for 2 h. Water was added and the mixture
was extracted with CHCIl;. The organic layer was
washed with brine, dried (MgSQOy), and evaporated to
give dihydrooxolucidine A (11) (66 mg); [oc]]%l'5 +3.9°
(CHCl;, ¢ 0.79); HRMS m/z found 485.3903. Calcd.
for C30Hs;N3O, 485.3903; EIMS (rel. int.) m/z 485
[M]" (4), 467 (100), 452 (14), 424 (8), 410 (4), 291 (8),
273 (43), 259 (39), 235 (8), 192 (9), 163 (15); FTIR
Vmax €M1 3400, 2925, 2860, 2775, 1635, 1620, 750;
BC-NMR (150 MHz, CDCl;) §168.9, 168.8, 72.5,
58.6, 58.5, 52.8, 46.9, 43.2, 41.9, 39.9, 38.5, 38.4, 38.3,
36.5, 34.5, 33.8, 33.6, 32.4, 27.1, 26.9, 26.5, 25.8, 25.7,
25.6,22.9, 22.6, 22.5, 22.3, 21.6, 21.5.

3.3.5. Preparation of p-bromobenzoyl derivative of
dihydrooxolucidine A (14)

A solution of dihydrooxolucidine A (11) (66 mg) in
dry CH,Cl, (2 ml) was treated with p-bromobenzoyl
chloride (300 mg), Et;N (0.2 ml), and DMAP (5 mg)
at room temperature for 24 h. Water was added and
the residue was extracted with CHCI;. The organic

layer was washed with saturated NaHCO; and brine,
dried (MgSQy), and evaporated to give a residue (169
mg). The residue was purified by CC on alumina
(grade III) eluting with a hexane-EtOAc gradient to
afford pure 14 (22.5 mg); p-bromobenzoate (14); mp
228-232°C (from MeOH); [o]3® +7.3° (CHCls;, ¢
1.1); HRFABMS m/z found 10322150 [M + H]".
Calcd. for C51H61Br3N3O5 10322155, FABMS (rel.
int.) m/z 1038 (17), 1036 (39), 1034 (40), 1032 [M +
H]" (12), 1017 (15), 850 (6), 624 (10), 307 (12), 183
(100), 154 (62), 136 (48); FTIR vy cm™': 3450, 2925,
2860, 2775, 1740, 1625; '"H-NMR (600 MHz, CDCls)
00.75 3H, d, J=6.32 Hz), 1.24 3H, d, J =7.14 Hz),
1.25 (3H, s), 6.42 (s) and 6.47 (s).

3.4. X-ray analysis of 14

Reflection data were obtained with a Mac Science
MXC 18 diffractometer using copper radiation Cu Ka
(4 =1.54178 A). All diagrams and calculations were
performed using CRYSTAN.

Crystal dimension = 0.5 x 0.2 x 0.05 mm, monocli-
nic space group P»y, a = 18.415 (6) A, b=19.190 (7) A,
¢c=15.002 (2) A, v=2462.419922(0) A3, Z = 2,
Deae = 1.128, 1568 observed reflections, S = 2.565,
final residuals R and R, with 0.056, 0.067, Eta =
+1.08133. The data have been deposited at the Cam-
bridge Crystallographic Data Centre (Tori et al.,
1999).
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