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ABSTRACT: Investigation of the alkaloids from Mpyrioneuron
faberi, a plant unique to China, gave four pairs of enantiomers
(1—4). (£)-p-Myrifabral A (1) and (+)-a-myrifabral A (2) formed
an inseparable mixture of anomers (cluster A), as did (+)-f-
myrifabral B (3) and (+)-a-myrifabral B (4) (cluster B). Their
structures were determined by X-ray diffraction and NMR analysis.
Compounds 1—4 possessed novel cyclohexane-fused octahydro-
quinolizine skeletons and represent the first quinolizidine alkaloids
from the genus Myrioneuron. The epimers of cluster A (1 and 2)
were modified and separated. In vitro, clusters A and B and their

derivatives inhibited replication of hepatitis C virus (HCV, ICy, 0.9 1 o B 03 on B

to 4.7 uM) with cytotoxicity lower than that of telaprevir. @ l” AOH (4 1O
B INTRODUCTION unambiguously by X-ray diffraction analysis. All previously
Hepatitis C virus (HCV) infection is a worldwide health known Myrioneuron alkaloids feature the decahydroquinoline

(DHQ) motif; however, 1—4 possess a novel cyclohexane-fused
octahydroquinolizine skeleton.” Moreover, both clusters (A and

therapy for HCV infection is a combination of interferon and B) .shf)wed good anti-HCV a.ctivity, and the cluster A
nucleotide analogue, which are associated w1th significant side derlvatlve§ (+)-13a-methoxymyrifabral A (S), .(i)—IS[i—me—
effects’ and the development of resistance.” One promising thoxymyrifabral A (6), and (+)-dehydratedmyrifabral A (7)

problem, as approximately 130—150 million people are infected
according to the World Health Organization.” One present

nucleotide analogue for HCV infection is sovaldi, which is a exhibited improved activity in comparison to the parent
genotype-specific and all-oral nucleotide analogue and can be structures. These active frameworks may benefit future efforts
used without interferon.* Nucleotide analogue inhibitors may to develop anti-HCV compounds. In this paper, we report the
result in drug- re51stant mutant strains, and new inhibitors are structural elucidation and chiral separation of 1—4. We propose
urgently required.® Natural product libraries are useful sources a biosynthetic pathway, prepare derivatives of the natural
of potential drugs Thus, continuing the search for anti-HCV products, and evaluate the anti-HCV activity of 1-7.
compounds, especially those derived from natural products as

an alternative way, is desirable. B RESULTS AND DISCUSSION

Myrioneuron alkaloids are a newly discovered family of

o . .8 .
structurally diverse natural products derived from lysine M. faberi is a wild herb from China.” The aerial parts of M.

featuring polycyclic ring systems (tri-, tetra, penta-, hexa- faberi were collected after flowering in the Sichuan province of
and decacyclic) are produced by plants in the genus the People’s Republic of China in October 2011. The air-dried,
Myrioneuron R. Br. (Rubiaceae).” Some of them inhibit KB powder.ed leavgs and stems (30 kg) of M. faberi were extracted
cell proliferation, while others exhibit remarkable antimalarial, three times with S0 L of 95% EtOH. After removal of
antimicrobial, and anti-HCV activities.”* saccharides by passing through macroporous resin (D101), the
To continue our investigations of anti-HCV Myrioneuron
alkaloids,”® four pairs of enantiomers (1—4) were isolated Received: May 19, 2014
from Myrioneuron faberi, and their structures were determined Published: August 7, 2014
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crude extract (223 g) was subjected to normal-phase silica gel
chromatography (200—300 mesh; CHCl;/MeOH, 20/1 — 0/
1) to afford four fractions (Fr 1—4). Fr 4 (25 g) was further
separated on normal-phase silica gel (200—300 mesh; CHCL,/
MeOH/diethylamine, 30/1/0.01) into four subfractions (Fr
4A-4D). Fr 4B (1.2 g) was subjected to Sephadex LH-20 CC
with CHCl;/MeOH 1/1 as eluent and further purified using
normal-phase silica gel (300—400 mesh; CHCIl;/MeOH/
diethylamine, 30/1/0.01) to yield clusters A (1 and 2; 30
mg) and B (3 and 4; 2 mg) (Figure 1).

Cluster B

Cluster A

Figure 1. Structures of 1—4.

The 1D-NMR spectrum of cluster A (1 and 2) showed two
groups of distinguishable signals (Figures S1.1 and S1.2 in the
Supporting Information). The downfield positions of the
carbon atoms (8¢ 983 in 1 and 8¢ 92.3 in 2) suggested the
atoms to be dioxygenated, and the *C NMR chemical shifts of
1 and 2 mainly differ at the positions close to C-13, which
indicated these two structures to be epimers at C-13.
Accordingly, they were recognized to be hemiacetals with
interconversion equilibrium, similar to dihydroartemisinin® and
other inseparable hemiacetals'® (Tables 1 and 2).

Compounds 1 and 2 in cluster A are isomers. Their identical
molecular formulas were established as C;;H,sNO, by
HREIMS: [M]* m/z found 251.1892; calcd for C,H,NO,
251.1885. On the basis of this formula, 1 and 2 had four
degrees of unsaturation. The *C NMR and DEPT spectra of
the mixture of 1 and 2 (Figure S1.2 in the Supporting

Table 1. '*C NMR Data (ppm) for 1—4 Recorded in
Pyridine-ds at 125 MHz

no. 1 2 3 4

2 57.2 (CH,) 57.2 (CH,) 57.0 (CH,) 57.1 (CH,)
3 254 (CH,) 254 (CH,) 252 (CH,) 25.3 (CH,)
4 26.8 (CH,) 269 (CH,) 26.7 (CH,) 26.8 (CH,)
5 30.6 (CH,) 30.7 (CH,) 30.3 (CH,) 30.4 (CH,)
6 66.4 (CH) 66.8 (CH) 66.3 (CH) 66.7 (CH)
7 404 (CH) 40.1 (CH) 39.9 (CH) 39.8 (CH)
8 212 (CH,) 21.3 (CH,) 21.1 (CH,) 21.1 (CH,)
9 21.3 (CH,) 214 (CH,) 21.3 (CH,) 214 (CH,)
10 29.6 (CH,) 28.7 (CH,) 30.5 (CH,) 29.7 (CH,)
11 326 (qC) 33.0 (qC) 33.7 (qC) 33.6 (qC)

12 80.6 (CH) 72.5 (CH) 80.2 (CH) 72.7 (CH)
13 98.3 (CH) 92.3 (CH) 103.0 (CH) 94.0 (CH)
14 30.5 (CH,) 29.5 (CH,) 37.1 (CH) 35.0 (CH)
15 344 (CH,) 30.6 (CH,) 389 (CH,) 35.0 (CH,)
16 69.0 (CH,) 69.6 (CH,) 68.9 (CH,) 69.6 (CH,)
17 56.6 (CH,) 56.9 (CH,)
19 47.8 (CH,) 48.3 (CH,)
20 12.2 (CH,) 12.7 (CH,)
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Information) revealed 30 carbon signals: 2 X (10 X CH,, 4 X
CH, 1 x qC) (Figure 1).

The two-dimensional structure of 1 was established by 2D
NMR ("H-'H COSY, HSQC, and HMBC), on the basis of the
elucidation of three subunits: parts A and B and a linkage
(Figure 2). The dioxygenated methine was easily recognized
(C-13, 6¢ 98.3). The identity of the hemiacetal group was
supported by HMBC correlations from H-12 (64 3.21, d, 3.6
Hz) to C-13. The structure of part A was deduced from the
HMBC correlations from H,-14 (8 2.00, m; 1.22, m) and H,-
1S (84 123, m) to C-11 (6 32.6) and the presence of a
"H—"H spin system involving H-13 (6y S.12, dd, 9.6, 2.4 Hz),
H,-14, and H,-15. Meanwhile, the structure of part B was
elucidated from a "H—"H spin system (H,-2/H,-3/H,-4/H,-5/
H,-6 and HMBC) and the correlations from H,-2 (5 2.68, m;
1.62, m) to C-6 (6¢ 66.4) and from H,-16 (5 2.54, m; 1.74,
m) to C-2 (8¢ 57.2) and C-6. As a result, the linkage between
parts A and B through C-7 (6. 40.4) and C-16 (5 69.0) was
confirmed from the "H—'H spin system H-6/H-7/H-12 and by
HMBC correlations from H,-16 to C-11 (¢ 32.6) and C-12
(6c 80.6) and from H-12 to C-6 and C-16. Finally, the
remaining three methylenes were assigned to a bridge between
C-7 and C-11, which can be supported by the 'H—'"H COSY
fragment of H-8/H-9/H-10 and HMBC correlation from H-12
to C-10 (8¢ 29.6). Thus, the two-dimensional structure of 1
was determined to be that shown in Figure 2. In a similar
manner, 2 was determined to be 13-epi-1, possessing the same
two-dimensional structure.

To confirm the structures of 1 and 2, cluster A was
recrystallized from methanol for an X-ray diffraction experi-
ment. Only crystals of 2 were obtained; it was shown to be a
racemate by its space group P2,/c."" As a result, the structure of
2 was assigned as that shown (Figure 3). The methylated
derivatives of 1 and 2 (5 and 6, respectively) exhibited four
peaks by chiral HPLC (Figure 6); thus, 1 was also shown to be
a racemate. The NMR data of 1 and 2 differed in a ROESY
correlation between H-12 and H-13 (detected in 1 but not in
2) (Figure S1.6 in the Supporting Information). The molar
ratio 1:2 (1:0.61 in pyridine-ds) was calculated from the 'H
NMR integration.

Compounds 3 and 4 were also isolated as pairs of epimers.
Their identical molecular formulas were established as
CyH;36N,0, by HREIMS ([M]* m/z 336.2781, caled for
CyH;36N,0, 336.2777), corresponding to four degrees of
unsaturation. The 1D NMR spectra of 3 and 4 exhibited high
similarity to those of 1 and 2 but had three additional carbon
signals (C-17, C-19/C-19’, C-20/C-20’).Two downfield
methine signals (§c 103.0 in 3 and §; 94.0 in 4) were
recognized as typical of hemiacetals (Table 1). The existence of
two —CH,CHj fragments (C,g,9 and C,g5) was indicated by
the '"H NMR coupling constants and integration (H;-20 &y
0.98 (6H, t, ] = 6.6 Hz) in 3; H;-20 & 1.02 (6H, t, ] = 6.6 Hz)
in 4). The connection of these fragments to a nitrogen atom
was suggested by the relatively high field shift of H,-19 (6y
2.39, m in 3; 8y 2.51, m in 4) (Figure 4).

Further analysis of the 2D NMR spectra of 3 ("H—"H COSY,
HSQC, and HMBC; Figure 4) revealed its structural similarity
with 1. HMBC correlations from H,-2 (8 2.68, m; 1.63, m) to
C-6 (8¢ 66.3) and C-16 (6¢ 68.9), from H,-16 (5 2.58, m;
1.79, m) to C-6 and C-12 (6 80.2), and from H-12 (5 2.24, d,
3.6 Hz) to C-6 suggested the presence of an octahydroquino-
lizine. A six-membered hemiacetal ring was indicated by HMBC
correlations from H-12 to C-13 and C-15 (6 38.9) and from
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Table 2. '"H NMR Data (ppm) for 1—4 Recorded in Pyridine-ds at 600 MHz

no, 1 2)

2 2.68 (m) 2.68 (m)
1.62 (m) 1.62 (m)

3 1.64 (m) 1.64 (m)
1.14 (m) 1.14 (m)

4 1.46 (m) 1.46 (m)

5 2.00 (m) 2.07 (m)
1.50 (m) 1.76 (m)

6 1.89 (m) 1.95 (m)

7 1.74 (m) 1.66 (m)

8 2.03 (m) 1.97 (m)
1.64 (m) 1.64 (m)

9 2.69 (m) 2.74 (m)
1.43 (m) 1.48 (m)

10 223 (m) 226 (m)
1.18 (m) 1.20 (m)

12 321 (d, 3.6) 421 (d, 4.8)

13 5.12 (dd, 9.6, 2.4) 5.70(d, 3.6)

14 2.00 (m) 2.23 (m)
1.22 (m) 1.07 (m)

15 1.23 (m) 1.50

123 (m)

16 2.54 (m) 2.54 (m)
1.74 (m) 1.92 (m)

17

19

20

3 4

2.68 (m) 2.68 (m)
1.63 (m) 1.63 (m)
1.63 (m) 1.63 (m)
1.14 (m) 1.14 (m)
1.46 (m) 1.46 (m)
227 (m) 227 (m)
1.29 (m) 1.29 (m)
1.94 (m) 1.94 (m)
1.80 (m) 1.71 (m)
2.05 (m) 2.05 (m)
1.66 (m) 1.66 (m)
2.71 (m) 2.78 (m)
1.46 (m) 1.53 (m)
2.28 (m) 2.36 (m)
1.30 (m) 1.32 (m)
324 (d, 3.6) 423 (d, 3.0)
4.83 (d, 8.4) 5.74 (d, 2.4)
2.12 (m) 240 (m)
1.39 (dd, 132, 4.2) 1.50 (m)
0.84 (m) 1.30 (dd, 13.6, 5.4)
2.58 (m) 2.58 (m)
1.79 (m) 1.97 (m)
2.68 (m) 2.78 (m)
220 (dd, 12.6, 6.0) 2.37 (m)
239 (m) 2.51 (m)
0.98 (t, 6.6) 1.02 (t, 6.6)

» 16(51

o@ﬁ‘z

Part A Part B

() oH
o)

1
Figure 2. "H—"H COSY and key HMBC correlations of 1.

H-13 (5 4.83, d, 8.4 Hz) to C-15 and C-12. The connection of
the diethylamine fragment to the tetracyclic framework through
C-17 (8¢ 56.6) was identified by the HMBC correlations from
H,-19 to C-17, from H,-17 (8 2.68, m; 2.20, dd, 12.6, 6.0 Hz)
to C-13 and C-15, and from H-13 to C-15 and C-17 (Figure 4).

To establish the stereochemistry of 3 and 4 and to check
whether cluster B was also racemic, X-ray diffraction analysis
was utilized. Cluster B was recrystallized from methanol to
afford a cocrystal suitable for X-ray diffraction. The final
refinement of the Mo Ka data provided the structures of 3 and

4 shown in Figure S and also revealed 3 and 4 to be racemates
by the space group P1.""' The NMR data of 3 and 4 differed in a
ROESY correlation between H-12 and H-13 (detected in 3 but
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N~
; OH
— HMBC 0
— COSY (Nr _)
~—r
3

Figure 4. "H—'H COSY and key HMBC correlations of 3.

not in 4) (Figure S2.6 in the Supporting Information). The
ratio 3:4 in the unit cell was 1:0.78, as calculated by X-ray
crystallographic analysis."
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Figure S. Cocrystal structure of (+)-f-myrifabral B (3) and (+)-a-
myrifabral B (4).

In most cases, chiral natural products are produced in
optically pure form, with only one enantiomer biosynthesized.'?
Infrequently, enantiomeric metabolites have also been reported,
but at a low occurrence of less than 1% relative to the overall
abundance of natural products.'*

The decahydroquinoline (DHQ) motif is a common feature
of Myrioneuron alkaloids,” but 1—4 are exceptions. An
octahydroquinolizine (OHQ) core in L-lysine-derived quinoli-
zidine alkaloids is found primarily in the Fabaceae and
Lycopodiaceae families.'® Thus, the OHQ_ core fused with a
cyclohexane fragment in 1—4 represents a novel skeleton and
suggests an atypical biosynthetic pathway for 1—4, different
from those for the other quinolizidine and Mpyrioneuron
alkaloids.

A proposed biosynthetic pathway for 1—4 starting from L-
lysine”"® is shown in Scheme 1. The C; building blocks A and

Scheme 1. Proposed Biosynthetic Pathway for 1—4

CHO CHO 0
z
Z A<
N RN A
@\
G &

OHC/\A/\CHO

L-lysine — H —_—

OH

1Mannich Reaction
2 Hemi-acetalation

Cluster A, 1 and 2 e Cluster B, 3 and 4

B could be derived from L-lysine through decarboxylation,
oxidation, and cyclization."” Condensation of A and B could
yield intermediate a, which would afford conjugated structure b
after double-bond migration. The key intermediate ¢ could be
formed by a Michael addition between b and A, and ¢ could
then be reduced to d. Subsequently, cluster A, as a mixture of 1
and 2, could be derived from d by intramolecular condensation
and hemiacetalization. Finally, cluster B (3 and 4) could be
produced through a Mannich reaction among e, form-
aldehyde,'® and diethylamine'® and subsequent hemiacetaliza-
tion.
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To provide further evidence, cluster A (20 mg of 1 and 2)
was converted to acetals 5 (S mg) and 6 (8 mg), which were
separated, as shown in Scheme 2 (for NMR data see Table 3).

Scheme 2. Derivatives of Cluster A and Their Separation

OH LOMe OMe
’ O Hel (3N), MeOH ; 0 ; 0
N ot 2an, 95% N N
"IH d ’ "‘IH .VH
5 6

Cluster A
p-TsCl, TEA separated by
70°C, 24h chiral conlum
«OMe MeO,,

(0] r 0 1o j

N N
"y "

-rs 5

Then (+)-5 and (—)-S were separated by chiral HPLC;
resolution of (+)-6 was attempted using five types of chiral
columns, but all were unsuccessful (Figure 6). Cluster A (6 mg)
was similarly converted to 7 (S mg), but resolution was also
unsuccessful. Due to the small amount of cluster B (2 mg)
obtained, acetal formation was unsuccessful.

Clusters A and B and derivatives 5—7 were tested for anti-
HCV activity.7f’g All tested alkaloids exhibited less cytotoxicity
against liver cells than the positive control telaprevir (VX-950).
Derivatives 5—7 showed enhanced activity in comparison to
their parent compounds; 5 was the most active and had a
selectivity index (SI; CCso/ICs,) of 160.9 (Table 4).

B EXPERIMENTAL SECTION

General Experimental Procedures. Melting points were
measured on a digital melting point apparatus. 1D and 2D NMR
spectra were run on 600 MHz NMR spectrometers for 'H and 150
MHz spectrometers for *C with TMS as the internal standard. ESIMS
and HREIMS were carried out with a time-of-flight spectrometer.
Column chromatography (CC) was performed on silica gel (200—300
and 100—200 mesh) and Sephadex LH-20 (40—70 pm). HPLC was
performed with an HPLC equipped with a DAD detector.

Cluster A (1 and 2): colorless crystal, mp 149—150 °C; [}y =
—5° (¢ 0.35, MeOH); UV (MeOH) A, (log €) 207 nm (2.85); *C
and 'H NMR data, Tables 1 and 2; positive ESIMS m/z 252 [M +
H]*, 274 [M + Na]*; positive HREIMS m/z 251.1892 [M]*, calcd for
C,H,NO, 251.1885.

Cluster B (3 and 4): colorless crystal, mp 131-132 °C; [a]¥ =
—15° (¢ 0.10, MeOH); UV (MeOH) A, (log &) 204 nm (2.90); *C
and 'H NMR data, Tables 1 and 2; positive ESIMS m/z 337 [M +
H]*; positive HREIMS m/z 3362781 [M]*, caled for C,0H3N,O,,
336.2777.

(+)-13a-Methoxy-myrifabral A (5) and (+)-138-Methoxy-
myrifabral A (6). A solution of cluster A (1 and 2; 20 mg) in MeOH
(8.0 mL) was placed in a round-bottomed flask, followed by addition
of concentrated hydrochloric acid (HCl 37%, 2.0 mL). The mixture
was stirred at room temperature for 24 h, and then saturated NaHCO;
(10.0 mL) was added slowly. The reaction solution was evaporated to
remove MeOH and extracted with CH,Cl, (10 mL) twice. The
organic layers were combined and concentrated. The products were
separated by HPLC with MeCN/H,0 (3/7) to give S (S mg) and 6
(8 mg) as amorphous powders: 'H and *C NMR data, Table 3;
positive ESIMS m/z 266 [M + H]*; positive HREIMS m/z 265.2043
[M]*, caled for C,¢H,,NO, 265.2042.

dx.doi.org/10.1021/j0501076x | J. Org. Chem. 2014, 79, 7945—7950
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Table 3. 'H and "*C NMR Data for 5 and 6 Recorded in Pyridine-ds at 600 and 125 MHz, Respectively

S 6
Ou Ou
no. ¢ O¢c
2 564 2.63 (d, 10.4) 1.58 (m) 564 2.64 (m) 1.59 (m)
3 24.7 1.60 (m) 1.13 (m) 247 1.60 (m) 1.13 (m)
4 26.1 144 (m) 26.1 143 (m)
5 25.6 1.88 (m) 1.55 (m) 29.8 1.57 (m) 1.47 (m)
6 66.0 1.88 (m) 65.6 1.88 (m)
7 39.0 1.58 (m) 39.3 1.63 (m)
8 203 1.88 (m) 1.60 (m) 204 1.88 (m) 1.56 (m)
9 20.5 2.68 (m) 1.43 (m) 20.5 2.63 (m) 1.37 (m)
10 27.9 211 (m) 1.13 (m) 28.8 211 (tdd, 12.8, 6.4, 2.4) 1.11 (m)
11 32,0 2.67 (m) 1.44 (m) 32,0
12 722 3.58 (m) 79.8 3.04 (d, 3.2)
13 98.5 479 (m) 104.2 438 (dd, 9.6, 2.4)
14 29.0 1.52 (m) 095 (dd, 12.8, 4.0) 27.7 1.79 (tdd, 13.6, 8.8, 4.8) 1.60 (m)
15 29.9 2.48 (m) 123 (d, 12.8) 332 1.14 (m) 1.10 (m)
16 68.6 244 (d, 112) 178 (d, 11.2) 68.2 249 (d, 11.2) 1.69 (dd, 112, 2.4)
17 54.0 336 (s) 55.6 3.54 (s)
17srnV Eagle’s Medium (DMEM, Invitrogen, CA) supplemented with 10%
Al g — 210nm inactivated fetal bovine serum (Invitrogen) and 1% penicillin-
- —— 230 nm streptomycin (Invitrogen). Cells were cultured at 37 °C in $% CO,.
A B C D HCV Infection and Treatment. The Huh7.5 cells were seeded
25 RT(min) 49 52 58 80 into 96-well plates (Costar) at a density of 3 X 10* cells/cm?; after 24
Area(%) 31 32 19 18 h incubation, cells were infected with HCV (approximately 45 IU per
100 cell) and simultaneously treated with cluster A or B, 5—7, or solvent
control. The culture medium was removed 72 h after inoculation, and
7 C intracellular RNA was extracted with an RNeasy Mini Kit. Intracellular
D RNA from HCV and the internal control gene glyceraldehyde 3-
¥ phosphate dehydrogenase (GAPDH) were quantified with an AgPath-
% ID One-Step RT-PCR Kit. The results were calculated using the 244¢T
method.®® The half-maximum effective concentration (ECs,) was
. calculated using the method of Reed and Muench.*!
(+)-6 ()5 (+)-5

475 725 750 775 800  825min

Figure 6. Analysis of a mixture of (+)-5 and (+)-6 by chiral HPLC
(OD-H 4.6 X 150 mm, n-hexane, 1.0 mL/min).

Table 4. Anti-HCV Bioassay Results”

compd CCy, (M) ECy, (uM) SI
cluster A 119.1 4.7 253
cluster B 169.3 22 77.0
S 144.8 0.9 160.9
6 184.9 1.6 115.6
7 134.8 1.7 79.3
VX-950 32.5 0.09 361.1

“VX-950 as positive control.

(+) -Dehydrated-myrifabral A (7). A solution of cluster A (1 and
2; 6 mg) in CH,Cl, (6.0 mL) was placed in a sealable tube, followed
by addition of triethylamine (TEA; 20 L) and 4-toluene sulfonyl
chloride (p-TsCl; 6.0 mg). The mixture was stirred in the sealed tube
at 70 °C for 24 h and then cooled to room temperature. The reaction
solution was then diluted with 6 mL of water and extracted twice. The
organic layers were combined and concentated. The residue was
purified by column chromatography with CHCIl;/MeOH/diethyl-
amine 40/1/0.01 as eluent to give 7 (5 mg) as an amorphous powder:
positive ESIMS m/z 234 [M + H]*; positive HREIMS m/z 233.1785
[M]*, caled for CsH,;NO 233.1780.

Cells. Huh7.S human liver cells (kindly provided by Vertex
Pharmaceuticals, Boston, MA) were cultured in Dulbecco’s Modified
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X-ray Crystal Structure Analysis. A colorless crystal of 2 and
colorless cocrystals of 3 and 4 were obtained from methanol. Intensity
data for 2 were collected using Cu Ka radiation, while those for 3 and
4 were collected using Mo Ka radiation. The structure was solved by
direct methods using SHELXL-97.>> Refinements were performed
using the full-matrix least-squares method, with anisotropic displace-
ment parameters for all non-hydrogen atoms. H atoms were placed in
calculated positions and refined using a riding model. Compound 2:
colorless crystal, mp 149-150 °C, C;sH,sNO,, M, = 251.36,
monoclinic, a = 10.5931(5) A, b = 12.4309(6) A, ¢ = 10.6076(5) A,
a = 90.00°, # = 105.109(2)°, y = 90.00° V = 1348.54(11) A, T =
100(2) K, space group P2,/¢, Z = 4, u(Cu Ka) = 0.637 mm™", 9196
reflections measured, 2334 independent reflections (R, = 0.0360).
The final R1 value was 0.0568 (I > 26(I)). The final wR2(F?) value
was 0.1525 (I > 26(I)). The final R1 value was 0.0579 (all data). The
final wR2(F?) value was 0.1535 (all data). The goodness of fit on F*
was 1.091. Crystallographic data (excluding structure factor tables) for
2 have been deposited with the Cambridge Crystallographic Data
Center (CCDC 926408). Cocrystal of 3 and 4: colorless crystal, mp
131132 °C, CyoHyN,O,, M, = 336.51, triclinic, a = 8.6049(16) A, b
=92797(17) A, ¢ = 11.975(2) A, a = 86.715(3)°, = 76.606(2)°, y =
87.794(3)°, V = 928.3(3) A3, T = 100(2) K, space group PI, Z = 2,
u(Mo Ka) = 0.077 mm™, 12341 reflections measured, 5005
independent reflections (R, = 0.0378). The final R1 value was
0.0476 (I > 26(I)). The final wR2(F*) value was 0.1220 (I > 20(1)).
The final R1 value was 0.0637 (all data). The final wR2(F?*) value was
0.1338 (all data). The goodness of fit on F* was 1.071. Crystallo-
graphic data have been deposited at the Cambridge Crystallographic
Data Center (CCDC 909194). Copies of the data can be obtained free
of charge by application to the CCDC, 12 Union Road, Cambridge CB
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