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Four new pyrrolidine alkaloids, broussonetines R, S, T, and V and a new pyrroline alkaloid, broussonetine U
were isolated from the branches of Broussonetia kazinoki SieB. (Moraceae) in low yield. Broussonetines R, S and
T were formulated as (2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy-5-{(1R)-1-hydroxy-3-[6-(4-hydroxybutyl)-

cyclohexy-2-on-1(6)-enyl]propyl} pyrrolidine (1),

(2R,3R 4R ,SR)-2-hydroxymethyl-3,4-dihydroxy-5-[(1R,10S)-

1,10,13-trihydroxytridecyl] pyrrolidine (2), (2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy-5-[(1R,5S5)-1,5, 13-tri-
hydroxy-10-oxo-tridecyl] pyrrolidine (3). And broussonetines U and V were proposed to be (25,35,45)-2-hydrox-
ymethyl-3, 4-dihydroxy-5-(9-oxo-13-hydroxytridecyl)-5-pyrroline (4), (2R,3S,4R,5SR)-2-hydroxymethyl-3,4-dihy-
droxy-5-[(E)-9-0x0-13-hydroxy-3-tridecenyl] pyrrolidine (5), respectively, by spectroscopic and chemical methods.
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Recently we reported the structures of seventeen pyrroli-
dine or pyrrolizidine alkaloids, broussonetines A—H, K, L,
M—Q, and broussonetinines A and B as glycosidase in-
hibitors and two pyrrolidinyl piperidine alkaloids, brous-
sonetines [ and J from Broussonetia kazinoki SIEB.
(Moraceae)' . In our continuing studies, we obtained four
new pyrrolidine alkaloids, broussonetines R, S, T, and V and
a new pyrroline alkaloid, broussonetine U, from the same tree
in low yield. The present study deals with the isolation and
structural elucidation of these minor constituents.

The branches of this tree were extracted with hot water
and the alkaloidal fractions were concentrated as previously
reported”. Compounds 1—5 were isolated by preparative
HPLC of the concentrated alkaloids.

Compound 1 was obtained as a colorless oil, [a], +21.8°
(MeOH, ¢=0.27), and was named broussonetine R, showing
a brownish spot on TLC when sprayed with ninhydrin
reagent followed by heating on a hot plate (ninhydrin reac-
tion). The molecular formula was determined as C,H;,NO,
on the basis of positive high resolution secondary ion mass
spectroscopy (pos. HR-SI-MS) (m/z: 3582224 [M+H]",
error, —0.4 mmu). The IR spectrum showed a strong OH and
NH band at 3392cm ™! and a carbonyl band at 1646 cm™".
The UV spectrum showed an absorption maximum at 247 nm
(log € 3.98) derived from an ¢, B-unsaturated ketone.

The 'H-NMR spectrum of 1 was similar to those of brous-
sonetines E and F® in the pyrrolidine moiety, and suggested
the presence of four methylene groups [§ 1.62—2.20 (8H,
m)], two oxymethylene groups [6 4.23 (1H, dd, J=11.0, 4.1
Hz), 6 4.19 (1H, dd, J/=11.0, 5.7Hz), § 3.86 (2H, t, J=6.2
Hz)], three oxymethine groups [§ 4.95 (1H, t, J=6.4Hz), &
470 (1H, t, J=6.4Hz), 6 4.20 (1H, m)], a methylene group
attached to a carbonyl group [ 2.34 (2H, t, J=6.5Hz)],
three methylene groups attached to a C—C double bond [6
2.94 (1H, m), 6 2.73 (1H, m), 6 2.35 (2H, m), § 2.16 (2H,
m)] and two methine groups attached to a nitrogen atom [J
3.79 (1H, m), 6 3.67 (1H, t, J=6.4 Hz)].

Partial structures A, B, and C were obtained by tracing
'H-'H correlated spectroscopy ('"H-'H COSY) cross peaks
and they were connected on the basis of the heteronuclear

OTo whom correspondence should be addressed. e-mail: kusano@oups.ac.jp

pyrrolidine alkaloid; pyrroline aklkaloid; Broussonetia kazinoki; Moraceae

multiple band correlation (HMBC) spectrum to establish the
planar structure (Fig. 2).

The 'H-NMR and "*C-NMR signals were reasonably as-
signed to the structure by total correlation spectroscopy
(TOCSY), heteronuclear signal quantum coherence (HSQC),
and distortionless enhancement by polarization transfer
(DEPT), as shown in Tables 1 and 2.
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The relative stereostructure of the pyrrolidine moiety in 1
was disclosed by the the vicinal coupling constants (J,;=
J34,=J45=6.4Hz) and nuclear Overhauser effects (NOEs) in
the nuclear Overhauser enhancement and exchange spec-
troscopy (NOESY) spectrum, that is, NOEs were observed
between H-2 and H-4, and H-3 and H-5 to establish the 2-
hydroxymethyl-3 o4 B-dihydroxy-5 o-alkylpyrrolidine  struc-
ture.

The absolute stereostructure of the pyrrolidine moiety and
C-1" in 1 was determined as follows.® A cyclic carbamate
(1a) was prepared from 1 by reaction with phenyl chlorocar-
bonate in tetrahydrofuran (THF):H,O (7:3). The 'H-NMR
signals of the tetra (S)- and (R)-2-methoxy-2-phenyl-2-(tri-
fluoromethyl) acetic acid (MTPA) esters (1bS, 1bR) prepared
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from 1a were assigned by analyzing the "H-"H COSY (500
MHz) spectra, and the Ad (=8¢— ) values were similar to
those in tetra-MTPA esters (6bS, 6bR) prepared from brous-
sonetine F* (Fig. 3).

Thus, the absolute stereostructure of 1 was formulated as
(2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy-5-{(1R)-1-
hydroxy-3-[6-(4-hydroxybutyl)-cyclohexy-2-on-1(6)-enyl]
propyl} pyrrolidine (=2-[(3R)-3-{(2R,3R,4R,5R)-3,4-dihy-
droxy-5-hydroxymethyl-pyrrolidin-2-yl}-3-hydroxypropyl]-3-
(4-hydroxybutyl)-cyclohex-2-enone).

Compound 2 was obtained as a colorless powder, [¢],
+25.1° (MeOH, ¢=0.18), and was named broussonetine S,
showing a brownish spot on TLC by ninhydrin reaction, and
the molecular formula was determined as C,;sH;;NO, on the
basis of pos. HR-SI-MS (m/z: 364.2692 [M+H]", error,
—0.5mmu). The IR spectrum showed a strong OH and NH
band at 3392cm™'. The '"H-NMR spectrum was strikingly
similar to that of broussonetine E,* except for an additional
oxymethine signal and the disappearance of 2 signals due to
2 methylene groups flanked a carbonyl group. These signals
were assigned as in 1 and summarized in Tables 1 and 2. The
A8 values in the penta-MTPA esters (2bS, 2bR) prepared
from a cyclic carbamate (2a) established the (S)- configura-
tion at C-10’. And the AJ values of the pyrrolidine moiety,
and H-1" and H-2" in 2bS and 2bR coincided with those in
6bS and 6bR (Fig. 3).

Thus, the absolute stereostructure of 2 was formulated as
(2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy-5-[(1R,10S)-
1,10,13-trihydroxytridecyl] pyrrolidine.

Compound 3 was obtained as a colorless oil, [a], +11.0°
(MeOH, ¢=0.49), and was named broussnetine T, showing a
yellowish spot on TLC with ninhydrin reaction, and the mol-
ecular formula was determined as C,;H,;NO, on the basis of
pos. HR-SI-MS (m/z: 378.2485 [M+H]", error, +0.3 mmu).
The IR spectrum showed a strong OH and NH band at 3316
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Table 1. 'H-NMR Spectral Data for 1—5 (500 MHz, Pyridine-d;)
1 2 3 4 5

2 3.79m 2 3.80m 3.799 447m 3.72m

3 470t (6.4) 3 470t (6.4) 471(6.2) 5.01t(3.4) 4,58t (4.8)

4 4.95t(6.4) 4 4,94t (6.4) 4.95t(6.2) 521d(3.4) 4.09 m

5 3.67t(6.4) 5 3.65t(6.4) 3.66t(6.2) 3.55m

Iy 4207 1 4.14m 4,189 2.71m,291m 1.69m, 1.98” m

2! 2.07m,2.16" m 2! 1.959 m 2.059 1.749 2.299m, 2.37%m

3’ 2.73m, 2.94m 3’ 1.55m, 1.76” m 1.989 1.30m 5.54m

1 4’ 1.68? 5.46m

2" 5’ 11991369 3.809 1.089—1.199 1.95% dd (14.0, 7.3)

3" 2.349t (6.5) 6' : ’ 1.579 1.30 q(7.3)

4" 1.70” 7' 1.489, 1.63% 1.51m 1.59 q (7.3)

5" 2,16 m 8’ 1.479 m, 1.609 m 1.65% 2.341(7.3) 2.35t(7.3)

6" 9’ 1.609 m, 1.699 m 2.42t(7.1)

" 2.359m 10’ 3.89m 2.471(7.3) 2.461(7.3)

2" 1.709 1’ 1.85m 2.641(7.3) 1.86 m 1.86m

3" 1.70” 12’ 2.019m,2.12m 2.059 1.749 1.739m

4" 3.86t(6.2) 13 3.95t(6.5) 3.85t(6.4) 3.85t(6.4) 3.84t(6.4)

CH,0H 4.199 (11.0, 5.7)
4.239(11.0,4.1)

CH,OH 4.20 dd (11.0, 5.7)
424dd (11.0,4.1)

4.189 dd (11.0, 5.5)
423 dd (11.0,4.1)

422dd (11.8,3.2)
4.83dd(11.8,3.2)

4.26 dd (10.8, 5.9)
4.32.dd (10.8, 5.9)

a) Overlapped signals.

cm™ ! and a carbonyl band at 1704 cm™'. The '"H-NMR spec-
trum was strikingly similar to that of broussonetine E®, ex-
cept for an additional oxymethine signal. These signals were
assigned as in 1 and summarized in Tables 1 and 2. The Ad
values in the penta-MTPA esters (3bS, 3bR) prepared from 3
established (S)-configuration at C-5" (Fig. 2). And the Ad
values of the pyrrolidine moiety, and H-1" and H-2" in 3bS
and 3bR coincided with those in 6bS and 6bR.

Thus, the absolute stereostructure of 3 was formulated as
(2R,3R,4R,5R)-2-hydroxymethyl-3,4-dihydroxy-5-[(1R,5S5)-
1,5,13-trihydroxy-10-oxo-tridecyl] pyrrolidine.

Compound 4 was obtained as a colorless powder, [«],
—33.3° (MeOH, ¢=0.20), and was named broussonetine U.
The molecular formula was determined as C,¢H;;NO, on the
basis of pos. HR-SI-MS (m/z: 344.2438 [M+H]", error,
+0.4 mmu). The IR spectrum showed a strong OH and NH
band at 3338 cm ™' and a carbonyl band at 1704 cm™'. The
'H-NMR spectrum of 4 was similar to those of broussonetine
D7, except for the pyrrolidine moiety. Partial structures A, B
and C were obtained by "H-'H COSY cross peaks and they
were connected on the basis of HMBC spectrum (Fig. 2).
The 'H-NMR and "C-NMR signals were assigned as in 1
and summarized in Tables 1 and 2.

The relative stereostructure of the pyrroline moiety in 4
was disclosed by the vicinal coupling constants (J,;=J; 4=
3.4Hz) and NOEs in the NOESY spectrum, that is NOEs
were observed between H-2 and H-4 to establish 2 o-hydrox-
ymethyl-3 8,4 o-dihydroxy-5-alkyl 5-pyrroline.

The absolute stereostructure of the pyrroline moiety was
deduced to be the (25,35,4S) configuration, by comparison of
the value of [¢of], —33.3° with those of (2R,3R,4R)-3,4-dihy-
droxy-2-(hydroxymethyl)-2H-pyrrole (+21.8°),” (2R,3R.4R)-
3,4-dihydroxy-2-(hydroxymethyl)-pyrrolidine (+7.8°)'? and
(25,35,45)-1,4-dideoxy-1,4-imino-L-arabinitol (—34.6°).'"

Thus, 4 was proposed to be (25,35,45)-2-hydroxymethyl-
3,4-dihydroxy-5-(9-oxo-13-hydroxytridecyl)-5-pyrroline.

Compound 5 was obtained as a colorless powder, [«],
+10.9° (MeOH, ¢=0.09), and was named broussonetine V,
showing a brownish spot on TLC by ninhydrin reaction, and

ppm (Hz)

Table 2. '">C-NMR Spectral Data for 1—S5 (125 MHz, Pyridine-ds)
1 2 3 4 5

2 63.88 2 65.05 65.54  80.85 61.75
3 78.67 3 79.85 80.21  74.83 73.84
4 7837 4 79.48 7995  79.72 79.55
5 6547 5 66.78 67.23  149.89 61.75
Iy 7228 1 73.24 73.18 2524 35.70
2! 3328 2/ 34.47 3499  25.17 30.65
3’ 21.01 3’ 26.39 23.11  29.94 131.01
1" 158.69 4/ 38.50 130.22
2" 197.80 5’ ] 29.85,29.85 70.69 ;gg} 29.39 32.68
3" 36.84 6 29.69,29.69 38.07 ’ 29.37
4" 2134 7' 2596  24.04 23.64
5" 29.07 8 26.03 2443 42.66 42.53
6" 13457 9 38.00 4294 211.01 217.54
1" 3331 10 70.70 210.83  42.56 42.58
2" 2334 11 34.65 39.48  20.89 20.96
3" 31.88 12 29.80 2777 3291 33.05
4" 60.08 13’ 62.10 6122  61.62 61.64
CH,0H 61.57 CH,0H 62.78 63.10  58.50 62.47

ppm

the molecular formula was determined as C,;H,;NO; on the
basis of pos. HR-SI-MS (m/z: 344.2737 [M+H]", error,
+0.2 mmu). The IR spectrum showed a strong OH and NH
band at 3379 cm ™' and a carbonyl band at 1708 cm™'. The
'H-NMR spectrum was strikingly similar to that of brous-
sonetinine B, except for two additional olefin proton signals
[0 5.54 (IH, m), & 5.46 (1H, m)]. These signals were
assinged as in 1 and summarized in Tables 1 and 2. The vici-
nal coupling constant (J; ,,=15.0 Hz), which was confirmed
by decoupling experiment on the methylene signal [& 1.95,
(2H, dd) on H-5'] in 5, established the (£) conformation of
this olefin. The [¢], of § (+10.9°) was similar to that of
broussonetinine B (+15.3°)° and the relative stereostruc-
tures of the pyrrolidine moiety were the same.

Thus, the absolute stereostructure of 5 was proposed to be
(2R,3S,4R,5R)-2-hydroxymethyl-3,4-dihydroxy-5-[(£) 9-oxo-
13-hydroxy-3-tridecenyl] pyrrolidine.
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Experimental

General The instruments used in this work were: a JASCO digital po-
larimeter (for specific rotation, measured at 25°C); a Perkin-Elmer 1720X-
FTIR spectrometer (for IR spectra); a Hitachi M-80 spectrometer (for MS
spectra); a Varian Mercury 300, unity Inova-500 (for NMR spectra, mea-
sured in pyridine-ds, on the & scale using tetramethylsilane as an internal
standard); a Shimadzu spectrophotometer UV 1200 (for UV spectra).

Column chromatography was carried out on ion exchange resin (Amber-
lite CG-50, Amberlite IRA-67/Orugano Company and Dowex 50W-X4/the
Dow Chemical Company), and silica gel (Chromatorex DM 1020/Fuji Silysia
Chemical Ltd.). HPLC was conducted on a Gilson 305 pump or a JASCO
PU 980 equipped with a JASCO 830-RI or UV-970 as a detector. Silica gel
60 F,s, (Merck) precoated TLC plates were used, developed with a
CHCL;-MeOH—-AcOH-H,O (20:10:7:5) solvent system, and detection
was carried out by ninhydrin reagent followed by heating.

Isolation of 1—5 Dried branches of Broussonetia kazinoki (7.5 kg, col-
lected in Takatsuki City (Osaka) in 1998) were treated as described in the
experimental section of the previous paper.” The fraction containing 1—5
was rechromatographed on silica gel (Chromatorex DM1020) using CHCl,
and MeOH, followed by preparative HPLC [column : Asahipak ODP 10E
(i.d. 10X250 nm); solvent: CH;CN-H,O (7:93) in 1 and 3, and (15:85) in
2, 4 and 5, adjusted to pH 12.0 with ammonia solution; flow rate: 1.5
ml/min; detection, RI; column temperature: ambient]. 1 (Smg), 2 (6 mg), 3
(6 mg), 4 (2 mg), and 5 (2 mg) were finally obtained.

Broussonetine R (1): Colorless oil, ninhydrin reaction: positive (a brown
spot on TLC), t; 42min, [a], +21.8° (MeOH ¢=0.27), C,;H;NO, pos.
HR-SI-MS m/z: 3582224 ([M+H]+) error: —0.4mmu, IRv (KBr) cm™':
3392 (OH, NH), 1646 (CO), UV (MeOH) 4, nm (log €): 247 (3.98), 'H-
and "*C-NMR (pyridine-d,): Tables 1, 2.

Broussonetine S (2): Colorless powder, ninhydrin reaction: positive (a
brown spot on TLC), #; 20 min, [a], +25.1° (MeOH ¢=0.18), C,;H;;NO,
pos. HR-SI-MS m/z: 364.2692 ((IM+H]") error: —0.5mmu, IRv (KBr)
cm™': 3392 (OH, NH) 'H- and *C-NMR (pyridine-d): Tables 1, 2.

Broussonetine T (3): Colorless oil, ninhydrin reaction: positive (a yellow
spot on TLC), #; 20 min, [&], +11.0° (MeOH ¢=0.49), C H;sNO,, pos.
HR-SI-MS m/z: 378.2485 ([IM+H]") error: —0.5mmu, IRv (KBr) cm™":
3316 (OH, NH), 1704 (CO), 'H- and *C-NMR (pyridine-d;): Tables 1, 2.

Broussonetine U (4): Colorless oil, f; 27min, [a], —33.3° (MeOH
¢=0.20), C,;H;;NOs, pos. HR-SI-MS m/z: 344.2438 ((M+H]") error: +0.3
mmu, IRv (KBr) cm™': 3343 (OH, NH), 'H- and *C-NMR (pyridine-ds):
Tables 1, 2.

Broussonetine V (5): Colorless powder, ninhydrin reaction: positive (a
brown spot on TLC), #; 27 min, [a], +10.9° (MeOH ¢=0.09), C,;H;;NO;,
pos. HR-SI-MS m/z: 344.2437 ([M+H]") error: +0.2mmu, IRv (KBr)
cm™': 3379 (OH, NH), 1708 (CO), 'H- and *C-NMR (pyridine-ds): Tables
1,2.

Carbamate (1a) 1 (5mg) was treated with phenyl chloroformate (1.5
ml) in THF-H,O (7:3) (10 ml) and NaHCO; (0.5 g) at 2 °C for 3 h followed
by warming to room temperature for 36 h. The reaction products were sub-
jected to HPLC [column, Asahipak ODP-5E (i.d. 6.0X250 mm); solvent,
CH,CN-H,0 (5:95-30:70, 40 min), adjusted to pH 12.0 with ammonia
solution; flow rate, 1.0 ml/min; detection, UV (247 nm); column tempera-
ture, ambient]. Carbamate (1a) was obtained as a colorless oil (3 mg).

(S)-(—)-MTPA Ester (1bS) 1a (1.5mg) was treated with (R)-(—)-
MTPA-CI1 (20 ul) in pyridine (300 ul) at room temperature overnight, and
then N,N-dimethyl-1,3-propanediamine was added. The reaction products
were subjected to HPLC [column, Cosmosil C18-AR-300 (i.d. 4.6X150
mm); solvent, CH;CN-H,0 (20:80 - 100: 0 40 min); flow rate, 1.0 ml/min;
detection, UV 230 nm; column temperature, 40 °C]. 1bS was obtained as a
colorless oil (1.5mg), Cs5,Hs,NOsF,,, pos. SIMS m/z: 1247 (M+H)", 189
(base peak); 'H-NMR (CDCl;) §: 1.400*—2.407* (CH,), 1.547* (2'-H),
2.376* (3'-H), 3.109 (1H, m, 2-H), 3.320, 3.490, 3.534, 3.714 (each 3H, s,
OCH,), 4.088* (1H, 5-H), 4.116* (1H, CH,0), 4.202 (1H, dd, J=9.8, 4.6
Hz, CH,0), 4.721 (1H, m, 3-H), 5.218 (1H, m, 1'-H), 5.548 (1H, t, J=4.8
Hz, 4-H), 7.250*—7.540* (20H, m, MTPA-ArH). *: Overlapped signals.

(R)-(+)-MTPA Ester (1bS) 1a (1.5mg) was treated with (R)-(—)-
MTPA-CI1 (20 ul) in pyridine (300 ul) at room temperature overnight, and
then N,N-dimethyl-1,3-propanediamine was added. The reaction products
were subjected to HPLC [column, Cosmosil C18-AR-300 (i.d. 4.6X150
mm); solvent, CH;CN-H,0 (20:80 - 100: 0 40 min); flow rate, 1.0 ml/min;
detection, UV 230 nm; column temperature, 40 °C]. 1bR was obtained as a
colorless oil (1.5mg), C4,Hs,F|,NO,s, pos. SIMS m/z: 1247 (M+H)", 189
(base peak); 'H-NMR (CDCly) §: 1.368*—2.371* (CH,), 1.420* (2'-H),
2.148* (3'-H), 3.300 (1H, m, 2-H), 3.359, 3.408, 3.474, 3.548 (each 3H, s,
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OCH,), 4.060* (1H, t, J=4.3 Hz, 5-H), 4.225 (1H, m, CH,0), 4.328* (1H,
CH,0), 5.027 (1H, m, 3-H), 5.173 (1H, m, 1'-H), 5.729 (1H, t, J=4.3 Hz, 4-
H), 7.250*—7.540* (20H, m, MTPA-ArH). *: Overlapped signals.

Carbamate (2a) 2 (5mg) was treated with phenyl chloroformate(1.5
ml) in THF-H,O (7:3) (10 ml) and NaHCO; (0.5 g) at 2 °C for 3 h followed
by warming to room temperature for 36 h. The reaction products were sub-
jected to HPLC [column, Asahipak ODP-5E (i.d. 6.0X250 mm); solvent,
CH,CN-H,O (15:85), adjusted to pH 12.0 with ammonia solution; flow
rate, 1.0 ml/min; detection, RI; column temperature, ambient]. Carbamate
(1a) was obtained as a colorless oil (3 mg).

($)-(—)-MTPA Ester (2bS) 2a (1.5mg) was treated with (R)-(—)-
MTPA-CI (20 ul) in pyridine (300 ul) at room temperature overnight, and
then N,N-dimethyl-1,3-propanediamine was added. The reaction products
were subjected to HPLC [column, Cosmosil C18-AR-300 (i.d. 4.6X150
mm); solvent, CH;CN-H,0 (20:80 - 100: 0 40 min); flow rate, 1.0 ml/min;
detection, UV 230 nm; column temperature, 40 °C]. 2bS was obtained as a
colorless oil (1.5mg), C4H,,F;sNO,,, pos. SIMS m/z: 1470 (M+H)", 189
(base peak); 'H-NMR (CDCl,) &: 1.12*—1.65* (CH,), 1.524* (1H, 2'-H),
1.549* (1H, 12'-H), 1.599* (2H, 9'-H), 1.600* (1H, 12'-H), 1.647* (2H,
11'-H), 1.647* (1H, 2'-H), 2.873 (1H, m, 2-H), 3.346 (3H, s, OCH,),
3.482*—3.538* (9H, OCH,), 3.616 (3H, s, OCH,), 3.980 (1H, m, CH,0),
4.030 (1H, t, J=4.3 Hz, 5-H), 4.216 (2H, m, 13’-H), 4.259 (1H, dd, J=9.8,
4.3 Hz, CH,0), 4.764 (1H, m, 3-H), 5.057 (1H, m, 10’-H), 5.221 (1H, m, 1'-
H), 5.757 (1H, t, J=5.3 Hz, 4-H), 7.310*—7.530* (25H, m, MTPA-ArH). *:
Overlapped signals.

(R)-(+)-MTPA Ester (2bS) 2a (1.5mg) was treated with (R)-(—)-
MTPA-CI1 (20 ul) in pyridine (300 ul) at room temperature overnight, and
then N,N-dimethyl-1,3-propanediamine was added. The reaction products
were subjected to HPLC [column, Cosmosil C18-AR-300 (i.d. 4.6X150
mm); solvent, CH;CN-H,O (20:80 - 100: 0 40 min); flow rate, 1.0 ml/min;
detection, UV 230 nm; column temperature, 40 °C]. 2bR was obtained as a
colorless oil (1.5mg), CgH, F;sNO,,, pos. SIMS m/z: 1470 (M+H)", 189
(base peak); 'H-NMR (CDCl,) §: 1.08*—1.79* (CH,), 1.240* (1H, 2'-H),
1.490* (1H, 2’-H), 1.536* (2H, 11'-H), 1.549* (1H, 12'-H), 1.652* (2H, 9'-
H), 1.681* (1H, 12'-H), 3.152 (1H, m, 2-H), 3.325 (3H, s, OCHj,), 3.46*—
3.55% (12H, OCH;), 4.010 (1H, t, J=4.8Hz, 5-H), 4.142* (2H, 13'-H),
4.142* (1H, CH,0), 4.279* (1H, CH,0), 5.070* (1H, 3-H), 5.070* (1H,
10’-H), 5.191 (1H, m, 1'-H), 5.802 (1H, t, J/=4.8 Hz, 4-H), 7.310¥*—7.530*
(25H, m, MTPA-ArH). *: Overlapped signals.

Carbamate (3a) 3 (9mg) was treated with phenyl chloroformate(1.5
ml) in THF-H,O (7: 3) (10 ml) and NaHCO; (0.5 g) at 2 °C for 3 h followed
by warming to room temperature for 36 h. The reaction products were sub-
jected to HPLC [column, Asahipak ODP-5E (i.d. 6.0X250 mm); solvent,
CH,CN-H,O (15:85), adjusted to pH 12.0 with ammonia solution; flow
rate, 1.0 ml/min; detection, RI; column temperature, ambient]. Carbamate
(3a) was obtained as a colorless oil (4 mg).

(8)-(—)-MTPA Ester (3bS) 3a (2mg) was treated with (R)-(—)-MTPA-
Cl1 (20 ul) in pyridine (300 ul) at room temperature overnight, and then N,N-
dimethyl-1,3-propanediamine was added. The reaction products were sub-
jected to HPLC [column, Cosmosil C18-AR-300 (i.d. 4.6X150 mm); sol-
vent, CH;CN-H,O (20:80-100:0 40 min); flow rate, 1.0 ml/min; detec-
tion, UV 230 nm; column temperature, 40 °C]. 3bS was obtained as a color-
less oil (1.5mg), CeHoF sNO,q, pos. SIMS m/z: 1484 (M+H)*, 189 (base
peak); 'H-NMR (CDCl;) §: 1.09*—1.75* (CH,), 1.134* (2H, 7'-H), 1.377*
(2H, 3'-H), 1.516*% (2H, 6'-H), 1.536* (2H, 2'-H), 1.602* (2H, 4’-H),
1.952* (2H, q, J=6.7Hz, 12'-H), 2.276 (2H, m, 9'-H), 2.392 (2H, m, 11'-
H), 2.948 (1H, m, 2-H), 3.330*—3.600* (15H, OCH,), 3.999* (1H, 5-H),
4.040* (1H, CH,0), 4.264* (1H, CH,0), 4.320* (2H, 13'-H), 4.774 (1H, t,
J=5.3Hz, 3-H), 4.986 (1H, m, 5’-H), 5.146 (1H, m, 1’-H), 5.678 (1H, t,
J=5.3Hz, 4-H), 7.300%*—7.580* (25H, m, MTPA-ArH). *: Overlapped sig-
nals.

(R)-(+)-MTPA Ester (3bS) 3a (2 mg) was treated with (R)-(—)-MTPA-
Cl1 (20 ul) in pyridine (300 ul) at room temperature overnight, and then N,N-
dimethyl-1,3-propanediamine was added. The reaction products were sub-
jected to HPLC [column, Cosmosil C18-AR-300 (i.d. 4.6X150 mm); sol-
vent, CH;CN-H,O (20:80-100:0 40min); flow rate, 1.0 ml/min; detec-
tion, UV 230 nm; column temperature, 40 °C]. 3bR was obtained as a color-
less oil (1.5 mg), CeoHgF sNOyg, pos. SIMS m/z: 1484 (M+1H)*, 189 (base
peak); '"H-NMR (CDCl,) §: 1.07*—1.60* (CH,), 1.222* (2H, 3'-H), 1.243*
(2H, 7'-H), 1.427* (2H, 2'-H), 1.463* (2H, 4'-H), 1.541* (2H, 6'-H), 1.962
(2H, m, 12'-H), 2.280 (2H, m, 9'-H), 2.398 (2H, m, 11'-H), 3.192 (1H, m,
2-H), 3.300*—3.550* (15H, OCH,), 3.961 (1H, m, 5-H), 4.176 (1H, m,
CH,0), 4.295*% (1H, CH,0), 4.325* (2H, 13'-H), 4.932* (1H, m, 5'-H),
5.061 (1H, dd, /=5.7, 8.0Hz, 3-H), 5.131 (1H, m, 1'-H), 5.741 (1H, m, 4-
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H), 7.300%*—7.540* (25H, m, MTPA-ArH). *: Overlapped signals.
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