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Abstract: Three novel isoquinoline alkaloids, TMC-120A, B and C (1-3) have been isolated
from a fermentation broth of Aspergillus ustus (Bain.) Thom & Church TC 1118, a fungus

isolated from rhizosphere of grass. Their structures were determined through extensive

spectroscopic analyses and chemical studies. TMC-120s (1-3) are found to be the first
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TMC-120A(1), B(2) and C(3) are novel isoquinoline alkaloids produced by Aspergillus
ustus (Bain.) Thom & Church TC 1118, discovered as inhibitors of interleukin-5 mediated

eosinophil viability. In this paper, we report the structure determination of TMC-120A, B and
- e b e onlatiAam nm ;f\ faYsa fas ) are :I'I 1Ta0 K7t O rarmns o 1M o canmaratfa manar 1
C Thc Pl \J\’.iubt Ull, lbU}.atlU 1 al Id bl lvélwal apt Vlthb Wlll b\/ llelth\/d 111 a svpai (ltb prea 1

n4 An

*e-mail: jun-k@tanabe.co.jp, Tel: 81-48-433-2732, Fax: 81-48-433-2734

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(99)00648-1



p—

o,
o
A
[¢]

S~

x
]
ol
S

-

TMC-120A(1) had the molecular formula of C;sH;sNO,, determined by its high
resolution electron spray ionization (HRESI)-MS [m/z found 240.1017 (M-H), calcd 240.1024],
and °C and 'H NMR spectral data. The °C and 'H NMR data of 1 obtained from DEPT,
HMQC and HMBC spectra are shown in Table 1. The “C NMR spectrum displayed three
methyl, one methine, one oxygenated methine, nine aromatic sp’ and one carbonyl carbons.
The DQF-COSY and HMBC experiments clarified the connectivity of the nine sp’ carbons and
the four sp’ protons of the aromatic moiety as shown in Figure 1. 3-Methyl isoquinoline

nucleus was demonstr afPﬂ by the following observations, together with the presence of a
mta . L DU, LIV UPE I o — 191 Q II_ . LFR AT
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correlation from the low field proton H-9 (8 9.56) to C-5a, C-9a and C-9b, iii) the correlation
from H-9 and the methyl proton H-10 (8 2.76) to C-7 (8 157.5).

ISC IH
Position 1 2 3 1 2 3

2 9154 1456 1103d 468(1H,d,39) -- ---

3 199.6s 182.1s 1985s  --- --- -

32 1175s 1193s 1156s --- --- -

4 123.9d 124.1d 1243d 7.72(1H,d,8.5) 7.80(1H,d, 8.5) 7.53 (1H,d, 8.3)
5 120.1d 1205d 1194d 7.31(1H,d,8.5) 7.35(1H,d,8.5) 6.99(1H,d,8.3)
Sa 1423s 1413s 1420s --- - ---

6 11954 11854 11%4d 754 (1H s) 7.52(1H, s) 7.14 (1H, s)

7 157.5s 156.7s 1568s --- - -—

9 146.6d 146.2d 146.5d 9.56 (1H,s) 9.52 (1H, s) 9.49 (1H, s)

9a 1152s 1146s 1146s -- — —
9b 1739s 1640s 1715s  --- — —

10 247q 247q 238q 276(3H,s) 2,74 (3H, s) 251 (3H,s)

i1 31.1d 133.7s 339d 248 (I1H,m) - 242 (1H, m)

12 157q 175q *16.0q 094 (3H,d,69) 243(3H,d,0.7) 0.99 (3H,d, 6.3)
13 188q 204q *156q 125(3H,d,69) 225(3H,d,0.7) 1.24(3H,d,6.6)
OH - - - - - 7.75 (1H, brs)

The correlation from the aromatic proton H-4 (8 7.72) and the oxygenated methine
proton H-2 (8 4.68) to the carbonyl carbon C-3 (d 199.6) indicated that the 1-methylethyl unit
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isoquinoline unit at C-3 thr
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correlation from H-2 to the aromatic carbon C-95 (0 1
unit also linked by ether bond with the 1soqum011ne unit at C-9b. The structure of 1 was
thus estabhshed to be 7-methyl-2-(1-methylethyl)-furo[3,2-hJisoquinoline-3-one. In spite of
our utmost efforts, the absolute configuration at C-2 of 1 has not yet been ascertained, up to the

present.
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Figure 1. 2D NMR Experiments for 1.

The molecular formula of 2 (C,sH,sNO,, HRESI-MS: m/z found 238.0904 (M-H)", calcd
238.0868) suggested that 2 was the didehydro analog of 1. Two olefinic carbons C-2 (8
145.6) and C-11 (6 133.7) in 2 were observed in place of the corresponding methine carbons (3
91.5 and 31.1) in 1. Moreover, the carbonyl carbon C-3 (6 182.1) in 2 was shifted to higher
field relative to that of 1 (8 199.6), suggesting the presence of the conjugated carbonyl group.
Compound 2 is thus presumed to be a C-2, 11-didehydro analog of 1. Finally, the single
crystal X-ray analysis has confirmed unambiguously the structure of 2 (Figure 2).
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Figure 2. ORTEP 11 diagram of 2.



The molecular formula of 3 (C,sH,;sNO;, HRESI-MS: m/z found 256.0977 (M-H)’, calcd
256.0974) differed from that of 1 by an oxygen. The '*C NMR data of 3 corresponded well to
those of 1, except for the carbon at C-2 and C-13. The quaternary carbon C-2 (8 110.3) was
observed in place of the corresponding oxygenated methine carbon (8 91.5) in 1. The signal
of the methyl carbon at C-13 was shifted higher field relative to that of 1 by an additional -
gauche effect of hydroxyl oxygen. These results gave us the structure of 3 to be a C-2-
hydroxy analog of 1, and is may be racemic compound ([®t]* 0° (¢ 0.214, methanol)).

TMC-120s are simple but unusual isoquinoline alkaloids. To our knowledge, 5-methyl-2,3-
dimethyli-9-phenyifuro{3,2-4]-isoquinoline, chemically synthesized, was the only compound to
have furo[3,2-AJisoquinoline monety. TMC-120s are thus the first furo[3,2-Ah]isoquinoline-

type alkaloids isolated from natural sources.

Experimental Section
General Methods.

Rf values were determined with Kieselgel 60 F,5, TLC glass plates (E. Merck, Darmstadt,
Germany) in (A) CH,Cl,/MeOH (98:2) and (B) n-hexane/EtOAc (2:1). TLC spots were
visualized by exposure to UV light at 254 nm or to an ammonium molibdate/H,SO, spray
reagent. Melting points were obtained using a Yanaglmoto MP-2S micro melting apparatus

and were uncorrected. Ontical rotations were determined u ng the sodium D line on a Horiba
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model SEPA-200 high sensitive polarimeter in methanol at 23°C. UV spectra
on a Shimadzu model UV-2200A spectrophotometer in methanol. IR spectra were recorded
on a JASCO model 100 infrared spectrophotometer. The samples were prepared and mounted

as KBr micropellets. All mass spectra were obtained using Mstation 700 tandem type mass

LI lle 4311 11liavo &

spectrometer (JEOL, Japan) equipped with an electrospray ionization source. Analytical
. 1 1
HPLC were obtained using a HP1100 system (Hewlett Packard, USA). C and H NMR

spectra were recorded on a JEOL GSX-400 NMR spectrometer at 30°C. Samples were
dissolved in CDCl,. The chemical shifts are given in ppm (O) relative to tetramethylsilane
(TMS) as an internal standard. DQF-COSY, HMQC and HMBC spectra were obtained using
standard puise sequences. DQF-COSY spectrum was recorded in phase-sensitiv
The HMQC and HMBC experiments were optimized for 'J = 145 Hz and "J = 8.2 Hz,

respectively. Typically 2048 x 128 data points were acqu1red and zerofilling was used in the

t1 domain to 2048 points.



Pale yellow solid; Rf 0.30 (A) and 0.37 (B); mp. 115 ~ 116°C; [a],* -18° (¢ = 0.505,
MeOH); UV A, 354 (4.11), 340 (4.05), 323 (sh, 3.85), 250 (4.53), 210 (4.50) nm (log €); IR
V... 3050, 3025, 2990, 2960, 2925, 2870, 1700, 1630, 1590, 1565, 1500, 1455, 1420, 1400,
1380, 1365, 1355, 1320 1285, 1230, 1220, 1160, 1100, 1090, 1060, 965, 960, 925, 900, 875,

820, 810, 745 cm'; ESI-MS miz 242 (M+H)", 240 (M-H), 186, 158, 130; HRESI-MS m/z
found 240.1017 (M-H)), calcd. for C,sH,,NO,: 240.1024; C and '"H NMR data, see Table 1.

TMC-120B (2): 7-methyl-2-(1-methylethylidene)-furo[3,2-h]isoquinoline-3-one
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(3.89), 302 (4.33), 295 (sh, 4.33), 271 (4.37), 239 4.11), 233 (4.11), 212 (4.54) nm (log €); IR
Vi 1690, 1650, 1615, 1570, 1500, 1450, 1425, 1410 1400, 1365, 1340, 1305, 1280, 1240,

176 ~ 177°C: IT\I 2 ’ZAC
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1175, 1160, 1095, 920, 895, 865, 835, 795, 745 cm’™’; ESI-MS m/z 240 (M+H)", 238 (M-H),
212, 197, 186, 168, 158, 130; HRESI-MS m/z found 238.0904 (M-H)', calcd. for C,;H,,NO,:
N10 Noz£o. B 1 I NIMAD A.4n cnn Tolla 1
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TMC-120C (3): 2-hydroxy-7-methyl-2-(1-methylethyl)-furo[3,2-h]isoquinoline-3-one

Slightly pale yellow needles; Rf 0.08 (A) and 0.16 (B); mp. 176 ~ 177°C (dec.); [a], O°
(c =0.511, MeOH); UV A, 413 (sh, 3.05), 354 (4.01), 253 (4.50), 211 (4.51) nm (log €); IR

s 1&LL 1AEL 1AM 172 17 1N£& 11 1
V max 1720, 1625, 1565, 1455, 1420, 1380, 1285, 1265, 1200, 1165, 1105, 1085, 935, 910, 880,

860, 800, 730 cm'1; ESI-MS m/z 258 (M+H)", 256 (M-H), 212, 197, 186, 160, 130; HREI-
MS m/z found 256.0977 (M-H), calcd. for C,sH,,NO;: 256.0974; °C and 'H NMR data, see
Table 1.

Compound 2 (39.0 mg, 0.163mmol) in EtOAc (4.0 ml) was hydrogenated with hydrogen
over 10% palladium on charcoal (10 mg) for 2.5 hours. The reaction mixture was filtered and

the filtrate was concentrated under reduced pressure. The resulting residue (29.1 mg) was

meifiad repar, hua DY ' (8§89, anmiennie ("H_ OND A~tiy
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concentrated to dryness in vacuo to afford 14.1 mg (35.9 %) of the dihydro derivative as pale
yellow solid: [a],*® 0° (¢ 0.214, MeOH); Rf 0.30 (A) and 0.37 (B); UV A, 354 (4.11), 340
4. 06) 323 (sh, 3.85), 250 (4.52), 210 (4 49) nm (log €); ESI-MS m/z, 242 (M+H)', 186, 158,
130 (“ and H NMR data were consistent with the data of 1.
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A colorless needle crystal of 2 with dimensions 0.40 x 0.10 x 0.10 mm was obtained by
recrystallization from methanol and used for X-ray analysis. The intensity data were collected
on a Rigaku AFCS5R difractometer by using orap__lc-mongc _rgmated Cu-Ka(A=1. MIRA)
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refinement by using the settmg of 25 reﬂectlons in the range of 70°<20<90°. The
crystallographic data are summarized as follows: C;sH;;NO,, Mr=239.26, needle, orthorhombic,
space group Pna2,, a=20.037A (1), b=18.474A (2), c=6.661A (3), V=2465.6(11)A%, Z=8,
Dcalc=1.29g/cm’, Mu=0.691mm™". The intensities of 5862 reflections with 3.3°<8<65.1°,
O<h<22, -6<k<21, -7<i<7 were measured. Three standard reflections were monitored every
200 reflection intervals and showed insignificant fluctuations. The data were corrected for

Lorentz and polarization effects, but not for absorption. The structure was solved by a direct
method bv nsina SHELXS-97° and the subsequent difference Fourier method
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The structure
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of non—hydrogcn atoms. The hydrogen atoms were refined by riding with the atoms to which
they were bonded. The full matrix least squares refinement varied 326 parameters and used
all 4178 independent reflections weighted by w=1/[0*(F0*)+(0.1000P)*+0.0000P] where

P_ (L2190 F~2\ 12 Final RPI-NNT7R 1uRI—-N) 180 and (nndmace nf L‘vt(Q\-—-ﬁ RQ far a
F=\I'0 v’ C jio. Clal /RI=U.WU/i6, WRLTULIOU ana uooaness of HAWD =V 0T UL a

R1=0.044 for 2743 reflections with I>2(J)o. The final difference Fourier map showed
maximum and minimum values of 0.13 and -0.13 ¢/A® , respectively.
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