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SYNTHESIS OF BREVICOMPANINES, PLANT GROWTH REGULATORS
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Abstract —Brevicompanine A (1) and B (2) are plant growth regul ators isolated
from Penicillium brevicompactum. The synthesis of brevicompanine A (1) and
B (2) was accomplished via aknown intermediate.

INTRODUCTION

Brevi companine A (1) and B (2) were isolated from Penicilli um brevi compactum as plant growth
regul ators by Kimura and coworkersin 1999." Their activity as aplant growth regul ator was examined
using bioassay with lettuce and rice seedlings. With the lettuce seedl ing, both 1 and 2 showed inhi bitory
activi tiestoward the hypocotyl € ongati on of seedlings at a concentration of 100 mg-1™. Although 1
acce erated the root growth of the seedlings in proportion to its concentration from 10 mg-™ to 300 mg:1*,
2 promoted it less weskly than 1 in proportion to its concentration from 10 mg:l"* to 300 mg-™. Both | and
2 showed no inhibitory effect on the root and stem d ongation of rice seedlings a a concentration of 300
mg-l™. These mol ecul es have a hexahydropyrrolo[2,3-b]indol e (physosigmi ne) skeleton subgtituted with
an inverted prenyl group and a diketopiperazine ring. Similar compounds such as A mauromine,?
Fructigenine A® wereisolated with various activities Brevi companine A (1) and B (2) consist of an L-
tryptophan moiety and a D-leucine or D-all oisoleucine moiety. The presence of aD-amino acid in these
molecul es of 1 and 2 has not been reported among alka oidswith a similar skeleton. Therefore,
brevicompanines are of considerable interest to us, because of the re ati onshi p of the structural
uniqueness and the biol ogical activity, and so, wetried to synthesize brevicompanie A (1), B (2) and their
isomer, allobrevicompanines (3, 4).
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RESULTS AND DISCUSSION

Among the bre vicompanines, we first tri ed to synthesize allo-brevicompanine A (3), which can be
synthesized from L-isoleucine, to establish the synthetic route. The carboxylic acid (5), obtained
according to the Danishef sky's procedure,* was condensed with L-isoleucine methyl ester hydrochl oride
by using HBTU (O-benzotriazol-1-yl-N,N,N’,N’ -tetramethy| uronium hexafluorophosphate) as condens ng
agent and N-ethylmor pholinein methylene chloride to give 6 in 81% yield. Other condens ng reagents
(i.e., DCC, BOP-CI, and BOP) did not give any better results This amide was treated with TM SOT f
(trimethylsilyl trifluoromethanesul fonate) in methylene chloride at —15°C to give free diamine (7) in 82%
yield.

Schemel. a)L-lleeOMe-HCI, N-ethylmorpholine, HBTU, CH,CIl,. b) TMSOTf, CH,Cl,.

The final step, construction of the diketopiperazinering, wasinitially examined by using saturated
ammonia in methanol , which was used in the synthesis of rel ated diketopiperazi ne. However, cyclization
did not occur in our case probably because of the bulkinessof the branched amino acid (Tablel). We next
used NaCN which cata yzes the condensation of primary or secondary amine and ester.” Thus, we used a
catal ytic amount in methanol under refl ux for 3 days and obtained the desired compound (3), but the
prolonged refl uxing caused the decompositi on of the starting materia and the yield was very poor (13%).
When we used excessamount of NaCN, the reacti on rate was accelerated (overnight) and the yield was
improved, but not enough (38%). So, a diketopiperazi nering was constructed in two steps, hydrolysis of
the methyl ester and intramol ecul ar condensation of the resulting aminocarboxylic acid. The diamine (7)
was hydrolyzed with a solution of 0.5N LiOH in tetrahydrofuran-met hanol and the crude product was
condensed directly with HBTU in methylene chloride to give all o-brevicompanine A in good yield (70%
in 2 steps). Thus, the synthetic route was established. We succeeded in the synthesis of brevicompanine A
by the same route as that of all o-brevi companine A using D-all o-isoleucine methyl ester hydrochl oride.
The *H-NMR, *C-NMR, and IR dataof our synthetic 1 wereidentica with those of natura 1. The overall



yield is 12.2% in 9 steps from L-tryptophan. We a 0 synthesized brevivompani ne B (2) and allo-
brevi companine B (4) from D-leucine and L-leucine in tota 11.0% and 9.2% yield. The *H-NMR, **C-
NMR, and IR dataof our synthetic 2 were al0 identica with those of natura 2. Biological studiesand
invegigation of the structure and activity rel aionship by using the synthesized brevi companines are now
in progress.

Table 1.

In conclusion, we have synthesized brevicompanine A, B and their analog all o-brevicompanine A and B
in 9 steps from L-tryptophan and the total yields were 9.2 ~ 12.2%.

| o)
cyclization
yclizati NH
N\H)\'/\
H :
N "o
. " . 3
! Entry Reaction condition _ Yield allo-Brevicompanine A
_ (total 10 steps, 11%)
1 NH3, MeOH no reaction
2 NH3, DMAP, MeOH no reaction
NaCN (0.2 eq.)
3 MeOH, reflux, 3 days 13%
NaCN (6 eq.)
4 MeOH, reflux, overnight 38%
i) 0.5N LiOH,
5 THF-MeOH, it~ /0%

ii) HBTU, CH,Cl,

EXPERIMENTAL

Meélting points dates were recorded on a'Y amaco MP-S3 melting point apparatus and are uncorrected. IR
were recorded with a Jasco FT/IR-230 spectrometer and are reported in wave number (cm ™). *H-NMR
spectrawere recorded with a JEOL JNM-AL 300 spectrometer (300 MHz) or JEOL Alpha-600
spectrometer (600 MHz), and **C NMR spectra were recorded with JEOL Alpha-600 spectrometer (125
MHz). HRFABMS were recorded with a JEOL JMS-SX102/102. Refractive indices were recorded with a
Jasco DIP-1000. Column chromatography: Merck Kieselgel F-254. Neutral column chromatography:
Kanto Chemical SilicaGel 60N (spherical, neutral).

(2S:3aR,8aR)-1,8-Bis-t-butoxycar bonyl-2-methoxycar bonyl -3a-phenyl seleno-1,2,3,3a,8,8a-
hexahydropyrrolo[ 2,3-b]indole (5)

mp102.0~102.58°C (from Hexane - EtOAC), [a] 2= -57.4° (¢ 0.25, CHCL.)

IR(film):v, _ (cm™)= 3461 (b), 2977 (s), 1716 (s), 1602 (w), 1480 (m), 1396 (s), 1367 (s), 1278 (M), 1256
(m), 1220 (m), 1161 (s), 1088 (w), 1020 (m), 921 (w), 853 (w), 794 (w), 754 (m)

'H NMR(300 MHz, CDCl,): § = 7.31~7.06 (m, 2H), 7.17 (d, 1H, J= 7.5 Hz), 7.05 (t, 1H, J= 7.5 H2),



6.15 (s, 1H), 5.86 (dd, 1H, J= 17 Hz, J= 11 Hz), 5.08 (d, 1H, J = 11 Hz), 5.01 (d, 1H, J = 17 Hz), 2.83
(dd, 1H, J= 6.6 Hz, J= 10 Hz, H-2), 2.4 (dd, 1H, J= 12 Hz, J = 6.6 Hz, H-3), 2.36 (dd,1H, J = 12 Hz,
J=10Hz), 1.55 (s, 9H), 1.43 (br s, 9H), 1.03 (s, 3H), 0.94 (s, 3H)

Methyl (2539)-2-[{(2S,3aS,8aR)-1,8-bis-t-butoxycarbonyl-3a-(1,1-dimethyl prop-2-enyl)-1,2,3,3a,8,8a-
hexahydropyrrol o[ 2,3-b]indol-2-yl } car bonylamino] -3-methyl pentanoate (6)

Toamixtureof 5(0.37 g, 0.78 mmol) and L-isoleucine methyl ester hydrochloride (0.17 g, 0.94 mmol) in
CH,CI, (10 mL) was added N-ethylmorpholine (0.11 g, 0.94 mmol) under argon at —10°C and stirred for
10 min. To thiswas added HBTU (0.30 g, .78 mmol) and the mixture was stirred for 14 h at rt. The
reaction mixture was cooled to 0°C, diluted with sat. NaHCO, solution, and extracted with CHCI,. The
extract was washed with water and brine, dried with Na,SO,, and concentrated. The oily residue was
chromatographed by column (neutral silicagel, Hexane : EtOAc = 10 : 1) furnishing pure 6 as an oil
(0.38 g, 81%): [a] = —62.0° (c 0.15, CHCL,); IR(film):v, _ (cm™)= 2974 (m), 1712 (s), 1515 (m), 1480 (s),
1392 (s), 1366 (s), 1255 (M), 1157 (s), 1063 (w), 916 (m), 856 (m), 753 (s), 688 (W), 664 (w); ‘H
NMR(300 MHz, CDCl,): 6 =7.24 (t, 1H, J= 7.2 Hz), 7.18 (d, 1H, J= 7.5 Hz), 7.06 (t, 1H, J = 7.2 HZ),
6.18 (d, 1H, J= 7.5Hz), 6.16 (s, 1H), 5.87 (dd, 1H, J= 17 Hz, J= 11 Hz), 5.08 (d, 1H, J= 11 Hz), 5.01
(d, 1H, J= 17 Hz), 4.68 (dd, 1H, J= 7.2 Hz, J= 10 Hz), 3.75(dd, 1H, J= 7.2 Hz, J= 10 HZz), 3.73 (s,
3H), 2.45 (dd, 1H, J= 13 Hz, J= 7.2 Hz), 2.32 (dd, 1H, J= 13 Hz, J= 10 Hz), 2.03~1.84 (m, 1H), 1.55
(s, 9H), 1.41 (br s, 9H), 1.71~1.31 (m, 2H), 1.04 (s, 3H), 0.96 (s, 3H), 0.91 (t, 3H, J= 7.2 HZz), 0.83 (d,
3H, J= 6.9 Hz); HRFABM S m/z 600.7654 (Calcd 600.7661) C,,H.,N,O,

Methyl (2539)-2-[{(2S,3aS,8aR)-3a-(1,1-dimethyl prop-2-enyl)-1,2,3,3a,8,8a-hexahydropyrrol o] 2,3-
b]indol-2-yl}carbonylamino] -3-methyl pentanoate (7)

Toasolution of 6 (0.30 g, 0.50 mmol) in CH,CI, (30 mL) was added TMSOTf (1.1 g, 5.0 mmol) under
argon at —30°C and the mixture was stirred for 1.5 h at —15°C. The reaction mixture was diluted with sat.
NaHCO, solution and extracted with CHCI,. The extract was washed with water and brine, dried with
Na,SO,, and concentrated. The oily residue was chromatographed by column (neutral silicagel, CHCI,)
furnishing pure 7 as an oil (0.16 g, 82%): [a] Z= —95.9° (¢ 1.30, CHCL,); IR(film):v, . (cm™)= 3333 (m),
2966 (s), 1745 (s), 1681 (m), 1605 (m), 1485 (s), 1205 (s), 1006 (M), 916 (m), 753 (s); *H NMR(300
MHz, CDCl,): 7.13(d, 1H,J= 7.5Hz), 7.07 (t, 1H, J= 7.5 Hz), 6.74 (t, 1H, J= 7.5 Hz), 6.57 (d, 1H, J
= 7.5Hz),5.97 (dd, 1H, J= 17 Hz, J= 11 Hz), 5.08 (d, 1H, J= 11 Hz), 5.03 (5,1H), 5.03 (d, 1H, J= 17
Hz), 456 (dd, 1H,J= 9.0 Hz, J=5.1Hz), 3.72 (s, 3H), 3.56 (dd, 1H, J= 9.9 Hz, J= 6.0 Hz), 2.33 (dd,
1H,J= 12 Hz, J= 6.0Hz), 2.13(dd, 1H, J= 12 Hz, J= 9.9 HZz), 1.95~1.84 (m, 1H), 1.49~1.42 (m, 1H),
1.15~1.03 (m, 1H), 1.09 (s, 3H), 0.99 (s, 3H), 0.93 (d, 3H), 0.91 (d, 3H, J= 7.6 HZ); HRFABMS m/z
400.5441 (Calcd 400.5345) C,,H,,N,0O,

(25/10aS,5aS,4a9)-5a-(1,1-Dimethyl prop-2-enyl)-2-{(S)-methyl propyl } 1,2,3,4,4a,5,5a,10a-octahydr o-
10H-pyrazino[1’,2":1,2] pyrrolo[ 4,5-b]indole-1,4-dione  (allo-brevicompanine A) (3)

Toasolution of 7 (0.0090 g, 0.0023 mmol) in THF-MeOH (3 :1) (2 mL) was added 0.5N LiOH solution
(0.010 mL, 0.0050 mmol) at 0°C. The mixturewas stirred for 3 h at rt. The reaction mixture was added to
IN KHSO, solution (0.010 mL, 0.010 mmol) and diluted with sat. (NH,),SO, solution, extracted with
CHCI,. The extract was dried with Na,SO, and concentrated. A solution of crude acid in CH,Cl, (2 mL)
was added HBTU (0.010 g, 0.027 mmol) under argon at —10°C. The mixturewas stirred for 14 h at rt.
The reaction mixture was cooled to 0°C and diluted with sat. NaHCO, solution, extracted with CHCI,,.
The extract was washed with water and brine, dried with Na,SO,, and concentrated. The oily residue was
chromatographed by column (neutral silicagel, CHCI,) furnishing pure 3 as an oil (0.0061 g, 73%in 2
steps): [a] = —247.0° (c 2.32, CHCL,); IR(film):v, . (cm™)= 3733 (w), 3628 (W), 3323 (m), 2965 (M),
2876 (m), 1672 (s), 1606 (m), 1435 (m),1318 (m), 1215 (m), 1145 (w), 1097 (w), 914 (m), 735 (m), 669
(m); *H NMR(300 MHz, CDCl.): 8 = 7.15(d, 1H, J= 7.2 Hz), 7.09 (dd, 1H, J= 7.5 Hz, J= 7.8 HZ),
6.75(dd, 1H, J= 7.5 Hz, J= 7.2 Hz), 6.57 (d, 1H, J= 7.8 Hz), 5.95 (dd, 1H, J= 17 Hz, J= 11 Hz), 5.84
(s, 1H), 5.55 (s, 1H), 5.11 (d,AH, J= 11 Hz), 5.08 (d,1H, J= 17 HZz), 3.94 (m, 2H), 2.53 (dd, 1H, J= 12
Hz, J= 6.0 Hz), 2.41 (dd, 1H, J= 12 Hz, J= 11 HZ), 2.29 (m, 1H), 1.60~1.11 (m, 2H), 1.12 (s, 3H), 1.02
(d,3H,J=7.2Hz), 1.01 (s, 3H), 0.91 (t, 3H, J= 7.2 Hz) HRFABM S m/z 367.2271 (Calcd 367.2260)
CHaoN;0,

In the same manner as above, brevicompanine A (0.25 g, 51%) was obtained from 5.



Methyl (2R,39)-2-[{(2S3aS8aR)-1,8-bis-t-butoxycar bonyl-3a-(1,1-dimethylprop-2-enyl)-1,2,3,3a,8,8a-
hexahydropyrrol o[ 2,3-b]indol-2- yI}carbonyI amino] -3-methyl pentanoate

[@]Z=—65.5° (¢ 0.30, CHCL,), IR(film):v,__ (cm™)= 2974 (m), 1712 (s), 1515 (m), 1480 (s), 1392 (s), 1366
(9), 1255 (m), 1157 (s) 1063 (W) 916 (m) 7856 (m), 753 (s), 688 (w), 664 (W)

'H NMR(300 MHz, CDCl,): 6 = 7.24 (t, 1H, J= 7.2 Hz), 7.18 (d, 1H, J= 7.5Hz), 7.06 (t, 1H, J= 7.2
Hz), 6.18(d, 1H,J=7.5 Hz) 6.16 (s, 1H), 5.87 (dd, 1H, J= 17 Hz, J=11 Hz), 5.08 (d, 1H, J= 11 Hz),
501(d, 1H,J= 17 Hz), 4.68 (dd, 1H,J= 7.2 Hz, J= 10 Hz), 3.75 (dd, 1H, J= 7.2 Hz, J= 10 Hz), 3.73
(s, 3H), 2.45 (dd, 1H, J= 13 Hz,J= 7.2 Hz), 2.32 (dd, 1H, J= 13 Hz, J= 10 Hz), 2.03~1.84 (m, 1H),
1.55(s, 9H), 1.41 (br s, 9H), 1.71~1.31 (m, 2H), 1.04 (s, 3H), 0.96 (s, 3H), 0.91 (t, 3H, J= 7.2 Hz), 0.83
(d,3H,J=6.9H2)

Methyl (R)-2- [{(ZS,SaSSaR) 3a-(1,1-dimethylprop-2-enyl)-1,2,3,3a,8,8a-hexahydropyrrol o] 2,3-b]indol-
Qcar bonylamino] -4-methyl pentanoate

[a]7=-89.8° (c 1.62, CHCI,)

IR(flIm) Vo(CM™)= 3725 (W) 3628 (w), 3331(w), 2958 (m), 1746 (s), 1661 (s), 1605 (w), 1518 (m),

1484 (m), 1470 (m), 1259 (m), 1201 (m), 1156 (M), 1024 (w), 914 (w), 742 (m), 669 (3)

'H NMR(300 MHz, CDCl,): 6 = 7.13(d, 1H, J= 7.5Hz), 7.06 (t, 1H, J= 7.5 Hz), 6.74 (t, 1H,J= 7.5

Hz), 6.57 (d, 1H,J= 75Hz) 5.97 (dd, 1H, J= 17 Hz, J= 11 Hz), 506(d 1H,J= 11 H2z), 502(d 1H,

J= 17 Hz), 4.99 (s, 1H), 4.62~4.54 (m, 1H), 3.72 (s, 3H), 3.56 (dd, 1H, J= 10 Hz, J= 6.0 Hz), 2.29 (dd,

1H,J= 12Hz,J=6.0Hz), 2.20 (dd, 1H, J= 12 Hz, J= 10 HZ), 1.67~1.57 (m, 3H), 1.08 (s, 3H), 1.01 (s,

3H), 0.93 (t, 3H, J=3.6 Hz), 0.91 (d, 3H, J= 3.3 H2)

(2R,10aS5aS4aS)-5a-(1,1-Dimethyl prop-2-enyl)-2-{(S)-methyl propyl}-1,2,3,4,4a,5,5a, 10a-octahydro-
10H-pyrazino[1’,2':1,2] pyrrolo[ 4,5-b]indole-1,4-dione (brevicompani neA) (1)

[a]Z=-212.6° (cO 12, EtOH), natural'[a]2’= —237.5° (¢ 0.73, EtOH)

IR(flIm) V(€M)= 3733 (w), 3628 (w), 3323 (M), 2965 (M), 2876 (M), 1672 (s), 1606 (m), 1435 (m),
1318 (m), 115 (m), 1145 (w), 1097 (w), 914 (m), 735 (m), 669 (M)

'H NMR(600 MHz, CDCl,): 6 = 7.15(d, 1H, J= 7.7 Hz), 7.09 (t, 1H, J= 7.4 Hz), 6.75 (dd, 1H, J= 7.7
Hz, J= 7.3 Hz), 6.58 (d, 1H J=7.7H2), 6.30 (s, 1H), 5.96 (dd, 1H, J=17 Hz, J= 11 Hz), 5.58 (s, 1H),
5.55 (s, 1H), 5.12 (d,1H, J= 11 Hz), 5.08 (d,1H, J= 17 Hz), 3.91 (m, 2H), 2.54 (dd, 1H, J= 12 Hz,J=
5.7Hz), 2.37 (dd, 1H, J= 12 Hz, J= 11 Hz), 2.00 (m, 1H), 1.44~1.16 (m, 2H), 1.11 (s, 3H), 1.00 (s, 3H),
091 (t,3H,J= 73Hz) 0.76 (d, 3H, J= 6.9 Hz)

BCNM R(150MHz CDCl,): 0= 1692 165.9, 150.0, 143.5, 129.0, 128.7, 125.1, 118.8, 114.5, 108.8,
77.6,61.1,57.9, 40.9, 39.8, 37.0, 25.8, 22.9, 22.4, 13.8, 11.5

HRFABMS m/z 367.2263 (Cal cd 367.2260) C,,H,xN,O,

In the same manner as above, brevicompanine B (0.054 g, 43%) was obtained from 5.

Methyl (R)-2-[{(2S3aS8aR)-1,8-bis-t-butoxycarbonyl-3a-(1,1-dimethylprop-2-enyl)-1,2,3,3a,8,8a-
hexahydropyrrol o[ 2,3-b]indol-2-yl } carbonylamino] -4-methyl pentanoate

[@]Z=—74.6°(c 0.26, CHCI,)

IR(flIm) Vo (CM™)= 3361 (W) 2974 (m), 1714 (s), 1610 (w), 1538 (m), 1480 (m), 1392 (s), 1158 (s),
1021 (m), foit:) (m), 858 (M), 753 (s), 666 (W)

'H NMR(300 MHz, CDCl,): 6 = 7.22 (dd, 1H, J= 7.2 Hz, J= 7.5 Hz), 7.18 (d, 1H, J= 7.5 Hz), 7.06 (d,
1H,J=72Hz,J= 75Hz) 7.05(d, 1H,J= 75Hz) 615(s 1H), 6.05 (d, 1H, J= 9.0 Hz) 5.87 (dd, 1H,
J= 17 Hz, J= 11 Hz), 5.08 (dd,1H, J = 11 Hz, J=0.9 Hz), 5.01 (d, 1H, J= 17 Hz, J= 0.9 H2),
4.66~4.58 (m, 1H), 3.67~3.74 (m, 1H), 3.72 (s, 3H), 2.45 (dd, 1H, J= 13 Hz, J= 11 Hz), 2.34 (dd, 1H, J
= 13 Hz, J= 6.9 Hz), 1.68~1.60 (m, 3H), 1.56 (s, 9H), 1.40 (br s, 9H), 1.04 (s, 3H), 0.96 (s, 3H), 0.92 (d,
3H,J=5.7Hz),0.91 (d, 3H, J= 6.3 H2)

Methyl (R)-2- [{(ZS,BaSSaR) 3a-(1,1-dimethylprop-2-enyl)-1,2,3,3a,8,8a-hexahydropyrrol o] 2,3-b]indol-
Qcar bonylamino] -4-methyl pentanoate

[a]7=-89.8° (c 1.62, CHCI,)

IR(flIm) Vm(CM™)= 3725 (W) 3628 (w), 3331 (w), 2958 (m), 1746 (s), 1661 (s), 1605 (w), 1518 (m),

1484 (m), 1470 (m), 1259 (m) 1201 (m), 1156 (m), 1024 (w), 914 (w), 742 (m), 669 (3)

'H NMR(300 MHz, CDCl,): 6 = 7.13(d, 1H, J= 7.5Hz), 7.06 (t, 1H, J= 7.5 Hz), 6.74 (t, 1H,J= 7.5

Hz), 6.57(d, 1H,J=75 Hz) 5.97 (dd, 1H, J=17 Hz, J= 11 Hz), 5.06 (d, 1H, J= 11 Hz), 5.02 (d, 1H,



J= 17 Hz), 4.99 (s, 1H), 4.62~4.54 (m, 1H), 3.72 (s, 3H), 3.56 (dd, 1H, J = 10 Hz, J= 6.0 Hz), 2.29 (dd,
1H, J= 12 Hz, J= 6.0 Hz), 2.20 (dd, 1H, J = 12 Hz, J= 10 Hz), 1.67~1.57 (m, 3H), 1.08 (s, 3H), 1.01 (s,
3H), 0.93 (t, 3H, J=3.6 Hz), 0.91 (d, 3H, J= 3.3 Hz)

(2R,10aS,5aS 4a9)-5a-(1,1-Dimethyl prop-2-enyl)-2-(2-methyl propyl)-1,2,3,4,4a,5,5a,10a-octahydro-
10H-pyrazino[1’,2':1,2] pyrrolo[ 4,5-b]indole-1,4-dione (brevicompanine B) (2)

[@]Z=-224.0° (c 0.63, EtOH), natural ‘[a]?= —228.3° 0.46, EtOH)

IR(film):v, . (cm™)= 3319 (w), 2958 (m), 1679 (s), 1607 (m) 1444 (w), 1382 (w), 1316 (w), 1214 (w),
1079 (w), 917 (w), 748 (m)

'H NMR(600 MHz, CDCl,): 8 = 7.16 (d, 1H, J= 7.3 Hz), 7.10 (dd, 1H, J= 7.3 Hz, J= 7.8 Hz), 6.76 (dd,
1H,J=7.8Hz,J= 7.3 Hz), 6.59(d, 1H, J= 7.8 Hz), 6.42 (s, 1H), 5.97 (dd, 1H, J= 18 Hz, J= 11 Hz,),
5.55 (s, 1H), 5.12 (d, 1H, J= 11 Hz), 5.07 (d, 1H, J= 18 Hz), 4.89 (s, 1H), 3.88 (M, 2H), 2.54 (dd, 1H, J
= 13Hz,J= 6.3 Hz), 2.46 (dd,1H, J= 13 Hz, J= 12 Hz), 1.84~1.42 (m, 3H), 1.12 (s, 3H), 1.00 (s, 3H),
0.91 (d, 3H, J= 6.8 Hz), 0.90 (d, 3H, J= 6.8 HZ)

C NMR(150 MHz, CDCl,): & = 169.2, 166.6, 150.0, 143.4, 128.9, 125.1, 118.8, 114.6, 109.1, 77.7, 61.2,
57.8,42.8, 40.9, 36.6, 24.3, 23.0, 22.8, 22.4, 21.2

HRFABMS m/z 367.2275 (Calcd 367.2260) C,,H,,N O,

In the same manner as above, allo-brevicompanine B (0.048 g, 38%) was obtained from 5.

Methyl (29)-2-[{(2S3aS 8aR)-1,8-bis-t-butoxycarbonyl-3a-(1,1-dimethylprop-2-enyl)-1,2,3,3a,8,8a-
hexahydropyrrol o[ 2,3-b]indol-2-yl } carbonylamino] -4-methyl pentanoate

[a]Z=-52.4° (c 2.19, CHCIL,)

IR(film):v,__(cm™)= 2974 (m), 1712 (s), 1515 (m), 1480 (s), 1392 (), 1366 (s), 1255 (m), 1157 (s), 1063
(w), 916 (m), 856 (m), 753 (s), 688 (W), 664 (W)

'H NMR(300 MHz, CDCl,): § = 7.26~7.15 (m, 3H), 7.06 (t, 1H, J= 7.2 Hz), 6.14 (s, 1H), 6.06 (br.d,1H,
J=8.1H2z),5.87 (dd, 1H, J= 17 Hz, J= 11 Hz), 5.06 (d, 1H, J= 11 Hz), 5.00 (d, 1H, J= 17 Hz), 4.64
(m, 1H), 3.71 (s, 3H), 3.65(dd, 1H, J= 9.9 Hz, J= 6.9 HZ), 2.40~2.34 (m, 2H), 1.84~1.54 (m, 3H), 1.54
(s, 9H), 1.41 (br s, 9H), 1.03 (s, 3H), 0.93 (d, 3H, J= 4.8 Hz), 0.92 (s, 3H), 0.91 (d, 3H, J= 5.4 Hz)

Methyl (9)-2-[{(2S,3aS,8aR)-3a-(1,1-dimethylprop-2-enyl)-1,2,3,3a,8,8a-hexahydropyrrol o 2,3-b] indol-
2—y|2icar bonylamino] -3-methyl pentanoate
[a]5=-91.3° (c 1.83, CHCI,)

IR(film):v,. (cm™)= 3338 (m), 2957 (m), 1735 (m), 1654 (s), 1560 (m), 1541 (m), 1509 (m), 1458 (m)
1204 (m), 742 (9)

'H NMR(300 MHz, CDCl,): 6 = 7.13(d, 1H, J= 7.5Hz), 7.07 (t, 1H, J= 7.5Hz), 6.75 (t, 1H,J= 7.5
Hz), 6.58 (d, 1H, J= 7.5Hz), 5.96 (dd, 1H, J= 17 Hz, J= 11 Hz), 5.08 (d, 1H, J= 11 Hz), 5.04 (s, 1H),
5.03 (d, 1H, J= 17 Hz), 4.62 (m, 1H), 3.71 (s, 3H), 2.57 (dd, 1H, J= 11 Hz, J= 6.0 HZ), 2.34 (dd, 1H, J
= 6.0Hz, J= 12 Hz,), 2.14 (dd, 1H, J= 12 Hz, J= 11 HZz), 1.68~1.52 (m, 3H), 1.09 (s, 3H), 0.93 (d, 3H,
J=7.2Hz),0.92 (s, 3H), 0.84 (d, 3H, J= 6.9 H2)

(2510aS5aS,4a9)-5a-(1,1-Dimethyl prop-2-enyl)-2-(2-methyl propyl)-1,2,3,4,4a,5,5a,10a-octahydro-
10H-pyrazino[1’,2':1,2] pyrrolo[ 4,5-b]indole-1,4-dione (allo-brevicompanine B) (4)

[a]Z=-258.0° (c0.67, CHCI,)

IR(film):v,_ (cm™)= 3318 (w), 2959 (m), 1682 (s), 1559 (W), 1541 (w), 1508 (W), 1457 (m), 1419 (m),
1315 (w), 1213 (w), 1149 (w), 918 (w), 752 (m)

'H NMR(300 MHz, CDCl,): 6 = 7.16 (d, 1H, J= 7.2 Hz), 7.10 (t, 1H, J= 7.5 H2), 6.76 (t, 1H,J= 7.5
Hz), 6.58 (d, 1H, J= 7.5 Hz), 5.97 (dd, 1H, J= 17 Hz, J= 11 Hz), 5.87 (s, 1H), 5.50 (s, 1H), 5.12 (d, 1H,
J=11Hz),5.08 (d, 1H, J= 17 Hz), 3.96 (m, 2H), 2.54 (dd, 1H, J= 12 Hz, J= 6.6 HZz), 2.46 (dd,1H, J=
12 Hz, J= 11 Hz), 2.01 (m, 1H), 1.74~1.52 (m, 2H), 1.12 (s, 3H), 1.01 (s, 3H), 0.99 (d, 3H, J= 6.9 H2),
0.92 (d, 3H, J= 6.9 Hz)

HRFABMS m/z 367.2277 (Calcd 367.2260) C,,H,,N O,
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