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reactions. The enantiomeric excess of synthetlc (-)-benzomalvin A was more than 99.7 %
based on HPLC analysis using specially modified cellulose as a stationary phase. Furthermore,
investigation on a specific conformational dynamic behavior of (=)-benzomalvin A was carried
out by NMR studies and X-ray Cr'yStaiiograp’nic analysis, and benzomalvin B was readily
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Over the last decade, the aza-Wittig methodology has received considerabie attention because of its utility in
synthesis of C=N double bond containing compounds in particular, nitrogen heterocycles.! We and other workers have
demonstrated recently that the intramolecular aza-Wittig reaction is a powerful tool for synthesis of 5 ~ 8-membered
heterocycles!®2 3 including natural products such as DC-81,* [-vasicinone,? and (+)-fumiquinazoline G efc. On the
other hand, the intermolecular aza-Wittig reaction followed by electrocyclization, intramolecular cycloaddition or
heterocyclization, i.e., the tandem aza-Wittig and cyclization sequence, has been applied for synthesis of many nitrogen
heterocycles by Molina,” Wamhoff8 Quintela,” Saito!® and Noguchi!! e al. We wish to report here on the successful
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In the course of screening microbial broths for neurokinin receptor antagonists, (-)-benzomalvin A,
benzomalvin B and (-)-benzomalvin C containing both 4(3 H)-quinazolinone and 1,4-benzodiazepin-5-one skeletons
have been recently isolated from the culture broth of a fungus identified as a Penicillium sp (Chart 1). (-)-
Benzomalvin A showed inhibitory activity against substance P at the guinea pig, rat and human neurokinin NK 1
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Chart 1 Benzomalvin A, B and C.

(-)-Benzomalvin A Benzomalvin B (-)-Benzomalvin C

receptors, respectively. Pharmacological activity of (—)-benzomalvin A was stronger than those of benzomalvin B
A
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1esis 01 \—)-0¢€ izomalvin A and benzomalvin B as
explained in Scheme 1. Benzomalvin B may be derived from (—)-benzomalvin A synthesized from 1,4-benzodiazepine
derivative having azide function 1 via the intramolecular aza-Wittig reaction. This compound consists of 2-
azidobenzoyl chloride and (3S5)-1,4-benzodiazepin-2,5(1 H)-dione derivative 2 obtainable from L-phenylalanine
derivatives 3 via the intramolecular aza-Wittig reaction and hydrolysis, Taking retrosynthetic analysis of (-)-
benzomalvin A and benzomalvin B into consideration, these molecules can be regarded as composed of two molecular

anthranilic acid and one L-phenylalanine or its equivalent moieties.

We prepared, at first, L-phenylalanine derivatives as follows (Scheme 2). N-Boc-L-phenylalanine 3a as a
- : 2 _
starting material was converted into N-Boc-N-methyl-L-phenylalanine methyl ester 4 ([a]D =-582°(c2.0

Scheme 1 Retrosynthesis of (—)-benzomalvin A and B.
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3b as a starting material was subjected to formylation with excess acetic formic acid anhydride (acetic anhydride
and formic acid, -18 °C, 30 min)!3 to lead N-formyl-L-phenylalanine derivative 5 after dehydrochloridation by use
of triethylamine. Subsequently, conversion of 5 into the corresponding N-methyl-L-phenylalanine methyl ester 6
was conveniently achieved by selective reduction with borane-dimethylsulfide complex (BH;*SMe,). Thus the
formamide derivative § was dissolved in THF and reduced with 1.5 equiv. of BH;*SMe, at room temperature for
1 h and then reflux for 2 h. The desired product was obtained in moderate yield (51 % yield, [aLz“ =+23.1° ( c2.0

-1

CHCl5)) but completely free from dimethylated product. Moreover, as an alternative method, L-phen
7

ethvl ester hvdrochloride 3b was converted in —4—’)] cvecloadduct. 2-azanorhornene derivative
egl W Y oadduct, 2-azanorbornene derivati
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generated in situ from 3b and aqueous formaldehyde (1.1 equiv.) in water underwent a facile cyclocondensation
with cyclopentadiene at room temperature for 10 h. Subsequent, retro Diels-Alder reaction of 2-azanorbornene
derivative 7 foliowed by trapping of the incipient iminium ion with triethyisilane (3.0 equiv.) / trifluoroacetic acid
afforded N-methyl-L-phenylalanine methyl ester 6 ([ot]D22 =+20.1°(c 2.0 CHCL,)).!6 In this method, the desired

product was free from dimethylated product, too. However, the former method was superior to the latter as to the

Scheme 2 Pre
neme £ ore
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a Reagents and conditions : (a) Mel (16 CquV) NaH (2.1 equlv) reflux, THF : DMF =10: 1, 24 h,

92 %; (b) Et3N (1.1 equiv.) then Ac,0, HCO,H, —18 °C, 30 min, 83 %,; (¢) BH3*SMe, (1.5 equiv.),
r.t., THF, 1 h then reflux, 2 h, 51 %; (d) HCHO-H,0 (1 1 equiv.), cyclopentadiene (2.3 equiv.), r.t.,
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10 h, 44 %: \C) IrAalLurnuiy— 1 ,1 Et3oln\.)uct.ll.uv /, T, 280,55 7.
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azidobenzoyl chloride (1.0 equiv.), which was derived from 2-azidobenzoic acid and thionyl chloride, with
triethylamine (2.1 equiv.) in THF at from 0 °C for 15 min to room temperature for 16 h furnished the desired azide
derivative 8 (68 % yield, [a}Dz"' =—62.4° (¢ 1.5 CHCl,)). Furthermore, the reaction of N-methyl-L-phenylalanine
methyl ester 6 and 2-azidobenzoyl chloride (1.0 equiv.) with triethylamine (1.1 equiv.) in THF at from 0 °C for 15
min to room temperature for 16 h afforded the desired azide derivative 8 (94 % yield, [a] 2° = -80.9° (¢ 1.5
CHCl,)). The enantiomeric excess of 8 by the former route was 91.7 % ee and that of the latltler was >99.7 % ee
based on HPLC analysis using specially modified cellulose as a stationary phase.!” Thus, we adopted the latter.

Finally, the synthesis of (—)-benzomalvin A was carried out as follows (Scheme 4). The reaction of azide derivative
8 with tributylphosphine (1.1 equiv.) proceeded to form the corresponding iminophosphorane intermediate (N; —
N=PBu,), which couid not be isolated because of too high reactivity of the aza-Wittig cyclization at room temperature
for 2.5 h. Subsequently formation of the desired 7 membered compound, (35)-3,4-dihydro-3-phenylmethyl-2-
methoxy-4-methyl-1,4-benzodiazepin-5-one 9 via the intramolecular aza-Wittig reaction was completed on heating
in toluene for 5 h. Without purification, 9 was converted into 1,4-benzodiazepin-2,5(1 H)-dione derivative 2 by
hydrolysis in TFA:H,O:THF (1:1:12.5) at room temperature for 7 h (87 % overall yield from 8, [oz]D22 =-559°
(¢ 1.1 CHCI,), >99.7 % ee). Potassiated 1,4-benzodiazepin-2,5(1 H)-dione derivative 2 with KHMDS (1.0 equiv.)

as treated with 2-azidobenzoyl chloride in THF at —78 °C for 30 min and at room temperature for 1 h to afford

1drive to( {_\-

il

'de derivative having azide function 1, the precursor of (—)-benzomalvin A (82 % yield). As the fin
benzomalvin A, imide derivative 1 was treated with triphenylphosphine (1.1 equiv.) to generate the corresponding
iminophosphorane (N; — N=PPh;) which reacted the imide carbonyl function to afford (-)-benzomalvin A in
toluene at room temperature for over night and at reflux for 8 h (invertomer mixture 98 % yield, vide infra).
Specific behavior of (—)-benzomalvin A and comparison of the spectral and physical data ("H NMR, 13C NMR,
MS and [a] ) with those reported for natural product gave satistying matching results.!3 The enantiomeric excess
and [a] 2! of synthetic (-)-benzomalvin A were >99.7 % and ~109.8° (¢ 1.0 MeOH) {[«],, of natural (-)-
benzom;’lvin A was —106° (¢ 1.0 MeOH)}. We also studied the conformational behavior of bgnzomalvin Ain

solution. The conformation of (-)-benzomalvin A was variable with time, i.e., there were two kinds of stable

Scheme 3  Synthesis of (2-Azidobenzoyl)-L-phenylalanine Derivative 8. ¢
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chioride \l 0 cqulv ), CA3iN \A 1 cquw Jy AI1r, 0 C, 10 miil uiCn 1., 19 11, U0 /0, (U] £-aZilU0CINZ0 1
chloride (1.0 equiv.), EtsN (1.1 equiv.), THF, 0 °C, 15 min thenr.t., 16 h, 94 %
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Scheme 4  Synthesis of (-)-Benzomalvin A. ¢
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(dY PhaP (1.1 equiv)). toluene. rt.. avernioht then reflux. 8 h. 98 %, (invertomer mixture)

(d) Phsr (1.1 equiv.), toluene, r.t., overnight then reflux, 8 h, Y8 %o (1nvertomer mixture)

conformers. Major one was same with natural one. Thus, we could follow the transition of (—)-benzomaivin A
conformation in CDCl, by 'H NMR. As the results, in the equilibrium of benzomalvin A, the major and minor
conformers reached in ratio 76:24, which was similar with the ratio of synthetic compound (Figure 1). The
conformations of major and minor isomers were characterized by NOE. Although, the NOE correlation of N-Me
and H-7 in the major conformer was only 1 %, while that of N-Me and H-7 in the minor one was 13 %. Since the
minor conformer suffers from steric repulsion between N-Me and phenyl function at 7-position, it was transformed
into the major stable conformer. Furthermore, surprisingly, optical rotation of the minor benzomalvin A (>99.7 %

1] AAOIIICD, AR 16, 2L rALIU

ee) was shown to be +77.1° (c 1.0 MeOH) By this reason, that of the conformational mixture of benzomalvin A

out using a crystal obtained from ethyl acetate - hexane (Figure _5‘). The resuits indicated this corresponds to the
minor conformer based on spatial proximity between N-Me and H-7, and on Rf value (0.29). PM3 calculation of
major and minor (—)-benzomalvin A showed that the ratio was 74.6:25.4 (the difference of the heat of formations
was 0.49 kcal / mol) and the energy barrier was 5.9 kcal / mol.

Next step, the synthesis of benzomalvin B was investigated as follows (Scheme 5).!® The bromination of
(~)-benzomalvin A by NBS (1.1 equiv.) and AIBN (10 mol %) in carbon tetrachloride at reflux for 2 h led to
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bromo derivative 10. Because this compound was afforded as unseparable diastereomers, the mixture was reacted
with DBU (2.0 equiv.) in toluene at reflux for 4 h to give benzomalvin B (overall yield 61 % from (-)-benzomalvin
A). However, this methodology produced not only benzomalvin B but also (Z)-benzomalvin B, in ratio 56:44.
These configuration of benzomalvin B were confirmed by NOE (Figure 3). The NOE between N-Me and vinylic
proton of natural (£)-benzomalvin B was larger than that of (Z)-benzomalvin B (5 % vs 2 %) in accord with the

givenstereochemistry.

We reported an efficient total synthesis of (—)-benzomalvin A and benzomalvin B utilizing the intramolecular
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Figure 3 ORTEP drawing of (-)-Benzomalvin A (the minor conformer).
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aza-Wittig reactions as the key reactions, Investigation on specific conformational dynamic behavior of (-)-
_______ | T et NINA

EXPERIMENTAL SECTION

General Methods. Most of the general experimental methods have been reported previously.® Optical rotations
were measured with a JASCO DIP-1000 polarimeter. Flash chromatography was performed with a silica gel
column (Fuji Davison BW-300 silica gel) eluted with mixed solvents [hexane (H), ethyl acetate (A)]. All reagents

were of commercial quality. Selvents were dried prior to use when deemed necessary.
wrndbacic A F AT £ oot lo b s athe H
Synthesis of N-(2-azidobenzoyl)-N-methyl-L-phenylalanine methy! ester 8.

(From 4: see, step a of Scheme 3): A solution of N-fert-butoxycarbonyl-N-methyl-L-phenylalanine methyl ester 4

on O

(1208 mg, 4.12 mmol) in conc. HCI (2.25 mL) and MeOH (12.75 mL) was stirred at 50 °C for i h. After the
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Figure4  NOE of E- and Z-Benzomalvin B.

'
< Ph” H
s (" u" e 2% k\_/‘
E-Benzomalvin B Z-Benzomalvin B

reaction mixture was evaporated, the azeotropy was performed by dry benzene (5.0 mL x 3). Furthermore, the
reaction mixture was diluted by CH.CL (20 mL) and dried over by MQQO The solvent was removed under

reduced pressure and then to the residue in THF (25 mL) was added 2-azidobenzoyl chloride, which was prepared

from 2-azidobenzoic acid (672 mg, 4.12 mmol, 1.0 equiv.) and thiony! chloride (3.00 mL, 41.2 mmol, 10 equiv.)
at 80 °C for 2 h, in THF (5.0 mL) and triethylamine (1.22 mL, 8.65 mmol, 2.1 equiv.) at 0 °C. The reaction mixture

was stirred at 0 °C for 15 min and at room temperature for 16 h. The mixture was added water (15 mL) and
extracted with ethyl acetate (20 mL x 3). The combined extracts were dried (MgSO,) and concentrated under
reduced pressure to afford a solid residue, which was purified by silica gel column chromatography (A:H 1:1 as
the eluent) to give 2-azidobenzoyl-L-phenylalanine derivative 8 (948 mg, 2.80 mmol, 68 %).

(From 6: see, step b of Scheme 3): To a solution of N-methyl-L-phenylalanine methyl ester 6 (319 mg, 1.
in THF (15 mL) was added 2-azidobenzoyl chloride, which was prepared from 2-azidobenzoic acid ( 26

, 1;65
1.0 equiv.) and thionv! chloride (1.20 mL. 16.5 mmol. 10 e

MUIIUW L&V 1illsy L1Ves LINIIIVEy LV

quiv.) at 80 °C for 2 h,
room temperature for 16 h. The mixture was added water (10 mL) and exiracted with ethyl acetate (15 mL x 3).
The combined extracts were dried (MgSO,) and concentrated under reduced pressure to afford a solid residuc,
which was purified by silica gel column chromatography (A:H 1:1 as the eluent) to give 2-azidobenzoyl-L-
phenylalanine derivative 8 (526 mg, 1.55 mmol, 94 %). Light brown oil; Rf=0.32 (A:H 1:1); [OL]D25’1 =-80.9°(c
1.5 CHCL,); IR (neat) 3583, 2951, 2130, 1741, 1643, 1453, 1293, 752, 700 cm!; 'H NMR (CDCl;, 200 MHz) &
7.21-7.41 (6H, m), 6.82-7.15 (3H, m), 5.99 (0.2H, dd, /= 7.6, 1.6, Hz), 5.58 (0.8H, br), 4.41 (0.2H, dd, /= 9.0,

5.6, Hz), 4.26 (0.2H, dd, /=4.4, 10.6 Hz), 3.80 (2.4H, s), 3.77 (0.6H, s), 3.51 (0.8H, dd, /= 14.8, 5.4 Hz),

.

J.
), 2.66 (2.4H, 5); 13C NMR (CDCl,, 50 MHz) § 171.59, 169.71, 136.7
I 4 10 7L £ QL &7
e 10./70, © FIy DI

_—

v
£
J

(.»J{

~ x
o o}
[o] L

| N T
\.,l "

1 ) A1 &
s L s L. 41, D

7,169.84, 137.01, 130.91, 130.69, 129.19 (2C), 128.92 (2C), 128.59, 127.
127.39, 125.15, 118.68, 63 82,57.27, 52.80, 35.72 (for anti conformer); MS (EI) m/z (rel. intensity) (338.36) :
(2 %, M), 310 (9), 251 (15), 219 (26), 176 (35), 146 (100), 91 (58); Anal. Caled. for C,gH,(N,O;: C, 63.89; H
5.36; N, 16.56. Found: C, 63.90; H, 5.21; N, 16.77.

Synthesis of (35)-3,4-dihydro-4-methyl-3-phenylmethyl-[1,4]benzodiazepin-2,5(1H)-dione 2. To a solution
of 2-azidobenzoyl-L-phenylalanine derivative 8 (493 mg, 1.46 mmol) in toluene (12 mL) was added n-
tributylphosphine (0.395 mL, 1.60 mmol, 1.1 equiv.). The reaction mixture was stirred at room temperature for

2.5 h and at reflux for 5 h. After the reaction mixture was evaporated, the residue was diluted with TFA solution
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combined extracts were dned (MgSO4) and concentrated under reduced pressure to afford a solid residue, which
was purified by silica gel column chromatography (A:H 3:1 as the eluent) to give 1,4- -benzodiazepine derivative 2
(355 mg, 1.27 mmol, 87 %).

(35)-3,4-dihydro-2-methoxy-N-methyl-3-phenylmethyl-[1,4]benzodiazepin-5(5H)one 9. Light yellow oil;
Rf=0.49 (A:H 2:1); [a]p2*3 =-149.4°(c 1.0 CHCL,); IR (neat) 2945, 1668, 1633, 1601, 1456, 1228, 763, 702
cm'; 'THNMR (CDCl,, 200 MHz) 3 8.05 (1H, dd, J=8.4, 1.8 Hz), 7.51 (1H, ddd, J= 8.4, 6.8, 1.8 Hz), 7.32-7.21
(5H, m), 6.99-6.95 (2H, m), 4.09 (1H, t, J = 8.6 Hz), 3.92 (0.9H, s), 3.79 (2.1H, 5), 3.13 (0.9H, 5), 2.94 (2.1H, 5),
2.64 (2H, d, J = 8.6 Hz); 3C NMR (CDCl,, 50 MHz) § 167.32, 163.28, 143.49, 136.49, 132.43, 131.32, 129.26

(2C \ 129.12 (2C). 129 ﬂﬂ 127.48. 126.59 125.05, 64.55. 54,56, 39.15. 34,17 (Only maior conformer was
e fy 2T 4 gy 2L 700, 247590 s 2 AV T y 2 &I UD, < <y eddy UTWOL i \(WLLY LUQJUL WULLIUT VT Wadd
chatrm Yo RAC TN 2 /o (ral imtanait 71704 28Y0QA /1N 0L RA DNV AAIN 1LY 710NN 1IN O A sl M) 6o
SHUWIL J, IVLO \ L A £ (101 MRRLISILY J\LTT. D20 J L7711V /0, V1), £UD (13 ), 1UL (1UV), 10V (0), AAllal. LdiCU. 1)
T ral Y AL £ ) N4 n o ) 9NN P o | ~ A TT LA XY N4
Snlgmzuz C, 7/3.4D; 1'1, 0. ID, N, Y04 . rounda: U, 73.34; 1, 0.34] IN, ¥.24

(35)-3,4-dihydro-4-methyl-3-phenylmethyl-[1,4]benzodiazepin-2,5(1H)-dione 2. White solid; Rf=0.31 (A:H
3:1); [a)p?!? = =55.9° (¢ 1.1 CHCL,); mp 67-70 °C; IR (KBr) 3221, 1689, 1633, 1483, 1454, 1251, 1045, 760,
700 cm™'; 'H NMR (CDCl,, 200 MHz) & 9.33 (0.45H, s), 8.98 (0.55H, s), 8.12 (0.45H, dd, /= 7.8, 1.0 Hz), 7.96
(0.55H, dd, J=7.8, 1.0 Hz), 7.56-7.42 (1H, m), 7.36-7.24 (SH, m), 7.09-6.94 (2H, m), 4.36 (0.55H, dd, J = 8 .4,
6.6 Hz), 4.27 (0.45H, dd, /= 10.8, 6.4 Hz), 3.50 (0.55H, dd, /= 14.4, 8.4 Hz), 3.22 (0.55H, dd, J= 14.4, 6.6 Hz),
3.15 (1.65H, s), 2.92 (1.35H, s), 2.71 (0.45H, dd, J = 13.4, 11.0 Hz), 2.85 (0.45H, dd, J = 13.6, 6.4 Hz); 13C

%, M), 189 (100), 161 (14), 148 (41); Anal. Calcd. for C;;H ¢N,0O,: C, 72.84;
72.84; H, 5.91; N, 9.81.

Synthesis of (35)-[1-(2-azidobenzoyl)}-3,4-dihydro-4-methyl-3-phenylmethyl-[1,4]benzodiazepin-2,5(1 H)-
dione 1. To a solution of KHMDS (0.5 M, 2.03 mL, 1.01 mmol, 1.0 equiv.) in THF (6.0 mL) was slowly added
1,4-benzodiazepin derivative 2 (284 mg, 1.01 mmol) at —78 °C. The mixture was stirred at same temperature for
1 h. To the reaction mixture was added 2-azidobenzoyl chloride, which was prepared from 2-azidobenzoic acid

(165 meo. 1.01 mmol. 1.0 equiv \ and thionvl chloride (0,74 mT 10.1 mmnl 10 eauiv)at 80°C for2 h. in THF
\ LI 1‘15’ AoV 1 111130V 1Ey LoV \l“l A AR AAJ A WALAVALINEW \V- TV AAARJ A AARAAN U } AVLE b iy i A
N T\ ad el xxrno otierad At ania tansnaratiira e a3 At At nt rama tarminaratire fae

~7Q O Tl s > | £ QAN 1 A+l £ 1 1
{.UMLjat—/o L, 10¢ mixture was stirred at same t NPErature 101 ov il aild uiehi at ro0imi wemiperat I0f 1 0.

The mixture was quenched with saturated NH,Cl aqueous solution and extracted with ethyl acetate (12 mL x

3). The combined extracts were dried (MgSO,) and concentrated under reduced pressure to afford a solid residue,
which was purified by silica gel column chromatography (A:H 1:1 as the eluent) to give the precursor of (-)-
benzomalvin A, imide derivative 1 (355 mg, 0.83 mmol, 82 %). Light brown solid; Rf= 0.33 (A:H 1:1); [a],2*°
=-90.2° (¢ 0.50 CHCl,) mp 38-42 °C; IR (neat) 3030, 2131, 1730, 1703, 1651, 1599, 1485, 1452, 1386, 1298,
1222, 1172, 754, 700 cm™!; IR (KBr) 3409, 2924, 2131, 1720, 1702, 1676, 1452, 1297, 1261, 754, 700 cm’!; 'H

NMR(CDC13, 200 MHz) & 7.93-7.89 (1H, m), 7.58-7.37 (4H, m), 7.32-7.05 (8H, m), 4.54 (0.85H, dd, J = 8.6,
J=11.0,6.0 Hz), 3.41 (0.85Hz, dd, J=14.4, 8.6 Hz), 3.11 (0.85H, dd, /= 14.4, 6.0

Hz) dd 3 H, dd 1

. Jo e diddy Nana, ey 3 e VA ViU TRAA0, Ry & = i 24 AT ITEES

1) 218 S5 ) 207N ASH &y 2 AR M I1SH dd J=12182 £0H 23070 15 dd J=118 102 Hz\ 130
14), 2.1 \(£.0911 3}, £.77 \V.1J)111, 5), £.U0 (V. 1011, Ul, J 1J.0, UV 1), L4.JV \V.1J11, UU, v 13.0, 1U.0 ridj, ~
ATR ATY /AT FAXYALYTY N C 1771 MDD 171N 17 10 "Nk 170 AN 1£0 VL 144 £7T% 17T 2N 11777731k 1172 10 1778 7TOx
N V] (LUL13, JQUMHZ)0 1/1./78™,1/0.10, 105./57, 108.43, 108.3), 100.0/7, 13/.04, 12/.317, 130.17, 1533./067,
135.50, 133.18*, 133.01, 132.78*, 132.02*, 131.92, 131.18, 130.80, 130.72, 130.56, 129.30 (2C), 129.12 (2C),
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128.43, 128.12*, 127.84*, 127.52, 126.76, 125.48*, 125,39, 118.69*, 118.47, 70.88*

..... ] 5
t+ o FrarimA)s AAQ I g2/ Foal demdnanatis
llUL Lo ] .lUul.lul iV

dn
(425.44) 425 (2 %, M), 397 (15), 279 (41), 236 (28), 146 (100), 90 (15); Anal. Calcd. for CyyH gN

EN- N 1L AL T .. 1. /M £ 71 l’" —111 1L AN
"}JU,D‘ 10.4940. TOUIKIL. LU, O/, Il s 4.7, N, 10.25.

32.47, 28.58 (minor conformer was shown hv *and 7 m:-alr of them coul

L0, 70 22220 LA WERS 32 U0WL AL Vi b,

Synthesis of (-)-benzomalvin A. To a solution of imide derivative 1 (159 mg, 0.374 mmol) in toluene (10 mL) was
added triphenylphosphine (108 mg, 0.41 mmol, 1.1 equiv.) in toluene (2.0 mL) at room temperature. The reaction
mixture was stirred at ambient temperature for over night and then at reflux for 8 h. The mixture was concentrated under
reduced pressure to afford a solid residue, which was purified by silica gel column chromatography (A:H 1:1 as the
eluent) to give (—)-benzomalvin A (140 mg, 0.367 mmol, invertomer mixture 98 %). White solid; Rf=0.41 (A:H 1:1);

[alp?"! =-109.8° (¢ 1.0 MeOH) {lit.,'? [a],=-106° (c 1.0 MeOH)}; mp 98-101 °C (lit.,'3 mp 105-115 °C); IR
gcml; THNMR (CDCL., 200 M

(KBr) 3423, 1691, 1653, 1612, 1454, 1381, 1251,777.6 ASRIUATT A+ =
X 7 3 3 5 LEY SRRy R Ay 1T iy oIT AR ALN AL 3, LUV AVILALY U O.J0 (111, UL J
78 10H2 794 (1H ddd J=6822 08 Hx- 784781 (OH =) 7T E5.7 SN 7ALT ) 7257 15 /81T .\ A Qo
WO, 1. Jy 17T 211y UL, U0y &ely V.0 118, 7.0777.010 \ &1, 111}, /.00/, DU\, 1I1), 7/.00=-/7.10 {211, M), 4.80
F11Y 11 y—_on 1T oN r£11T 1.1 F— 1A A 71 Q YT\ N AN 71717 11 T__ 14 moATY -~ oA AT ~ 12~ w v 252
{in, aq,s=a.u, /. OU 1IN, aq,J = 14.4, /.0 11Z), 5.42 (10, aq, s = 14,6, /.U Hz), 3.09 (3H, s); '°C NMR

0
(CDCl,, 50 MHz) &
(20), 129.34, 129.26, 129.10 (2C), 128.08 (2(:), 127.95, 127.31, 122.06, 58.48, 33.25, 28.00; MS (EI) m/z (rel‘
intensity) (381.43) 381 (23 %, M), 290 (95), 249 (100), 160 (9), 130 (8), 91 (3); Anal. Caled. for C,,H,(N;0,: C,
75.57; H, 5.02; N, 11.02. Found: C, 75.64; H, 5.19; N, 10.77.
(+)-Inversion isomer. White solid; Rf=0.29 (A:H 1:1); [a],?*? =+77.1° (¢ 1.0 MeOH); mp 152-154 °C; IR (KBr)
3448, 1693, 1649, 1607, 1475, 1352, 1247, 760, 698 cm'; 'H NMR (CDCl,, 200 MHz) 5 8.34 (1H, ddd, .J
7

A

1.6, 0.6 Hz), 8.05 (1H, ddd, J= 6.4, 2.6, 1.2 Hz), 7.81 (1H, ddd, J= 8.0, 7.0, 1.6 Hz), 7.71-7.58 (3. m)

QD A48, QLS J L8 2.4 D24 SOL AR LU, Y L. L4y, CU\JiLy L1LJy [

ddd,/=7.8,72,1.4Hz), 7.33-7.22 (4H, m), 7.01-6.96 (2H, m), 4.78 (1H, dd, J= 11.2, 6.0 Hz), 2,94 (3H, s), 2.79

F1TT 313 =17 0 £ NYT_\ N VL 11T T= 12 11T N TT_\. ]zrﬁ\'l"r\ I7ataYall ENANAYY N Q 1702 N 1™ g

(1H, dd,J=13.8, 6.0 Hz), 2.36 (1H, dd,J=13.8, 11.2 Hz); "C NMR (CDCl,, 50 MHz) 3 165.96, 162.04, 154.18,
146.76, 136.29, 135.45, 133.40, 132.54, 131.55, 131.07, 129.51, 129.33 (2C), 129.25 (2C), 128.54, 128.71,

128.06, 127.77,127.68, 121.78, 70.58, 38.41, 35.97; MS (EI) m/z (rel. intensity) (381.43) 381 (15 %, M), 290 (89),
249 (100), 160 (10), 130(7), 91 (4); Anal. Calcd. for C, H,(N,0,: C,75.57; H, 5.02; N, 11.02. Found: C, 75.85; H
4.98; N, 10.78.

Synthesis of benzomalvin B. To a solution of (—)-benzomalvin A (invertomer mixture; 139 mg, 0.36 mmol) in

carbontetrachlonde (8.0 mL) was added NBS (71.3 mg, 0.40 mmol 1.1 equxv ) and AIBN (6.0 mg, 0.036 mmol, 0.1

n turn. The mixture was stirred at reflu
urm 1 was stirred at refim

s SRS L w)

>
3
L@~
o5
[=%
&
-t
g

]
-
]
i

solution of bromo derivative 10 (153 mg, 0.33 mmol) in toluene (5.0 mL) was added DBU (0.11 mlL., 0.73 mmol, 2.0
equiv. of (-)-benzomalvin A). The mixture was stirred at reflux for 4 h. The mixture was added water (15 mL) and
extracted with ethyl acetate (15 mL x 3). The combined extracts were dried (MgSO,) and concentrated under reduced
pressure to afford a solid residue, which was purified by silica gel column chromatography (A:H 1:1 as the eluent) to give
benzomalvin B (85 mg, 0.22 mmol, 61 % from (-)-benzomalvin A).

Bromobenzomalvin A 10. Light vellow solid; Rf=0.44 (A:H 1:1); mp 54-58 °C; IR (KBr) 3449, 2¢

Dromo S -

1617, 15971454 1378, 728, 695 r-ml IH NMR (CDCl.. 200 MHz) & 8

iV 1LG, VT SRRy, SVVIVAIRL ) O O

Vi
(0.22H, ddd, /= 8.0, 1.6, 0.6 Hz), 8.05-8.00 (0.22H, m), 7.99 (0.78H, ddd, /= 7.4
H 5

/N ANTT 3 — 11 =\
W.c4r1, Q, J =11.uriz),
2
J

W
-
o~
o]
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160.74*,150.16, 149.53*, 146.13, 145.68*, 138.15*, 137.41, 135.25, 135.06*, 133.04, 132.71*, 131.68, 131.49*,
131.17.130.49*% 13001 12074 (2CY 12972 12Q 546 172Q 12% 170 N1* 1’)9 Q&% 17220 17299 172 /O 190 NA
i0i.a0y a0VST AV Ly RdaT e i W\ hw N g BT o [ g LTI Ty VLT h ke o LdaZ S 140.7U 4, 140.0V, 1£40.£44, 14L0.U7, 14L0.U4,
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127.99% 127.8 9,49.94*, 46 57,28.20,27.96* (minor diastereoisomer
was shown by * and 4 peaks ofﬁlem couid not be Iound), MS (EI) m/z (rel. intensity) (460.32) 461 (2 %, M+1), 459
(2, M-1), 380 (25), 323 (10), 290 (100), 249 (86), 132 (9); Anal. Calcd. for C,,H,{N,0,Br: C, 62.62; H, 3.94; N,
9.13. Found: C, 62.84; H, 4.20; N, 8.87.

Inversion isomer. Yellow solid; Rf=0.35 (A:H 1:1); mp 47-50 °C; IR (KBr) 3434, 2926, 1697, 1655, 1607, 1594,
1457, 1357, 729, 695 cm’!; 'H NMR (CDCl,, 200 MHz) 3 8.37 (0.64H, ddd, J=7.8, 1.4, 0.6 Hz), 8.21 (0.36H,
ddd, /=78, 1.6, 0.6 Hz), 8.07-8.02 (0.36H, m), 7.98-7.93 (0.64H, m), 7.86-7.43 (6H, m), 7.38-7.06 (5H, m), 5.31
(0.36H, d,J=11.4 Hz), 5.11 (0.64H, d, J= 12.0 Hz), 4.33 (0.36H, d, J = 11.4 Hz), 4.15 (0.64H, d, J = 12.0 Hz),
(1.92H, s); BC NMR (CDCl,, 125 MHz) 5 165.36, 161.22, 1

1

; 6 1.22. 15
. 101,44, 10

17 A1 1

14001, 1
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OF ma lommiany &
lllJUl i>UilIcL ), O

1 1:
29.72,129.33 (2C), 128.92, 128.27, 128.08 (2C), 127.77, 127.56, 121.18, 74.86, 47.99
39.15 (tor minor 1somer) MS (EI) m/z (rel. intensity) (460.32) 461 (1 %, M+1), 459 (1, M-1), 380 (16), 323 (6), 290
(100), 249 (71), 132 (5); Anal. Calcd. for C,y4H gN;0,Br: C, 62.62; H, 3.94; N, 9.13. Found: C, 62.83; H, 4.28; N
8.86.

Benzomalvin B. White solid; Rf = 0.25 (A:H 1:1); mp 265-267 °C (lit.,!3 mp >260 °C); IR (KBr) 3449, 3072, 2927,
1695, 1647, 1606, 1465, 1452, 1367, 1254, 775, 758, 709, 692 cm™!; 'TH NMR (CDCL, 200 MHz) 6 8.40 (1H, ddd,
J=8.0,1.6,0.6 Hz), 8.02-7.97 (1H, m), 7.85 (1H, dd, J = 4.4, 1.6 Hz), 7.84-7.83 (1H, m), 7.63-7.44 (4H, m), 7.83
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(S H.m). 692 (1H.s). 3.21 (3H. s): 13( NMR (CDCL, 50 MHz2)3 16633, 161.54,151.61.147.26. 135.41.133.56
PR, 2R, D TL R 238, 5) 2eld (P15 55 VAL A\~ i3, SV VAL O LUV, 1RO, 1010, 157,20, 1220591, 15200,
127224 12242 122 10 12120 10 A1 12Q72 172028 MO0 170220 1720 120N 172 A5 122 20 197 Q12
PI20.0%, 104,04y 104.1U, 101,04, 1IYUNJLY 84 T7.70, 147.L0\&L )y VLT LT \LN )y VLT, 1 4 \L\.l}, 1L0.5%0, 120.04, 1£47.70,
177 070 1YY NA VLML R AQ ST S fanl Zona o 4\ SYITOY AT 7T A TANNY NAND /Y 171 OO 11 L0 /’!/\ A1
127.83, 122.24, 36.25; MS (E1) m/z (rel. intensity) (379.41) 57/ 00), 249 (3), 131 (89), 116 (36); Anal

Calcd. for C,,H,,N;0,: C, 75.98; H, 4.52; N, 11.07. Found: C, 76.01;
(2)-Benzomalvin B. White solid; Rf= 0.40 (A:H 1:1); mp 251-253 °C; R (KBr) 3448, 3065, 2927, 1694, 1665,
1606, 1470, 1453, 1373, 1266, 774, 759, 707, 694 cm™'; TH NMR (CDCl,, 200 MHz)  8.39 (1H, ddd, J = 8.0, 1.6,
0.8 Hz), 8.02-7.97 (1H, m), 7.85 (1H, dd, J= 4.4, 1.6 Hz), 7.84-7.83 (1H, m), 7.63-7.44 (4H, m), 7.38 (SH, m), 6.92
(1H, s), 3.21 (3H, 5); 13C NMR (CDCl,, 50 MHz) & 173.64, 166.60, 154.06, 147.02, 135.52, 134.60, 133.42,
132.57, 131.52, 130.55, 130.32, 130.20, 129.57 (2C), 129.45 (2C), 129.28, 129.19, 128.31, 128.08, 128.03,
127.89, 122.20,29.81; MS (EI) m/z (rel. intensity) (379.41) 379 (49), 321 (100), 249 (6), 131 (81), 116 (38); Anal.

.................. \J

. |

X-ray crystal structure analys

P A ”-. n o~
ﬁ (11} c lLUﬂllelu A \./1)’ u udla v

monoclinic, P, 1 (#4), a=7.85(2) A, b= 12.14(1) A, ¢ = 10.151(8) A, 5=93.7 (1) °, V=966(3) A}, Z=2.0, D_=
1.311 g/em>. A white prism from ethyl acetate / hexane (0.160 x 0.300 x 0.420 mm) was mounted on a Rigaku-AFCSS
diffractmeter with graphite-monochromated Mo Ko radiation (A = 0.71069 A). Data collection using the & scan technique
to a miximum 20 value of 55.0° gave 2499 reflections, 2335 unique (R, = 0.061), of which 996 with 7> 2.00c(/)
reflections were used in calculations. The structure was solved by direct method and refined by full-matrix least squares
technique (TEXSAN system'? as the computer program and MITHRIL?? as the structure solution method). The non-

hydrogen atoms were refined anisotropically. The hydrogen atoms were included by calcul ation and were not refined.
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veighted and weighted value were 0.068 and 0.062, ctively. Atomic coordinates, bond lengths and angles,

and positional parameters have been df:poslted.2 '
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The PM3 calculations were carried out by "CAChe MOPAC Ver. 3.7" on Power Macintosh Computer
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