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Abstract: Tumor-promoter teleocidins and their active congeners (indolactams) are known to exist in an equilibrium
between at least two conformational states in solution, the twist and sofa form, dise- tansisomerization of the

amide bond and the steric effects of substituents on the nine-membered lactam ring. Benzolactam-Vs, in which the
indole ring of indolactams is replaced with a benzene ring, were designed and synthesized in an attempt to reproduce
the active conformation of teleocidins. Among these benzolactams, eight-membered lactams (benzolactam-V8) can
only exist in the twist form, and 9- and 10-membered lactams (benzolactam-V9 and -V10) exist exclusively in the
sofa form in solution. The stronger biological activity of benzolactam-V-8-310 than that of indolactam-V (IL-V)

and the inactivity of benzolactam-V-9-310 for differentiation inducing activity of HL-60 clearly indicated that the
twist form is close to the active conformation of teleocidins.

Introduction

The teleocidins (teleocidin B-4) are a family of TPA-type
tumor promoterswhich includes diterpene esters represented
by 12-O-tetradecanoylphorbol 13-acetate (TPA) and aplysia-
toxins. ()-Indolactam-V (IL-V, 2), which lacks the hydro-
phobic group at the 6,7-position of the indole ring of teleocidins,
was synthesized by @and was later isolated froftreptaer-
ticillium blastmyceticumd IL-V is considered to be the minimum-
sized structure exhibiting tumor-promoter activitynd the
synthesis of IL-V has become of interest in recent yéars.

All teleocidins including IL-V exist in an equilibrium of two
conformational states, twist and sofa forfress shown in Figure
1. On the other hand, in the crystalline state, a single
conformation has been found for several teleocidin congeners:
for example, teleocidin B-4 was found as the twist féramd
olivoretin B as the sofa forrh. The twist form is characterized
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by thecis-amide bond, whereas the sofa form is characterized
by thetransamide bond.

A kinetic study of the equilibrium has been performed by
means of low-temperature NMR experiments on indolactam-V
acetaté. The low energy barrier between the two conformers
(the observed free energy of activation we&* = 19.2 kcal/
mol at —10 °C) and the short half-life of interconversion
(estimated to be 1.2 s at 3€) make it difficult to interpret the
interaction of these promoters with common macromolecular
targets (i.e., protein kinase C (PKC) and tumor-promoter binding
protein). Itis particularly important to determine the active ring
conformation of teleocidins in order to explain the relationships
between the structures and activities of several classes of TPA-
type tumor promoters with various skeletal structufes.

Relations between the conformational features of teleocidin
derivatives in solution and their biological activities have also
been examinedt For investigation of the active conformation
of teleocidins, several congeners of indolactam-V, which have
various alkyl groups at C-12, were synthesizédnd their
conformations and biological activiti€avere investigated. All
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Views from the face of
the indole ring

Views from the side of
the indole ring

Figure 1. Equilibrium between the twist (left) and the sofa (right) forms in IL-V.

these congeners exist in different equilibria of two or more 0
conformers, as judged from NMR studies. In studies on the NH HGC\'I'/H i~ HiC 'I(H
HaC—N - s
\

prediction and interpretation of the conformational status of the OH
indolactams by using molecular dynami¢g? we have sug- OH o Q

gested the importance of the sofa form for the biological activity R R

in terms of the existence ratio of the sofa form. However, 3 (rR-=H, BL-v8) 4 (R=H, BL-V9) 5 (R= H, BL-V10)

conclusive evidence as to which conformer of teleocidin is the 8 (R="n-CioH21, BL-V8-310) 7 (R=n-C1oHz1, BL-V9-310)
active form has not been obtained. Synthesis of molecules inFigure 2. Structures of benzolactam-Vs (BL-Vs).
which the lactam ring is restricted to either the twist or sofa
form should lead to a solution to the problem. It might also and the 10-membered and larger lactams have tthas
allow the development of strategies for analyzing the mechanism conformation. The 9-membered lactam, azacyclononanone,
of tumor promotion and for designing anti-tumor-promoting exists as an equilibrium mixture @fis andtrans conformers,
substances. the relative amounts of which depend on solvent. Williamson
We report herein the synthesis of compounds with a new and Roberf$ observed thel3C-NMR of crystalline trans-
skeletal structure, benzolactam-Vs, in which the indole ring azacyclononanone, and the free energy of activation for the
of IL-V is replaced with a benzene ring, and which have an interconversion otis andtransforms was found to be 17 kcal/
8-, 9-, or 10-membered lactam moiety. Conformational analysis mol at 64°C from the coalescence temperature of the carbonyl
indicated that the 8-membered lactam exists only in the twist peaks. This value is comparable to that of indolactam-V acetate,
form and the 9- and 10-membered lactams exist only in the in which five atoms on the ring are fixed in the plane of the
sofa form in solution. 8-Membered derivatives having a indole ring. Alteration of the ring-size of the lactams seems to
sufficiently hydrophobic moiety exhibited biological activities  be effective for the restriction of conformation to the twisits{
similar to that of teleocidin B-4% amide) or sofatfans-amide) form.

On the other hand, structuractivity relationships of indola-
ctams give useful information for this molecular design. The

Molecular Design of Benzolactams.The cis—transisomer- presence of the hydrogen at N-1 of indolactam-V is not
ization of the amide bond is the major factor influencing the important for the activity, though N-methylation of indolac-
conformational interconversions of indolactams. Conforma- tam-V slightly diminished the biological activity and N-
tional analyses of simple lactams have been conducted by usingorenylation and N-geranylation increased the actiityThus,
several kinds of measurementsThese studies clearly indicate  we speculated that the indole ring of teleocidins could be
that the 5- to 8-membered lactams have ¢reeconformation replaced with a benzene ring.

(11) The importance of the twist form of teleocidins has been referred  On the basis of the above considerations, benzolactam-V-8
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, . ough 5-chloroindolactam-V exists in the sofa R K K R
form predominantly, the activity of the compound is 0.1 of that of Zolactam_VQ (BL-v9,4) anq benzolactam \(10 (BL-V1®)
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Synthesis of Benzolactams

Figure 3. Left: superposition of the structures of BL-V8)((solid)
and the twist form of teleocidin B-4 (dashed). Right: superposition
of the structures of BL-V94) (solid) and the sofa form of teleocidin
B-4 (dashed).

of the twist form of BL-V8 @) and the twist form of teleocidin
B-4 by MM-2 calculations, as well as the sofa form of BL-V9
(4) and the sofa form of teleocidin B-4, is illustrated in Figure
3. This figure shows that the atomic positions of the functional
groups and the shapes of the molecul@sad 4) coincided
well with those of the twist and the sofa forms of teleocidin
B-4, respectively.

The hydrophobic moiety on the indole ring of teleocidins
plays a critical role in increasing the biological potency. The
activity of teleocidin B-4 is 56-100 times higher than that of
IL-V, which lacks the hydrophobic moiety.On the other hand,

J. Am. Chem. Soc., Vol. 118, No. 8, 18498

The 9-membered lactam BL-VH) was also synthesized
similarly by using 2-nitrophenethyl bromide, prepared from
methyl 2-nitrophenylacetate (Figure 4). The phenethyl bromide
was condensed with diethyl acetamidomalonate in DMF to give
the diesterl7 (81%). Acid-catalyzed hydrolysis followed by
decarboxylation gave an amino acid, which was protected as
the ethyl ester for the carboxyl group and with Boc for the amine
to give 18. The mixture of diastereomeric este?d was
synthesized through five steps frdB8. The cyclization of the
9-membered ring was performed by the activated ester method
usingN-hydroxysuccinimide. In general, 9- and 10-membered
rings are more difficult to cyclize than an 8-membered one. In
the case of IL-V, the cyclization yields were above 60% because
of the fixation of five atoms in the same plane by the indole
ring. However, in the case of BL-V9, the cyclization yield was
30% (isomer ratio 2:3) because the benzene ring was less
effective in fixing the other atoms in the same plane. The
diastereomeric lactams produce2B(@nd 24) were separated
by column chromatography. Each lactam was methylated with
CHgl in MeOH to give BL-V9 @, 94%) andepiBL-V9 (25,
98%), respectively.

The 10-membered lactam BL-V106)( was synthesized
starting from 3-(2-nitrophenyl)propyl bromide, which was
prepared from methyl 2-nitrocinnamate (Figure 4). The phe-
nylpropyl bromide was reacted with diethyl acetamidomalonate
in DMF to give the dieste?26 (69%). The diester was converted

the terpenoid side chain in teleocidin B-4 can be substituted by by the same procedure described above to givéliBec amino

a simple linear alkyl group without loss of activit}?? Figure
3 also suggests that introduction of an alkyl group atpghe
position of the (CH), group may be effective in increasing the

activity of these benzolactams. Therefore, benzolactam-V8-

310, 6) and benzolactam-V9-310 (BL-V9-318), which have

ester27 (80%). With the same procedure as used for BL-V9,
cyclization of the 10-membered lactam was ineffective (below
10% vyield). Therefore, the synthetic route was modified as
follows. The nitro group o7 was converted into a methy-
lamino group in three steps, and the resul@2®tvas reduced

a hydrophobic decyl group on the benzene nucleus, were alsoy, the amino alcohd0with LiBH4 (99%). For the introduction

designed.

Syntheses of BenzolactamsSyntheses of the benzolactams
were carried out in a manner similar to that of IL8VThe
8-membered lactam, BL-V83] was prepared starting from
2-nitrobenzyl bromide as shown in Figure 4. The benzyl
bromide was reacted with diethyl acetamidomalonate in DMF
to afford the dieste8 (71%). Alkaline hydrolysis followed by
decarboxylation gave a carboxylic acid, which was converted
to the ethyl ester. Acid-catalyzed removal of the acetyl group
yielded an amine, which was protected by Boc to gie
Reduction of the ester group 8fusing LiBHs in THF (96%),
followed by reduction of the aromatic nitro group by catalytic
hydrogenation (96%), yielded the amino alcohdl The amine

was condensed with methyl 2-oxoisovalerate, and the resulting

imine was immediately reduced with NaBEN. The crude

mixture contained a small amount of enamine, which was also " ) !
0% Pd/C. SeparationOf the aldehyde group, followed by Wittig reaction employing

reduced by catalytic hydrogenation using 1
of the diastereomeric estet2 was difficult (60%, 1:1). Inthe

of the valine building block, the triflate of benzybL-a-
hydroxyisovalerate was prepared fram-valine. The triflate
was reacted with th&l-methylaniline30 to give a mixture of
diastereomers (53%, 1:1). A similar method has been used by
Kogan et al. in the synthesis of IL-%2. The diastereomeric
mixture 31 was converted to BL-V105) andepiBL-V10 (33)
through four steps by the activated ester method. The yield of
the cyclization step was 32% (isomer ratio 1:1). Because of
the difficulty in the separation of the isomers, the lactams were
acetylated and separated by column chromatography. BL-V10
acetate §4) andepiBL-V10 acetate §5) were hydrolyzed by
KOH in MeOH to give pures (83%) and33 (75%), respectively.
The alkylated analog of BL-V8 (BL-V8-310) was synthesized
as shown in Figure 5. Reaction of 4-(bromomethyl)-3-nitroben-
zaldehyde with diethyl acetamidomalonate without protection

nonylphosphonium ylide, gav@6 (55%). Deprotection and

construction of the 8-membered lactam structure, the succin- d€carboxylation gave the amino acid, which was protected with
imide-activated ester method was adopted. The methyl ester®thy! ester for the carboxylic acid group and with Boc for the
of 12was hydrolyzed to a carboxylic acid, which was condensed @Mine group, and the ester group was reduced with LiBH4 to
with N-hydroxysuccinimide using DCC to give the activated 2afford 38 (59%). The nitro alcohoB8 was converted into the
ester (3, 81%). After deprotection of the Boc group usingF ~ Methylamino alcohol40, 75%) by catalytic hydrogenation and
COOH, cyclization was carried out under diluted conditions to formylation, followed by reduction with Bkl Reaction 040
avoid intermolecular condensation. Two cyclized diastereomers With the triflate of benzylbL-a-hydroxyisovalerate gave dia-
(14 and15) were easily separated by column chromatography. Stereomeric estertl (88%). After hydrogenolysis of the benzyl
Both lactams were methylated with GHn MeOH to give BL- ester, condensation witi-hydroxysuccinimide using DCC gave
V8 (3, 65%) andepiBL-V8 (16, 55%), respectively. the activated ested? (96%). After removal of the Boc group
using CBECOOH, cyclization was carried out under dilute
IS, i, etsholeies] 255 2. conons o e (45%) and he cpmtS (435, whc

50, 2679-2680. Irie, K. Hagiwara, N..; Tokuda, H.; Koshimizu, K.  Were isolated at this stage.
Carcinogenesid 987, 8, 547-552.
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4706-4713.
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6623-6632.
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Figure 4. Synthesis of benzolactams (BL-V&, BL-V9: 4 and BL-V10: 5). Key: (a) CHCONHCH(COOQOGHs),, NaH/DMF, (b) KOH/HO;
(c) HCI/H0; (d) HCI/AcOH; (e) SOGVELOH; (f) Boc,O/CH,Cly; (g) LIBH4/THF; (h) Hy, Pd—C/CH;COOGHs—H-0; (i) methyl 2-oxoisovalerate;
() NaBHsCN, THF; (k) KOH/CHOH—H0; (I) N-hydroxysuccinimide, DCC/CFCN; (m) CRCOOH/CHCl,; (n) NaHCQ(aq)/CHCOOEL; (0)
CHjsl, NaHCGOy/CH3OH; (p) HCOOH, AgO; (q) BHJ/THEF; (r) triflate of benzylpL-o-hydroxyisovalerate, 2,6-lutidine/GBICH,CI; (s) Ac,O/
pyridine.

The 9-membered lactam, BL-V9-310, was also synthesized effect (NOE) experiments. Significant differences of chemical
from 4-(bromomethyl)-3-nitrobenzaldehyde. After protection shifts between the twist form and the sofa form have been
of the aldehyde group with acetal, the benzyl bromidevas observed. Molecular dynamics (MD) calculation of possible
converted into the phosphonium sa&b. The aldehyde46 ring conformations of indolactams has been conducted, and the
derived frompL-serine was reacted with the ylide generated resulting structures were classified into 10 ring conformations,
from 45to give47 (57%,cis:trans2:3). After deprotection of including the twist and sofa forms of indolactam-V, on the basis
the acetal, the alkyl chain was introduced by the same procedureof similarity of the nine torsion angles along the lactam rfg.
as described above to give a mixture of four stereoisom®rs  Two indolactams, indolactam*&Sand epi-indolactam-¥S were
(48%). Catalytic hydrogenation @@ gave a single aming0, concluded fromtH-NMR data to exist in solution only as the
which was converted t61 (84%), andb1 was further converted  fold form and ther-cis-sofa form, respectively.
into 7 and the epimeb4 in the same manner as described for Each of the benzolactams was proven to exist in a single
the synthesis 06, in similar yields except for the cyclization  conformation in solution byH-NMR spectral examination even
step (20% for7 and 17% for54). at —60 °C. The absence of line broadening with increasing

Conformational Analysis of Benzolactams. The confor- temperature shows the absence of any other conformer which
mational analysis of indolactam-V and its acetate has been wellmay be discriminated on the NMR time scale. TheNMR
investigated by IH-NMR spectroscopy and nuclear Overhauser spectral data for BL-V83), BL-V9 (4), and BL-V10 §) in
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Figure 5. Synthesis of benzolactams (BL—V8—316:and BL-V9-310:7). Key: (a) CHCONHCH(COOGHs),, NaH/DMF; (b) GH1sPtPhBI—,
n-BuLi/THF; (c) HCI/AcOH; (d) SOCHEtOH; (e) BogO/CH,Cly; (f) LIBH 4/ THF; (g) H,, Pd—C/EtOH; (h) HCOOH, AgO; (i) BHy/THF; (j)
triflate of benzyl bL-a-hydroxyisovalerate, 2,6-lutidine/GBICH.CI; (k) N-hydroxysuccinimide, DCC/C¥CN; (I) CRCOOH/CHCIy; (m)
NaHCQ;(ag)/CHCOOE; (n) HOCHCH,0OH, TsOH/toluene; (o) PRHoluene; (p)46, K,COs/DMF; (q) pyridinium p-toluenesulfonate/acetone,
H,0.

Figure 6. Stable conformations of BL-V83 left), BL-V9 (4; center), and BL-V105; right). The arrows indicate typical NOE enhancements in
the acetates of the BL-Vs in CDLI Top: views from the face of the benzene ring. Bottom: views from the side of the benzene ring.

CDs0D along with those for the sofa and twist forms of experiments by considering the comparability of the data with
indolactam-V are shown in Table 1. The chemical shifts in all 10 possible conformers, including the twist and sofa forms
CDCl; of O-acetylated derivatives of these compounds are also (Figure 6).

compared with those of the sofa and twist forms of indolactam-V ~ Though the chemical shifts of BL-V8&]J took intermediate
acetate in Table 1. The conformational structures of the values between those of the twist and sofa forms of indolactam-
benzolactams were deduced frémM-NMR spectra and NOE  V, perhaps due to molecular size difference, the NOE observa-
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Table 1. H NMR Chemical Shifts of Indolactam-V and Benzolactdms
16_, 17 - 17 1645 17 16 45 17
10 (@) 10 10
18 H 14 16#( 18 H 1’4\ 13\1{;4 ’14
HSCNNX(N ;‘\OR 1ﬁ30_N - Nhﬂ H30~N T N ; OR H3C N2 N 9'\0R
0 94 O “ga o 8b
| 8 s OR 8 8 ga
N
IL-V (sofa form) IL-V (twist form) BL-V8 BL-V9 BL-V10
H9 4.26 (m) 4.23 (m) 4.49 (bs) 4.29 (hek= 6) 3.34 (m)
H10 6.47 (bdJ=7)
H12 3.08 (dJ=12) 4.48 (dJ = 11) 3.44(dJ=7) 2.86 (d,J=11) 2.89 (dJ=11)
H14 3.30 (ddJ =8, 11) 3.62 (ddJ =4, 11) 3.60 (ddJ =5, 11) 3.41 (m) 3.23 (dd =7, 11)
3.22 (ddJ=7, 11) 3.45 (ddJ =7, 11) 3.50 (ddJ) =7, 11) 3.31(m)
H15 2.31 (dsept) =7, 11) 2.55 (dsept] = 7, 11) 2.40 (oct)=7) 2.22 (m) 2.24 (m)
H16 1.24(dJ=7) 0.89 (dJ=7) 1.09 (dJ=7) 1.16 (dJ=7) 117 (dJ=7)
H17 0.90 (dJ=7) 0.61(dJ=7) 0.94(dJ=7) 0.88(dJ=7) 0.88(dJ=7)
H18 2.77 (s) 2.88 (s) 2.76 (s) 2.73(s) 2.79 (s)
Ar 7.11(s) 6.94 (s) 6.93(d8=2,7) 7.05-7.16 (m) 7.047.15 (m)
6.95 (ddJ=1, 8) 6.44 (ddJ=1, 8) 7.06 (dJ=7) 7.30(ddJ=2,7)
7.05 (t,J=18) 6.95 (t,J=8) 7.17 (m)
7.28 (ddJ=1,8) 6.88 (ddJ =1, 8)
H8a 3.02 (dd,J =4, 15) 3.11 (ddJ = 2, 15) 3.03(ddJ =9, 17) 2.41 (ddJ = 10, 14) 2.55 (m)
H8p 2.87 (ddJ =2, 15) 3.05 (ddJ = 4, 15) 2.89 (ddJ=9,17) 2.64 (ddJ =8, 14)
H8an 1.67 (ddJ =11, 15) 2.24 (m)
H8g3 2.33 (m) 1.83 (dtJ =4, 14)
H8ba 1.04 (m)
H8hj3 1.67 (dt,J=4, 15)
IL-V acetate (sofa) IL-V acetate (twist) BL-V8 acetate BL-V9 acetate BL-V10 acetate
H9 4.60 (m) 4.50 (m) 4.56 (bs) 4.60 (m) 4.18 (m)
H10 473 (dJ=12) 6.08 (s) 5.75 (bd] = 3) 4.46 (bdJ=11) 4.35 (bdJ=19)
H12 2,98 (dJ=11) 4.36 (dJ=10 3.44(dJ=17) 2,72 (dJ=11) 2.74 (dJ=11)
H14 3.83 (m) 3.99 (ddj =38, 12) 3.98 (ddJ =8, 11) 3.90 (ddJ =4, 11) 3.80 (ddJ =6, 11)
3.85(m) 4.20 (ddJ =3, 12) 4.20 (dd) = 4, 11) 4.08 (ddJ) =5, 11) 3.97 (ddJ =7, 11)
H15 2.39 (dsept) =7, 10) 2.61 (dsept] = 7, 10) 2.43 (oct)=7) 2.31 (m) 2.31 (m)
H16 1.24(dJ=7) 0.93(dJ=7) 1.08 (dJ=7) 1.16 (dJ = 6) 1.16 (dJ=7)
H17 0.94 (dJ=7) 0.64 (dJ=7) 0.94 (dJ=7) 0.90 (dJ = 6) 0.88(dJ=7)
H18 2.75(s) 2.92 (s) 2.79 (s) 2.76 (s) 2.80(s)
OAc 2.02 (s) 2.09 (s) 2.11(s) 1.98 (s) 1.99 (s)
Ar 6.99 (s) 6.90 (s) 6.93 (d8 =1, 8) 7.15 (m) 7.067.18 (m)
7.05 (d,J=8) 6.52 (dJ=18) 7.04 (dJ = 6)
7.17 (t,J=18) 7.07 (t,J=18) 7.06 (dJ=7)
7.27 (d,J=18) 6.91(dJ=18) 7.21(dtJ=1,8)
H8a 3.12 (ddJ =4, 16) 3.09 (ddJ = 3, 16) 3.00 (bdJ =09) 2.48 (ddJ=11,14) 2.63 (dtJ = 4, 15)
H8a 3.12 (ddJ =4, 16) 3.09 (ddJ = 3, 16) 3.00 (bdJ=9) 2.48 (ddJ =11, 14) 2.63 (dtJ = 4, 15)
H8j3 2.78 (d,J = 16) 3.24 (dJ=16) 2.64 (ddJ =8, 14) 2.53 (dtJ = 4, 15)
H8an 1.68 (m) 2.15(m)
H8a5 2.33(m) 1.91 (m)
H8bo 1.02 (m)
H8h3 1.55 (dt,J = 4, 15)

aTop: IL-V (2), BL-V8 (3), BL-V9 (4), and BL-V10 §) in CD;OD. Bottom: IL-V acetate3-acetate 4-acetate, and-acetate in CDGl
Chemical shifts are shown lyvalues from TMS. Coupling constants (Hz) are shown in parentheses. Numbering of the benzolactams is assigned
as shown for convenience of comparison with the two conformers of IL-V.

tions were consistent with twist structure. In the NOE spectra, planarity of the lone-pair electrons of nitrogen with the aromatic
saturation of the H-& proton resulted in 18% enhancement of . electrons, and (3) the large coupling constant between H-9
the H-12 signal, and saturation of H-18-(nethyl) caused 17%  and H-10 which indicates a dihedral angle between these protons
enhancement of the H-9 signal. These NOE enhancements arelose to 180. These characteristic features were also recognized
characteristic of the twist form of IL-¥, and no other in the spectra oft and5. Furthermore, NOE enhancement of
conformation would show these NOE enhancements. Therefore,H-12 upon saturation of H-10 protons (NH) in the acetatd of
BL-V8 () exists in the twist form in solution. The benzolactam and5 was observed, as in the sofa form of IL&The above
having a hydrophobic alkyl chain on the aromatic nucleus, BL- experimental results demonstrate that the conformatidreofd
V8-310 ), gave'H-NMR signals similar to those & NOE 5 in solution is the sofa form. The benzolactam having a
experiments confirmed the twist form 6f hydrophobic alkyl chain on the aromatic nucleus, BL-V9-310
The spectra data of BL-V3lf and BL-V10 &) showed values  (7), gave'H-NMR signals similar to those ef. The sofa form
similar to each other and resembled those of the sofa form of of 7 was confirmed by NOE experiments.
indolactam-V. In the sofa form of indolactam-V, typical In addition, thelH-NMR spectrum of BL-V10 %) showed
features are (1) high-field shift of H-10 and H-12, which are two characteristic phenomena. One is the high-field shielding
shielded by aromatic current anisotropy, (2) low-field shielding of the H-8l proton (1.04 ppm), which was caused because of
of the aromatic proton H-5 and H-7, which shows the lack of the location of this proton above the benzene ring. The other
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Figure 7. Inhibition of HL-60 cell growth by IL-V and BL-Vs.

was that the amide proton did not exchange in;GD. Only
partial exchange of the NH proton was observed during
incubation at 40°C for 40 min in CQROD. The proton is

surrounded by the benzene ring and the hindered alkyl group,

which would make it difficult to exchange. The sofa structure
of 5is also supported by these results.

The conformations of thepibenzolactams were also inves-
tigated. The'H-NMR spectral data oépi-BL-V8 (16) andepi
BL-V9 (25) in CD3sOD resembled those adpiIL-V, which
exists predominantly in the-cis-sofa form1516 Strong NOE

concentrations below 16 M. Interestingly, ¢)-epiBL-V8-
310 shows a significant potency, as strong as that of HS-V.
Tumor-promoting activity is generally explained in terms of
binding to and activation of protein kinase C (PKC). So we
investigated the inhibition ofH]TPA binding to PKC by the
benzolactamsgand7). Percentage inhibition in the presence
of the compounds (1000-fold) was as follows: 88% for
teleocidin B-4, 3% for IL-V, 44% for6, and 11% for7.
Percentage inhibition in the presence of optically pure BL-V8-
310 (1000-fold) was as follows: 59% for-§-6 and 6% for

enhancement between H-9 and H-12 was observed, which is(+)-6.

characteristic of the-cis-sofa form. epiBL-V10 (33) gave

Activation of PKC by the benzolactams was also investigated.

broadened signals at room temperature, which showed neithefPercentage phosphorylation in the presence of the compounds

splitting nor sharpening even at90 °C in CD.Cl,. Thus,33
exists in at least two conformational states in solution, and their
interconversion is too fast to be observable on the NMR time
scale.

Active Conformation of Benzolactams. One of the most
important, sensitive, and specific biological activities of the
TPA-type tumor promoters is induction of growth inhibition,
cell adhesion, and differentiation to monocytes of human
promyelocytic leukemia cells (HL-6GY* IL-V shows the
activity at effective concentrations of 18800 times lower than
that of teleocidin B-4. Introduction of hydrophobic groups
increases the potency. Recently, Kozikowskial. reported
the synthesis of a simplified analog of IL47which resembles
our simple 9-membered benzolactam. The compound showe
no agonistic or antagonistic activity for PKC. This, however,
may not cast light on the active conformation of teleocidins
because their compound lacked a hydrophobic group. In fact,

among the simple 8-, 9-, and 10-membered benzolactams

without a hydrophobic group3( 4, and5), the 8-membered
lactam3 showed the activity at concentrations of 20 order,
and the other lactams did not show notable activity at concen-
trations below 10° M in the HL-60 differentiation assay. We
thought that this result was not enough to identify the active
conformation of teleocidins. However, the alkylated analogs
of the 8- and 9-membered benzolactarGsa(d 7) gave clear
results in the HL-60 test (Figure 7). The twist-restricted BL-
V8-310 ) caused growth inhibition and differentiation of HL-
60 cells at a concentration of 19M. The potency of6 was
30 times stronger than that of IL-V. In contrast, the sofa-
restricted BL-V9-3107) proved to be inactive at concentrations
below 10°° M.

Optically pure BL-V8-310 was also investigated. The
potency of ()-BL-V8-310 was strong as expected from that
of racemic 6. (+)-BL-V8-310 proved to be inactive at

(24) Huberman, E.; Callaham, M. Proc. Natl. Acad Sci U.SA. 1979
76, 1293-1297.

(25) Kozikowski, A. P.; Ma, D.; Pang, Y.-P.; Shum, P.; Likic, V.; Mishra,
P. K.; Basu, A.; Lazo, J. S.; Ball, R. G. Am Chem Soc 1993 115
3957-3965.

(10 mM) was as follows: 100% for TPA (control), 83% for
teleocidin B-4, 43% for IL-V, 34% fol, and 16% for7.
Hashimoto and Shudo reported a cytosolic-nuclear tumor
promoter-specific binding protein (CN-TPBP). CN-TPBP
binds TPA with the association constant of x410° M~!
and also binds teleocidin B-4, debromoaplysiatoxin, and thapsi-
gargin in a mutually competitive manner. The binding affinity
order of various indolactams correlated with the adhesion-
inducing potency order of the compounds toward HL-60. More
interestingly, CN-TPBP was proven to move into the nucleus
after the binding of TPA, in a way similar to nuclear receptors
of glucocorticoid. These findings suggested that CN-TPBP may
act as a possible nuclear receptor for tumor promoters and that

gtumor promoters may exert their biological effects by binding

to CN-TPBP. We investigated the inhibition ofH]TPA
binding to CN-TPBP by the benzolactan&gnd 7).

Percentage inhibition ofH]TPA binding in the presence of
the compounds (1000-fold) was as follows (errors are estimated
to be within 10%): 84% for teleocidin B-4, 37% for IL-V, 66%
for 6, and—5% for 7. Percentage inhibition in the presence of
optically pure BL-V8-310 (1000-fold) was as follows: 59% for
(—)-6 and 6% for ()-6. Differentiating activity of these
compounds in HL-60 cells correlated better to the binding
potency than to PKC binding or activation.

Above all, BL-V8-310 shows a strong potency and BL-V9-
310is inactive. Further«)-BL-V8-310 shows strong potency,

(26) From the viewpoint of the conformational conversion, it is possible
that the active conformation oft)-43 is also the twist form, since the
conversion of ther-cis-sofa form of (t+)-43 to the twist form does not
involve a high energy barrier. The conformational analysis and X-ray
studies were carried out using racemic epi-1LXV Similarly, in the case
of (+)-43, the energy differences between the most steldis-sofa form
and the next most stable conformations (the twist, fold, and r-twist forms)
are greater than 4.5 kcal/mol by MD calculation. The relative atomic
positions of the amide bond and hydroxymethyl group of the stable-
sofa form of (+)-43 are close to those of the twist form of-}-6. The
remarkable stability of the-cis-sofa form of (+)-43 and the difference of
activity between {)-6 and (+)-43 suggested that the two compounds
interact with the macromolecular receptor as the twist formracd-sofa
form, respectively.

(27) Hashimoto, Y.; Shudo, Klpn J. Cancer Res(Gann) 1991, 82,
665-668.
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but (+)-BL-V8-310 does not. BL-V9-310 exists exclusively
in the sofa form in solution. It is possible that conformational
conversion occurs upon binding to the receptor. BL-V8-310,
however, is very difficult to convert intdrans-amide form

Endo et al.

teleocidin, were designed and synthesized as conformationally
restricted analogs of teleocidins—)-BL-V8-310 ((—)-6), which
exists only in the twist form witltis-amide in solution, exhibits
biological activity at 168 M concentration in the HL-60 assay.

because of the lactam ring tension. Therefore, we concludelt was only 10 times less potent than teleocidin B-4 and was

that the active conformation of teleocidin is not the sofa form,
but the twist form (or a near twist form which has ttis-amide
bonding). Irieet al. recently reported a twist-restricted €5
C13-bridged IL-V, which was formed froml-desmethyIN-
alkyl-IL-V by aza-Cope rearrangement, and its activity is
comparable to that of IL-\?8

We have reported a molecular superposition study of the twist
and the sofa forms of teleocidin B-4 onto TPA independently
in order to extract common structural featutésThe molecules
were superposed in terms of physical and chemical properties
but not the atomic positions as employed in conventional
methodst® The two superposing models showed equally good
fit in terms of molecular shape and in the correspondence of
two pairs of hydrogen-bonding groups, the carbonyl group at
C-11 of teleocidin and at C-3 of TPA (as acceptor), and the
CH,OH at C-9 of teleocidin and at C-6 of TPA (as donor). We

30 times more potent than IL-V in the HL-60 assay. On the
other hand, BL-V9-310 1) with transamide was inactive.
Therefore, we concluded that the twist form of teleocidin is the
biologically active form. This finding appears to solve the
conformational flexibility problem that has bedeviled structure
activity studies of teleocidins. Synthesis of molecules having
different skeletons with rigid conformation might allow us to
identify the active conformation on the receptor. The present
finding should be helpful in the design of such molecules and

the development of strategies for analyzing the mechanism of

tumor promotion.

Experimental Section

General Remarks. Melting points were obtained on Yanagimoto
micro hot stage apparatus and are uncorrected. Spectra were recorded
with the following instruments!H-NMR spectra, JEOL JMN-FX-400

have concluded the superposition of the sofa form is somewhat(400 MHz); mass spectra, JEOL JMN-DX 303; IR spectra, JASCO

better than that of the twist form, owing to the possibility of a
third hydrogen bonding. However, the above experimental
results confirmed the active conformation is the twist form.

Recently, a crystallographic study revealed direct interaction
of phorbol 13-acetate with PKECCys2 domairt® The binding
sites clarified by the study can only bind with the twist form,
but not the sofa form of teleocidins: this is in good agreement
with the present conclusion. The X-ray study gave us an
opportunity to consider the common hydrogen bonding sites of
teleocidins and TPA. According to the crystal structure of
phorbol 13-acetate and PKQCys2 complex, we propose two
binding mode of teleocidins and PKC One possible inter-
pretation is that the twist form of teleocidins require only two
hydrogen bonds to PKC, as in the superposing model for twist
form of teleocidin and TPA in the previous pagér.Though

DS-402G; optical rotational spectra, JASCO DIP-181. NMR spectra
were recorded with tetramethylsilane as an internal standard, and the
chemical shifts are givefivalues from TMS. The IR data are presented
incm. Column chromatography was performed on silica gel (Merck
9385).

Ethyl 2-(Acetylamino)-2-(ethoxycarbonyl)-3-(2-nitrophenyl)pro-
panoate (8). Sodium hydride (60% in oil; 5.0 g, 0.125 mol) was
washed withn-hexane, dried under reduced pressure, and suspended
in 100 mL of DMF under Ar atmosphere. A solution of 27.0 g (0.124
mol) of diethyl acetamidomalonate in 50 mL of DMF was added to it,
followed by a solution of 27.0 g (0.125 mol) ofnitrobenzyl bromide
in 50 mL of DMF, and the reaction mixture was stirred for 12 h at
room temperature. The solvent was removed under reduced pressure.
The residue was poured into iewvater, and the mixture was filtered.
The filtrate was extracted with GBl,. The organic layer was washed
with water and brine, dried over MgQQand concentrated. Recrys-
tallization from CHCl,/n-hexane gave 31.1 g 8f(71%) as pale yellow

the assignments for phorbol 13-acetate hydrogen-bonding sites, s gles: mp 103104 °C; 'H-NMR (CDCl) 1.30 (t, 6H,J = 7 Hz,
are reported, it may not be necessary for teleocidins to use all —cH,cH,), 1.98 (s, 3H, COCH), 4.08 (s, 2H, ArCH), 4.24 (dq, 4H,

three hydrogen-bondings. This is consistent with the experi-
mental result that 4-deoxyphorbol ester exhibits PKC activation
in the range of nM ordet Although hydrogen bonding is an
important factor for recognition of a biologically active molecule

to a receptor, other favorable interactions such as good com-

plimentarity in shape with the binding site (van der Waals
interaction) can compensate for the lack of a hydrogen bond.
Another possible explanation is that the twist form of teleocidins

require three hydrogen bonds to PKC, as with phorbol 13-acetate

in the complex crystal structure. The amide NH of teleocidins
is also able to form a hydrogen bond at the carbonyl oxygen of
Gly253 in the PK@ Cys2 domain without conformational

J =1, 7 Hz,—CH,CHj), 6.47 (bs, 1H, NH), 7.24 (dd, 1H,= 2, 7
Hz, ArH), 7.40 (dd, 1HJ) = 2, 7 Hz, ArH), 7.82 (dd, 1H) = 2, 7 Hz,
ArH). Anal. Calcd for GeH20N2O7: C, 54.54; H, 5.75; N, 7.95.
Found: C, 54.66; H, 5.64; N, 8.06.

Ethyl 2-(Acetylamino)-3-(2-nitrophenyl)propanoate. A solution
of 30.5 g of8 (86.6 mmol) and 17.3 g of NaOH (0.43 mol) in 150 mL
of water was refluxed for 70 min. The reaction mixture was cooled to
room temperature and acidified with concentrated HCI. The precipitate
was collected, washed with brine, and dried under reduced pressure at
80 °C for 4 h. The crude diacid was heated with 100 mL of water at
100 °C for 3 h. After being cooled with ice, the precipitate was
collected and dried at 8T under reduced pressure oveOpfor 6 h.
The crude monoacid was added to a solution of 23 mL of SQ@CI

change of the main chain of the peptide, though it may cause 100 mL of dry ethanol (prepared at10 °C) with stirring at—10 °C.

some decrease of the fitness of whole molecular shapes.

Conclusion

Benzolactam-Vs, with a variable-sized lactam ring and a
benzene ring instead of the indole ring of indolactam or

(28) Irie, K.; Koizumi, F.; lwata, Y.; Ishii, T.; Yanai, Y.; Nakamura,
Y.; Ohigashi, H.; Wender, P. ABioMed Chem Lett 1995 5, 453—-458.

(29) Itai, A.; Kato, Y.; Tomioka, N.; litaka, Y.; Endo, Y.; Hasegawa,
M.; Shudo, K.; Fujiki, H.; Sakai, SProc. Natl. Acad Sci U.SA. 1988 85,
3688-3692.

(30) Zzhang, G.; Kazanietz, M. G.; Blumberg, P. M.; Hurley, J.G#ll
1995 81, 917-924.

(31) Brooks, G.; Morrice, N. A.; Ellis, C.; Aitken, A.; Evans, A. T.;
Evans, F. JToxicon1987, 25, 1229-1233.

The mixture was stirred fol h atroom temperature &3 h at 60°C

and then concentrated under reduced pressure to remove most of the
ethanol. The residue was poured into saturated NalQ and
extracted with AcOEt. The organic layer was washeditN Na-

CQ;, water, and brine, dried over Mgg3Oand concentrated. The
residue was dissolved in ethanol and treated with activated charcoal.
The crude product was purified by column chromatography on silica
gel with CHCI,/JACOEt = 8/1 to afford 14.8 g ofN-acetyl-2-
nitrophenylalanine ethyl ester (61%): mp-724°C; 'H-NMR (CDCl)

1.22 (t, 3H,J = 7 Hz, —CH,CHj3), 1.93 (s, 3H, COCH| 3.30 (dd, 1H,

J =8, 13 Hz, ArCH), 3.50 (dd, 1HJ = 6, 13 Hz, ArCH), 4.15 (dq,
2H,J=1, 7 Hz,—CH,CHj), 4.89 (ddd, 1H,) =1, 8, 8 Hz, ArCHCH),

6.21 (bd, 1HJ = 8 Hz, NH), 7.28-7.64 (m, 3H, ArH), 7.90 (m, 1H,
ArH). Anal. Calcd for GHieN2Os: C, 55.71; H, 5.75; N, 9.99.
Found: C, 55.83; H, 5.70; N, 9.99.
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Ethyl 2-[(tert-Butoxycarbonyl)amino]-3-(2-nitrophenyl)propanoate NHCHCO), 4.15 (m, 1H, ArCHCH), 5.04 (bd, 1HJ = 8 Hz, NH),
(9). A solution of 14.5 g (51.8 mmol) of thil-acetylamino ester in 5.22 (bd, 1HJ = 8 Hz, NH), 6.4-6.8 (m, 4H, ArH), 6.9-7.2 (m, 4H,
200 mL of ethanol saturated with HCI was refluxed for 48 h. The ArH).
reaction mixture was cooled with ieavater, and ether was added. The Activated Esters 13. A mixture of a solution of 4.05 g (10.7 mmol)
precipitate was collected and dried; 12.3 g (86%) of the HCI salt of of 12 in 25 mL of methanol and 25 mLf@ N KOH(aq) was stirred
2-nitrophenylalanine ethyl ester was obtained as colorless needles (mpfor 24 h at room temperature. After removal of the solvent, the residue
204°C dec). The HCl salt (12.0 g) was suspended in water, neutralized was acidified with 10% citric acid and extracted with AcOEt. The
with NaHCGQ;, and extracted with ACOEt. The organic layer was dried extract was washed twice with brine and dried over MgSEBvapora-
and concentrated at below 4Q under reduced pressure to give 9.8 g tion of the solvent afforded the carboxylic acid as a colorless oil. The
of amine. To a solution of 9.06 g (38.0 mmol) of the amine in 80 mL acid and 2.45 g (21.3 mmol) ¢f-hydroxysuccimide were dissolved
of dioxane-water (1.1), 8.0 g of NaHC® (95.2 mmol), and 10.9 g in 30 mL of CHCN, and then a solution of 3.29 g (15.9 mmol) of
(76 mmol) oftert-butoxycarbonyl azide were added. The mixture was DCC in 10 mL of CHCN was added at OC with stirring. Stirring
heated at 4650 °C for 40 h. After addition of Boc-b (5.4 g, 38 was continued fol h at 0°C and 2 h aroom temperature, and then
mmol), the reaction mixture was stirred for another 24 h. Most of the the solvent was removed under reduced pressure. The residue was
solvent was removed under reduced pressure, and the residue wasuspended in AcOEt, and insoluble urea was filtered off. The filtrate
poured into 200 mL of water and extracted with ACOEt. The organic was concentrated and purified by column chromatography on silical
layer was washed with 0.5 M NaHG(@q), 0.5 M citric acid, and water ~ gel using AcOEt#-hexane= 1/1 to give 4.09 g ofl3 (81%) as a
and then dried and concentrated. Recrystallization from benzene colorless liquid:*H-NMR (CDCls) 1.19 (d, 6H,J = 7 Hz, CH((H3)2),

afforded 10.7 g oP as pale yellow needles (83%): mp 9739 °C; 1.24 (d, 6H,J = 7 Hz, CH(CHs)2), 1.43 (s, 18H, Boc), 2.45 (m, 2H,
IH-NMR (CDCls) 1.25 (t, 3H,J = 7 Hz, —CH,CH3), 1.37 (s, 9H, Boc), CH(CHz)z), 2.78 (s, 4H, COCKCH,CO), 2.80 (s, 4H, COCKCH,-
3.24 (dd, 1H,J = 8, 14 Hz, ArCH), 3.52 (dd, 1H,J = 6, 14 Hz, CO), 2.7-3.0 (m, 4H, ArCH), 3.6-3.7 (m, 4H, CHOH), 3.70 (m,
ArCH,), 4.19 (dg, 2H,) = 7 Hz, —CH,CHs), 4.66 (ddd, 1HJ =6, 8, 2H, NHCHCO), 4.15 (m, 2H, ArCHCH), 5.04 (d, 1HJ =7 Hz, NH),

8 Hz, CHCH), 5.20 (bd, 1H, = 8 Hz, NH), 7.36-7.64 (m, 3H, ArH), 5.16 (d, 1HJ =7 Hz, NH), 5.35 (d, 1H,]) = 8 Hz, NH), 5.81 (d, 1H,
7.96 (bd, 1HJ = 8 Hz, ArH). Anal. Calcd for GH2N-Os: C, 56.80; J =8 Hz, NH), 6.6-6.8 (m, 4H, ArH), 6.77.2 (m, 4H, ArH).

H, 6.55; N, 8.28. Found: C, 56.60; H, 6.56; N, 8.40. N-Desmethylbenzolactam-V8 (14) andN-Desmethylepiben-
2-[(tert-Butoxycarbonyl)amino]-3-(2-nitrophenyl)propanol (10). zolactam-V8 (15). Trifluoroacetic acid (30 mL) was a(zded_to a

To a solution of 1.5 g (70.0 mmol) of LiBHn 150 mL of THF was ~ Solution of 4.0 g (8.62 mmol) af3in 30 mL of CHCl; at 0°C with

added 10.5 g (60.3 mmol) & The solution was stirred fdl h at 0 stirring. The mixture was stirred fol h atroom temperature, and

°C and 3 h aroom temperature and concentrated. The residue was then the solvent was removed under reduced pressure at beld@: 30

poured carefully into icewater and extracted with AcOEt. The extract 1 he residue was dissolved in 80 mL of AcOEt, and then 80 mL of
was washed with 10% aqueous citric acid, water, and brine and dried Saturated NaHCgaq) was added and the mixture was refluxed for 1

over MgSQ. Evaporation and recrystallization afforded 8.73 dL4f h with vigorous stirring. The qrganic layer was sep_arated, and the
(96%) as colorless needles: mp XD3°C; IH-NMR (CDC) 1.35 aqueous Igyer was ex'tracted with AcOEt. The combined extract was
(s, 9H, Boc), 2.50 (bs, 1H, OH), 3.00 (dd, 18= 8, 13 Hz, AlCH), washed with brine, dried over MgSQand concentrated_. The crude
3.24 (dd, 1HJ = 5, 13 Hz, ArCH), 3.6-3.8 (m, 2H, CHOH), 3.97 product was st_eparated by column chromatography wlth AcOR#/CH
(m, 1H, ArCH,CH), 5.03 (bd, 1H,) = 8 Hz, NH), 7.26-7.64 (m, 3H, Cl, = 4/1 to give 676 mg ofl4 and 644 mg ofl5. 14: colorless
. o, 1

ArH), 7.92 (bd, 1H,J = 8 Hz, ArH). Anal. Calcd for GuHagN,Os: cubes (from CHG); mp 187.5-188.5°C; *H-NMR (CDCls) 0.94 (d,
C, 56.75; H, 6.80; N, 9.45. Found: C, 56.72; H, 6.80: N, 9.24. 3H, J = 7 Hz, CH(QHy)o), 1.14 (d, 3H,J = 7 Hz, CH(QHy)o), 2.02

' L v _ ' N $ (sept, 1H,J = 7 Hz, CH(CHs),), 2.49 (d, 1H,J = 16 Hz, ArCH),
2-[(tert-Butoxycarbonyl)amino]-3-(2-aminophenyl)propan-1-ol (11). 3.23 (t, 1H,J = 6 Hz, NHCHCO), 3.48 (dd, 1H) = 8, 16 Hz, ArCH),
mL of AcOEt Containing 1% water was VigOfOUSly stirred under 1 atm ATCHch), 6.52—-7.12 (m‘ 5H, ArH, NH) Anal. Calcd for
of H, at room temperature f® h and then filtered. The filtrate was CuHaoNoOs: C, 67.72: H, 8.12: N, 11.28. Found: C, 67.81: H, 8.15:
concentrated and crystallized from benzene to afford 3.9 glodis N, 11.22. 15 colorless cubes (from EtOH); mp 19193 °C; H-
colorless leaflets (96%): mp 136-431.5°C; *H-NMR (CDCl) 1.46 NMR (CDCls) 1.04 (d, 3H,J = 7 Hz, CH(MH3),), 1.15 (d, 3HJ = 7
(s, 9H, Boc), 2.67 (dd, 1H] = 10, 14 Hz, ArCH), 2.86 (dd, 1HJ = Hz, CH(CHa),), 2.21 (sept, 1HJ = 7 Hz, CH(CHs),), 2.88 (dd, 1HJ
5, 14 Hz, ArCH), 3.4-3.6 (m, 2H, CHOH), 3.70 (m, 1H, ArCHCH), =6, 16 Hz, ArCH), 2.92 (t, 1H,J = 6 Hz, NHCHCO), 3.18 (dd, 1H,
5.16 (bd, 1HJ = 8 Hz, NH), 6.65 (d, 1HJ = 9 Hz, ArH), 6.75 (d, J=10, 16 Hz, ArCH), 3.32 (m, 1H, NH), 3.6:3.9 (m, 2H, CHOH),
1H,J =9 Hz, ArH), 6.99 (bd, 2HJ = 9 Hz, ArH). Anal. Calcd for 4.20 (m, 1H, ArCHCH), 6.50 (bd, 1H,J = 8 Hz, NH), 6.7-7.2 (m,
CiH2aN-Oz: C, 63.14; H, 8.33; N, 10.52. Found: C, 63.44; H, 8.17; 4H ArH). Anal. Calcd for GHoN,Oz: C, 67.72; H, 8.12; N, 11.28.
N, 10.34. Found: C, 67.42; H, 8.09; N, 11.32.

Diastereomeric Esters 12.A mixture of 3.6 g (13.5 mmol) ol1 Benzolactam-V8 (3). A mixture of 300 mg (1.21 mmol) of4,
and 4.4 g (33.8 mmol) of methyl 2-oxoisovalefdte80 mL of benzene 500 mg of NaHC@®, 10 mL of methanol, and 12 mL of GHwas
was refluxed for 24 h with a DearStark trap under an Ar atmosphere.  refluxed for 85 h. The solvent was removed under reduced pressure,
Then 1.6 g (12.3 mmol) of methyl 2-oxoisovalerate was added, and and the residual solid was dissolved in CHICIThis solution was
the reaction mixture was refluxed for another 18 h. After removal of washed twice with brine, dried over Mg$CQand concentrated.
the solvent under reduced pressure, the residue was dissolved in 12@Purification by column chromatography on silica gel using AcQEt/
mL of THF. Then 1.7 g (26.9 mmol) of NaB)&N was added with hexane= 3/1 and recrystallization from diisopropyl ether gave 174
stirring at room temperature. The mixture was stirred at room mg of 3 as colorless cubes (55%)H-NMR (CDCl;) 0.89 (d, 3HJ =
temperature for 12 h, and the solvent was removed. The residue was6 Hz, CH((Hs)), 1.06 (d, 3H,J = 6 Hz, CH(Ms3)), 2.42 (m, 1H,
poured into ice-water and extracted with GEl,. The extract was CH(CHs)2), 2.80 (s, 3H, N-CH), 2.80 (dd, 1H,J = 3, 16 Hz, ArCH),
washed with water and brine and dried over MgS@&vaporation of 3.09 (dd, 1HJ = 8, 16 Hz, ArCH), 3.46 (d, 1HJ = 10 Hz, NCHCO),
the solvent afforded a crude oil. The residue includes the enamine, 3.53 (t, 1H,J = 6 Hz, CHOH), 3.64 (m, 1H, CHOH), 4.05 (m, 1H,
which was dissolved in 100 mL of AcOEt (containing 1% water) and CH,CH), 6.75-7.20 (m, 5H, ArH, NH);*H-NMR (CDs;OD) signals
hydrogenated over PeC in an H atmosphere. After filtration and are given in the text. Anal. Calcd forgH2:N.O.: C, 68.67; H, 8.45;
evaporation of the solvent, the crude product was purified by column N, 10.68. Found: C, 68.61; H, 8.57; N, 10.72.

chromatography on silica gel to give 4.13 gl&fas a colorless liquid epiBenzolactam-V8 (16). The procedure was the same as that used
(80%): 'H-NMR (CDCl) 1.04 (d, 3H,J = 7 Hz, CH(3),), 1.04 (d, for the preparation 08, employing 300 mg (1.21 mmol) df5. The
3H,J =7 Hz, CH(Ms3),), 1.08 (d, 3HJ = 7 Hz, CH(M3),), 1.12 (d, yield of 16 was 206 mg (65%):*H-NMR (CDCl;) 0.88 (d, 3HJ =6
3H, J = 7 Hz, CH(MH3),), 1.45 (s, 9H, Boc), 1.47 (s, 9H, Boc), 2.18  Hz, CH(CHs),), 0.97 (d, 3H,J = 6 Hz, CH(H3),), 2.40 (m, 1H,
(m, 2H, CH(CHa),), 2.6-3.1 (m, 4H, ArCH), 3.4-3.7 (m, 4H, CH- CH(CHa)y), 2.93 (s, 3H, NCH), 2.88 (m, 2H, ArCH), 3.19 (d, 1HJ

OH), 3.69 (s, 3H, COOC}), 3.71 (s, 3H, COOCEH), 3.7-3.9 (m, 2H, = 11 Hz, NGHCO), 3.77 (m, 3H, ChOH, ArCH,CH), 6.90 (m, 1H,
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NH), 7.00-7.20 (m, 4H, ArH);*"H-NMR (CDsOD) 0.85 (d, 3HJ =7 2-[(tert-Butoxycarbonyl)amino]-4-(2-nitrophenyl)butan-1-ol (19).
Hz, CH(CH3),), 0.98 (d, 3H,J = 7 Hz, CH(Ms),), 2.37 (m, 1H, The procedure was the same as that used for the preparatib® of
CH(CHgy),), 2.76 (dd, 1HJ = 7, 15 Hz, ArCH), 2.91 (s, 3H, NCHh), employing 1.0 g (46.6 mmol) of LiBl 50 mL of THF, and 4.83 g of
2.92 (d, 1H,J = 15 Hz, ArCH,), 3.24 (d, 1H,J = 11 Hz, NCHCO), 18 (13.7 mmol) fo 1 h at 0°C and 48 h at room temperature.
3.64 (m, 2H, CHOH), 3.72 (m, 1H, ArCHCH), 6.90-6.95 (m, 2H, Recrystallization from AcOEt-hexane afforded 2.67 g d as pale
ArH), 7.10-7.15 (m, 2H, ArH). Anal. Calcd for GH»N,O2: C, yellow needles (63%): mp 169L09.5°C; IR (KBr) 3500 (NH), 3300
68.67; H, 8.45; N, 10.68. Found: C, 68.68; H, 8.69; N, 10.62. (OH), 1530, 1360 (N@), 790, 755, 745, 710 (Ar}H-NMR (CDCls)

Benzolactam-V8 Acetate. To a solution of 65 mg (0.25 mmol) of ~ 1.46 (s, 9H, Boc), 1.781.92 (m, 2H, CHCHy), 2.89-2.93 (m, 1H,
3in 4 mL of pyridine was added 1 mL of acetic anhydride. The CHCH), 3.00-3.04 (m, 1H, CHCH;), 3.63-3.72 (m, 3H, CHCH,
solution was left to stand fo4 h atroom temperature, and the solvent CHOH), 7.37 (m, 2H, ArH), 7.53 (dd, 1H] = 1, 9 Hz, ArH), 7.93
was removed under reduced pressure. The residue was poured into £dd, 1H,J =1, 9 Hz, ArH). Anal. Calcd for gH2.N;Os: C, 58.05;
N HCI and extracted with ACOEt. The extract was washed with water H, 7.14; N, 9.03. Found: C, 58.27; H, 7.11; N, 8.97.
and brine and dried over MgSO Evaporation of the solvent and 2-[(tert-Butoxycarbonyl)amino]-4-(2-aminophenyl)butan-1-ol (20).
purification by column chromatography on silica gel and by recrys- A mixture of 2.9 g (9.3 mmol) ofl9 and 0.3 g of 10% PdC in 300
tallization from CHCl,—hexane afforded 71 mg of benzolactam-V8 mL of ethanol was vigorously stirred under 1 atm of & room

acetate as a colorless oil (94%): IR (KBr) 3350 (NH), 1746~@), temperature fo3 h and then filtered. The filtrate was concentrated,
1640 (NHCO), 760, 740 (Ar)*H-NMR (CDCls) signals are given in and the residue was crystallized from benzene to afford 2.5729 of
the text; HRMS calcd for GH24N203 304.1787, found 304.1791. as colorless needles (98%): mp-780°C; IR (KBr) 3300 (OH), 3350

eprBenzolactam-V8 Acetate. The procedure was the same as that (NH2), 1675 (Boc), 745 (Ar);'H-NMR (CDC;) 1.46 (s, 9H, Boc),
used for the preparation Gfacetate employing 69 mg (0.26 mmol) of ~ 1.71-1.92 (m, 2H, CHCH,CH), 2.52-2.60 (m, 2H, ArCH), 3.61—
16, giving 78 mg ofepibenzolactam-V8 acetate (98%) as colorless 3-73 (M, 3H, CHCH, CH,OH), 6.68-6.77 (m, 2H, ArH), 7.02-7.05
prisms: mp 107C; IR (KBr) 3350 (NH), 1740 (&=0), 1655 (NHCO), (m, 2H, ArH); HRMS calcd for @H,4N203 280.1787, found 280.1760.

770, 750 (Ar);'H-NMR (CDCl) 0.89 (d, 3H,J = 7 Hz, CH(TH>),), Diastereomeric Esters 21. The amino alcohoR0O (2.57 g, 9.17
0.96 (d, 3H,J = 7 Hz, CH(H3),), 2.11 (s, 3H, COCH), 2.44 (m, 1H, mmol) was converted into 1.92 g (52%) 21 by the same method as
CH(CHs),), 2.92 (s, 3H, NCH), 2.96 (m, 2H, ArCH), 3.19 (d, 1H,J that used for the preparation &2. 21: IR (neat) 3350 (OH), 1730,
= 11 Hz, NCHCO), 3.92 (m, 1H, ArCHCH), 4.15 (m, 2H, CHOH), 1715 (COOEt), 1700, 1685 (Boc), 750 (AHH-NMR (CDCI3) 0.85-
6.05 (M, 1H, NH), 6.94 (t, 1H) = 7 Hz, ArH), 7.08 (t, 2HJ = 9 Hz, 1.10 (m, 12H, CH(El3),), 1.48 (ds, 18H, Boc), 1.622.00 (m, 4H,
ArH), 7.19 (t, 1H,J = 8 Hz, ArH). Anal. Calcd for GH2N20s: C, ArCH;CH), 2.10-2.23 (m, 2H, ®(CHy)y), 2.60-2.67 (m, 4H,
67.08; H, 7.95; N, 9.20. Found: C, 67.36; H, 8.20; N, 9.31. ArCHy), 3.58-3.78 (m, 4H, CHOH), 3.71 (ds, 6H, COOC$), 3.90-

Ethyl 2-(Acetylamino)-2-(ethoxycarbonyl)-4-(2-nitrophenyl)bu- 3.98 (m, 2H, NHEGICO), 4.16-4.28 (m, 2H, G1,0H), 4.92 (bs, 1H,
tanoate (17). 1-Bromo-2-(2-nitrophenyl)ethane was prepared according NHCOO), 5.07 (bs, 1H, NHCOO), 6.58 (d, 2H, NH), 6:68.86 (m,
to Portoghese’s procedufe. The procedure was the same as that used 2H: ArH), 7.04-7.11 (m, 4H, ArH). _
of DMF, 40.1 g (0.185 mol) of diethyl acetamidomalonate, and 39.1 g Mmol) were converted into 1.61 g (77%) 22 by the same method as
(0.17 mol) of 1-bromo-2-(2-nitrophenyl)ethane for 20 h at room that usgd for the prepargtipn ibB The product was unstable and was
temperature. The crude product was purified by column chromatog- Used without further purification.

raphy on silica gel, and crystallization from @El/n-hexane gave 50.4 N-Desmethylbenzolactam-V9 (23) andN-Desmethylepiben-

g of 17 (81%) as colorless needles: mp-7E °C; IR (KBr) 3250 zolactam-V9 (24). Trifluoroacetic acid (5 mL) was added to a solution
(NH), 1755 (ester), 1740 (amide), 1540, 1345 gNQ’35 (Ar); H- of 1.61 g (8.62 mmol) 0R2in 30 mL of CHClI, at 0°C with stirring.

NMR (CDCl) 1.28 (t, 6H,J = 7 Hz, —CH,CHs3), 2.10 (s, 3H, COCH}, The mixture was stirred for 30 min at @C and 50 min at room

2.71 (m, 4H, ArCHCH,), 4.28 (dq, 4H,) = 1, 7 Hz,—CH,CHs), 7.35 temperature, and then the solvent was removed under reduced pressure
(M, 2H, ArH), 7.52 (dt, 1HJ = 1, 8 Hz, ArH), 7.92 (dd, 1H) = 1, below 30°C. The residue was dissolved 1 L of AcOEt, and then

8 Hz, ArH). Anal. Calcd for GH2N.O7: C, 55.60; H, 6.06; N, 7.57. 300 mL of saturated NaHC{aq) was added and the mixture was
Found: C, 55.73; H, 6.05; N, 7.65. refluxed for 68 h with vigorous stirring. The organic layer was

Ethyl 2-[(tert-Butoxycarbonyl)amino]-4-(2-nitrophenyl)butanoate separated, and the aqueous layer was extracted with ACOEL. The
(18). A mixture of 5.16 g (14.1 mmol) 017, 12 mL of acetic acid, combined extract was washed with brine, dried over MgS&nd

and 10 mL of concentrated HCI was refluxed gently for 9 h. The concentrated. The cru_de product was separated by column chroma-
mixture was cooled to room temperature and added to 200 mL ef ice  t0graphy and PTLC with AcCOEUCEI, to give 108 mg of23 and
water. The aqueous layer was washed twice with 50 mL ofGIH 158 mg of24. 23. colorless prisms (from ACOEthexane); mp 147

and then concentrated to dryness. The residue was dried under reduce§j48 C; IR (KBr) 3350 (OH), 3280 (NH), 1625 (NHCO), 755 (Ar);
pressure over s to give 3.7 g of amino acid as a white solid. The H-NMR (CD:OD) two conformers (1:1) existed. Signals due to the
crude monoacid was added to a solution of 6 mL of SOCHS5 mL conformers were assigned as follows: 0.90 (d, 1.5k; 7 Hz, CH-

of dry ethanol (prepared at10 °C) with stirring at—40 °C. The (CHa)z), 1.05 (d, 1.5HJ =7 Hz, CH((Hy),), 1.26 (m, 3H, CH(E13)2),
mixture was stirred fo6 h atroom temperature and then concentrated 1-40 (M, 0.5H, ArCHCH), 1.80 (m, 0.5H, ArCiCHy), 1.93 (m, 0.5H,
under reduced pressure to remove most of the ethanol. The residue’'CH2CHy), 2.10 (m, 0.5H, ArCHCH;), 2.21 (m, 0.5H, Gi(CHy)y),

was poured into saturated NaHg{@x) and extracted with AcOEt. The ~ 2-42 (M, 0.5H, ArCHCH;), 2.50-2.68 (m, 2H, ArCH), 3.17 (m, 0.5H,

organic layer was washed with saturated NaH@), water, and brine. CH,0H), 3.35-3.50 (m, 2H, &4,0H, NHCHCO), 3.75 (d, 0.5H) =
The solution was dried over MgS@nd then concentrated, and the 10 Hz, NHGHCO), 4.24 (m, 0.5H, BCH,0H), 4.35 (m, 0.5H, GiICH.-

residue was redissolved in 50 mL of @Bl,. To this solution was ~ ©H), 6:80 (m, 0.5H, ArH), 6.94 (m, 0.5H, ArH), 7.63.20 (m, 3H,

added 5.14 g (23.6 mmol) of Bgd at 0°C. The mixture was stimed ~ ArH). Anal. Caled for GsH2N.O.: C, 68.67; H, 8.45; N, 10.68.
for 36 h at room temperature and concentrated. Purification by column Found: C, 68.96; H, 8.50; N, 10.9824: colorless needles (from
chromatography on silica gel afforded 4.83 g1 (97%) as a pale MeOH); mp 136-131 °C; IR (KBr) 3450 (OH), 3300 (NH), 1655

yellow oil: IR (neat) 3350 (NH), 1735 (ester), 1700 (Boc), 1525, 1350 (NHCO), 745 (Ar);*H-NMR (CD;0D) 0.95 (d, 3H,J = 7 Hz, CH-

(NO,), 740, 780 (Ar);*H-NMR (CDCl) 1.30 (t, 3H,J = 7 Hz,  (CHa)2), 1.23(d. 3HJ =7 Hz, CH(GH);), 1.78 (m, 1H, ArCHCH),
—CH,CH), 1.46 (s, 9H, Boc), 2.082.07 (m, 1H, ArCHCH;), 2.61— 1.99 (m, 1H, ArCHCH,), 2.12 (m, 1H, ArCHCH,), 2.78 (m, 1H,
2.25 (m’ 1H| CHCHZ), 2.91-3.00 (m’ ZH, CHCHz), 4.22 (dq, 2H,J AI’CHz), 2.85 (m, lH, ArCHO, 3.47 (m, 2H, GHZOH), 3.75 (bS, 2H,

=7 HZ, _CH2CH3), 4.37 (m, lH, CHCH), 7.37 (m' 2H, ArH), 7.53 NHCHCO, O"CHZOH), 6.89 (m, 2H, ATH), 6.99 (m, 1H, AI'H), 7.10
(dt, 1H,J =1, 8 Hz, ArH), 7.92 (dd, 1HJ = 1, 8 Hz, ArH); HRMS (m, 1H, ArH). Anal. Calcd for @HNLOo: C, 68.67; H, 8.45; N,
caled for GoHzN20s 352.1634, found 352.1624. 10.68. Found: C, 68.37; H, 8.43; N, 10.87.

Benzolactam-V9 (4). The procedure was the same as that used for

(32) Portoghese, P. S.; Hanson, R. N.; Telang, V. G.; Winger, J. L.  the preparation 08, employing 84 mg (0.32 mmol) &3 for 7 days.
Med Chem 1977, 20, 1020-1024. The vyield of 16 was 65 mg (74%).4: colorless oil; IR (KBr) 3350
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(OH), 1645 (NHCO), 760, 740 (ArH-NMR (CDCls;) 0.90 (d, 3H,J
=7 Hz, CH(MH3),), 1.16 (d, 3HJ = 7 Hz, CH(Hs)), 1.75 (dd, 1H,
J=12, 25 Hz, ArCHCH,), 2.30 (m, 2H, ®&1(CHz),, ArCH,CH,), 2.49
(dd, 1H,J = 11, 24 Hz, ArCH), 2.65 (m, 1H, ArCH), 2.74 (d, 1H,J
= 17 Hz, NCHCO), 2.76 (s, 3H, N-Ch), 3.43 (dd, 1HJ = 5, 11 Hz,
CH,0H), 3.61 (dd, 1HJ = 4, 11 Hz, CHOH), 4.44 (m, 1H, CHCH),
4.54 (d, 1H,J = 12 Hz, NH), 7.10 (s 1H, ArH), 7.14 (s, 3H, ArH);
H-NMR (CDsOD) signals are given in the text; HRMS calcd for
C16H24N202 2761838, found 276.1825.

epiBenzolactam-V9 (25). The procedure was the same as that used
for the preparation ofl, employing 70 mg (0.27 mmol) a4 for 7
days to afford 69 mg 025 (93%) as colorless needles from AcOEt
hexane: mp 164165 °C; IR (KBr) 3400 (NH), 3300 (OH), 1645
(NHCO), 755, 745 (Ar);*H-NMR (CDCl;) 0.82 (d, 3H,J = 7 Hz,
CH(CH3)2), 1.19 (d, 3H,J = 7 Hz, CH(CHs),), 1.58 (m, 1H,
ArCH,CH,), 1.92 (m, 1H, ArCHCHy,), 2.49 (m, 1H, ®I(CHs),), 2.58
(m, 1H, ArCH,), 2.71 (dd, 1H,J = 3, 7 Hz, ArCH), 2.76 (s, 3H,
NCHs), 3.17 (d, 1H,J = 10 Hz, NCHCO), 3.26 (bs, 1H, CkCH),
3.45 (dd, 1H,J = 6, 11 Hz, CHOH), 3.54 (dd, 1HJ = 4, 11 Hz,
CH,OH), 6.32 (bd, 1HJ = 11 Hz, NH), 7.15-7.27 (m, 4H, ArH);
1H-NMR (CDsOD) 0.84 (d, 3H,J = 7 Hz, CH(CH)2), 1.21 (d, 3H,J
=7 Hz, CH(TH3)y), 1.64 (tt, 1H,J = 3, 13 Hz, ArCHCH,), 1.76 (it,
1H,J = 3, 12 Hz, ArCHCHy,), 2.44 (m, 1H, Gi(CHz),), 2.58 (dt, 1H,
J =3, 13 Hz, ArCH), 2.69 (dd, 1HJ = 3, 13 Hz, ArCH), 2.73 (s,
3H, NCH), 3.20 (bs, 1H, CKHCH), 3.24 (d, 1HJ = 18 Hz, NCHCO),
3.38 (m, 2H, CHOH), 7.14-7.26 (m, 4H, ArH). Anal. Calcd for
Ci6H24N20,: C, 69.27; H, 8.83; N, 9.84. Found: C, 69.53; H, 8.75;
N, 10.14.

Benzolactam-V9 Acetate. The procedure was the same as that used
for the preparation o8-acetate, employing 65 mg (0.24 mmol)4fo
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—CH,CH3), 1.44 (s, 9H, Boc), 1.641.74 (m, 4H, ArCHCH,CH,),
2.90 (t, 2H,J = 7 Hz, ArCHy), 4.20 (q, 2H,J = 7 Hz, —CH,CHb),
4.34 (bs, 1H, CHCH), 5.05 (bs, 1H, NH), 7.35 (m, 2H, ArH), 7.52 (t,
1H, J = 8 Hz, ArH), 7.89 (dd, 1HJ = 1, 9 Hz, ArH); HRMS calcd
for CigH26N206 366.1791, found 366.1762.

Ethyl 2-[(tert-Butoxycarbonyl)amino]-5-[2-(formylamino)phenyl]-
propanoate (28). A mixture of 4.17 g (9.3 mmol) o27 and 620 mg
of 10% Pd-C in 200 mL of ethanol was vigorously stirred under 1
atm of H, at room temperature f@B h and then filtered. The filtrate
was concentrated, and the residue was redissolved in THF (10 mL).
The amine solution was added af© to a mixed anhydride solution
(prepared by addition of 3.16 g of formic acid to 5.52 g of acetic
anhydride at OC, followed by heating for 2.5 h at 5660 °C). The
mixture was stirred for 4.5 h at room temperature and then concentrated
under reduced pressure. The residue was poured into saturated
NaHCOQs(aq) and extracted with ACOEt. The extract was washed with
water and brine and dried over Mg&OConcentration and purification
by column chromatography on silica gel afforded 4.05 @8{87%)
as a viscous oil: IR (KBr) 3330 (NH), 1735 (COOEt), 1700 (NHCHO),
1680 (Boc), 750 (Ar)H-NMR (CDCl), two conformers exist in a
ratio of 2:3, 1.28 (t, 1.2H) = 7 Hz, —CH,CHj3), 1.31 (t, 1.8HJ =7
Hz, —CH,CHj3), 1.45 (s, 9H, Boc), 1.661.98 (m, 4H, ArCHCH,CH,),
2.45-2.65 (m, 1H, Ar@,), 2.72-2.84 (m, 0.4H, ArG,), 2.90-3.00
(m, 0.6H, Ar(H,), 4.22 (m, 2H,—CH,CHj), 4.40 (m, 0.4H, CHICH),
4.48 (m, 0.6H, CHCH), 5.20 (bd, 0.4HJ = 8 Hz, NH), 5.32 (bd,
0.6H,J = 8 Hz, NH), 7.16-7.25 (m, 4H, ArH), 8.07 (bd, 0.6H] =
8 Hz, NHCHO), 8.47 (bs, 0.4H, NHCHO), 8.52 (m, 1H, NHO);
HRMS calcd for GoH2gN-0Os 364.1998, found 364.1955.

Ethyl 2-[(tert-Butoxycarbonyl)amino]-5-[2-(methylamino)phenyl]-
propanoate (29). To a solution of 3.55 g (9.7 mmol) ¢8 in 100

afford 71 mg of benzolactam-V9 acetate (98%) as colorless plates mL of THF was added dropwise 20 mL of 1.0 M Bkh THF solution

(94%): mp 127128 °C; IR (KBr) 3350 (NH), 1740 (Ac), 1640
(NHCO), 760, 740 (Ar);'H-NMR (CDCls) 0.90 (d, 3H,J = 7 Hz,
CH(CHa3),), 1.16 (d, 3H,J = 7 Hz, CH(CHs),), 1.68 (m, 1H,
AI’CHchg), 1.98 (S, 3H, COCh‘), 2.31 (m, 2H, (E'(CH3)2, ATCHQCHz),
2.48 (dd, 1H,J = 11, 14 Hz, ArCH), 2.64 (dd, 1H,J = 8, 14 Hz,
ArCHy), 2.72 (d, 1H,J = 11 Hz, NCHCO), 2.76 (s, 3H, NCh), 3.90
(dd, 1H,J = 4, 11 Hz, CHOH), 4.08 (dd, 1HJ =5, 11 Hz, CHOH),
4.46 (bd, 1HJ = 11 Hz, NH), 4.60 (m, 1H, CkCH), 7.15 (s, 4H,
ArH). Anal. Calcd for GgH26N2Os: C, 67.90; H, 8.23; N, 8.80.
Found: C, 67.82; H, 8.37; N, 8.63.

epiBenzolactam-V9 Acetate. The procedure was the same as that
used for the preparation @facetate, employing 69 mg (0.25 mmol)
of 25to afford 78 mg ofepibenzolactam-V9 acetate as a colorless oil
(98%): IR (KBr) 3350 (NH), 1740 (Ac), 1655 (NHCO), 770, 750 (Ar);
1H-NMR (CDCl;) 0.84 (d, 3H,J = 7 Hz, CH(CH3)2), 1.21 (d, 3HJ =
7 Hz, CH(5)), 1.61 (m, 1H, ArCHCH,), 1.82 (m, 1H, ArCHCHy,),
2.01 (s, 3H, COCH), 2.54 (m, 1H, GI(CHs),), 2.60 (m, 1H, ArCH),
2.74-2.79 (m, 1H, ArCH), 2.77 (s, 3H, N-CH), 3.11 (d, 1HJ = 10
Hz, NCHCO), 3.46 (bs, 1H, CkCH), 3.89 (dd, 1H,J = 4, 12 Hz,
CH,0OH), 3.99 (dd, 1HJ = 4, 12 Hz, CHOH), 5.62 (bd, 1HJ =8
Hz, NH), 7.17-7.28 (m, 4H, ArH); HRMS calcd for GH26N,03
318.1943, found 318.1964.

Ethyl 2-(Acetylamino)-2-(ethoxycarbonyl)-5-(2-nitrophenyl)pen-
tanoate (26). 1-Bromo-2-(2-nitrophenyl)propane was prepared from
2-nitrocinnamic acid? The procedure was the same as that used for
the preparation 08, employing 1.7 g (42.5 mmol) of NaH, 110 mL of
DMF, 8.54 g (39.4 mmol) of diethyl acetamidomalonate, and 9.23 g
(37.8 mmol) of 1-bromo-2-(2-nitrophenyl)ethane for 20 h at room
temperature. The crude product was purified by column chromatog-
raphy on silica gel to give 9.99 g @6 (69%) as a pale yellow oil: IR
(neat) 3400 (NH), 17351760 (ester), 1520, 1350 (N 740 (Ar);
1H-NMR (CDCl) 1.26 (t, 6H,J = 7 Hz, —CH,CHa), 1.49 (m, 2H,
ArCH,CH,CH), 2.04 (s, 3H, COCH), 2.45 (m, 2H, ArCHCH,CH,),
2.89 (t, 2H,J = 8 Hz, ArCH,CH,CH), 4.25 (m, 4H,—CH,CHg), 7.35
(m, 2H, ArH), 7.52 (dt, 1HJ = 1, 8 Hz, ArH), 7.90 (dd, 1H) = 1,

8 Hz, ArH); HRMS calcd for GgH24N20O7 380.1584, found 380.1546.
Ethyl 2-[(tert-Butoxycarbonyl)amino]-5-(2-nitrophenyl)pentanoate
(27). The diester26 (10.0 g, 26.3 mmol) was converted into 7.66 g
(80%) of 27 by the same method as that used for the preparation of
18 27: pale yellow oil; IR (neat) 3350 (NH), 1370 (ester), 1700 (Boc),

1525, 1345 (N@), 735 (Ar); *H-NMR (CDCl) 1.27 (t, 3H,J = 7 Hz,

at 0°C, and the mixture was stirredrf@ h at 0°C. The reaction was

guenched by the addition of 10 mL of 10% citric acid, and the whole

was extracted with ACOEt. After concentration, the residue was poured

into brine and extracted with AcOEt. The organic layer was washed

with water and brine and dried over Mg&O Concentration and

purification by column chromatography on silica gel gave 3.00 g of

29 (88%) as colorless needles: mp-657 °C; IR (KBr) 3400, 3340

(NH), 1730 (COOEt), 1695 (BOC), 740 (ABH-NMR (CDCl) 1.27

(t, 3H,J = 7 Hz, —CH,CHj3), 1.45 (s, 9H, Boc), 1.661.90 (m, 4H,

ArCH,CH,CHy), 2.49 (m, 1H, Ar®y), 2.62 (m, 1H, ArCHy), 2.89 (s,

3H, NCH), 4.19 (m, 2H,—CH,CHs), 4.36 (m, 1H, CHCH), 5.10 (bd,

1H, NHCOO), 6.73 (m, 3H, NH, ArH), 7.04 (d, 1H,= 6 Hz, ArH),

7.16 (t, 1H,J =8 Hz, ArH). Anal. Calcd for GeH3oN.O4: C, 65.12;

H, 8.63; N, 7.99. Found: C, 65.12; H, 8.65; N, 7.99.
2-[(tert-Butoxycarbonyl)amino]-5-[2-(methylamino)phenyl]pro-

pan-1-ol (30). The procedure was the same as that used for the

preparation ofL0, employing 1.50 g (70.0 mmol) of LiBi 200 mL

of THF, and 6.84 g 029 (19.5 mmol) fo 1 h at 0°C and 4 h atoom

temperature. Purification by silica gel column chromatography afforded

5.99 g of30 as colorless needles (99%): mp 100; IR (KBr) 3350

(NH), 3250 (OH), 1680 (Boc), 745 (ArtH-NMR (CDCl) 1.45 (s,

9H, Boc), 1.52-1.70 (m, 4H, ArCHCH,CH,), 2.46 (m, 1H, ArC,),

2.56 (m, 1H, Ar®,), 2.88 (s, 3H, NCH), 3.55 (dd, 1H,J =5, 10 Hz,

CH,OH), 3.68 (d, 1HJ = 10 Hz, H,0OH), 3.70 (bs, 1H, ChkCH),

4.70 (bs, 1H, NHCOO), 6.66 (m, 2H, ArH), 7.03 (dd, 1H= 1.5, 7

Hz, ArH), 7.15 (dt, 1H,J = 1.5, 7 Hz, ArH). Anal. Calcd for

CiH2gN2O3: C, 66.20; H, 9.15; N, 9.08. Found: C, 66.34; H, 9.25;

N, 8.99.

Diastereomeric Esters 31. A mixture of 3.37 g (10.9 mmol) of
30, benzyloL-a-[[(trifluoromethyl)sulfonylJoxy]isovalerat# (6.09 g,
17.9 mmol), and 2,6-lutidine (4.26 g, 39.8 mmol) in 100 mL of
CHCICH.Cl was refluxed for 2 days, and then the solvent was removed
by evaporation. The residue was chromatographed on silica gel to give
2.91 g of a diastereomeric mixture 81 as a pale yellow oil (53%):

IR (KBr) 3400 (OH), 1720, 1710 (COOBn), 1690, 1685 (Boc), 745,
695 (Ar); *H-NMR (CDCls) 0.89 (d, 6H,J = 7 Hz, CH((H3)), 1.13
(m, 6H, CH(QHs),), 1.43 (two of s, 18H, Boc), 1.52 (m, 2H, ArGEH,-
CH,), 1.65 (m, 2H, ArCHCH,CH;,), 2.25 (m, 2H, ®(CHa),), 2.40
(m, 2H, ArCH.CHcH,), 2.51 (m, 2H, ArCHCH,CHy), 2.78 (two of s,
6H, NCHg), 2.82 (m, 4H, ArG,), 3.22 (two of d, 2H, CICH(CHs),),
3.52 (br, 2H, CHCH), 3.62 (br, 4H, &i,0H), 4.58 (br, 2H, NHCOO),
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4.99 (m, 4H, ®1,CeHs), 7.02 (M, 4H, ArH), 7.11 (m, 6H, ArH), 7.27
(m, 6H, ArH), 7.37 (m, 8H, ArH).

Activated Esters 32. A mixture of diastereomeric estedd (2.91
g, 5.84 mmol) and 530 mg of 10% P« in 400 mL of methanol was
vigorously stirred under 1 atm of +&t room temperature f® h and

then filtered. The filtrate was concentrated, and the residue was

Endo et al.

afford 21 mg of33 as colorless needles (83%): mp 1558 °C; IR
(KBr) 3400 (NH), 1655 (NHCO), 770, 690 (Argpi-benzolactam-V10
gave broadentH-NMR signals even at90°C in CD,Cl,. Anal. Calcd
for Ci7H26N-02: C, 70.31; H, 9.02; N, 9.65. Found: C, 70.22; H,
9.31; N, 9.61.

4-(Bromomethyl)-2-nitrobenzaldehyde. A mixture of 25.0 g

crystallized from benzene to afford the carboxylic acid. The acid and (0.186 mol) of telephthalaldehyde and 220 mg of 10%-Bdn 100

1.84 g (16.0 mmol) ofN-hydroxysuccinimide were dissolved in 60
mL of CHsCN, and then a solution of 1.65 g (8.17 mmol) of DCC in
10 mL of CHCN was added at OC with stirring. Stirring was
continued fo 4 h at room temperature, and then the solvent was

mL of ethanot-water (4:1) was vigorously stirred under 1 atm of H
at room temperature fo3 h and then filtered. The filtrate was
concentrated to give 25.2 g of 4-(hydroxymethyl)benzaldehyde. A
mixture of the alcohol in 100 mL of toluene and 50 mL of 48% HBr

removed under reduced pressure. The residue was suspended in AcCOEtyas refluxed fo 2 h with stirring. The mixture was poured into iee
and insoluble urea was filtered off. The filtrate was concentrated and water and extracted with AcOEt. The extract was washed with water

purified by column chromatography on silica gel to give 2.05 @f

and brine and dried over MgS0 Concentration and recrystallization

(77%) as a colorless liquid. This product was unstable and was usedfrom n-hexane afforded 37.5 g of 4-(bromomethyl)benzaldehyde as

without further purification.

Benzolactam-V10 Acetate (34) anépiBenzolactam-V10 Acetate
(35). Trifluoroacetic acid (15 mL) was added to a solution of 2.05 g
(4.06 mmol) of32in 10 mL of CHCI, at 0 °C with stirring. The
mixture was stirred fo4 h atroom temperature, and then the solvent
was removed under reduced pressure belo®@0 The residue was
dissolved in 50 mL of AcOEt, and 10 mL of saturated NaHEQ)
was added. The mixture was refluxed for 2 days with vigorous stirring.

colorless needles (82%): mp 9#988.0°C; IR (KBr) 1685 (CHO),
765 (Ar); *H-NMR (CDCls) 4.52 (s, 2H, CH), 7.56 (d, 2H,J = 8 Hz,
ArH), 7.87 (d, 2H,J = 8 Hz, ArH), 10.02 (s, 1H, CHO). Anal. Calcd
for CgH;OBr: C, 48.27; H, 3.54. Found: C, 48.19; H, 3.49. The
bromide (22.3 g, 0.112 mol) was added &@to a solution of KNQ
(11.65 g, 0.115 mol) in 200 mL of 30y, and the mixture was stirred
for 4 h atroom temperature, poured into iee/ater, and extracted with
CHxCl,. The extract was washed with water, saturated Nak{&x),

The organic layer was separated, and the aqueous layer was extractedater, and brine and dried over MggOConcentration and recrystal-
with AcOEt. The combined extract was washed with brine, dried over lization from AcOEth-hexane afforded 20.14 g of 4-(bromomethyl)-
MgSQ, and concentrated. The crude product was separated by column2-nitrobenzaldehyde as colorless needles (74%): mp-7/83C; IR

chromatography to give 436 mg (37%) of a mixture of BL-VEB) (
andepiBL-V10 (33). The mixture of BL-V10 in 10 mL of pyridine
was treated with 2 mL of acetic anhydride @h atroom temperature,

(KBr) 1700 (CHO), 1525, 1345 (N&) *H-NMR (CDCls) 4.87 (s, 2H,
ArCH,), 7.79 (d, 1H,J = 8 Hz, ArH), 8.13 (dd, 1HJ = 2, 8 Hz,
ArH), 8.52 (d, 1H,J = 2 Hz, ArH), 10.09 (s, 1H, CHO). Anal. Calcd

and the solvent was removed under reduced pressure. The residue wafor CgHsNOsBr: N, 5.74; C, 39.37; H, 2.48. Found: N, 5.46; C, 39.53;

poured inb 2 N HCI and extracted with ACOEt. The extract was
washed with water and brine and dried over MgS@oncentration
and purification by column chromatography on silica gel and PTLC
afforded 206 mg of benzolactam-V10 acete®d)(as colorless plates
(41%) and 205 mg oépiV10 acetate 35) as colorless plates (41%).
34: colorless plates; mp 130-8.31.5°C; IR (KBr) 3300 (NH), 1740
(COCH;), 1645 (NHCO), 765, 710, 675 (ArlH-NMR (CDCls) 0.89
(d, 3H,J =7 Hz, CH(H3)2), 1.02 (m, 1H, ArCHCH,CH), 1.16 (d,
3H,J =7 Hz, CH(MHs3)y), 1.55 (dt, 1HJ = 4, 15 Hz, ArCHCH,CH),),
1.91 (m, 1H, ArCHCH.CH,), 1.99 (s, 1H, OCOCE, 2.15 (m, 1H,
ArCH,CH,CH), 2.31 (m, 1H, ®GI(CHs)y), 2.53 (dt, 1H,J = 4, 15 Hz,
ArCHy), 2.63 (dt, 1HJ = 4, 15 Hz, Ar(H,), 2.74 (d, 1HJ = 11 Hz,
NCHCO), 2.80 (s, 3H, NC}}, 3.80 (dd, 1HJ = 6, 11 Hz, CHOH),
3.97 (dd, 1HJ =5, 11 Hz, CHOH), 4.18 (m, 1H, CHCH), 4.35 (bd,
1H, J = 9 Hz, NH), 7.06-7.18 (m, 3H, ArH), 7.27 (m, 1H, ArH).
Anal. Calcd for GoH2gN203; C, 68.65; H, 8.49; N, 8.43. Found: C,
68.47; H, 8.57; N, 8.33.35. colorless plates; mp 162102.5°C; IR
(KBr) 3350 (NH), 1730 (COCH), 1655 (NHCO), 760, 750, 670 (Ar);
epibenzolactam-V10 acetate gave broadeH¢eNMR signals even
at—90°C in CD.Cl,. Anal. Calcd for GoH2gN-Os: C, 68.65; H, 8.49;
N, 8.43. Found: C, 68.39; H, 8.70; N, 8.62.

Benzolactam-V10 (5). To a solution of 53 mg (0.16 mmol) &4
in 6 mL of MeOH was added 3 dropg 4 N KOH, and the mixture
was stirred for 100 min at room temperature. After removal of the

H, 2.44.

Diester 36. The nitrobenzyl bromide (9.93 g, 40.7 mmol) was
converted into ethyl 2-(acetylamino)-2-(ethoxycarbonyl)-3-(4-formyl-
2-nitrophenyl)propanoate by employing 1.61 g (40.3 mmol) of NaH,
9.00 g (41.5 mmol) of diethyl acetamidomalonate, and 140 mL of DMF
for 2.5 h at room temperature under an Ar atmosphere. Purification
by column chromatography on silica gel with &F, gave 14.95 g of
ethyl 2-(acetylamino)-2-(ethoxycarbonyl)-3-(4-formyl-2-nitrophenyl)-
propanoate as a pale yellow powder (98%Hi-NMR (CDCls) 1.28 (t,
6H,J =7 Hz, —CH,CHj3), 2.08 (s, 3H, COCH), 4.14 (s, 2H, Ar®,)
4.20-4.30 (m, 4H,J = 1, 7 Hz,—CH,CHj), 7.50 (d, 1H,J = 8 Hz,
ArH), 8.00 (dd, 1HJ = 1, 8 Hz, ArH), 8.32 (d, 1HJ = 1 Hz, ArH),
10.04 (s, 1H, CHO); HRMS calcd for 1&H,0N,0s 380.1220, found
380.1217. A solution of the Wittig ylide was prepared as follows. A
solution of nonyltriphenylphosphonium bromié4.47 g, 9.53 mmol)
in 30 mL of THF was treated with 9.52 mmol ofBulLi at 0 °C, and
the mixture was stirred for 90 min under an Ar atmosphere. To the
ylide solution was added a solution of 2.18 g (5.73 mmol) of the
aldehyde in 10 mL of THF at-78°C. The mixture was stirred for 90
min at—78 °C and 2 h at ®C. The reaction was quenched by the
addition of 5 mL ¢ 2 N HCI, and then the solvent was evaporated.
The residue was poured m2 N HCI and extracted with AcOEt. The
extract was washed with water and brine and dried over MgSO
Concentration and purification by column chromatography on silica

solvent under reduced pressure, the residue was poured into 2 N HClgel with AcOEth-hexane= 1/1 afforded 1.07 g oB6 as a yellow

and extracted with ACOEt. The extract was washed with water,
saturated NaHC¢gfaq), and brine and dried over Mgg&OConcentra-
tion, purification by column chromatography on silica gel, and
recrystallization from AcOEn-hexane afforded 38 mg of benzolactam-
V10 (5) as colorless plates (83%): mp 12426 °C; IR (KBr) 3350
(NH), 1640 (NHCO), 760, 720 (Ar}:H-NMR (CDCls) 0.93 (d, 3H,J
= 7 Hz, CH(TH3)), 1.10 (m, 1H, ArCHCH,CH,), 1.15 (d, 3H,J =
7 Hz, CH(Ms:),), 1.56 (m, 1H, ArCHCH,CH,), 1.90 (m, 1H,
ArCHQCHZCHz), 2.14 (m, lH, AI’CHCHchz), 2.30 (m, lH, G'(CH3)2),
2.63 (m, 2H, ArC,), 2.76 (s, 3H, NCH), 2.87 (d, 1H,J = 10 Hz,
NCHCO), 3.39 (dd, 1HJ = 6, 11 Hz, CHOH), 3.46 (dd, 1HJ = 5,
11 Hz, CHOH), 3.85 (m, 1H, CHCH), 4.96 (bd, 1HJ = 8 Hz, NH),
7.12 (m, 1H, ArH), 7.27 (m, 1H, ArH)H-NMR (CDsOD) signals are
given in the text. Anal. Calcd for fH26N2O2: C, 70.31; H, 9.02; N,
9.65. Found: C, 70.20; H, 9.01; N, 9.54.

epiBenzolactam-V10 (33). The procedure was the same as that
used for the preparation &f employing 32 mg (0.096 mmol) &5 to

viscous liquid (56%):*H-NMR (CDCl,) (cis—transisomers exist in a
ratio of 1:3) 0.87 (m, 3H, (Ck;CHs), 1.28 (m, 16H,—(CH)sCHa,
OCH,CH3), 1.45 (m, 2H, ®x(CH,)sCHs), 1.97 (2s, 3H, COCH,
2.20-2.34 (m, 2H, CH=CHCH,), 4.02 (s, 0.5H, ArCh), 4.04 (s, 1.5H,
ArCH,), 4.26 (m, 4H, OEi.CHs), 5.80 (dd, 1H,J = 4, 12 Hz,
ArCH=CH), 6.33 (br, 1H, ArCH=CH), 6.49 (br, 1H, NH), 7.14 (d,
0.25H,J = 8 Hz, ArH), 7.19 (d, 0.75H,) = 8 Hz, ArH), 7.36 (dd,
0.75H,J = 1, 8 Hz, ArH), 7.41 (dd, 0.25H] = 1, 8 Hz, ArH), 7.72
(d, 1H,J = 1 Hz, ArH).

Nitro Alcohol 38. The diesteB6 (4.42 g, 9.02 mmol) was converted
into the nitro alcohol38 by the same method as that used for the
preparation ofl9 from 17. Purification by column chromatography
on silica gel with AcOEt#-hexane= 1/1 afforded 2.32 g o88 as a
colorless oil (59%):*H-NMR (CDCls) (cis—trans isomers exist in a

(33) Massy-Westropp, R. A.; O. Warren, R.Aust J. Chem 1984 37,
1969-1977.
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ratio of 1:3) 0.87 (m, 3H, (CkJ;CHa), 1.20-1.40 (br, 12H,—(CHo)e-
CHy), 1.62 (s, 9H, Boc), 2.262.30 (m, 2H, CH=CHCH,), 3.04 (m,
1H, ArCHy), 3.19 (m, 1H, ArCH), 3.69 (m, 1H, CHOH), 3.73 (m,
1H, CH,OH), 3.99 (m, 1H, CHCH), 5.03 (br, 1H, ArCH=CH), 5.79
(dt, 1H,J = 7, 12 Hz, ArCH=CH), 6.36 (bd, 1HJ = 12 Hz, NH),
7.3-7.5 (m, 2H, ArH), 7.85 (bs, 1H, ArH); HRMS calcd for
C24H42N205 406.3195, found 406.3179.

Amino Alcohol 39. The procedure was the same as that used for

the preparation 020, employing 2.32 g (5.7 mmol) &8, 200 mg of
10% Pd-C, and 20 mL of ethanol fo7 h atroom temperature under
H,. Recrystallization froom-hexane afforded 2.04 g 89 as colorless
prisms (94%): mp 7273 °C;*H-NMR (CDCl;) 0.88 (t, 3H,J = 7Hz,
(CH,)7CHs), 1.25 (br, 14H—(CH,);CHs), 1.46 (s, 9H, Boc), 1.57 (m,
2H, CH,(CH,);CHg), 2.66 (dd, 1HJ = 10, 14 Hz, ArCH), 2.84 (dd,
1H,J = 5, 14 Hz, ArCH), 2.49 (t, 2H,J = 8 Hz, CHx(CHy)sCHb),
3.58 (m, 2H, CHOH), 3.73 (m, 1H, CKCH), 5.13 (bd, 1H,J = 8 Hz,
NH), 6.54 (s, 1H, ArH), 6.58 (d, 1H] = 8 Hz, ArH), 6.93 (d, 1HJ
= 8 Hz, ArH); HRMS calcd for GsH42N,05 406.3195, found 406.3179.
N-(Methylamino) Alcohol 40. A solution 0f39(2.04 g, 5.02 mmol)
in 30 mL of THF was added at 8C to a mixed anhydride solution

(prepared by addition of 1.21 g of formic acid to 2.60 g of acetic

anhydride at O°C, followed by heating fo2 h at 60-70 °C). After

having been stirred fo6 h atroom temperature, the mixture was
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(m, 2H, ArH), 7.01 (m, 2H, ArH), 7.09 (m, 1H, ArH), 7.26 (m, 3H,
ArH); HRMS calcd for G/HsgN,Os 610.4346, found 610.4332.

Activated esters 42. The diastereomeric estedd (950 mg, 1.56
mmol) were converted into 917 mg (96%) 42 by the same method
as that used for the preparation3f. The product was unstable and
was used without further purification.

Benzolactam-V8-310 (6) ancpiBenzolactam-V8-310 (43).Tri-
fluoroacetic acid (18 mL) was added to a solution of 1.28 g (8.62 mmol)
of 42 in 35 mL of CHCI; at 0 °C with stirring. The mixture was
stirred fa 2 h atroom temperature, and then the solvent was removed
under reduced pressure below 3D. The residue was dissolved in 2
L of AcOEt, and then 120 mL of saturated NaH¢&y) was added
and the mixture was refluxedrfé h with vigorous stirring. The organic
layer was separated, washed with brine, dried over Mg3d
concentrated. The crude product was separated by column chroma-
tography with AcOEt to give 394 mg af (48%) and 359 mg o#3
(43%). 4. colorless needles (from AcOBthexane); mp 107108
°C; IR (KBr) 1660 (NHCO);*H-NMR (CDCl) 0.88 (m, 6H, (CH);CHs,
CH(CH3)2), 1.05 (d, 3HJ = 7 Hz, CH(MHa),), 1.26 (br, 14H~(CHy)7-
CHg), 1.57 (bs, 2H, Elx(CH,);CHs), 2.41 (m, 1H, Gi(CHs),), 2.52
(br, 2H, GHx(CH,)sCHs), 2.77 (d, 1H,J = 17 Hz, ArCH), 2.79 (s,
3H, N-CH;), 3.04 (dd, 1HJ = 8, 17 Hz, ArCH), 3.46 (d, 1IHJ =9
Hz, NCHCO), 3.52 (m, 1H, ChrDH), 3.69 (m, 1H, CHOH), 4.03 (bs,

concentrated under reduced pressure. The residue was poured intdH, CH,CH), 6.81 (s, 1H, NH), 6.83 (bs, 1H, ArH), 6.90 (d, 1Bi=
saturated NaHCgaq), and the whole was extracted with AcOEt. The 7 Hz, ArH), 6.94 (d, 1HJ = 7 Hz, ArH); *H-NMR (CDz0OD) 0.89 {t,
extract was washed with water and brine and dried over MgSO 6H, (CH;)7CHs), 0.94 (d, 3H, CH(®l3)2), 1.09 (d, 3HJ = 7 Hz, CH-
Concentration and purification by column chromatography on silica (CHs)z), 1.27 (br, 14H,—(CH2)7CHjs), 1.57 (bs, 2H, Elx(CH,);CH),

gel with AcOEth-hexane= 1/1 afforded 1.75 g of th&l-formate as a

pale yellow oil (80%). To a solution of 1.61 g (3.71 mmol) of the
formate in 100 mL of THF was added dropwise 16 mL of 1.0 M;BH

in THF solution at 0°C, and the mixture was stirredrfd h at 0°C.

The reaction was quenched by the addition of 10 mL of 10% citric
acid, and the whole was extracted with AcOEt. After concentration,
the residue was poured into brine and extracted with AcCOEt. The
organic layer was washed with water and brine and dried over MgSO
Concentration and purification by column chromatography on silica

gel with AcOEth-hexane= 1:2 gave 1.30 g ofi0 as colorless prisms
(89%): *H-NMR (CDCl;) 0.86 (t, 3H,J = 7 Hz, (CH);CHs), 1.24
(br, 14H, —(CH,);CHs), 1.44 (s, 9H, Boc), 1.56 (m, 2H,H3(CH,)
CHg), 2.52 (t, 2H,J = 8 Hz, CH,(CH,)sCHs), 2.61 (dd, 1HJ = 10,
14 Hz, ArCHy), 2.78 (dd, 1HJ = 4, 14 Hz, ArCH), 2.85 (s, 3H,
NCHs), 3.60 (m, 2H, CHOH), 3.67 (m, 1H, CHCH), 5.08 (br, 1H,
NH), 6.45 (bs, 1H, ArH), 6.49 (d, 1Hl = 7 Hz, ArH), 6.88 (d, 1H)
=7 Hz, ArH); HRMS calcd for GsH44N,05 420.3352, found 420.3315.
Diastereomeric esters 41.The N-methylamino alcohoH0 (1.27

2.39 (m, 1H, ®Gi(CHg)y), 2.53 (dd, 2HJ = 6, 8 Hz, H,(CH_)sCHs),
2.75 (s, 3H, NCH), 2.85 (dd, 1H,J = 9, 16 Hz, ArCH), 2.99 (dd,
1H,J = 4, 16 Hz, ArCH), 3.44 (d, 1HJ = 7 Hz, NCHCO), 3.49 (dd,
1H,J = 7, 11 Hz, CHOH), 3.59 (dd, 1HJ = 5, 11 Hz, CHOH),
4.48 (bs, 1H, CKCH), 6.76 (dd, 1HJ = 1, 7 Hz, ArH), 6.95 (d, 1H,
J = 7 Hz, ArH), 6.96 (d, 1H,J = 1 Hz, ArH). Anal. Calcd for
CasHa2N20O, C, 74.58; H, 10.51; N, 6.96; found, C, 74.57; H, 10.68, N,
7.14. 43. colorless flakes (from AcOHtthexane); mp 117118°C;
IR (KBr) 1660 (NHCO);*H-NMR (CDCls) 0.88 (m, 6H, (CH);CHs,
CH(CH3)2), 0.97 (d, 3HJ = 7 Hz, CH(MH>)), 1.26 (br, 14H~(CHy)7-
CHg), 1.57 (bs, 2H, Elx(CH,);CHs), 2.42 (m, 1H, Gi(CHs);), 2.55
(m, 2H, O"z(CHQ)gCH3), 2.83 (d, 1H,J = 16 Hz, ArCI—b), 2.90 (dd,
1H,J = 6, 16 Hz, ArCH), 2.93 (s, 3H, N-Ch), 3.19 (d, 1HJ =9
Hz, NCHCO), 3.73 (m, 3H, ChCH, CH,OH), 6.66 (bd, 1HJ = 4
Hz, NH), 6.76 (dd, 1HJ = 1, 8 Hz, ArH), 6.91 (d, 1HJ = 1 Hz,
ArH), 6.98 (d, 1H,J = 8 Hz, ArH); *H-NMR (CDsOD) 0.89 (t, 3H,J
= 7 Hz, (CH);CHs), 0.85 (t, 3H,J = 7 Hz, CH(CH3)2), 0.98 (d, 3H,
J = 7 Hz, CH(Ms),), 1.27 (br, 14H,—(CH,);CHs), 1.57 (bs, 2H,

g, 3.02 mmol) was converted into a diastereomeric mixture of esters CH2(CHz)7CHs), 2.37 (m, 1H, Gi(CHy),), 2.53 (m, 2H, Giy(CHy)e-

41 by the same method as that used for the preparati@i &bm 30,

using 1.84 g of the triflate and 1.05 g of 2,6-lutidine in 30 mL of
CH.CICH.CI. Purification by column chromatography on silica gel

with CH,CI,/AcOEt= 20/3 gave 1.62 g of diastereomeric es#tsas

a colorless oil (80%). To confirm the structure, a small portion of the

mixture was separated by using PTLG1A (the stereochemistry
corresponds to that of BL-V8-310): colorless dif-NMR (CDCls)
0.87 (t, 3H,J = 7 Hz, (CH;);CH3), 0.91 (d, 3HJ = 7 Hz, CH(M3),),
1.16 (d, 3H,J = 7 Hz, CH(MH3)2), 1.23 (bs, 14H~(CH,)7CHs), 1.45
(S, 9H, BOC), 1.50 (bS, 2H,|@2(CH2)7CH3), 2.27 (m, 1H, CH(CH3)2),
2.45 (t, 2H,J = 8 Hz, CH,(CH,)sCHs), 2.76 (dd, 1HJ = 6, 13 Hz,
ArCH,), 2.84 (s, 3H, NCH), 2.97 (dd, 1H,J = 10, 13 Hz, ArCH),
3.27 (bd, 1H, CHOH), 3.33 (d, 1HJ = 10 Hz, NCHCO), 3.44 (bd,
1H, CH,OH), 3.76 (bs, 1H, BICH,OH), 4.82 (d, 1H,J = 12 Hz,
ArCH;0), 4.95 (d, 1HJ = 12 Hz, ArCHO), 5.40 (bd, 1HJ = 8 Hz,
NHCOO), 6.92 (bd, 2HJ = 8 Hz, ArH), 7.00 (m, 2H, ArH), 7.16 bd,
1H,J = 8 Hz, ArH), 7.25 (m, 3H, ArH); HRMS calcd for £HssN205

610.4346, found 610.433541B (the stereochemistry corresponds to

that ofepiBL-V8-310): colorless oilH-NMR (CDCl;) 0.87 (m, 6H,
(CH2)7CH3, CH(CH3)z), 1.15 (d, 3H,J = 7 Hz, CH(TH3)y), 1.23 (s,
14H, —(CH,)7CHs), 1.37 (s, 9H, Boc), 1.50 (m, 2H,H3(CHy),CH),
2.29 (m, 1H, G(CHa)2), 2.45 (t, 2H,J = 8 Hz, (Hz(CH,)sCHs), 2.59
(dd, 1H,J = 4, 13 Hz, ArCH), 2.87 (s, 3H, NCH), 2.91 (d, 1HJ =
13 Hz, ArCH), 3.25 (d, 1HJ = 10 Hz, NCHCO), 3.56-3.67 (br, 2H,
CH;0H), 3.72 (m, 1H, CHCROH), 4.87 (d, 1H,J = 12 Hz, ArCH0),
4.99 (d, 1H,J = 12 Hz, ArCH0), 6.04 (bd, 1H,J = 3 Hz NH), 6.92

CHs), 2.71 (dd, 1HJ = 7, 16 Hz, ArCH), 2.88 (d, 1H,J = 16 Hz,
ArCHy), 2.90 (s, 3H, NCH), 3.23 (d, 1H,J = 11 Hz, NCHCO), 3.69
(m, 3H, CHCH, CH,0H), 6.75 (dd, 1H,] = 1, 8 Hz, ArH), 6.94 (d,
1H,J =1 Hz, ArH), 7.01 (d, 1HJ = 8 Hz, ArH). Anal. Calcd for
CusH4oNLO, C, 74.58; H, 10.51; N, 6.96. Found: C, 74.33; H, 10.68;
N, 7.11.

Benzolactam-V8-310 Acetate.The procedure was the same as that
used for the preparation Gacetate, employing 60 mg (0.15 mmol)
of 6 to afford 54 mg of benzolactam-V8-310 acetate (82%) as a
colorless oil: IR (neat) 1740 (Ac), 1660 (NHCO}-NMR (CDCls)
0.88 (t, 3H,J = 7 Hz, (CH,)7CH3), 0.93 (d, 3HJ = 7 Hz, CH(M3),),
1.07 (d, 3H,J =7 Hz, CH(H3)2), 1.26 (m, 14H,—(CH3)7CH3), 1.56
(m, 2H, (Hx(CH;),CHs), 2.10 (s, 3H, COCEJ, 2.43 (m, 1H, GI(CHs)y),
2.53 (m, 2H, G1x(CH,)sCHs), 2.77 (s, 3H, N-ChH), 2.96 (d, 2H,J =
6 Hz, ArCH,), 3.43 (d, 1H,J = 8 Hz, NCHCO), 3.96 (dd, 1HJ) = 8,

12 Hz, CHOH), 4.20 (dd, 1HJ = 4, 12 Hz, CHOH), 4.56 (bs, 1H,
CH,CH), 5.68 (bd,J = 5 Hz, NH), 6.75 (dd, 1HJ = 1, 8 Hz, ArH),
6.87 (d, 1H,J = 1 Hz, ArH), 6.93 (d, 1HJ = 8 Hz, ArH); HRMS
calcd for G/H4aN2O3 444.3352, found 444.3331.
epiBenzolactam-V8-310 Acetate. The procedure was the same
as that used for the preparation ®facetate, employing 94 mg (0.23
mmol) of 43to afford 92 mg ofeprbenzolactam-V8-310 acetate (98%)
as a colorless ail: IR (neat) 1740 (Ac), 1665 (NHCON-NMR
(CDCls) 0.88 (t, 3H, (CH)7CH3), 0.89 (d, 3H,J = 7 Hz, CH(M3),),
0.96 (d, 3H,J =7 Hz, CH((Ha)2), 1.26 (br, 14H—(CH);CHs), 1.57
(m, 2H, Hx(CH;),CHs), 2.11 (s, 3H, COCEJ, 2.45 (m, 1H, GI(CHs)y),
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2.54 (m, 2H, Gx(CH,)sCHa), 2.89 (d, 1H,J = 16 Hz, ArCH), 2.91
(s, 3H, NCHy), 2.92 (dd, 1HJ = 8, 16 Hz, ArCH), 3.19 (d, 1HJ =
11 Hz, NCHCO), 3.91 (m, 1H, GICH,OH), 4.13 (m, 2H, CHEl,-
OH), 5.98 (bd, 1H,) = 7 Hz, NH), 6.74 (dd, 1HJ) = 1, 8 Hz, ArH),
6.89 (d, 1H,J = 1 Hz, ArH), 6.97 (d, 1HJ = 8 Hz, ArH); HRMS
calcd for G/Ha4N20O3 444.3352, found 444.3316.
(—)-Benzolactam-V8-310 ({)-6) and (—)-epiBenzolactam-V8-
310 ((—)-43). The procedure was the same as that used for the
preparation of racemidl, employing40 (154 mg, 0.37 mmol) and
(+)-benzyl o-[[(trifluoromethyl)sulfonylloxylisovalerat® (prepared
from (R)-valine) to afford 205 mg of the diastereomeric estéA
(90%). The diastereomeric esters were converted to 55 mg-pf (
BL-V8-310 ((—)-6, 42%) and 43 mg of-{)-epiBL-V8-310 ((—)-43,
33%). (—)-6: colorless oil; i]?% = —278.2 (c = 0.64, CHCY). (—)-
43: colorless oil; f]?» = —140.3 (c = 0.75, CHCY}).
(+)-Benzolactam-V8-310 (¢)-6) and (+)-epiBenzolactam-V8-
310 ((+)-43). The procedure was the same as that used for the
preparation of racemidl, employing40 (168 mg, 0.42 mmol) and
(—)-benzylo-[[(trifluoromethyl)sulfonyl]oxy]isovalerate (prepared from
(9-valine) to afford 184 mg of the diastereomeric etéB (75%).
The diastereomeric esters were converted to 52 mg-pBL-V8-310
((+)-6, 49%) and 51 mg of«)-epiBL-V8-310 ((+)-43, 48%). (+)-
6: colorless oil; p]?% = +280.3 (c = 0.61, CHC}). (+)-43
colorless oil; p]?% +137.F (c = 0.70, CHCY).
Phosphonium Salt 45. A mixture of 10.19 g (41.9 mmol) of
4-(bromomethyl)-2-nitrobenzaldehyde, 7.41 g of 1,2-ethanediol, and
10 mg of TsOH in 100 mL of toluene was refluxed with a Dean
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Anal. Calcd for G:HzN2O;: C, 60.54; H, 7.39; N, 6.42. Found: C,
60.32; H, 7.45; N, 6.33.trans47. pale yellow oil; IR (neat) 3300
(NH), 1710 (Boc), 1525, 1360 (N *H-NMR (CDCls) 1.18 (s, 9H,
O-t-Bu), 1.47 (s, 9H, Boc), 3.55 (m, 2H, GB), 4.02-4.14 (m, 4H,
OCH,CH,0), 4.41 (bs, 1H, CkCH), 5.04 (bs, 1H, NH), 5.85 (s, 1H,
OCHO), 6.24 (dd, 1HJ = 6, 15 Hz, ArCH=CH), 7.04 (d, 1HJ = 15
Hz, ArCH=CH), 7.59 (d, 1HJ = 8 Hz, ArH), 7.64 (dd, 1HJ=1, 8
Hz, ArH), 8.03 (d, 1HJ = 1 Hz, ArH); HRMS calcd for G;H32N,0O;
436.2210, found 436.2254.

Aldehyde cis-48. A mixture of 2.85 g (6.53 mmol) of acetals-47
and 0.98 g of pyridiniunp-toluenesulfonate in 40 mL of acetone and
3 mL of H,O was refluxed for 15 h. After concentration, the residue
was diluted with AcOEt, washed with water and brine, and dried over
MgSQ:. Concentration and purification by column chromatography
on silica gel with AcOE-hexane= 1/2 gave 2.03 g of the aldehyde,
cis-48 (79%): pale yellow prisms; mp 163104 °C; IR (KBr) 3300
(NH), 1700 (Boc), 1535, 1360 (N} 750 (Ar); *H-NMR (CDCl;) 1.15
(s, 9H, O%-Bu), 1.40 (s, 9H, Boc), 3.32 (m, 2H, GB), 4.31 (m, 1H,
CH,CH), 4.92 (bs, 1H, NH), 5.91 (dd, 1H,= 9, 12 Hz, ArCH=CH),
6.84 (d, 1H,J = 12 Hz, ArCH=CH), 8.00 (bd, 1HJ = 8 Hz, ArH),
8.12 (dd, 1HJ = 1, 8 Hz, ArH), 8.53 (d, 1HJ = 1 Hz, ArH), 10.07
(s, 1H, CHO). Anal. Calcd for &H.sN,Os: C, 61.21; H, 7.19; N,
7.14. Found: C, 61.22; H, 7.29; N, 7.07.

Aldehyde trans-48. The procedure was the same as that used for
the preparation ofis-48, employing 3.0 g (6.88 mmol) af3to afford
1.78 g of the aldehyd#ans48 as a pale yellow oil (66%): IR (neat)
3400 (NH), 1700 (CHO), 1680 (Boc), 1525, 1360 (NO'H-NMR

Stark trap for 3.5 h. The mixture was cooled to room temperature and (CDCk) 1.19 (s, 9H, O-Bu), 1.48 (s, 9H, Boc), 3.55 (m, 2H, GB),

diluted with AcOEt. The organic layer was washed with saturated
NaHCG;(ag), water, and brine and dried over MgSCQConcentration
and purification by column chromatography on silica gel with,CH
afforded 11.64 g of the acetd#l as a colorless oil (97%). A mixture
of 6.90 g (24.0 mmol) of the acetal and 6.90 g (26.3 mmol) of
triphenylphosphine in 60 mL of toluene was refluxed for 2 days. The
precipitate was collected and washed with a small portion of toluene
to give 8.35 g of45 as a white powder (63%): mp 23@35°C; H-
NMR (DMSO-ds) 3.94-4.06 (m, 4H, OCHCH,0), 5.46 (d, 2HJ =
15 Hz, CHP), 5.85 (s, 1H, OCHO), 7.43 (dd, 18= 2, 8 Hz, ArH),
7.62 (m, 6H, ArH), 7.72 (m, 7H, ArH), 7.90 (m, 3H, ArH), 8.01 (s,
1H, ArH). Anal. Calcd for GgHsNO4PBr: C, 61.10; H, 4.58; N,
2.58. Found: C, 61.30; H, 4.57; N, 2.40.
2-[(tert-Butoxycarbonyl)amino]-3-tert-butoxypropanal (46). To
a solution of 2.96 g (12.7 mmol) of_.-N-Boc-O-tert-butylserine methyl
ester in 140 mL of dry toluene was added 16 mL of 1.5 M
diisobutylaluminum hydride in toluene, and the mixture was stirred
for 1 hat—60°C. The reaction was quenched by the addition of 10%

4.55 (bs, 1H, CHCH), 5.12 (bs, 1H, NH), 6.42 (dd, 1H,= 6, 16 Hz,
ArCH=CH), 7.08 (d, 1H,J = 16 Hz, ArCH=CH), 7.78 (bd, 1H,) =
8 Hz, ArH), 8.05 (dd, 1HJ = 1, 8 Hz, ArH), 8.39 (d, 1HJ = 1 Hz,
ArH), 10.04 (s, 1H, CHO); HRMS calcd for 4H2gN2Og 392.1947,
found 392.1956.

Nitrostyrene cis-49. The procedure was the same as that used for
the preparation 086, employing 589 mg (1.50 mmol) afis-48, 1.97
g (4.20 mmol) of nonyltriphenylphosphonium bromide, and 4.0 mmol
of n-BuLi to afford 758 mg ofcis-49 as a pale yellow oil (48%): IR
(neat) 3400 (NH), 1710 (Boc), 1525, 1360 (NOH-NMR (CDCly)
(cis—trans isomers exist in a ratio of 1:3) 0.88 (t, 3d,= 7 Hz,
(CH2):CHs), 1.14 (s, 9H, O-Bu), 1.26 (br, 10H, (€i,)sCHs), 1.41 (s,
9H, BOC), 1.46 (m, 2H, ez(CH2)5CH3), 2.23 (m, 0.5H, (E'z(CHg)e-
CHs), 2.33 (m, 1.5H, @l(CH,)6CHs), 3.31 (m, 2H, CHO), 4.39 (m,
1H, CH,CH), 4.39 (bs, 1H, NH), 5.80 (m, 2H, ArCHCH), 6.37 (m,
1H, ArCH=CH), 6.89 (m, 1H, Ar&=CH), 7.50 (dd, 0.75H) = 2, 7
Hz, ArH), 7.55 (dd, 0.25H,) = 2, 7 Hz, ArH), 7.69 (bs, 1H, ArH),
7.94 (d, 0.75H,) = 2 Hz, ArH), 7.99 (d, 0.25H] = 2 Hz, ArH).

citric acid, and the whole was warmed to room temperature and poured  Nitrostyrene trans-49. The procedure was the same as that used

into 100 mL of 10% citric acid. The organic layer was separated,
washed with water and brine, and dried over MgS@oncentration
and purification by column chromatography on silica gel with ACOEt/
n-hexane= 1/2 to gave 2.03 g of the aldehyde as a colorless oil
(77%): IR (neat) 3400 (NH), 1720 (CHO), 1705 (BoéH-NMR
(CDCls) 1.18 (s, 1H, O=Bu), 1.47 (s, 9H, Boc), 3.60 (dd, 1H,= 4,
9 Hz, CHOH), 3.92 (dd, 1HJ = 2, 9 Hz, CHOH), 4.24 (m, 1H,
CH,CH), 5.38 (bd, 1HJ = 4 Hz, NH), 9.62 (s, 1H, CHO); HRMS
calcd for GoH2sNO, 245.1627, found 245.1614.

Nitrostyrene (47). To a solution of 7.49 g (13.6 mmol) @bin 50
mL of DMF was added 1.80 g (18.2 mmol) 06®Os, and the mixture
was stirred for 1.5 h at room temperature. A solution of 2.99 g (12.2
mmol) of the aldehydé6 in 20 mL of DMF was added to the ylide
solution, and the whole was heated oh at 95°C. After removal of

for the preparation 086, employing 1.78 g (4.54 mmol) dfans-48,
5.32 g (11.35 mmol) of nonyltriphenylphosphonium bromide, and 11.0
mmol of n-BuLi to afford 1.10 g oftrans49 as a pale yellow oil
(48%): IR (neat) 3400, 3300 (NH), 1715, 1705 (Boc), 1545, 1360
(NOy); *H-NMR (CDCls) (cis—trans isomers exist in a ratio of 1:2)
0.87 (t, 3H,J = 7 Hz, (CHy)/CHs), 1.19 (s, 9H, O-Bu), 1.26 (br,
10H, (CH,)sCHs), 1.44 (M, 2H, ®x(CH,)sCHs), 1.47 (s, 9H, Boc),
2.23 (dd, 0.7HJ = 6, 15 Hz, GH(CH,)6CHs), 2.31 (dd, 1.3HJ = 6,

15 Hz, (Hy(CH,)sCHs), 3.53 (m, 2H, CHO), 4.42 (m, 1H, CHCH),
5.05 (bs, 1H, NH), 5.78 (dt, 0.3Hl = 7, 12 Hz, ArCH=CH), 6.26

(m, 0.7H, ArCH=CH), 6.35 (m, 2H, ArG=CH), 7.00 (d, 0.3H,] =

15 Hz, ArCH=CH), 7.02 (d, 0.7H,) = 15 Hz, ArCH=CH), 7.43 (dd,
0.7H,J =1, 8 Hz, ArH), 7.49 (m, 0.6H, ArH), 7.54 (d, 0.7H,= 8

Hz, ArH), 7.80 (d, 0.7HJ = 1 Hz, ArH), 7.84 (d, 0.3HJ = 1 Hz,

the solvent under reduced pressure, the residue was poured into 10%ArH).

citric acid and extracted with ACOEt. The extract was washed with
water and brine, dried over MgQQand concentrated. Purification by
column chromatography on silica gel with AcOfetiexane= 1/3 gave
1.91 g ofcis-47 and 3.00 g ofrans-47 (total yield 92%). cis-47: pale
yellow needles; mp 772°C; IR (KBr) 3340 (NH), 1705 (Boc), 1525,
1360 (NQ); H-NMR (CDCls) 1.14 (s, 9H, O+Bu), 1.41 (s, 9H, Boc),
3.29 (m, 2H, CHO), 4.05-4.15 (m, 4H, OCHCH;0), 4.33 (m, 1H,
CH.CH), 4.92 (bs, 1H, NH), 5.82 (dd, 1H,= 9, 12 Hz, ArCH=CH),
5.89 (s, 1H, OCHO), 6.80 (d, 1H, = 12 Hz, ArCH=CH), 7.71 (d,
1H,J =7 Hz, ArH), 7.78 (bs, 1H, ArH), 8.17 (d, 1H,= 1 Hz, ArH).

Amine 50. A mixture of 758 mg (1.50 mmol) o€is-49 and 110
mg of 10% Pd-C in 100 mL of methanol was vigorously stirred under
1 atm of H at room temperature f@ h and then filtered. The filtrate
was concentrated and crystallized from benzene to afford 713 mg of
50 as a yellow viscous liquid (100%)trans-49 was also converted
into 50 by the same procedure: IR (neat) 3350, 3400 (NH), 1700 (Boc),
735 (Ar); 'H-NMR (CDCl) 0.88 (t, 3H,J = 7 Hz, (CH);CH3), 1.17
(s, 9H, O%-Bu), 1.26 (br, 14H, (€,);CHs), 1.45 (s, 9H, Boc), 1.56
(m, 2H, (Hx(CH,)7CHs), 1.80 (m, 2H, ArCHCH,), 2.48 (m, 4H,
ArCHy), 3.43 (m, 2H, CHO), 3.72 (bS, 1H, CkCH), 4.83 (bd, 1HJ
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= 8 Hz, NH), 6.50 (bs, 1H, ArH), 6.55 (dd, 1H,= 7 Hz, ArH), 6.95
(bd, 1H,J =7 Hz, ArH); HRMS calcd for GsH44N,05 420.3352, found
420.3396.

N-Methylamine 51. The amine50 (713 mg, 1.50 mmol) was
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2.22-2.32 (M, 2H, G1(CHs), ArCH,CH,), 2.45 (t, 1H,J = 14 Hz,
ArCH,), 2.52 (t, 2H,J = 8 Hz, CH,(CH2)CHy), 2.63 (dd, 1HJ = 8,
14 Hz, ArCH), 2.72 (d, 1H,J = 11 Hz, NCHCO), 2.75 (s, 3H, NCH),
3.43 (dd, 1H,J = 6, 11 Hz, CHOH), 3.61 (dd, 1HJ = 4, 11 Hz,

converted into th&-methylamine51 by the same methods as used for
the preparation ofi0 from 39. The N-formate (674 mg, 89%) was

isolated and purified by column chromatography on silica gel with
AcOEth-hexane= 1/2 as a colorless oil: IR (neat) 3300 (NH), 1700

CH,OH), 4.44 (bs, 1H, BICH,OH), 4.58 (bd, 1H) = 11 Hz, NH),
6.88 (d, 1H,J = 1 Hz, ArH), 6.97 (dd, 1H,) = 1, 8 Hz, ArH), 7.03
(d, 1H,J = 8 Hz, ArH); H-NMR (CD;OD) 0.88 (d, 3H,J = 7 Hz,
CH(CHs)2), 0.89 (t, 3H,J = 7 Hz, (CH),CH3), 1.17 (d, 3HJ = 7 Hz,

(Boc), 1680 (CHO), 730 (Ar)H-NMR (CDCl;) 0.88 (t, 3H,J =7
Hz, (CH,),CH3), 1.17 (s, 9H, O-Bu), 1.26 (br, 14H, (€l5);CHs), 1.47
(s, 9H, Boc), 1.59 (m, 2H, By(CH,);CHs), 1.70-1.90 (m, 2H,
ArCH,CHy), 2.57 (t, 2H,J = 8 Hz, ArCH), 2.62 (t, 2H,J = 8 Hz,
ArCHy), 3.37 (m, 2H, CHO), 3.55 (m, 0.4H, ChLCH), 3.65 (m, 0.6H,
CH,CH), 4.95 (m, 1H, NH), 6.93 (dd, 0.6H, = 1, 8 Hz, ArH), 6.94
(s, 1H, ArH), 7.00 (dd, 0.4H) = 1, 8 Hz, ArH), 7.08 (d, 0.6H) =8
Hz, ArH), 7.15 (d, 0.4HJ = 8 Hz, ArH), 7.79 (d, 0.6HJ = 1 Hz,
NHCHO), 8.00 (bs, 0.4H, NHCHO), 8.43 (d, 0.4Bi= 2 Hz, CHO),
8.49 (d, 0.6H,J = 11 Hz, CHO); HRMS calcd for &Hs,N,O4
504.3927, found 504.3938. Reduction of the formate with; BRd
purification by column chromatography on silica gel with AcOEt/
hexane= 1/3 afforded 786 mg db1 as a colorless oil (94%): IR (neat)
3400 (NH), 1700 (Boc)2H-NMR (CDCl) 0.88 (t, 3H,J = 7 Hz,
(CH2)7CH3), 1.17 (S, 9H, Q—BU), 1.26 (br, 14H, (®2)7CH3), 1.46 (S,
9H, Boc), 1.60 (m, 2H, Ex(CH,)7CHs), 1.79 (m, 2H, ArCHCH,)),
2.50 (m, 2H, ArCH), 2.54 (t, 2H,J = 8 Hz, ArCH,), 2.88 (s, 3H,
N-CHs), 3.41 (m, 2H, CHO), 3.68 (bs, 1H, CkCH), 4.85 (m, 1H,
NH), 6.53 (m, 2H, ArH), 6.96 (d, 1HJ = 8 Hz, ArH); HRMS calcd
for CsoHsaN205 490.4134, found 490.4120.

Diastereomeric Esters 52. The N-methylamine51 (913 mg, 1.86
mmol) was converted into a diasteromeric mixture of esberby the
same methods as that used for the preparatiofildfom 40, using

974 mg (2.86 mmol) of the triflate and 1.02 g of 2,6-lutidine in 30 mL
of CH,CICH,CI. Purification by column chromatography on silica gel

with CH,CI,/AcOEt= 20/1 gave 1.20 g of diastereomeric es#tsas
a colorless oil (95%) (331 mg of starting material was recoverdd):

CH(CH3),), 1.29 (br, 14H, (€12);CHs), 1.58 (m, 2H, G1,(CH,);CHs),
1.66 (m, 1H, ArCHCH,), 2.22 (m, 1H, ®i(CHs)), 2.30 (m, 1H,
ArCH,CHy), 2.37 (dd, 1HJ = 10, 14 Hz, ArCH), 2.61 (dd, 1HJ =
7, 14 Hz, ArCH), 2.72 (s, 3H, NChH), 2.84 (d, 1H,J = 11 Hz,
NCHCO), 3.41 (m, 2H, CkDH), 4.28 (hextet, 1H]) = 6 Hz, CH,.CH),
6.88 (d, 1H,J = 2 Hz, ArH), 6.98 (dd, 1H,J = 2, 8 Hz, ArH), 7.06
(d, 1H,J = 8 Hz, ArH); HRMS calcd for GoHs,N.0O, 416.3402, found
416.3442. 54: colorless needles (from AcOEBthexane); mp 146.5
°C; *H-NMR (CDCls) 0.87 (m, 6H, CH(®3)2, (CH:);CH3), 1.21 (d,
3H,J = 7 Hz, CH(M3),), 1.27 (m, 14H, (El,);CHs), 1.55-1.65 (m,
2H, CH(CHy)7CHs), 1.80 (m, 1H, ArCHCH,), 1.80 (m, 1H, ArCHCH)),
2.55 (m, 4H, Ar@H,CH,(CH,)7CHs, CH(CHjs),, ArCH,), 2.72 (dt, 1H,
J =3, 13 Hz, ArCH), 2.77 (s, 3H, N-CH), 3.14 (d, 1H,J = 11 Hz,
NCHCO), 3.31 (m, 1H, €EICH,OH), 3.44 (dd, 1HJ = 6, 11 Hz, CH-
OH), 3.54 (dd, 1HJ = 4, 11 Hz, CHOH), 5.47 (bd, 1HJ = 12 Hz,
NH), 6.98 (dd, 1HJ = 1, 8 Hz, ArH), 7.05 (d, 1HJ = 1 Hz, ArH),
7.07 (d, 1H,J = 8 Hz, ArH); *H-NMR (CD;OD) 0.84 (d, 3HJ =7
Hz, CH(CH3)2), 0.89 (t, 3H,J = 7 Hz, (CHy)CHs), 1.21 (d, 3H,J =
7 Hz, CH(Mg),), 1.29 (m, 14H, (®i,)7CHs), 1.58 (m, 2H, E1,(CH,)-
CHs), 1.63 (m, 1H, ArCHCH,), 1.72 (m, 1H, ArCHCH,), 2.46 (m,
1H, CH(CHy)y), 2.54 (m, 3H, ArGH,CHx(CH,)7CHs, ArCH,), 2.65 (dt,
1H,J =3, 13 Hz, ArCH), 2.72 (s, 3H, NCH), 3.20 (bs, 1H, GICH,-
OH), 3.21 (d, 1HJ = 11 Hz, NCHCO), 3.39 (m, 2H, CiDH), 6.98
(dd, 1H,J=1, 8 Hz, ArH), 7.05 (d, 1HJ) = 1 Hz, ArH), 7.11 (d, 1H,
J=8Hz, ArH). Anal. Calcd for GoHs:N2O2: N, 6.72; C, 74.95; H,
10.64. Found: N, 6.87; C, 75.02; H, 10.87.

Benzolactam-V9-310 Acetate.The procedure was the same as that
used for the preparation @facetate, employing 40 mg (0.096 mmol)
of 7 to afford 40 mg of benzolactam-V9-310 acetate (90%) as a

NMR (CDCl) 0.87 (m, 6H, (CH)7;CHs, CH(CHa3),), 1.13 (s, 9H, O
Bu, 1.17 (d, 6H, = 7 Hz, CH(CHa),), 1.23 (M, 14H, (&,);CHa), 1.4
(s, 9H, Boc), 1.4-1.5 (m, 2H, GH5(CH,)-CHs), 1.7-1.8 (br, 1H, CH-

CH), 1.8-1.9 (m, 1H, G4,CH), 2.24 (m, 1H, GI(CHs),), 2.43 (t, 2H,
J = 8 Hz, ArCHy), 2.45-2.62 (m, 1H, ArCH), 2.73-2.90 (m, 1H,
ArCH), 2.70 (s, 1.5H, NCH), 2.80 (s, 3H, N-Ch), 3.21 (d, 0.5H,)

= 7 Hz, NCHCO), 3.23 (d, 0.5H,) = 7 Hz, NCHCO), 3.33 (bd, 2H,
J =11 Hz, CHOH), 3.68 (bs, 1H, CkCH), 4.75 (br, 2H, NH), 4.93
(d, 0.5H,J = 12 Hz, OCHA), 4.94 (d, 0.5H,J = 12 Hz, OCHAY),

5.03 (d, 2H,J = 12 Hz, OCHAr), 6.88 (m, 2H, ArH), 7.10 (m, 3H,

colorless oil: 'H-NMR (CDCls) 0.89 (m, 6H, CH(Gl)2, (CHz):CH3),
1.17 (d, 3H,J = 7 Hz, CH(MH3),), 1.26 (m, 14H, (€12);CHs), 1.60
(m, 2H, O‘|2(CH2)7CH3), 1.64 (m, 1H, AFCHCHz), 1.99 (S, 3H,
COCHy), 2.30 (M, 2H, GI(CHs)2, ArCH,CH,), 2.44 (dd, 1HJ = 11,
14 Hz, ArCH), 2.54 (t, 2H,J = 8 Hz, ArCH.CHx(CH,):CHs), 2.61
(dd, 1H,J = 7, 14 Hz, ArCH), 2.70 (d, 1H,J = 11 Hz, NCHCO),
2.74 (s, 3H, N-CH), 3.99 (dd, 1H, = 5, 11 Hz, CHOH), 4.09 (dd,

ArH), 7.26 (m, 3H, ArH).

Activated Esters 53. The diastereomeric estef? (1.40 g, 2.73
mmol) were converted into 1.11 g (78%) 83 by the same method as
that used for the preparation 42. The product was unstable and was

used without further purification. _ epiBenzolactam-V9-310 Acetate. The procedure was the same
Benzolactam-V9-310 (7) aneepi-Benzolactam-V9-310 (54).Tri- as that used for the preparation®ficetate, employing 59 mg (0.142
fluoroacetic acid (6 mL) was added to a solution of 1.11 g (8.62 mmol) mmol) of 54 to afford 52 mg ofepibenzolactam-V9-310 acetate (80%)
of 53 in 12 mL of CHCI, at 0 °C with stirring. The mixture was as a colorless oil*H-NMR (CDCl) 0.84 (d, 3HJ = 7 Hz, CH(TH3)),
stirred fa 1 h at 0°C and for 5 h aroom temperature, and then the . gg (t, 3H,J = 7 Hz, (CH)CH3), 1.21 (d, 3H,J = 7 Hz, CH(CHa)»),

solvent was removed under reduced pressure at beloRC30The 1.27 (M, 14H, (&12)7CHs), 1.56 (M, 3H, G12(CHz);CHs, ArCH,CH,),
residue was dissolved in 1.1 L of ACOEt, and then 100 mL of saturated 1 78 (m, 1H, ArCHCH,), 2.02 (s, 3H, COCH), 2.55 (m, 4H, ArGi,-

NaHCQs(aq) was added and the mixture was refluxed for 18 h with CH(CHy);CHs, CH(CHa)2, ArCHy), 2.72 (dd, 1H,J = 3, 14 Hz,
vigorous stirring. The organic layer was separated, washed with brine, ArCH,), 2.77 (s, 3H, NCH), 3.09 (d, 1H,J = 10 Hz, NCGHCO), 3.48
dried over MgS@, and concentrated. The crude product was separated (bs, 1H, GICH,OH), 3.89 (dd, 1H,J = 4, 11 Hz, CHOH), 4.01 (dd,
by column chromatography with AcOEt to give 134 mg®{20%) 1H,J =7, 11 Hz, CHOH), 5.36 (bd, 1H,) = 12 Hz, NH), 6.99 (dd,
and 112 mg ob4 (17%). 7: colorless oil; IR (KBr) 1660 (NHCO); 1H,J = 1, 8 Hz, ArH), 7.06 (d, 1HJ = 1 Hz, ArH), 7.08 (d, 1HJ

'H-NMR (CDCl) 0.88 (t, 3H,J =7 Hz, (CH);CHg), 0.91 (t, 3H,J = = 8 Hz, ArH); HRMS calcd for GaHasN;03 458.3508, found 458.3460
7 Hz, CH(QHs),), 1.17 (d, 3H,J = 7 Hz, CH(QHa)s), 1.26 (m, 14H, 2, ArH); GeHaaN20; 458.3508, fou Dl
JA953578V

(CH2)7CHs), 1.58 (m, 2H, ®G1x(CH,);CHz), 1.71 (m, 1H, ArCHCH),

1H,J =5, 11 Hz, CHOH), 4.45 (bd, 1H,J = 11 Hz, NH), 4.46 (m,
1H, CHCH,OH), 6.89 (d, 1HJ = 1 Hz, ArH), 6.97 (dd, 1HJ=1, 8
Hz, ArH), 7.02 (d, 1HJ = 8 Hz, ArH); HRMS calcd for GgHsN,03
458.3508, found 458.3494.



