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1,2-Dihydro-l-(chloromethyl)-5-hydroxy-8-methyl-3H-furano[3,2-elindole (CFI) as a novel re- 
placement of the cyclopropylpyrroloindoline (CPI) alkylation subunit of CC-1065, U-71184, and 
U-73975 (adozelesin) has been synthesized and incorporated into a series of efficacious antineoplastic 
agents. A partial solution to an asymmetric synthesis of the CFI alkylation subunit has been 
achieved by the implementation of an asymmetric hydroboration reaction of an intermediate 
3-methyleneindoline (13). Extension to the asymmetric synthesis of the CBI and CI alkylation 
subunits is presented. The demonstration and comparative study of the sequence-selective DNA 
alkylation properties of the CFI-based agents are detailed, and the preliminary in vitro and in vivo 
antineoplastic propertes of these agents in the human epidermoid cell lung carcinoma (T222) are 
described. 

CC-1065 is an antitumor antibiotic that was isolated 
from the fermentation cultures of Streptomyces zelensis 
(6-9 pg/mL) in 1978.' This molecule is an exceptionally 
potent cytotoxic agent that binds covalently2 to the minor 
groove of double-stranded DNA and has good in vitro 
(e.g. ICs0 in L1210 of 1.9 pg/mL)3 and in vivo (e.g. ILS 
111% against P388 at 30 pg/kg/d dosed days 1 ,5 ,  and 9) 
pharmacol~gy.~~~ However, administration of a single 
intravenous subtherapeutic dose (LDM of 9 pg/kg) led to 
delayed deaths (50-90 days) of healthy mice as a result of 
the hepatoxicity of this molecule.6 Although this pre- 
empted the clinical development of CC-1065, the synthesis 
of fragments and analogs of CC-1065 elucidated the 
structural variables responsible for this undesirable hepa- 
totoxicity7 and culminated in the clinical development of 
U-71184 and U-73975 at Upjohn.s Kyowa Hakko Kogyo 
has since isolated numerous new members of this class of 
natural products which possess very promising pharma- 

These agents have been shown to participate in a 
characteristic and sequence-selective adenine N3 alkyla- 
tion of duplex DNA thought to be responsible for their 
therapeutic effects. Our initial studies have focused on 
the preparation of CC-1065 analogs bearing deep-seated 
changes in the agent structure with the intent of defining 
the fundamental structural feature contributing to DNA 
recognition, reactivity, and DNA alkylation selectivity and 
their impact on the biological properties of the agents. 
This study summarizes efforts on the synthesis of agents 
incorporating the 1,2-dihydro-l-(chloromethyl)-5-hydroxy- 
8-methyl-3H-furano[3,2-e] indole (CFI) alkylation subunit 
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as a novel synthetic replacement for the authentic CPI 
alkylation subunit through an approach that provides a 
partial solution to the asymmetric synthesis of such agents. 

One rationale for the replacement of the CPI with the 
CFI pharmacophore is to minimize the overlap of a 
fermentation with a chemical synthesis discovery program 
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Scheme 1. 
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0 (a) 1.3 equiv CH&HCHCH&r, catalytic KI, acetone, 56 "C, 24 
h, 91%; (b) toluene, 180 "C, 8 h, 56%; (c) OS, CHzClz, -78 "C; SMe2, 

C&N-HCl, 170 "C, N2.2 h; 1.0 equiv of NaH, 1.0 equiv of PhCH&r, 
DMF, 24 "C, 5 h, 70%; (e) 1.5 atm of Hz, PtO2, EtOAc, 30 min; 2.0 
equiv of (t-BuO&)aO, dioxane, 95 "C, 3 h, 64%; (f) 1.0 equiv of 
N-bromoeuccinimide, catalytic HaO,, THF, -60 "C, 5 h, 92 % ; (g) 
1.1 equiv of NaH, 3.0 equiv of HCCCH@r, 24 "C, 3 h, 96%; (h) 2.0 
equivof n-B&nH, catalytic AIBN, benzene, 80 "C, 1 h; (i) 2.0 equiv 
of monoisopinocampheylbrane, THF, 25 "C, 3 h; 2 N NaOH, 30% 
H202,0-25 "C, 1 h, 46 "C, 20 min, 39% from 3-methyl-4-bromo-5- 
(N-propargyl-N-(t-butyloxycarbonyl)amino)-7-(benzyloxy)benzofu- 
ran; (j) further resolution via recrystallization of (R)-(-)-O- 
acetylmandelate; (k) 2.0 equiv of Phap, 6 equiv of CCC, CH~Cl2,24 
"C, 24 h, quant; (1) 25% aqueous HCOzNHJTHF 1:5,10% Pd/C, 0 
"C, 3 h, 92%; (m) 3 N anhydroue HCVEtOAc, 24 "C, 30 min; 3 equiv 
of EDCI, 1.0 equiv of arenecarboxylic acid, DMF, 24 "C, 24 h. 
based on the biosynthesis of CC-1065. Such an approach 
maximizes the chemical discovery effort with regard to 
the number of possible permutations of accessible drug 
candidates. In spite of the numerous efforts in the area 
of the synthesis of CC-106510 and ita subunits,I1 the Boger 
approach seemed the most viable for a successful asym- 
metric synthesis of a CFI-based agent. The demonstration 
of sequence specific binding of CC-1065 in an enantiose- 
lective fashion for double-stranded DNA as corroborated 
by nuclear Overhauser enhancement (NOE) in addition 
to the general decreased potency of the unnatural enan- 
tiomers prompted the effort to synthesize (+)-CFI.12 

Synthesis of CFI and Incorporation into Analogs 
of CC-1066. The synthesis (Scheme 1) starta with the 
commercially available potassium salt of 4-nitroguaiacol 
(1). This phenoxide was alkylated with crotyl bromide, 
and the resulting crotyl ether underwent a thermolytic 
Claiaen rearrangement to provide 6-butenyl-4-nitrogua- 
iacol. Cleavage of the carbon-carbon double bond with 
ozone followed by a reductive workup provided a benzylic 
aldehyde that underwent dehydration to provide 3-methyl- 
5-nitro-7-methoxybenzofuran. As indicated by model 
studies, a methyl group was not a suitable protecting group 
for the phenolic oxygen. Pyridine hydrochloride-mediated 
demethylation followed by treatment of the hydroxyben- 
zofuran with sodium hydride and benzyl bromide provided 
the desired 3-methyl-6-nitro-7-(benzyloxy)benzofuran (2). 

24 "C, 2 h; PPA, PhCHs, 110 "C, Nz, 2 h, 45%; (d) 5.9 equiv of 
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After the evaluation of a number of hydrogenation 
catalysts and hydride reducing agents, catalytic hydro- 
genation with platinum oxide was found to reduce the 
nitro group cleanly, and the crude product of this reaction 
treated with di-tert-butyl dicarbonate to provide 3-methyl- 
5- (N- (t ert- butyloxycarbonyl) amino) -7- (benzyloxy) benzo- 
furan. Electrophilic aromatic bromination of this molecule 
placed a bromine at the 4-position of this benzofuran as 
demonstrated by NOE studies via irradiation of the methyl 
group at  the 3-position of the benzofuran. Treatment of 
the bromination product with propargyl bromide and 
sodium hydride provided 3-methyl-4-bromo-5-(N-tert- 
butyloxycarbonyl) -N-(2-propyn- l-yl)amino)-7-(benzylox- 
y) benzofuran. Treatment of this intermediate with the 
Boger free radical cyclization/hydr~boration~~ provided 
in modest yield the desired racemic hydroxymethyl 
compound 3. This modest chemical yield is due in part 
to the isomerization of the exocyclic olefin of 13 to provide 
the endocyclic indole. 

The racemic (hydroxymethy1)furanoindoline 3 was 
resolved via its (R)-(-)-0-acetylmandelate by preparative 
high-pressure liquid chromatography (HPLC).14 The 
structural assignments of diastereomers was based on the 
NMR chemical shifts of the methine and acetyl methyl 
groups of the chiral auxiliary of the two diastereomeric 
esters and ultimately confirmed through examination of 
the DNA alkylation and biological properties of the agents. 
Treatment of the (+)-3 with carbon tetrachloride and 
triphenylphosphine followed by catalytic debenzylation 
provided in excellent yield (+)-(lR)-1,2-dihydro-l-(chlo- 
romethyl)-3-(tert-butyloxycarbonyl)-5-hydroxy-~methyl- 
3H-furano[3,2-elindole. Deprotection of the nitrogen with 
hydrochloric acid followed by 1-(3-(dimethylamino)pro- 
pyl)-3-ethylcarbodiimide hydrochloride (EDC1)-mediated 
coupling with the appropriate arenecarboxylic acid pro- 
vided the compounds 4-12.15 

Asymmetric Synthesis of CFI. The use of aresolution 
by preparative HPLC to separate diastereomeric deriv- 
atives in order to obtain chiral material is amenable to the 
synthesis of a large number of structural analogs of CFI 
but may not prove useful for a commercial-scale synthesis 
of a drug.ls Consequently, an asymmetric hydroboration 
of the intermediate 3-methyleneindoline (13) generated 
in the 5-exo-dig aryl radical-alkyne cyclization was ex- 
amined with expectations of generating the desired 
optically active 3-(hydroxymethyl)indoline (3) directly and 
in higher chemical conversion relative to the use of 
diborane. The chiral hydroboration reagents in the 
literature are very effective for use with 1,Zdisubstituted 
and trisubstituted olefins but produce only low levels of 
asymmetric induction for 1,l-disubstituted alkenes." This 
lack of induction is explained by the limited distance a 
chiral alkylborane can recognize three-dimensional space. 
Placement of substituenh at  the same carbon of the alkene 
removes the steric bulk of the groups on the substrate 
beyond the scope of the chiral environment of a hydrob- 
orating agent. However, if one examines the possible 
transition states for the reaction of monoisopinocam- 
pheylborane,l* with alkene 13, it seemed that preferential 
reaction through one transition state (Scheme 2) may be 
observed in this reaction. This deviation from the 
literature trend is due to the placement of an extremely 
large and small group on the same carbon of the olefin 
with a rigid geometry. This structural feature of 13 is 
responsible for the 50 % asymmetric induction observed 
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Scheme 2 
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Table 1 

products (percent overall yield for radical 
cyclization and asymmetric hydroboration) 

u u substrate 
1.01.1 (34) 

OCHs 

14 

15 

16 

2.41.0 (58) 

2.81.0 (39) 

for hydroboration with monoisopinocampheylborane 
(Scheme 3).19 

In order to address the generality of this approach to 
the asymmetric synthesis of the existing CI, CBI, and CFI 
substitution of the CPI alkylation subunit, hydroboration 
of crude alkenes 14-16 (synthesized by tributyltin hydride- 
mediated cyclization of the corresponding bromoacetylene) 
with R-alpine-boramine-generated monoisopinocamphey- 
lborane (Table 1) was evaluated.20 Notably, modest levels 
of asymmetric induction were observed with substrates 
15 and 16, which like 13 and unlike 14 possess large 
distinctions in the size of the the olefin substituents 
maintained on the rigid substrate structure. Subsequent 
derivatization of the optically-enriched sample of 3 with 
(R)-0-acetylmandelic acid and simple recrystallization 
from diethyl ether provided substantial quantities of 
enantiomerically pure 3, which at  the time constituted 
the first modestly successful approach to the asymmetric 
synthesis of agents related to CC-1065.21 

Although it is conceptually possible to design reagents 
with extended domains of chirality such as (2,2'-bis- 
(methylene)-l,l'-binaphthyl)borane22 to distinguish a large 
(L) and small (S) group in the course of hydroboration of 
a 1,l-disubstituted olefin (Figure l), the utility of such 
stoichiometric chiral designer reagents is limited as noted 
by Ma~amune.~3 

DNA Alkylation Studies. Demonstration of the event 

'5: I Y- 
Figure 1. 

17 

Oat' 

18 (LY297950) 

and relative selectivity of DNA alkylation by the agents 
was obtained from thermally-induced strand cleavage of 
singly end-labeled duplex DNA after exposure to the 
agents.24 Using singly 5'-32P end-labeled SV40 duplex 
DNA derived from clone w794 (nucleotide no. 13&5238),% 
the agents were incubated at  the specified concentration 
with the labeled DNA at 4 "C for 24 h. The unbound 
agent was removed by ethanol precipitation of all DNA, 
and the covalently modified DNA was redissolved in 
aqueous buffer and warmed at  100 "C for 30 min to induce 
strand cleavage at  the sites of alkylation. Electrophoresis 
of the resulting DNA under denaturing conditions adjacent 
to Sanger dideoxynucleotide sequencing reactions followed 
by autoradiography permitted the identification of the 
sites of DNA alkylation and subsequent cleavage (Figure 
2). The alkylation reaction of (+)-seco-CBI-indolez,a (+I- 
CPI-indole2 (U-71184),27 and (+)-CC-1065 were run con- 
currently for comparison. 

The major site of alkylation with w794 duplex DNA for 
4 (LY296329) and (+)-CC-1065 proved to be identical, 
5'-d(AATTA)-3'-alkylation at the 3' adenine and agent 
binding in the 3' - 5' direction. The profile of DNA 
alkylation selectivity for 4 proved identical to that of (+)- 
CBI-indole~ and (+)-CPI-indole2 and only subtly distin- 
guishable from that of (+)-CC-1065 in the alkylation of 
the low-affinity sites. However, 18 (LY297950) exhibited 
a different and less selective profile of DNA alkylation. 
The high-affinity alkylation site for 18 with w794 duplex 
DNA was 5'-(AAT'M')-3', with alkylation at  the 5' adenine 
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Figure 2. Thermally-induced strand cleavage of double-stranded DNA (SV40 fragment, 144 bp, nucleotide no. 138-5328, clone w794) 
after 24 h incubation of agent-DNA at 4 "C followed by removal of unbound agent and 30 min incubation a t  100 "C; 8% denaturing 
PAGE and autoradiography. Lanes 1-4, 18 (LY297950) (1 X 1W to 1 X M); lanes 5-8,4 (LY296329) (1 X 106 to 1 X 10-8 M); 
lanes 9-12, Sanger G, C, A, and T reactions; lane 13, control DNA; lanes 14-16, (+)-seco-CBI-indole2 (1 X 106 to  1 X le7 M); lanes 
17-19, (+)-CPI-indole2 (1 X 1W to  1 X 10-6 M); lanes 20-23, (+)-CC-1065 (1 X 106 to 1 X 10-8 M). The  observation and origin of 
two close running bands for a single alkylation event have been described el~ewhere.%*~5 

Table 2 Table 3 

relative DNA 
agent configuration alkylation efficiency 

4 natural 1.0-0.2 
18 unnatural 0.01-0.006 
(+)-CC-1065 natural 1 
(-)-CC-1065 unnatural 

ORelative concentration of agent for which alkylation of w 7 6  
DNA is detected a t  incubation condition of 4 "C for 24 h. 

and agent binding in the 5' - 3' direction. The profile of 
DNA alkylation exhibited by 18 proved essentially iden- 
tical to that of the unnatural enantiomers (-)-CC-1065 
and (-)-CPI-CDP12.12b A more important distinction 
between 4 and 18 is the relative efficiency or intensity of 
DNA alkylation. Consistent with the relative in vitro 
cytotoxic potency of the agents, 4 proved comparable or 
slightly less effective at alkylating the duplex DNA than 
(+)-CC-1065 (1-5 times) and much more effective than 18 
(0.02-0.01 times) (Table 2). In a single, qualitative tem- 
poral dependence of the extent of DNA alkylation, 4 was 
found to alkylate DNA at  a rate significantly faster than 
that of 18. This contributes to the apparent efficiency 
distinctions illustrated in Figure 2. 

compound ICs0 (ng/mL)a compound ICs0 (ng/mL)a 
4 0.17 10 0.29 
5 0.15 11 0.26 
6 0.20 12 0.20 
7 0.23 DAVLB hydrazide 3.0 
8 0.37 17 NAb 
9 0.56 

a Concentration for 50% growth inhibition relative to untreated 
controls in the T222 cell line. * NA = not active in this dose range. 

Biological Properties. The cytotoxicity of 4-12 was 
determined by incubation (48 h) of drug with a human 
lung epidermoid carcinoma (T222)% and percent inhibition 
determined by measurement of [3H]leucine uptake. An- 
alogs 4-12 were approximately 1 order of magnitude more 
cytotoxic than 4-desacetylvinblastine-3-carboxhydrazide 
(DAVLB hydrazide) which had an ICs0 of 3.0 ng/mL in 
this assay (Table 3). In a similar protocol with human 
lung adenocarcinoma (UCLA-P3),29 4 had an ICs0 of 0.27 
ng/mL. When dosed at  50-200 pg/kg intravenously on 
days 3,5, and 7 in the tail vein, 4 inhibited the growth of 
tumors (Table 4) in mice bearing a T222 burden (injected 
subcutaneously at day O).30 
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Table 4. Efficacy of 4 in Mice Bearing a T222 Tumor Burden 
dose' % inhibition toxicityb 
0.4 5/5 
0.2 85 115 
0.1 73 01 5 
0.05 68 015 

Mohamadi et al. 

The units of drug dosed are milligrams per kilogram, and drug 
is administered as outlined in the biological methods of the 
Experimental Section. "cute toxicity is expressed as a ratio of 
number of mice that died/number of mice in the test group. 

Flow cytometric analysis of 4-6 in the T222 cell line 
demonstrated specificity for the GdM phase of the cell 
cycle at  low concentration (0.1-0.5 ng/mL) but arrested 
the cells in the Go/G1 phase of the cell cycle at  high 
concentration (5.0-10.0 ng/mL).3l This transition of 
cytotoxicity from one phase to another as a function of 
concentration is not a function of noncovalent versus 
covalent binding with double-stranded DNA as illustrated 
by the absence of any cytotoxicity with 17 (made by the 
substitution of methallyl chloride for propargyl bromide 
in the synthesis of 4) in these assays (experiments 
conducted in the same dose range). In the T222 cell line, 
18 is an approximately 10-fold less potent antineoplastic 
agent than 4. Additional pharmacological characterization 
of these analogs will be reported in due course. 

Experimental Section 
DNA Alkylation Methods. All glassware, plasticware, and 

solutions were autoclaved prior to use. Adjustments to pH were 
made with hydrochloric acid or sodium hydroxide. Ethanol 
precipitations were carried out by adding t-RNA as a carrier (1 
pL, 10 pg/pL), a buffer solution containing salt (0.1 volume, 2 M 
NaCl in TE) and ethanol (2.5 volumes). The solution was gently 
vortex mixed and chilled at  -70 OC in an ethanol-dry ice bath 
for 20 min. The DNA was reduced to a pellet at 4 OC by 
centrifugation for 15 min. The pellets were dried in a Savant 
Speed Vac concentrator. TE buffer consists of 10 mM Tris, 1 
mM EDTA, pH = 7.6. Kinase buffer (lox) consists of 500 mM 
glycine (pH = 9.5), 100 mM MgCl2, and 50 mM dithiothreitol in 
50% aqueous glycerol. Formamide dye contained xylene cyano1 
FF (0.03 %),bromophenol blue (0.03 %),and aqueous NazEDTA 
(8.7%, 250 mM). Electrophoresis running buffer (1 X TBE) 
contained Tris base (100 mM), boric acid (100 mM), and Na2- 
EDTA-2H20 (0.2 mM) dissolved in water. 

A solution of singly 5'-32P labeled w794 double-stranded DNA 
(9 pL) was treated with the agent in a solution of DMSO (1 pL, 
at  the specified concentration). The reaction mixture was mixed 
by gentle vortexing, brief centrifugation, and subsequent incu- 
bation at  4 OC for 24 h. The alkylated DNA was separated from 
unbound agent by ethanol precipitation of the DNA and 
resuspended in TE buffer (20 pL). The solution was warmed at 
100 OC for 30 min to induce strand cleavage at the sites of 
alkylation. Following the addition of formamide dye (10 pL), 
the solution was warmed to 100 "C for 5 min, placed in an ice 
bath, and centrifuged, and the supernatant was loaded on a gel. 
Gel electrophoresis was carried out using an 8% denaturing 
polyacrylamide gel (191 acry1amide:Np-methylenebis(acry- 
lamide); 8 M urea). The gel was prerun for 30 min to 1 h with 
formamide dye prior to loading the samples. Autoradiography 
of dried gel was carried out at -70 "C using Kodak X-Omat AR 
film and a Picker Spectra intensifying screen. 

Biological Methods. Human lung epidermoid carcinoma 
(T222) and human lung adenocarcinoma (UCLA-P3) cells were 
grown in DMEM medium supplemented with 10% fetal bovine 
serum and 50 pg/mL gentamicin using standard tissue culture 
techniques. 

For the in vitro cytotoxicity assays, 10.' target cells were 
distributed in each well of 96-well tissue culture plates and 
incubated in leucine-deficient medium (leucine free DMEM, 13 
pg/mL L-leucine, 29.2 pg/mL L-glutamine, 50 wg/mL gentamicin, 
and 10% dialyzed fetal calf serum) for 16 ha t  37 OC in 5% carbon 
dioxide/air atmosphere. The medium was then removed asep- 

tically, and compound dilutions were added in 200 pL of leucine- 
deficient medium. Following an additional 48-h incubation, 4 
&i[aH]leucine (New England Nuclear, Boston, MA) were added 
to each well, and the plates were returned to the incubator for 
24 h. Radioactivity incorporated into macromolecules was 
determined using an automated cell harvester and liquid scin- 
tillation techniques. Data were evaluated as percent reduction 
in incorporation of radioactivity relative to controls incubated 
in medium without compound to yield a 50% cytotoxic concen- 
tration (ICm). 

Nude mouse xenografts experiments were carried out by 
collecting the cells by treatment with Trypsin/EDTA (Gibco, 
Life Technologies, Grand Island, NY) and washing with sup- 
plemented DMEM and finally suspending in Hanks balanced 
salt solution. The cells (10' cells) were injected subcutaneously 
(day 0) into the flank of young adult female nude mice (Charles 
River Breeding Laboratories, Boston, MA). The mice were 
treated by intravenous injection on days 3, 5, and 7 in the tail 
vein. Tumor measurements were taken in two dimensions and 
converted into an estimate of mass using the formula weight = 
(length X width2)/2. Control groups contained lOmice, with test 
groups containing five mice each. The Student t test was used 
to evaluate differences between tumor masses. 

Flow Cytometry Methods. Human epidermoid lung car- 
cinoma (T222) cells were seeded into 24-well tissue culture plates 
(1W cells/well) and incubated at  37 OC for 24 h. Compound was 
added to the wells, and the cultures were incubated for 20 h. The 
monolayers were rinsed with PBS and harvested with trypsin- 
EDTA (GIBCO, Grand Island, NY). The resultant suspensions 
were washed with cold PBS and resuspended in 50% methanol/ 
PBS for 10 min at  4 "C. The samples were incubated with RNAse 
(Worthington Chemicals, 150 units/mL, DNAse-free) for 30 min 
at  37 "C. Samples were washed and resuspended in propidium 
iodide (Sigma Chemical Co., 50 rg/mL in PBS) and analyzed on 
an Epics C (Coulter Cytometry, Hialeah, FL) flow cytometer. 
The resultant histograms of linear fluorescence intensity versus 
cell frequency were analyzed using EASY-2 software (Coulter 
Cytometry, Hialeah, FL). 

Chemical Methods. lH NMR chemical shifts are reported 
in ppm downfield from an internal tetramethyleilane standard 
in the specified deuterated solvent. Elemental analyses were 
carried out for carbon, nitrogen, and oxygen by the Eli Lilly 
Microanalysis Laboratory. Tetrahydrofuran (THF) was distilled 
from sodium/benzophenone, and benzene was distilled from 
sodium metal under nitrogen prior to use. Anhydrous N p -  
dimethylformamide was purchased from the Aldrich Chemical 
co. 

1-( 1-( l-Oxa-2-butenyl))-2-methoxy-4-nitrobenmne. A mix- 
ture of 4-nitroguaiacol, potassium salt hydrate (200 g, 0.97 mol), 
andcrotylbromide (175g, 1.16mol) wasrefluxedin2Lofacetone 
overnight. The solvent was removed under vacuum and the 
residue filtered through silica gel (2 L) with 15 % EtOAc/hexanes. 
The filtrate was collected in 4-L fractions, and the appropriate 
fractions were concentrated under vacuum to provide 195 g of 
solid (91 % yield): lH NMR (CDsSOCDs) 6 7.88 (dd, J = 3,9 Hz, 
1 H), 7.73 (d, J = 3 Hz, 1 H), 7.16 (d, J = 9 Hz, 1 H), 5.96-5.84 
(m, 1 H), 5.76-5.66 (m, 1 H), 4.64 (d, J = 7 Hz, 2 H), 3.89 (8,  3 
H), 1.72 (d, J = 7 Hz, 3 H); MS (FD) m/z 223 (M+). 

2434 l-Butenyl))-4-nitro-6-methoxyphenol. A solution of 
l-(l-(l-oxa-2-butenyl))-2-methoxy-4-nitrobenzene (194 g, 0.87 
mol) dissolved in 1.8 L of toluene was heated in a stainless steel 
bomb at 180 OC overnight. The reaction mixture was cooled to 
room temperature and concentrated under vacuum. The residue 
was dissolved in 2 L of diethyl ether and extracted with 1.5 L of 
1 N NaOH. The aqueous layer was separated, acidified (pH 2) 
with 5 N HCl and extracted with methylene chloride. The organic 
layer was filtered through silica gel (2 L) with 15% EtOAc/ 
hexanes, and the appropriate fractions were combined and 
concentrated under vacuum. The residue was triturated with 
hexanes to provide 108 g of solid (56% yield): 1H NMR (CDs- 

Hz, 1 H), 5.13-5.11 (m, 1 H), 5.08 (bs, 1 H), 3.96 (s, 1 H), 3.90 
(dt, J = 3, 6 Hz, 1 H), 1.30 (d, J = 6 Hz, 3 H); MS (FAB) m/z 
223 (M+). Anal. (CllHlaNOI) C, H, N. 
3-Methyl-5-nitro-7-methoxybenzofuran. A stream of 3 % 

ozone/oxygen was bubbled througha solution of 2-(3-(l-butenyl))- 
4-nitro-6-methoxyphenol (63.3 g, 0.284 mol) dissolved in 2 L of 

SOCDs) 6 10.30 (bs, 1 H), 7.68 (8, 2 H), 6.05 (ddd, J = 6, 9, 16 
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methylene chloride at  -78 "C until the solution turned light blue 
(-2 h). The solution was purged with a stream of nitrogen at  
-78 OC, dimethyl sulfide (62 mL) was added, and the reaction 
mixture was stirred at ambient temperature for 30 min. The 
reaction mixture was placed in a separatory funnel, and the 
organic layer was washed with water (2 X 1 L). The methylene 
chloride layer was dried with anhydrous magnesium sulfate, 
filtered, and concentrated under vacuum. The residue was added 
to a solution of polyphosphoric acid (60 g) dissolved in 1 L of 
benzene and stirred at  reflux for 6 h. The reaction mixture was 
extracted with water (2 x 500 mL), and the organic layer was 
dried with anhydrous magnesium sulfate, filtered, and concen- 
trated under vacuum. The residue was purified by a preparative 
high-pressure liquid chromatogram (Waters Prep 500 A) with 
elution of 7.5% EtOAc/hexanes on two silica gel cartridges to 
provide 26.5 g of solid (45% yield): 1H NMR (CDsSOCD, 6 8.21 
(d, J = 3 Hz, 1 H), 8.00 (d, J = 2 Hz, 1 H), 7.76 (d, J = 3 Hz, 1 
H), 4.06 (s,3 H), 2.27 (d, J = 2 Hz, 3 H); MS (FAB) m/z 208 (M+ + 1). Anal. (CloHsNO4) H, N; C: calcd, 57.97; found, 58.81. 
3-Met hyl-S-nitro-7-( benzy1oxy)benzofuran. A mixture of 

3-methyl-5-nitro-7-methoxybenzofuran (39.1 g, 189 mmol) and 
pyridinium hydrochloride (130 g, 1.12 mol) was melted in a 170 
"C oil bath under nitrogen for 2 h. The reaction mixture was 
cooled to room temperature, dissolved in 500 mL of methylene 
chloride, and extracted with water (2 X 300 mL) and 1 N sodium 
hydroxide (3 x 150 mL). The methylene chloride layer was dried 
with anhydrous sodium sulfate, filtered, and concentrated under 
vacuum to provide 15.6 g of starting material (this material is 
recycled). The sodium hydroxide layer was acidified with 1 N 
HCI(585 mL) and extracted with methylene chloride (3 X 300 
mL). The combined organic layer was dried with anhydrous 
sodium sulfate, filtered, and concentrated under vacuum to 
provide 24.3 g of solid. To this precipitate and benzyl bromide 
(15.5 mL, 130 mmol) dissolved in 250 mL of anhydrous N,N- 
dimethylformamide (DMF) was added 55 % sodium hydride/oil 
(5.7 g, 130 mmol). This mixture was stirred under a drying tube 
for 5 h. The reaction mixture was concentrated under vacuum 
and dissolved in 1 L of methylene chloride. The organic layer 
waswashedwithwater (3 X 300mL),driedwithanhydroussodium 
sulfate, filtered, and concentrated under vacuum to provide 25.5 
g of solid. Subjecting the 15.6 g of isolated starting material to 
the above procedure provided an additional 12 g of product (70 % 
combined yield). Although this material was used crude in the 
next procedure, purification of an analytic sample by flash 
chromatography with 15 % EtOAc/hexanes provided a solid lH 

1 H), 7.88 (d, J = 2 Hz, 1 H), 7.56-7.36 (m, 5 H), 5.43 (8,  2 H), 
2.27 (d, J = 1 H, 3 H); MS (FAB) m/z 284 (M+ + 1). Anal. 
(C1&3NO4) H, N; C: calcd, 67.84; found, 69.89. 
J-Methyl-S-(N-( tert-butyloxycarbonyl)amino)-7-(benzy- 

1oxy)benzofuran. A solution of 3-methyl-5-nitro-7-(benzyloxy)- 
benzofuran (10 g, 35 mmol) and platinum oxide (3 g) in 200 mL 
of ethyl acetate was hydrogenated at 20 psi of hydrogen for 1.5 
h. The reaction was filtered through a plug of Celite and 
concentrated under vacuum. This residue and di-tert-butyl 
dicarbonate (15.4 g, 70.7 mmol) were dissolved in 130 mL of 
l,4-dioxane, and the mixture was refluxed under nitrogen for 3 
h. The reaction mixture was concentrated under vacuum and 
purified by flash chromatography with 15% EtOAdhexanes to 
provide 8.0 g of solid (64% yield): lH NMR (CDaSOCDs) 6 9.27 
(bs, 1 H), 7.68 (bs, 1 H), 7.51 (dd, J = 2,9, Hz, 2 H), 7.467.34 
(m, 4 H), 7.12 (bs, 1 H), 5.12 (s,2 H), 2.16 (s, 3 H), 1.51 (s,9 H); 
MS (FD) m/z 353 (M+). Anal. (C21HuNOI) C, H, N. 
3-Methyl-4-bromo-5-(N-( tert-butyloxycarbony1)amino)- 

7-(benzyloxy)benzofuran. To a solution of 3-methyl-B-(N- 
(tert-butyloxycarbonyl)amino)-7-(benzyloxy) benzofuran (8.0 g, 
22.0 mmol) dissolved in 120 mL of anhydrous tetrahydrofuran 
(THF) cooled to -61 "C (CHCldC02) was added one drop of 
concentrated sulfuric acid and N-bromosuccinimide (4.0 g, 22.0 
mmol). This mixture was stirred at -61 "C for 5 h and then 
warmed to room temperature. The reaction mixture was 
concentrated under vacuum and purified by flash chromatog- 
raphy with 10% EtOAc/hexanes to obtain 8.7 g of solid (92% 
yield): 1H NMR (CDsSOCDs) 6 8.57 (8, 1 H), 7.83 (8, 1 H), 7.50 
(dd, J = 2, 9 Hz, 2 H), 7.44-7.34 (m, 3 H), 7.14 (8,  1 H), 5.15 (8,  
2 H), 2.17 (a, 3 H), 1.47 (s,9 H); MS (FD) m/z 431 (M+) and 433 
(M+ + 2). Anal. (C21H22BrNOI) C, H, N. 

NMR (CD3SOCDs) 6 8.21 (d, J = 2 Hz, 1 H), 8.00 (d, J = 1 Hz, 
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3-Methyl-4-bromo-S-(N-( tert-butylorycarbonyl)-N-(2-pro- 
pyn-l-yl)amino)-7-(benzyloxy)benzofuran. To a solution of 
3-methyl-4-bromo-5-(N-(tert-butyloxycarbonyl)~ino)-7-(~n- 
zy1oxy)benzofuran (8.7 g, 20 mmol) and an 80% toluene solution 
of propargyl bromide (8.9 g, 60 mmol) dissolved in 130 mL of 
anhydrous DMF was added 60% sodium hydride in oil (0.84 g, 
21 "01). This mixture was stirred at  room temperature for 3 
h. The reaction was concentrated under vacuum, dissolved in 
1 L of toluene, and extracted with water (3 X 300 mL). The 
organic layer was dried with anhydrous sodium sulfate, fitered, 
and concentrated under vacuum. The residue was purified by 
flash chromatography with 12.5% EtOAc/hexanes to obtain 9.0 
g of oil (96% yield): lH NMR (CDCls) 6 7.50-7.30 (m, 6 H), 6.85 
(8,  1 H), 5.25 (8, 2 H), 4.83 (d, J = 15 Hz, 1 HI, 3.88 (d, J = 15 
Hz, 1 H), 2.42 (s,3 H), 2.05 (8,  1 H), 1.55 (s,9 H); MS (FD) m/z 
(M+) and 471 (M+ + 2). 

(+)-( lR)-1,2-Dihydro-l-(hydroxymethyl)-3-( tert-butylox- 
ycarbonyl)-5-(benzyloxy)-8-methyl-3~-furano[3,2-e]in- 
dole. A solution of 3-methyl-4-bromo-&(N-(tert-butyloxy- 
c a r ~ n y l ) - N - ( 2 - p r o p ~ - l - y l ) ~ o ) - 7 - ( ~ ~ l o x y ) b e ~ ~ a n  (8.7 
g, 18.5 mmol), tri-n-butyltin hydride (9.9 mL, 37 mmol), and 
2,2'-azobis(2-methylpropionitrile) (0.62 g) in 320 mL of anhydrous 
benzene was refluxed for 35 min. The reaction mixture was cooled 
to room temperature and concentrated under vacuum. To this 
residue was added a -0.7 M THF solution of monoisopinocam- 
pheylborane (38.2 mmol, freshly prepared from 5'-alpine 
boraminela) and the reaction mixture stirred at room temperature 
under nitrogen for 2 h. The reaction mixture was cooled to 0 "C, 
and to it were added sequentially dropwise water (20 mL), 2 N 
NaOH (20 mL), and 30% hydrogen peroxide (13 mL). This 
mixture was stirred at  room temperature for 1 hand at  50 "C for 
20 min. The reaction mixture was extracted with diethyl ether 
(3 X 100 mL), and the ether layer was dried with anhydrous 
magnesium sulfate, filtered, and concentrated under vacuum. 
The aliphatic tin byproducta were removed by dissolving this 
residue in acetonitrile and extracting with hexanes. The ace- 
tonitrile layer was concentrated under vacuum and the resulting 
foam purified by flash chromatographywith 45 % EtOAc/hexanes 
to provide 2.95 g of foam. This material had an enantiomeric 
excess of 50% of the (+)-(lR) isomer. Although further puri- 
fication could be achieved by preparative high-pressure liquid 
chromatography of the (R)-(-)-O-acetylmandelate derivative of 
this foam," recrystallization of the enhanced diastereomeric 
mixture from ether followed by lithium hydroxide mediated 
removal of the chiral auxiliarya provided 1.32 g of solid (17.5% 
overall yield): lH NMR (CDCh) 6 7.80 (bs, 1 H), 7.53-7.47 (d, 
J = 8 Hz, 2 H), 7.40-7.33 (m, 5 H), 5.25 (8, 2 H), 4.23-4.13 (m, 
1 H), 4.05-3.95 (m, 1 H), 4.85-4.75 (m, 1 H), 4.61-4.60 (m, 2 H), 
2.32 (s,3 H), 1.57 (s,9 H); MS (FD) m/z 409 (M+); [ a ] ~  +19.B0 
(c = 0.35 mg/dL, CHZC12). Anal. (CuHnNOa) C, H, N. 

(+)-( 1R)-1,2-Dihydro-l-(chloromethyl)-3-( tert-butyloxy- 
carbonyl)-5-( benzyloxy)-8-met hyl-3H-furano[ 3,2-e]in- 
dole. To a solution of (+)-(lR)-1,2-dihydro-l-(hydroxymethyl)- 
3-( tert -butylo~~~nyl )ycarbonyl ) -5- (benzyl -~-~ano[3 ,2-  
elindole (0.47 g, 1.15 mmol) dissolved in 5 mL of anhydrous 
methylene chloride were added triphenylphosphine (0.6 g, 2.3 
mmol) and carbon tetrachloride (0.67 mL, 6.9 mmol). This 
mixture was stirred under nitrogen at  room temperature over- 
night. The reaction mixture was concentrated under vacuum 
and purified by flash chromatography with 7 % EtOAc/hexanes 
to obtain 493 mg of solid (quantitative yield): 'H NMR (CDCls) 
6 7.75 (bs, 1 H), 7.49 (d, J = 7 Hz, 2 H), 7.39-7.29 (m, 5 H), 5.25 
(8, 2 H), 4.24 (d, J = 11 Hz, 1 H), 4.02 (dd, J = 9, 11 Hz, 1 H), 
3.82-3.69 (m, 2 H), 3.39 (dd, J = 11, 11 Hz, 1 H), 2.31 (8,  3 H), 
1.62 (s,9 H); MS (FD) m/z 429 (M+ + 1); [ a ] ~  -5.5' (c = 0.36 
mg/dL, CHzClz). Anal. (CUH&lNO,) C, H, N. 

(+)-( 1R)-1,2-Dihydro-l-(chloromethyl)-3-( tert-butyloxy- 
carbonyl)-5-hydrory-8-methyl-3~-furano[3~-e]indole. To 
a solution of (+) - (1R)- 1,a-dihydro- 1- (chloromethyl) -3- (tert -bu- 
tyloxycarbonyl)-5-(benzyloxy)-8-methyl-3H-furano[3,2-elin- 
dole (0.49 g, 1.2 mmol) dissolved in 15 mL of tetrahydrofuran 
(THF) under nitrogen at  0 "C were added 10% Pd/C (0.2 g) and 
a 25% aqueous solution of ammonium formate (2.0 mL). This 
suspension was stirred at  0 "C under nitrogen for 2.5 h. The 
reaction mixture was diluted with 250mL of diethylether, fitered 
through a plug of Celite, and concentrated under vacuum to 
provide 359 mg of solid (92 % yield): 1H NMR (CDCM 6 7.62 (bs, 
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1 H), 7.37 (d, J = 1 Hz, 1 H), 6.45 (bs, 1 H), 4.22 (d, J = 11 Hz, 
1 H), 4.00 (dd, J = 9,11 Hz, 1 H), 3.79-3.67 (m, 2 H), 3.38 (dd, 
J = 11, 11 Hz, 1 H), 2.29 (d, J = 1 Hz, 3 H), 1.58 (a, 9 H); MS 
(FD) m/z 337 (M+); [a]w-28.6' (c = 0.35 mg/dL, CH2C12). Anal. 

General Method for Condensation of Arenecarboxylic 
Acid with Alkylation Subunit. (+)- (lR)-1,2-Dihydre 1- (chle 
romethy1)-3-( t ert-butyloxycarbonyl)-5-hydroxy-8-methyl-3H- 
furano[3,2-e]indole (1 mmol) was stirred in 23 mL of freshly 
prepared 3 N HC1 in ethyl acetate for 30 min. The reaction 
mixture was concentrated under vacuum. A solution of the 
residue, arenecarboxylic acid (1 mmol), and l-(&(dimethylami- 
no)propyl)-3-ethylcarbodiimide hydrochloride (3 mmol) in 20 
mL of anhydrous DMF was stirred at  room temperature 
overnight. The reaction mixture was concentrated under vacuum 
and suspended in water and the precipitate collected by filtration. 
The residue was purified by flash chromatography with 20-40 5% 
THF/toluene. 

(+)-( 1R)-1,2-Dihydro-l-(chloromethyl)-3-( (54 (1H-indol- 
2-ylcarbony1)amino)- 1H-indol-2-yl)carbony1)-S-hydroxy-8- 
methyl-3Sfurano[3,2-e]indole: lH NMR (CD3SOCDs) 6 10.13 
(a, 1 H), 8.18 (8,  1 H), 7.79 (a, 1 H), 7.71 (a, 1 H), 7.63 (d, J = 8 
Hz, 1 H), 7.53 (d, J = 8 Hz, 1 H), 7.45 (e, 1 H), 7.42 (8, 1 H), 7.38 
(a, 1 H), 7.17 (dd, J = 8, 8 Hz, 1 H), 7.13 (e, 1 H), 7.02 (dd, J = 
8, 8 Hz, 1 H), 4.67 (dd, J = 9, 9 Hz, 1 H), 4.52 (d, J = 9 Hz, 1 
H), 4.03 (m, 1 H), 3.85 (dd, J = 2, 9 Hz, 1 H), 3.64 (dt, J = 2, 9 
Hz, 1 H), 2.32 (a, 3 H); HRMS m/z 539.1482 (C&&1N404 
requires 539.1486); [ a ] ~  +85.8' (c 0.5 mg/dL, DMF). Anal. 

(+)-( 1R)-1,2-Dihydro-l-(chloromethyl)-3-( (54 (la-indol- 
2-ylcarbonyl)amino)benzofuran-2-yl)carbonyl)-5-hydroxy- 
8-methyl-3H-furano[3,2-e]indole: lH NMR (CDsSOCD3) 6 
10.42 (a, 1 H), 10.12 (a, 1 H), 8.18 (a, 1 H), 7.80 (a, 1 H), 7.76 (d, 
J = 6 Hz, 1 H), 7.70 (m, 3 H), 7.56 (d, J = 7 Hz, 1 H), 7.44 (m, 
2 H), 7.34 (d, J = 7 Hz, 1 H), 7.14 (a, 1 H), 4.70 (t, J = 6 Hz, 1 
H), 4.54 (d, J = 6 Hz, 1 H), 4.04 (t, J = 6 Hz, 1 H), 3.90 (d, J = 
6 Hz, 1 H), 3.66 (t, J = 6 Hz, 1 H), 2.32 (e, 3 H); HRMS m/z 
540.1326 (C&aClNsOs requires 540.1326); [ a ] ~  + 76.9' (c = 
0.51 mg/dL, DMF). Anal. (C&I2&1NsOs) C, H, N. 

(+)-( 1R)-1,2-Dihydro-l-(chloromethyl)-3-((5-(( la-indol- 
2-ylcarbonyl)amino)bnzo[ b]t hiophene-2-yl)carbonyl)-5- 
hydroxy-8-methyl-3H-furano[3,2-e]indole: lH NMR (CD3- 

H), 8.02 (d, J = 7 Hz, 1 H), 7.98 (d, J = 7 Hz, 1 H), 7.80 (8, 1 H), 
7.72 (a, 1 H), 7.56-7.40 (m, 5 H), 7.14 (a, 1 H), 4.66 (t, J = 6 Hz, 
1 H), 4.52 (d, J = 6 Hz, 1 H), 4.02 (t, J = 6 Hz, 1 H), 3.90 (8,  J 
= 6 Hz, 1 H), 3.64 (t, J = 6 Hz, 1 H), 2.30 (a, 3 H); HRMS m/z 
556.1096 (C&aC1N304S requires 556.1098); [a]- +73.7' (c  = 
0.5 mg/dL, DMF). Anal. (C~HzzClN304S) C, H; N: calcd, 7.56; 
fond, 6.62. 

(+ )-( 1R)- 1 4-Dihydro- 1-( chloromethyl)-b ((5- ((benzofuran- 
2-ylcarbony1)amino)- lEZ-indol-2yl)carbonyl)-6-hydroxy-8- 
methyl-3H-furano[3,2-e]indole: lH NMR (CD~SOCDS) 6 10.32 
(a, 1 H), 10.16 (8,  1 H), 8.30 (a, 1 H), 7.81-7.64 (m, 7 H), 7.46-7.42 
(m, 2 H), 7.19 (dd, J = 8,8 Hz, 1 H), 7.04 (dd, J = 8,8 Hz, 1 H), 
4.63 (t, J = 8 Hz, 1 H), 4.52 (d, J = 11 Hz, 1 H), 4.03 (t, J = 8 
Hz, 1 H), 3.88 (d, J = 11 Hz, 1 H), 3.67 (t,J = 8 Hz, 1 H), 2.27 
(a, 3 H); HRMS m/z 540.1322 (CmHgClNsOa requires 540.1326); 
[a]~+68.6' (c = 0.35mg/dL,DMF). Anal. (C&aClNsOvH20) 
C, H, N. 

(+)-( lR)-l1-M~~l-(chloromethyl)-3-( (&((benzofuran- 
2-ylcarbonyl)amino)benzofuran-2-yl)carbonyl)-~hyd~xy- 
8-methyl-3H-furano[3,2-e]indole: lH NMR (CD~SOCDS) 6 
10.16 (a, 1 H), 8.30 (a, 1 H), 7.81-7.69 (m, 9 H), 7.47 (dd, J = 8, 
8 Hz, 1 H), 7.34 (dd, J = 8, 8 Hz, 1 H), 4.62 (t, J = 9 Hz, 1 H), 
4.52 (d, J = 10 Hz, 1 H), 4.03 (t, J = 9 Hz, 1 H), 3.87 (d, J = 10 
Hz,1H),3.67(t,J=9Hz,1H),2.26(s,3H);HRMSm/z541.1166 
(CmHaClN2Oe requires 541.1166); [ a l a  +57.1° (c  = 0.35 mg/ 
dL, DMF). Anal. (CmHalC1N20e) C: calcd, 66.61; found, 65.44; 
H calcd, 3.91; found 4.68; N: calcd, 5.18; found, 4.16. 

(+)-( lR)-lt-Dihydro-l-(chloromethyl)-b( (&((benzofuran- 
2-ylcarbonyl)amino)benzo[ b]thiophene-2-yl)carbonyl)-5- 
hydroxy-8-methyl-3H-furano[3,2-e]indole: 'H NMR (CD3- 
SOCDs) 6 10.16 (a, 1 H), 8.35 (e, 1 H), 8.26 (a, 1 H), 8.04-7.97 (m, 
3 H), 7.78-7.70 (m, 4 H), 7.49-7.43 (m, 3 H), 4.62 (t, J = 9 Hz, 
1 H), 4.52 (d, J = 10 Hz, 1 H), 4.03 (t, J = 9 Hz, 1 H), 3.86 (d, 
J = 10 Hz, 1 H), 3.66 (t, J = 9 Hz, 1 H), 2.26 (8, 3 H); HRMS 

(Ci,H&lNOI) C, H, N. 

(C&I2&1N404) H, N; C: d c d ,  66.85; found, 66.16. 

SOCDs) 6 10.24 (8,  1 H), 10.10 (8 ,  1 H), 8.32 (a, 1 H), 8.14 (8, 1 
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m/z 557.0919 (C&-&lN20& requires 557.0938); [ala + 67.1' 
(c = 0.35 mg/dL, DMF). Anal. (C&&lN20&) C, H, N. 

(+)-( 1R)-l~-Dihydro-l-(chloromethyl)-3-((S-((benzo[b]- 
thiophene-2-ylcarbonyl)amino)-1H-indol-2-yl)carbonyl)-S- 
hydroxy-8-methyl-3H-furano[3,2-e]indole: 'H NMR (CDs- 

H), 8.00 (d, J = 8 Hz, 1 H), 7.78 (d, J = 9 Hz, 1 H), 7.71 (a, 1 H), 
7.65(d,J=8Hz,lH),7.45(d,J=9Hz,lH),7.43(s,lH),7.18 
(dd, J = 8, 8 Hz, 1 H), 7.04 (dd,J = 8,8 Hz, 1 H), 4.64 (t, J = 
9 Hz, 1 H), 4.41 (d, J = 9 Hz, 1 H), 4.03 (m, 1 H), 3.92 (d, J = 
8 Hz, 1 H), 3.68 (t, J = 9 Hz, 1 HI, 2.26 (e, 3 H); HRMS m/z 
556.1110 (C&~XNSO~S requires 556.1098); Calm +117.1° (c = 
0.35 mg/dL, DMF). 
(+)-(lR)-1f-Dihydro-l-(chloromethyl)-3-(~5-((benzo[~]- 

t hiophene-2-ylcarbony1)amino )benzofuran-2-yl)carbnyl)- 
S-hydroxy-&methyl-3H-furano[3,2-e]indole: lH NMR (CDr 

9 Hz, 1 H), 7.83-7.80 (m, 3 H), 7.78-7.72 (m, 2 H), 7.48 (dd, J 
= 8,8 Hz, 1 H), 7.34 (dd, J = 8,8 Hz, 1 H), 7.20-7.12 (m, 2 H), 
4.67 (t, J = 8 Hz, 1 H), 4.41 (d, J = 9 Hz, 1 H), 4.02 (t, J = 8 Hz, 
1 H), 3.89 (d, J = 9 Hz, 1 H), 3.68 (t, J = 8 Hz, 1 H), 2.26 (a, 3 
H); HRMS m/z 557.0945 (C~HazClN20aS requires 557.0938); 
[aim +108.6' (c = 0.35 mg/dL, DMF'). Anal. (C&&lN20&) 
C, H, N. 

(+)-( lR)-l f-Dihydro- 1-(chloromet hy1)-3-( (E-( (benzo[ b]- 
thiophene-2-ylcarbony1)amino) benzo[ blthiophene3-yl)- 
carbonyl)-S-hydroxy-8-methyl-3~-furano[3f-e]indole: lH 

8.08 (a, 1 H), 8.04-7.98 (m, 3 H), 7.76-7.68 (m, 3 H), 7.W7.41 
(m, 3 H), 4.66 (t, J = 8 Hz, 1 H), 4.40 (d, J = 9 Hz, 1 H), 3.99 
(t, J = 8 Hz, 1 H), 3.87 (d, J = 9 Hz, 1 H), 3.67 (t, J = 8 Hz, 1 
H), 2.26 (a, 3 H); HRMS m/z 573.0710 (C&aClN20& requires 
573.0673); [ a ] ~ +  113.5' (c = 0.52mg/dL,DMF). Anal. (CmH21- 
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