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Abstract Several new ortho bridged biphenyls mimicking the structure of (-)-rhazinilam were
synthesized and evaluated as cytotoxic compounds and as inhibitors of microtubules
disassembly. These included azadibenzo[a,c]cyclononene derivatives having an ester, urea or
carbamate function present in the 9-membered ring linking the two phenyl moieties. The
compound bearing a carbamate function instead of the amide group of rhazinilam interacts
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clinicaily. Examples of these drugs are the taxoids paclitaxel and docetaxei, which stabilize microtubules! and the
Vinca alkaloids vinblastine and vincristine, which are inhibitors of tubulin assembly!. Other natural products
interact also with tubulin in a manner similar to that of the Vinca alkaloids or taxoids?. Recently, epothilones?,
discodermolide* as well as eleutherobin® have been described as new microtubule-stabilizing compounds with a
paclitaxel-like activity. Among the inhibitors of tubulin assembly, some such as maytansinoids, rhizoxin and
dolastatins, interact at the "vinca” site, while others bind to the colchicine site (podophyllotoxin and

combretastatins) 2. In addition to these "spindle poisons", (-)-rhazinilam 1 belongs to a new series of substances

combpr atin 1 ) n s (-)-rhazinildm 1 Dbeiong an
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pndd Dliinise otwintaB0 and ite cfmimtiira wae alinidatad hy Aheahamne of o] in 107710 T arar ~n N el apiendloma

ana fadzia siricia®’ ana 1S SiruCture was eiucicgaled oy Aoranam ef di. i 1772 LaicT On, {(-)-fndziniiani 1,
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. It has thus been shown that the in vifro inhibitory
effect of rhazinilam on tubulin assembly was due to the formation of abnormal spiral structures, whereas the
taxol-like activity could be due to the binding of (-)-rhazinilam 1 at the ends of microtubules thereby resulting in
stabilized microtubules. Despite its biological interest, (-)-rhazinilam 1 cannot be considered as a potential
pharmacological agent because of its in vivo lack of activity. For this reason, analogs have been prepared by
structural modifications of (-)-rhazinilam!2 or by synthesis of phenylpyrrole compounds such as 213.14.15,
Evaluation of the activity of these compounds on the disassembly process of microtubules led to the conclusion

that the presence of the aromatic units as well the lactam function is essential for good binding to tubulin!2, It
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Moreover, absolute configuration is of great importance in the binding since the enantiomer (+)-rhazinilam was
inactive on tubulin'2. In the course of this program, we recently focused on the synthesis of biphenyls mimicking
the structure of (-)-rhazinilam 1 with the thought that a phenyl unit could replace the pyrrole ring of rhazinilam

~1

without affecting the interaction with tubulin!®!7. Thus, we found that racemic biphenyl lactam 317 having a
diethyl substitution at carbon 9 interacts with tubulin in a similar way as (-)-rhazinilam 1. Moreover, the
monoethyl derivative 4 as well as the monomethyl and dimethyl der1vatives § and 6 were all less active than 317,
showing that the size of the alkyl groups at C-9 exerts marked effects on the interaction with tubulin. This has
also been shown in the phenylpyrrole series!s.

Encouraged by these promising results, we next turned to the synthesis of ortho-bridged biphenyl

here the synthesis of biphenyls 7-10 and their effec

1e synth phenyls 7-10 and their effec

compounds in which the lactamn function of 3 is replaced by a lactone, a urea or a carbamate group. We report

Chemistry

Commercial (2-iodophenyl)acetonitrile 11 served as starting material for the synthesis of compounds 7, 8, 9 and
10. A Suzuki or Stille type coupling was used to form the biphenyl unit from the required halide and (2-
methoxyphenyl)boronic acid 1218 or (2-tributyl-stannanylphenyl)carbamic acid trerr-butyl ester 1319,
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a. Synthesis of lactone 7
The Suzuki Pd(0)-catalyzed cross coupling of (2-iodophenyl)acetonitrile 11 with {2-methoxyphenyi)-

boronic acid 12 afforded the corresponding biphenyl 14 with a yield of 87% when the reaction was realized in
presence of tetrakis(triphenylphosphine)palladium(0) and barium hydroxide in 1,2-dimethoxyethane and ethanol2
(Scheme 1). It should be noted that compound 14 has been already described as an intermediate in the synthesis
of cytotoxic 4,5-dioxoaporphine?!,

Direct dialkylation of nitrile 14 proceeded only slowly. Better results were obtained by performing the
alkylation in two steps: the first alkylation, leading to the monoethy! derivative 15a (85%), was realized with one
equivalent of LDA and ethyl iodide. The desired diethyl biphenyl 15b was then obtained after alkylation of 15a

PP 10N 1

Hydrogenation of 17 (to give compound 18) followed by methanolysis (compound 19)

§

d deprotection of the

methoxy group with BBr3 furnished biphenyl 20. Finally, intramolecular cyclization of 20 under high dilution

conditions yielded the biphenyl lactone 7.
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Scheme 1
b. Synthesis of the urea analog 8
The urea analog 8 was synthesized by a Stille coupling betwee:: stanniune 13 and halide 21. In contrast to

o profect the carbamate group o

A all sy

d with (2-tributyistannanyiphenyi)carbamic
f PdBnCi(PPh3)2 in toluene under reflux to give biphenyl 22 (95%

i1
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yield). The Boc protecting group of 22 was then removed using trifluoroacetic acid in methylene chloride 0 give
~  atmela vsemzien veeiibe NA Al DIYTA .. 1 aL
23. Reduction of the nitrile group with Me2S.BH3 produced th d iamine Z4 which gave the biphenyl urea 8§

after treatment with triphosgene.
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c. Syninesis of ihe ureinane analogs $ and i0

Scheme 3 shows the synthesis of the diethyl urethane analog 9. Nitrile 21, obtained in the preceding
synthesis, was reduced to aldehyde 25 after treatment with DIBAL-H. Compound 25 was then subjected to
reduction with sodium borohydride to give the primary alcohol 26. We first attempted the Stille cross-coupling
between 26 and stannane 13, but no biphenyl product was obtained when we used the same coupling conditions

as above.
DIBAL-H
/\:P‘\CN gl /\>km.m N Na.‘EH"' =z
K/k Ry ‘ g Bb7% K)I\
XN 50% k«)\l 2) Et3SiCl NN
21 25 100% 26 (R=H)
27 (R= OSiEt,)
13 |
PdBnCI(PPhS)gl 49%
7 NH BooNH =
= AN _ CCI50C0,CCly z/\/\‘\/‘ “/\/\/ /
N
K)I\N /g‘oJ 93% / CH,Cly, 95% '\2 (%
H An NCiR.
28 OSiEy
9
Scheme 3
We therefore decided to attempt the coupling reaction with the protected derivative 27 obtained afier
treatment of 26 with iriethylsilyl chioride. Biphenyl 28 was formed in moderate yield (45%). The iower yieid of
oupiing product 28 compared to 22 (see scheme 2) may be due to an unfavorable interaction occurring
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process. The two pioteciive groups
of 28 were removed in a one pot procedure with trifluoroacetic acid. This led to compound 29 in 95% yield.
Finally, compound 29 was converted to the desired urethane derivauve 9 by treatment with triphosgene.

As illustrated in Scheme 4, the tetracyclic urethane 10 was synthesized similarly to the tricyclic urethane 9

using the iodo derivative 32 prepared from (2-iodophenyl)acetonitrile 11.
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36a (R,aR)+(S,aS) 37a (R,aR)+(S,aS) 81%
36b (R,aS)+(S,aR) 37b (R,aS)+(S,aR) 58%

Scheme 4
Thus, (2-iodophenyl)acetonitrile 11 was first alkylated with 1,3-dibromopropane. Friedel-Crafts

derivative 32. After reduction of the latter to aldehyde 33 and then to primary alcohol 34, protection of the
resulting hydroxy! group using chlorotriethylsilane led to compound 35. Palladium-catalyzed cross-coupling
mm bt ~F BE L..lele b B S <N FA - oy S | S SRR, ' mem A WLE LS L . oo LT .
reaction o1 35 itn 1J IULHSLCU a pall O 14CCIHIC (iasStereoisomers Soa dli(d S0 WIICIT WCIC punucd by

chromatography. The configuration of the racemic diastereoisomers 36a and 36b was assigned on the basis of
NOESY data. A NOESY connection of the hydrogen-bonded nitrogen to the methyl protons in the spectra of 36a
indicated that this racemic compound possesses a (R,aR), (S,aS) configuration as shown in figure 1. On the other
hand, no NOESY correlation exists between these two groups in the other diastereoisomer 36b (Figure 1).
Removal of the protective groups of 36a and 36b led finally to compounds 37a and 37b, respectively. The
(R,aR)+(S,aS) configuration of 36a and 37a and (S,aR)+(R,aS) configuration of 36b and 37b were confirmed
by the fact that only compound 37b reacts with triphosgene to give the urethane biphenyl analog 10 (Figure 1).
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Figure 1

Biological results, conformational study and discussion
The effects of biphenyls 7, 8, 9 and 10 on tubulin disassembly and cytotoxicity are summarized in Table
I. Inhibition of tubulin disassembly was evaluated using tubulin from bovine brain!2. Cytotoxicity was examined

on the KB human cancer line23,

Table 1. Cytotoxicity and Antitubulin Activity of Rhazinilam 1 and Biphenyls 3, 7-10

Compound cytotoxicity (KB cell line)  inhibition of microtubules
IC50 (UMY’ disassembly
IC50 (uM)”
(-) rhazinilam 1 2 3
3 22 24
7 22 inactive
8 80 45
9 5 3
(+)-9 10 inactive
(-)-9 2 1.5
10 21 9
4 The cytotoxicity 1C5q values refer to the concentration of compounds corresponding to
50% growth inhibition after 72 h incubation. h ICs is the concentration of test compound

The biological activities of the new biphenyls were compared to those of (-)-rhazinilam 1 and racemic 3!7
Tt chineild Lo o nbnd thnd ancanca asvsee Ac ™ © 0 .1 T ... £ ool i T o al 2
il snouid be noiea inat compoundas 7, 8, ¥ and 10U were first examined i their racemic form. Resuilts of our

earlier study showed that the phenyi unit can replace the pyrrole ring without great loss of interaction with

microtubules!?; racemic 3 is only 8 times less active than (-)-rhazinilam 1. Moreover, we showed that the
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and § are much less
ifications of the lactam function, the biological results clearly demonstrate the
superiority of the urethane group (compounds 9 and 10) over lactam (compound 3), lactone (compound 7) and
urca groups (compound 8). The observed significant loss of antitubulin activity of lactone 7 compared to lactam
3 confirms the fact that the presence of a nitrogen atom is an essential feature for interaction with the receptor as
mentioned earlier!2. Interestingly, racemic 9 has an antitubulin activity superior to that of biphenyl lactam 3 and
similar to that of (-)-rhazinilam 1. Consequently, atropisomers (+)-9 and (-)-9 were separated at room

temnperature by HPLC on a Nucleodex column using methanol-H20 (70:30) as eluant at 0.8 ml/mn. The superior

arntivity nf (3.0 Aaver (430 chawe that the hindino interartinn with mirrntithinleac 1e cterancelantive Thaca racnlte
u\.:ll'lt] WL \T )T Uvua \T} S O1IV VY O LAl Ui Ulllulll& AIIVVAGAVLIVILL VY LU 1MW WVIRLIUIWD 10 DU VU OWIVACLL Y A ROV 1WwIlLILWD
it it Frm tlia waanmaia it do @ amd T sln £ N i o smormoilnla Fae tlan Jealeilaisl e £ amnlm e laso 1

\uggcat tidl, 101 UIC 14CCIUC COLIPOUULIUD O dilQ 1V, UIC (~)-IDOLHCTE 15 TCSPOUISIDIC 101 UIC 1HIHHOIUVI U1 1L TOLUUUICS

disassembly. Regarding the cytotoxicity of the compounds, one observes a rather good correlation with the
microtubules disassembly assay. Some discrepancies are, however, observed for compounds (+)-9 and 7 which
possess some cytotoxicity on KB cells but do not show any interaction with microtubules. As table 1 shows,
racemic urethane 9 exhibited an 8-fold stronger anti-tubulin activity than racemic lactam 3. This fact may imply
that the conformation of the B-ring which may be different in compounds 3 and 9 plays a role in the binding or

that the oyvoen atom in urethane 9 stahilizes the interaction wit icrotubules. It must emnphasized that the 13¢
that the oxygen atom 1n urcthane 9 stabilizes the interaction with microtubuies. it must b¢ emphnasized that t

AIMAD cinantriirm nf ranamin 2 raalizad aft ranm tamnaratiieas daag nnt chasy all tha cianale rarracmanding ta tha
NMK spectrum of racemicC 5, reaiized at room {emperature, aoes not snow au the signais corresponaing to ne

carbons of the B-ring!” This may indicate the presence of several conformers, in slow equilibrium, due to the
flexibility of the B-ring!”. In contrast, the !3C NMR spectrum of 9, run under the same conditions, displays
signals corresponding to every carbon atom of the molccule showing that one unique conformation exists in

solution.

adopts a boat-chair conformation similar to that of (-)-rhazinilam 1'9, and both compounds clearly show a similar
overall three-dimensional structure.

18

The conformations of rhazinilam 1, lactam 3 and biphenyls 7-10 were then studied by molecular

o

modeling. When compared to the X-ray structure, the overall conformations of 1. 7, 9 and 10 obtained by
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hand, the B ring of biphenyl lactam 3 and urea 8 assumes a boai-boat conformation whereas the biaryl unit
adopts a position similar to that of compound 9. Taking into account that compounds 3 and 8 are less active than
urethane 9, these results strongly suggest that a boat-chair conformation of the B ring may be an essential factor
for an optimized interaction with microtubules. Concerning the absolute configuration, the activity of (-)-9 and
the inactivity of (+)-9 on microtubules disassembly led us to conclude that (-)-9 possesses the same configuration
around the biphenyl axis as (-)-rhazinilam 1.

In conclusion, we have synthcsned four novel biphenyl compounds showing a similar activity on

cemblv as natural (-rhazinilam 1 Amnno these nroducts
s¢ y as al (-)-rhazinil cts

Aaavaan Qiiz 2. AR MWy et

interaction with microtubules than (-)-rhazinilam 1 and lactam 3, showmg that the replacement of the lactam by a

urethane function is ravorame for the DlIlUlIlg wiih tubulin. Lonxluermg hese TES'lﬂtS we are pr‘csenuy clllel'l'lp[ll'lg

to synthesize new substituted biphenyi derivatives as well as phenyipyrrole analogs of rhazinilam possessing a
urethane function in the 9-membered ring.

Experimental Section

Mps were measured on a Kofler apparatus. Infrared spectra were recorded on a Nicolet FT-IR 205 and
UV spectra on a Elmer-Lambda spectrometer 1H and 13C NMR spectra were recorded on Brucker AC-200,
shifts are expressed in
part per miilion (ppm). s, bs, d, bd, t, dd, q and m indicate singiet, broad singiet, doubiet, broad doubiet, tripiet,
doublet of doublet , quartet and multiplet. Mass spectra were measured on a AEl MS-50 spectrometer and
clemental analyses were performed at the ICSN, CNRS, Gif-sur-Yvette, France. Molecular modeling studies

were performed on a Silicon Graphics Indigo II (R10000) workstation, using MacroModel® (version 3.1)25 and
Sybyl (force field: MMFF94) for the analysis of the conformational data. Conformational searches and
comparison of conformers were performed with the MonteCarlo? procedure using MM2 force field parameters.
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Synthesis of lactone 7

(2'-Methoxybiphenyl-2-yl)acetonitrile (14). Ba(OH)2.8H20 (223 mg) in ethanol (0.3 mL) and water (1 mL) was
added tn a mivinre af DAPDhAaVs /AN maod () _indanhanul) tnn;frﬂn Q8 ma N 2A0Q el and M
W a HUAWIY Ul TUll1Ii)y)4 \JV Lg ), (&TIVUUpLIviiyi) wlutiu v (0J Ligy, V.JT7 11V allu (&

methoxyphenyl)boronic acid 12 (84.3 mg, 0.56 mmol) in DME (5 mL). After refluxing for 13 h, the solution
was hydrolyzed and extracted with EtOAc. The organic layer was dried over NapSO4 and evaporated to dryness.
The residue was purified by column chromatography using heptane-EtOAc (8:2) as eluant to afford 14 (67.3 mg,
87%). The spectral data were identical with those described in ref 21.

2-(2'-Methoxybiphenyl-2-yl)butyronitrile (15a). To a cold (-78°C) solution of LDA prepared from n-BuLi (2.20
mL., 3.43 mmol) and diisopropylamine (0.5 mL, 3.53 mmotl) in dry THF (15 mL) under argon, was added a
solution of 14 (740 mg, 3.31 mmol) in dry THF (6 mL). The mixture was stirred for 20 min and iodoethane
(0.28 mL, 3.5 mmol) was added. The solution was allowed to warn: at room temperature and stirred for 2.20 h.

Aftar ndditian ~AF arrraniie gatiira tad NLI 4001 tha mivhine o0 avienntad “.. +h DeM A A PR avar srac Aeiad
dtod aulitivil vl LlUCUUD DaLulaLCU INI1I4N1, I.“C IHUHALUICT wWad CAU lw Willl lUﬂL lllc Ulgﬂl]L ]d CL WdS UIIcu
over Na2804 and evaporated to dryness. Purification by column chromatograplyy (91:9 heptane-AcOEt) gav



C. Pascal et al. / Tetrahedron 54 (1998) [4737-14756 14745

compound 15a (704 mg, 85%): colorless syrup; IR (CHCI3) 2250, 1237cm"; 'H NMR (250 MHz, CDCl3) 8

7580 (hd I= 20 Hz 1H ArI—T\ ’7/167(\") (m TH Arl'-]'\ 2R2 and 375 (2. AH OMa) 3161 (m IH
I ot 7 \Uu’ g OU.V Li4L \ A A

y L1LXy I \i11, 711y I3l U QU JoiJ &9y JAk, \ivav), J.VUL 111, L1i,

CHCN), 1.84-1.71 (m, 2H, CH3), 1.01 and 0.82 (2t, J=7.0, 3H, CH3) ppm; 13C NMR (62.5 MHz, CDCI3)
6 156.0 (C-2"), 137.8, 135.2, 135.3 (C), 131 .4, 131.11, 130.7 (CH), 129.6 (C), 128.3, 128.1, 127.7, 127.2
(CH), 122 (CN), 120.9, 110.7 (CH), 55.3 (OMe), 35.7 (CH), 25.0, 28.2 (CH»2), 12.0, 11.6 (CH3) ppm;
EIMS m/z 251 (M*), 236. HRMS calcd for C17H17NO 251.1310, found 251.1319

2-Einyi-2-(2' -meihoxybiphenyi-2-yijbuiyroniiriie (15D). To a cold {-78°C) solution of LDA prepared from n-
BuLi (2.30 mL, 3.68 mmol) and diisopropylamine (0.56 mL, 3.98 mmol) in dry THF (15 mL) under argon, was
added a solution of 15a (833 mg, 3.32 mmol) in dry THF (6 mL). This mixture was stirred for 20 min and
iodoethane (0.29 ml., 3.65 mmol) was added. The solution was allowed to warm to room temperature and stirred

th ED+MA~ Tl axr

€. 1. Ftnw ndAdibinin ~AF A A s Asmrrnei~ 1 -
1 1t L a Wiul CouuAC, 11ae Ulgallit ilaycl

r 2 h. After
was dried over NapSO4 and evaporated to dryness. Purification by column chromatography (91:9 heptane-
AcOEt) gave compound 15b (123 mg, 13%) and a mixture of 15b and 15a (658 mg) which was again alkylated
as above with n-BuLi (5.9 mL, 9.44 mmol), diisopropylamine (1.35 mL, 9.63 mmol) and iodoethane (0.5 mL,
6.25 mmol). The mixture was purified by column chromatography (93:7 heptane-EtOAc) to give compound 15b
(561 mg, 74%): coloriess syrup; IR (CHCIi3) 2250 cm~1; 1H NMR (250 MHz, CDCIi3) & 7.65 (dd, j= 8.0 and
1.0 Hz, 1H, Ar-H), 7.38, 7.11, 6.97 -7.20 (m, 7H, Ar-H), 3.72 (s, 3H, OMe), 1.88 (m, 4H, CH2), 0.94 (t,
J= 7.0, 3H, CH3) and 0.93 (t, J=7.0, 3H, CH3) ppm; 13C NMR (62.5 MHz, CDCI3) § 157.3 (C-2'), 138.0,
135.0 (C), 133.2, 131.1 (CH), 130.6 (C), 129.5 , 127.6, 127.1 (CH), 1231 (CN), 119.8, 1104 {CH), 55.0

vvvvv H), 130.6 (CH), (CN),
I~4 /ﬁ"',A\ 1M M 1M 1 SO N\ o YITR ALY £ [ateTaY Fa 'J—:\ -~ ’I'Tﬁ\' 1 1 r© Vo R, o | 1/\
{OMe), 33.5 (CHp), 10.2, i0.1 (CH3) ppm; EIMS m/z 279 (M™), 250. vid caicd for Cjgrhiz ]NO

279.1623, found 279.1615
2-Ethyl-2-(2' -methoxybiphenyl-2-yl)butyraldehyde (16). 1M DIBAL-H (4.9 mmol) in hexane was added

dropwise to a solution of nitrile 15b (683 mg, 2.44 mmol) in toluene (30 mL) at -70°C. The mixtre was first

.............

for 1 h. After hydrolysis with 5% HzS04, the solution was
extracted with EtOAc. NaOH (50%) was added to the aqueous phase to pH 4-5 which was then extracted with
EtOAc. The organic layer was dried over Na2SO4 and evaporated to dryness. The crude material was purified by
column chromatography (9:1 heptane-EtOAc) leading to aldehyde 16 (401 mg, 58%): colorless syrup: IR
(CHCI3) 1718 em~1; 1H NMR (250 MHz, CDCI3) 8 9.39 (s, 1H, CHO), 7.38 (m, 4H, Ar-H), 7.12 (dd, J= 7.0
and 1.0 Hz, iH, Ar-H), 7.05 (dd, J- 7.0 and i.0 Hz, Ar-H), 6.94 (td, J= 7.0 and 1.0 Hz, iH, Ar-H), 6.91 (bd,
J=7.0 Hz, 1H, Ar-H), 3.75 (s, 3H, OMe), 1.82 (m, 4H, CH)), 0.75 (t, J= 7.0, 3H, CH3) and 0.72 (t, J=7.0,
3H, CH3) ppm; 13C NMR (62.5 MHz, CDCI3) & 203 (CHO), 157.4 (C-2"), 139 and 138.7 (C), 132.4, 131.9
(CH), 1304 (C), 1295 , 1287, 1274, 1267, 1198, 110.6 (CH), 589 (C), 55.1 (OMe), 25.0 and 249

At - 7 - e N ATEW gy Amns s

II"T'_ [ s VS o) § P°Y TR ALY o f\"-‘v NED TT“‘I"(‘ -~ _I.L AT e ™ n lfit\ r 1 AOMN 1 LAY
(L), 0.4 (13 pplll LALVID ”I/é .(.OL vl ® ), £33, TMIRIVID L«d CQ 101 \,lynlzuz 1017, 10UNA 28L.10L5.
4-Ethyl-4-(2' -methoxybiphenyl-2-yl)hex-2-enoic acid ethyl ester (17). Triethyl phosphono-acetate (1.45 mL,

7.31 mmol) was added to a stirred suspension of NaH (295 mg, 7.37 mmol) in dry THF (20 mL). After 10 min

compound 16 (258 mg, 0.915 mmol) in dry THF (5 mL) was added to the solution. The reaction mixture was
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stirred under reflux for 14 h. After hydrolysis and extraction with EtOAg, the organic layer was dried over
N 1innr\.n~n ad tn divrnace Thae ~rrda matarial oo nnrifiad ke Aahiimn Al Oinia toornehe 71NN Lovana
l‘l.lZ'L)Uq. ClllU Cvaput ca v U YHICODS, 1410 L1 U 1acly wad Uiliivu Uy CuUluliil Li 111 Usldplly \1VVU, 0 LICAdIIC

P
acetone) leading to compound 17 (174 mg, 54%): colorless syrup; IR (CHCI3) 1712 em-l; TH NMR (250 MHz,
CDCI3) 6 7.42 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H), 7.35 (td, J= 7.0 and 1.0 Hz, 1H, Ar-H), 7.24 (m, 2H, Ar-
H), 7.04 (bd, J= 7.0, 1H, Ar-H), 7.00 (d, J= 15.0, 1H, CH), 6.98 (bd, J= 7.0 Hz, 1H, Ar-H), 6.83 (bt, J= 7.0
Hz, 1H, Ar-H), 6.79 (bd, J= 7.0 Hz, 1H, Ar-H), 5.24 (d, J= 15.0, 1H, CH), 4.10 (q, J= 7.0 Hz, 2H, CH)),
3.07 (s, 3H, OMe), 1.75 (m, 4i, Chip), 1.28 (t, J= 7.0 Hz, 3H, CH3), 0.73 (t, J= 7.0, 3H, CH3) and 0.70 (1,
1=7.0, 3H, CH3) ppm; 13C NMR (75 MHz, CDCI3) 8 166.8 (CO2Et), 157.1 (C-2'), 156,2 (CH=CHCO2EY),

141.8, 139.2 (C), 132.4, 132.0, 131.2, 128.5, 128.2, 126.7, 125.8 (CH), 119.0 (CH=CHCO2Et), 116.8,

110.1 (CH), 59.7 (CH2), 54.9 (OMe), 48.6 (C), 29.4, 29.3 (CH2), 14.3, 8.7 and 8.2 (CH3) ppm; EIMS m/z
AEAN (RAN 11 AN A0 TIDRAC 1 3 £ M antTanMNa BEA N0 L£.....1 289 NN
DL (VL' ), D21, DU/, £77. FIIRIVID CaAlCU 101 U 2311 /83 J04.4U00, 10UIIU D0L.LULY,

n 2
4-Ethyl-4-(2' -methoxybiphenyl-2-yhhexanoic acid ethyl ester (18). Ester 17 (174 mg, 0.494 mmol) in ethanol
(5 mL) was hydrogenated over PtO2 (17 mg). After filtration and evaporation of the solvent, the crude extract
was chromatographied (100:3, hexane-acetone) to give compound 18 (158 mg, 90%): colorless syrup; IR
(CHCI3) 1725 cm-l; |H NMR (250 MHz, CDCI3) & 7.42 (bd, J= 7.0 Hz, 1H, Ar-H), 7.30 (m, 2H, Ar-H),
7.19 (td, J= 7.0 and 1.0 Hz, 1H, Ar-H), 7.13 (dd, J= 7.0 and 1.0 Hz, iH, Ar-H), 6.93 (m, 3H, Ar-H), 4.08
(g9, J= 7.0 Hz, 2H, CH3), 3.68 (s, 3H, OMe), 2.04 (m, 2H, CH2), 1.81 (m, 2H, CHj), 1.55 (m, 4H, CH2),
1.23 (t,J=7.0 Hz, 3H, CH3), 0.69 (t, J= 7.0, 3H, CH3) and 0.65 (t, J=7.0, 3H, CH3) ppm; 13C NMR (75
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143.6, 138.6, 134.0 (C), 133.2, 130.9, 128.7, 128.4

)
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126.9,
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125.1, 119.4 (CH), 110.2 (CH), 60.0 (CH2), 55.0 (OMe), 45.3 (C), 30.8, 29.6, 27.8
(CH3) ppm; EIMS m/z 354 (M*), 309. HRMS calcd for C23H3003 354.2194, found 354.
4-Ethyl-4-(2' -methoxybiphenyl-2-ylhexanoic acid (19). To a solution of ester 18 (80.

[~
methanol (1.5 mL) was added 0.5 mL of an aqueous solution of NaOH (509

P T Ml == f-TY &N\ h e

h hi xtracted with AcOEt. The agueous 1a'y r was acidified (pr1 o) with HCl IN. Afier

o ¥aY +
nsu, t

w
a

e solution was

—

extraction with AcOEt, the organic layers were dried over Na2SO4, Removal of the solvent led to acid 19 (73.5
mg, 99%): white amorphous solid; IR (CHCI3) 1725 em-l; TH NMR (250 MHz, CDClI3) 8 7.40 (bd, J= 7.0
Hz, 1H, Ar-H), 7.29 (m, 2H, Ar-H), 7.18 (bt, J= 7.0 Hz, 1H, Ar-H), 7.12 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H),
6.91 (m, 3H, Ar-H), 3.07(s, 3H, OMe), 2.08 (m, 2H, CH2), 1.79 (t, J= 7.0 Hz, 2H, CH?3), 1.52 (m, 3H,
CHp), 1.26 (m, 1H, CH2), 0.68 (t, J= 7.0, 3H, CH3) and 0.64 (t, J=7.0, 3H, CH3) ppm; 13C NMR (50
MHz, CDCI3) 8 179.0 (CO2H), 156.8 (C-2"), 143.6, 138.7, 134.0 (C), 133.3, 131.0, 128.8, 128.5, 127.0,

125.3, 119.6, 110.3 (CH), 55.1 (OMe), 45.2 (C), 30.7-27.5 (CH2), 8.8 and 8.3 (CH3) ppm; EIMS m/z 326
(M+). HRMS caled for C21H2603 326.1882, found 326.1880

2220 SLUA00 4L, AV J4V. 00V

1] ] s__ 1 A I Y13

4-FEihyl-4-(2' -hydroxybiphenyi-2-yi)hexanoic acid {20). To a solution of acid
ethylene chloride (4 mL) was added BBr3 (0.425 mL, 0.42 mmol). The mixture was stirred at 0°C for 5h. The
solution was hydrolyzed and extracted with EtOAc. The organic layer was dried over Na2SO4 and evaporated to

1n/

(66.3 mg, 0.20 mmol) in

dryness. The residue was purified by column chromatography using heptane-EtOAc (1:1) as eluar
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(33.5 mg, 53%): white amorphous solid; IR (CHCIlz2) 3550, 1712 em-1; 1H NMR (250 MHz, CDCl2) § 7.45
A" | T__ "Y N TY 11Y ATV 77297 /e T "TN TTY. IY]’ A_.T AY "I"'If\ I..A a3 0 § A.TIN ™M NN 733 T, NN 1 1N ET_
\DU, J=— 7r.vneg, 111, Al-11), /.94 \UL, J= /.U I1L, Al-r1), U L, Z11, Al-I1), /1.U¥Y (U4, J= /.u dlid 1.U nz,

1H, Ar-H), 7.03 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H), 6.89 (m, 2H, Ar-H), 2.02 (m, 2H, CH?), 1.83 (m, 2H,
CH2), 1.62 (m, 3H, CH2), 1.45 (m, 1H, CH2), 0.69 (t, J= 7.0, 3H, CH3) and 0.63 (t, J=7.0, 3H, CH3) ppm;
13C NMR (62.5 MHz, CDCI3) & 153.0 (C-OH), 144.9, 136.4 (C), 133.8 (CH), 131.3 (C), 130.5, 129.6,
128.9, 128.1, 126.2, 119.6, 115.6 (CH), 45.4 (C), 31.0, 30.0, 27.6, 27.2 (CH?), 8.4 and 8.3 (CH3) ppm;
EIMS m/z 312 (M), 294, 239. HRMS calcd for C20H2403 312.1725, found 312.1730.

9,9-Diethyl-8, 9-dihydro-7 H-5-oxadibenzo[ a, c]cyclononen-6-one (7). Compound 20 (31.4 mg, 0.101 mmol)
in dry CH2Cl2 (10 mL) was added dropwise to a solution of EDCI (21.8 mg, 0.114 mmol) and HOBT (15.7

mao N 118 mmanl) in drv CHACIA 80 m] \ at N Tl'\n m{v{nr ctirrnd

A xrac
ligy V.l 20 LUUUL) 11 ULy Sddgz oxy [ZION VI N & § UIC VWad Sulivg 1

or 16h at room temperature. After
evaporation of the solvent, the soiid mixture was dissoived in AcOEt and the solution was washed with water.
After drying over NapSO4 and filtration, the organic layer was evaporated. The crude extract was then
chromatographied to give compound 7 (20.9 mg, 70%): white amorphous solid; IR (CHCI3) 1725 cml; UV

(EtOH) Amax (£) 209 (26637); IH NMR (250 MHz, CDCI2) 8 7.50 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H), 7.38

ARSI AR TVaidA (T SV (&N

(m, 4H, Ar-H), 7.25 td, J= 7.0 and 1.0, 1H, Ar-H), 7.17 (bd, J= 7.0 Hz, 1H, Ar-H), 6.99 (dd, J= 7.0 and 1.0
Hz, 1H, Ar-H), 2.48 (m, 2H, CHp), 2.01 (m, 2H, CHp), 1.67 (m, 2H, CH2), 1.30 (m, 2H, CHp), 0.88 (t, J=
7.0, 3H, CH3) and 0.55 (t, J=7.0, 3H, CH3) ppm; 13C NMR (75 MHz, CDCI3) & 171.5 (CO), 150.0 (C-0),
143.4, 138.4, 135.8 (C), 131.9, 130.1, 129.2, 128.9, 128.5, 120.3 (CH), 45.3 (C), 34.4, 32.0, 30.9, 27.8

A AN NLE. Q sl e TAAIT AN~ D)
4 Uvl' ), £4UJ, F1INIYLD CalCd 10T Uz v/ <

Synthesis of urea 8
2-Ethyl-2-(2-iodophenyl)butyronitrile (21): To a cold (-78°C) solution of LDA prepared from n-BuLi (7.5 mL,

n AiigcAanran nall TA T 17 A4 mmall in Aeo u
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of (2- lodopnenyl)acetommlc 11 (2. 425g, 10.Z mmol) in dry THF (7 mL). This mixture was stirred for 20 mun
and iodoethane (0.98 mL, 12.24 mmol) was added. The solution was allowed to warm to rt and stirred for 2.20

h. After addition of aqueous saturated NH4Cl, the mixture was extracted with EtOAc. The organic layer was

dried over NanSQa and evanarated to drvnesg, Thig ¢
QricC over xaoll4 ang evaporated o Qryness. 1nis or

vI in alkvlated with 10.5 mlL of n-Bul.i

ude extract was again alkyl ml of

(16.6 mmol), 1.74 mL diisopropylamine (12.4 mmol) and 0.98 mL iodoethane (12.24 mmol). After work-up,
the extract was purified by column chromatography (100:5 heptane-EtOAc) to give compound 21 (2.83 g, 93%):
colorless syrup; IR (CHCI3) 2237 cm™!; 1H NMR (250 MHz, CDCI3) 8 8.02 (dd, 1= 7.0 and 1.0 Hz, 1H, Ar-
H), 7.67 (dd, J=7.0 and 1.0 Hz, 1H, Ar-H), 7.38 (t1d, J= 7.0 and 1.0 Hz, Ar-H), 6.99 (td, J= 7.0 and 1.0 Hz,
.0 Hz, 6H, CH3) ppm; 13¢

CDCI3) 6 143.9 (CH), 137.0 (C), 132.7, 129.5, 128.4 (CH), 122.7 (C), 91.8 (C), 52.2 (C), 30.1 (CH3), 9.9
(CH3) ppm; EIMS m/z 299 (M*"), 270, 172. Anal. Calcd for C12HjqIN: C, 48.18; H, 4.72; N, 4.68; I, 42.42

. Found: C, 48.16; H, 4.75; N, 4.71; 1, 42.28,

’
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NIVIIN (VU 1viIlz,

-



14/48 L. rascal et gl. /f fetraneg

Tcarbamic acid ferf-butyl ester (22). In a two-necked round-bottom

flask, the iodide 21 (300 mg, 1.0 mmol) and PdBnCIl{(PPh3)2 (31.5 mg, 0.041 mmol) were stirred in dry toluene
(17 mL) at room temperature for 10 min. N-(fert-butoxycarbonyl)-2-(tributylstannyl) aniline 13 (530 mg, 1.1
mmol) was then added. The solution was stirred at 110°C for 18 h. After cooling, the mixture was hydrolyzed
and extracted with EtOAc. The organic layer was further dried with NapSO4 and filtrated. After removal of the
solvent, the mixture was purified by chromatography (100:8 heptane-EtOAc) to give biphenyl 22 (344.4 mg,
95%): colorless syrup; IR (CHCI3) 3431, 2250, 1725 em-l; IH NMR (250 MHz, CDCI3) & 8.13 (bd, J= 7.0
Hz, 1H, Ar-H), 7.80 (bd, J= 8.0 Hz, 1H, Ar-H), 7.42 (m, 3H, Ar-H), 7.07 (m, 3H, Ar-H), 5.89 (s, 1H, NH),

1.99-1.72 (m, 4H, CHp), 1.42 (s, 9H, CH3), 0.92 (t, J= 7.0, 6H, CH3) ppm; 13C NMR (62.5 MHz, CDCl3)

K187 (Y 1268 128 Q 1‘1<’7 (Y 12 /OHY 1T (Y 1NNAE 1201 1272072 127 Q 1992 ((CHY 177 A
U LJ&L \\)y LIOU.Jy, 1JJ.0, LJJ.7 )y LJJ.J \(Vdl)y L1J1 (o )y 1IVN,y, 1IVIL, L&LT.iky 1&G.7, 1&O.0 (X1}, LLL.U
(C), 122.0, 119.2 (CH), 80.7 (C), 52.0 (C), 33.1, 32.7 (CH2), 28.3 (CH3), 10.5 and 10.2 (CH3) ppm; EIMS

m/z 364 (M*"), 264, 235. HRMS calcd for C23H28N207 364.2150, found 364.2153.
2-(2'-Aminobiphenyl-2-yl)-2-ethylbutyronitrile (23). To a solution of biaryl 22 (161 mg, 0.442 mmol) in
as added trifluoroacetic acid (1 mL) at 0°C. The mixture was stirred at 0°C for 15

<

(=N

rala Y

min. After neutralization with aqueous saturated NapCO3, extraction with AcOEt, the organic phase was dried,
filtrated and the solvent was removed to give the crude extract which was purified by column chromatography
(87:13, heptane-EtOAc) to give 23 (100 mg, 86%): IR (CHCI3) 3693-3580, 2237, 1618 cm-l; IH NMR (200
MHz, CDCI3) 6 7.73 (bd, J= 7.0 Hz, 1H, Ar-H), 7.39 (m, 2H, Ar-H), 7.20 (td, J= 7.0 and 1.0 Hz, Ar-H),
7.13 (dd, J= 7.0 and 1.0 Hz), 6.99 (bd, J= 7.0, 1H, Ar-H), 6.77 (m, 2H, Ar-H), 3.40 (s, 2H, NH?), 1.94 (m,
4H, CHp), 0.95 (1, J= 7.0, 6H, CH3) ppm; 13C NMR (50 MHz, CDCI3) & 144.6, 137.2, 136.1 (C), 133.5,
130.5, 130.1, 129.2, 128.2, 128.1 (CH), 126.8 (C), 122.6 (C), 117.6, 115.3 (CH), 51.8 (C), 33.1, 32.6
(CH3), 10.5 and 10.3 (CH3) ppm; EIMS m/z 264 (M*), 235. HRMS calcd for C18H20N?2 264.1626, found

)
264.1622.

&9

A1
2'-(1-Aminomethyl- 1-ethyipropyl)biphenyi-2-yi-amine (24). An argon purged solution of 23 (37 mg, 0.141
mmol) in dry THF (3 mL) was refluxed before dropwise addition of BH3.Me2S (0.21 mL, 0.42 mmol). The

mixture was refluxed for 30 min. After cooling, HCI (6N) was added and the mixture was refluxed for 30 min.

s ice cooled and 50% NaQH was added to nH 12, After extraction with EtQAc

d to pH 12. After extraction with EtOAc, the organic layer
was dried over NapS04 and concentrated under reduced pressure. The crude extract was purified by column
chromatography to give 24 (12.4 mg, 33%): IR (CHCI3) 3387, 1612 cm~!; IH NMR (250 MHz, CDCl3) &
7.48 (bd, J= 7.0 Hz, 1H, Ar-H), 7.34 (td, J= 7.0 and 1.0 Hz, 1H Ar-H), 7.25 (bt, J= 7.0 Hz, 1H, Ar-H), 7.14
(td, J= 7.0 and 1.0 Hz, 1H, Ar-H), 7.02 (bd, J= 7.0 Hz, 2H, Ar-H), 6.76 (m, 2H, Ar-H), 3.66 (q, J= 4.0 Hz,
2H, CH»), 2.78 (s, 4H, NH?2), 1.62 (m, 4H, CH3), 0.74 (t, J= 7.0 Hz, 3H, CH3), 0.64 (t, J= 7.0 Hz, 3H,
CH3) ppm; 13C NMR (62.5 MHz, CDClI3) & 145.0, 143.0, 139.0(C), 133.3 (CH), 130.1 (C), 130.0, 128.4,
127.7, 126.6, 126.0 , 117.8, 115.6 (CH), 47.6 (C), 45.8 (CH2), 26.2, 25.8 (CH2), 8.4 (CH3) ppm; EIMS m/z

268 (Mt-). HRMS calcd for C18H24N2 268.1939, found 268.1937.
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9,9-Diethyl-5,7,8, 9-tetrahydro-5, 7-diazadibenzo| a, c]cyclononen-6-one (8). A solution of 24 (29.6 mg, 0.106
AN ned termbhanconna 21T D e N1 11 mananal) sm pUnf‘la fgp ] l R TP 'Y N NON sl \ serne atlcnd s "TAOH
1101) and wipnosgene (51.2 mg, v.11 mimnoi) in CLnZli? (£ L) anda pyriaine (U.UouU imi.) was stirrea at -/4 C

under argon for 1h30. After hydrolysis with a saturated aqueous solution of NapCO3, the mixture was extracted
with EtOAc. The organic phase was dried over Na2SO4 and concentrated under reduced pressure. The residue
was purified by preparative thin layer chromatography (96:4 CH2CI2-MeOH) to give urea 8 (12.3 mg, 38%):
white amorphous solid; IR (CHCI3) 3460, 1656 cm-l; U.V (EtOH) Amax (g) 210 (29356); !H NMR (250

v ~ .

MHz, CDCi3) 8 7.35-7.11 (m, 6H, Ar-H), 7.07 (bd, J= 7.0 Hz, 1H, Ar-H), 6.95 (dd, j= 7.0 and 1.0 Hz, 1H,
Ar-H), 6.90 (s, 1H, NH), 4.89 (g, J= 11.0 and 4.0 Hz, 1H, NH), 3.66 (g, J= 11.0 and 15.0, 1H, CH?2), 2.85

(q,J=4.0 and 15.0 Hz, 1H, CH?2), 2.02 (m, 2H, CH?2), 1.22 (m, 2H, CH»), 0.89 (t, J= 7.0 Hz, 3H, CH3)
and 0.54 (1, J=7.0 Hz, 3H, CH3) ppm; 13C NMR (75 MHz, CDCI3) § 155.1 (C-0), 142.9, 140.6, 138.6

2idi, iR, iv¥aaid, _) 184 .. [ § STNS Jy A&l T, ATUNYy A0V,

NSO £ 1y |r\4

t 1™ O 1™ z
137.1 (C), 131.4, 128.6, 127.8, 126.3, 125.3, 124

T A =

(” ), 45.5 (C), 45.4 (CHp), 27.8, 2
fou

8.1 (CH3) ppm; EIMS m/z 294 (M+); HRMS calcd for C19H22N20 (M*+) 294.1732,

v-.

5 (CH?), 8.4 and
294.

25.
nd 294.1734.
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solution of nitrile 21 (52 mg, 0.174 mmol) in toluene (1 mL) at -70°C. The mixture was first stirred at -70°C for
30 min then at room temperature for 1 h. After hydrolysis with 5% H2804, the solution was extracted with
EtOAc. NaOH was added to the agueous phase to pH 4-5 which was then extracted with EtOAc. The organic
phase was dried over Na2S0O4 and evaporated to dryness. The crude material was purified by preparative thin
layer chromatography (85:15 heptane-EtOAc) leading to aldehyde 25 (26.2 mg, 50%): colorless syrup; IR
(CHCI3) 1718 cm1; 1H NMR (250 MHz, CDCI3) 8 10.03 (s, 1H, CHO), 7.97 (dd, J= 7.0 and 1.0 Hz, 1H,

Ar-H), 7.42 (td, J= 7.0 and 1.0 Hz, 11, Ar-H), 7.31 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H), 6.99 (td, J= 7.0 and
1.0 Hz, 1H, Ar-H), 2.12 (m, 4H, CH2), 0.77 (t, J= 7.0, 6H, CH3) ppm; 13C NMR (62.5 MHz, CDCl3)

H, 12 (m, (t, = 7.0, 6H, CH3) p NMR CDCI3)
"

YT

6 204.9 (C), 142.5, 142.3 (C), 130.6, ’129.1, 128.0, (CH), 98.2 (C), 59.6 (C), 25.1 (CH?), 8.1 (CH3) ppm;
EIMS m/z 302 (M*-), 175. HRMS calcd for C12H 510 302.0167, found 302.0170.
2-FEthyl-2-(2-iodophenyl)butan-1-0l (26). To a solution of aldehyde 25 (1.01 g, 3.34 mmol) in methanol (15

mL) was added NaBH4 (384.7 mg, 10.2 mmol). After stirring for 40 min at room temperature, the solvent was
.......... _ ) 8 PV WS | Tfﬁl n 1\Y esrmaa 1.1 ‘,, —-TIT K Wardanmtarmen zeretbe T2V A o de i o aban 2 1o _o.Zale
CVdeIdl ﬂz allg vl v.il WwW¢CI AUUcU u p CXIraction witn LAl N Ulyl lg i Ol 11C ¢ yC( WiLil

Na3S04 and evaporation afforded a residue which was purified by column chromatography. Compound 26 was
obtained as a white amorphous solid (862 mg, 86%): IR (CHCI3) 3600 cem-l; 1H NMR (250 MHz, CDCI3) &
8.04 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H), 7.28 (m, 2H, Ar-H), 6.86 (m, 1H, Ar-H), 4.09 (bd, J= 4.0 Hz, 2H,
CH3), 2.20 (m, 2H, CH2), 1.96 (m, 2H, CH?2), 1.37 (s, 1H, OH), 0.71 (1, J= 7.0, 6H, CH3) ppm; 13C NMR
(62.5 MHz, CDCI3) 8 146.0 (C, Ar-H), 144.2, 130.2, 128.0, 127.8 (CH), 94.8 (C), 64.4 (CHp), 47.9 (C),
24.9 (CHY), 8.7 (CH3) ppm; EIMS m/z 304 (Mt"), 273, 177 Anal. Calcd for C12H|710: C, 47.38; H, 5.63; O,

5.26 . Found: C, 47.81; H, 5.85; O, 5.39.



Triethyl-[2-ethyl-2-(2-iodophenyl)butoxy] silane (27). To a solution of alcohol 26 (202 mg, 0.66 mmol) in
pyridine (1 mL) was added triethylsilyl chioride (0.23 mL, 1.37 mmol). After stirring for 30 min at room

temperature, the solvent was evaporated, and H2O was added. Extraction with EtOAc, drying the organic layer
with Na2SO4 and evaporation afforded compound 27 (280 mg, 100%): colorless syrup; IR (CHCI3) 1462,
1418 cm-1; 1H NMR (250 MHz, CDCI3) 8 8.01 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H), 7.28 (td, J= 7.0 and 1.0

2L, 1237%, 220 ATnsy

'l!AI\ﬁt

Hz, IH and 1.0 Hz, 1H, Ar-H), 3.98 (s, 2H,

1.0 Hz, 1H, Ar-H), 6.81 (id, 1= 7.0
CH2), 2.31 (m, 2H, CH2), 1.87 (m, 2H, CH2), 0.95 (m, 9H, CH3), 0.60 (m, 12H, CH2) ppm; 13C NMR
(62.5 MHz, CDCI3) & 144.8 (C, Ar-H), 143.5, 130.4, 127.3 (CH), 91.0 (C), 63.6 (CHp), 47.6 (C), 24.6
(CH2), 8.5 (CH3), 6.6 (CH3), 4.3 (CHp) ppm; EIMS m/z 419(M+*), 291; Anal. Calcd for C1gH3210Si: C,

51.54; H, 7.69; 1, 30.25 . Found: C, 51.63; H, 7.47; 1, 30.11.

[2’-(1-tnethyisilanyloxymethyl-1-ethylpropyl)biphenyl-2-yi] carbamic acid tert-butyl ester (28). In a two-necked
round-bottom flask, the iodide 27 (80.7 mg, 0.19 mmol) and PdBnCIl(PPh3)2 (5.6 mg, 0.0074 mmol) were
stirred in dry toluene (4 mL) at room temperature for 10 min. N-(tert- butoxycarbonyl) 2- (tnbutylslannyl) aniline

. . o
13 (106.7 mg, 0.22 mmol) was then added. The solution was stirred at 110°C for 10 h,

1
2112220 15 o . I [EXR LV § I 44 S w 1

T\ A "

mixture was hydrolyzed and extracted with EtOAc. The organic layer was further dried with Na2SO4 and
filtrated. The mixture obtained after removal of the solvent was purified on preparative thin layer chromatography
(96:4 heptane-EtOAc) to give biphenyl 28 (45.0 mg, 49%): white amorphous solid; IR (CHCI3) 3418, 1725,
1518 cm~!; TH NMR (250 MHz, CDCI3) & 8.14 (bd, J= 8.0 Hz, 1H, Ar-H), 7.45 (dd, J= 8.0 and 1.0 Hz, 1H,

V14, 113,

I AY r-1r'\ fe 3 Y 3

1.0 Hz, 1H, Ar-H), 7.23 (id, J= 8.0 and

[=%

A=
" - n A T onN -1 n 1Y 1 A TT 77
H), 7 (td, J= 8.0 and 1.0 Hz, 1H, Ar-H), 7.

1.0 Hz, IH, Ar-H), 7.08 (dd, J= 8.0 and 1.0 Hz, 1H, Ar-H), 7.00 (td, J= 8.0 and 1.0 Hz, 1H, Ar-H), 6.95
(dd, J= 8.0 and 1.0 Hz, 1H, Ar-H), 6.50 (s, 1H, NH), 3.41 (s, 2H, CH2), 1.83-1.55 (2m, 4H, CH»), 1.41 (s,
9H, CH3), 0.84 (t, J= 7.0 Hz, 9H, CH3), 0.64-0.62 (2t, J= 7.0, 6H, CH3), 0.43 (q, J= 7.0, 6H, CH?) pp

13¢ NMR (62.5 MHz, CDCI3) § 153 (C), 143.8, 137.2, 136.4, 133.6 (C), 133.5, 132.6, 130.1, 129.6,
128.3, 128.2, 126.0, 121.5, 118.5 (CH), 80.3 (C), 62.3 (CH2), 49.6 (C), 30.1, 29.0 (CH2), 28.3 (CH3), 9.0,
8.9 (CH3), 6.8 (CH3) and 4.3 (CH2) ppm; EIMS m/z 483(M*), 436, 332, 367, Anal. Calcd for
C29H45INO3Si: C, 72.00; H, 9.38; N, 2.90. Found: C, 71.82; H, 9.39; N, 2.81.

{

_OO
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27 7+ T
20 (W, 4=

)>

2-(2'-Aminobiphenyl-2-

™ RAREURFARSA AL _‘y’ Sy
v

1)-2-ethylbutan-1-0l (29). To
methylene chloride (1 mL) was added trifluoroacetic acid (I mL) at 0°C. The mixture was stirred at 0°C for 15
min. After neutralization with aqueous saturated Nap2CO3, extraction with AcOEt, the organic layer was dried,
filtrated and the solvent was removed to give the crude extract which was puriﬁed by preparative thin layer

00:1,

I,

612 cm1; IHM H
1.0 Hz, 1H, Ar-H), 7.28 (td, J= 8.0 and 1.0 Hz, IH, Ar-H), 7.19 (td, J= 8.0 and 1.0 Hz, 1H, Ar-H), 7.07
2H, Ar-H), 6.86 (td, J= 8.0 and 1.0 Hz, IH, Ar-H), 6.79 (dd, J= 8.0 and 1.0 Hz, 1H, Ar-H), 3.48 (q, J=
11.0, 2H, CH2), 3.42 (s, 3H, CH3), 1.89 (m, 2H, CH2), 1.40 (m, 2H, CH3), 0.87 (1, J= 7.0, 3H, CH3),

0.61 (t, J= 7.0, 3H, CH3) ppm; 13C NMR (62.5 MHz, CDCI3) § 143.7, 143.4, 138.4 (C), 132.4 (CH), 131.8

>



(©), 130.5, 130.1, 128.4, 127.8, 126.5, 119.0, 115.9 (CH), 66.2 (CH2), 48.6 (C), 26.5, 26.2 (CH?2), 8.6 and
O M IVETAY e DITRAQ Lo NVLO/AAEN AEN TTDRMAQ 1.1 £ £V A LT a NT™E AL 177N Lo I NLN 1™ o
0.4 (Lr1j) plll, LELIVED i/ L0700V ), £LO04. TINIVID €dlCU 101 LlsnileU LO7.1 /7Y, 10UNA LOY.17/0.

9,9-Diethyl-8,9-dihydro-5H-7-oxa-S-azadibenzo[ a, cJcyclononen-6-one 9. A solution of 29 (25.3 mg, 0.106
mmol) and triphosgene (31.2 mg, 0.11 mmol) in CH2CI2 (2 mL) and pyridine (0.08 mL) was stirred at -74°C
under argon for 30 min. After hydrolysis with a saturated aqueous solution of NapCO3, the mixture was
ed pressure. The
residue was purified by preparative thin layer chromatography (6:4 heptane-EtOAc) to give 9 (25.8 mg, 93%):
white solid that crystallized in heptane-CH2Cl2; mp 140°; IR (CHCI3) 3450, 1725 eml; UV (EtOH) Amax (g)
209 (40208); IH NMR (250 MHz, CDCI3) § 7.52 (bd, J= 8.0, 1H, Ar-H), 7.38 (dd, J= 8.0 and 1.0 Hz, 1H,
Ar-H), 7.28 (m, 4H, Ar-H), 7.12 (bd, J= 8.0, 1H, Ar-H), 6.84 (dd, J= 8.0 and 1.0 Hz, 1H, Ar-H), 6.09 (s,
1H, NH), 4.26 (d, J= 11.0, IH, CH?), 3.83 (d, J= 11.0, 1H, CH2), 1.85 and 1.60 (m, 4H, CH?), 0.95 (t, J=
7.0, 3H, CH3) and 0.68 (t, J=7.0, 3H, CH3) ppm; 13C NMR (75 MHz, CDCI3) § 156.4 (C-0), 144.9, 142.0,
139.7, 137.2 (C), 132.9, 130.0, 128.6, 128.2, 127.9, 126.3, 125.7, 124.8 (CH), 74.5 (CH2), 49.1 (C), 25.7,
'H3) ppm; EIMS m/z 295 (M*9), 266, 222; HRMS caled for C19H21NO?2

Pirlii+

X-ray structure determination of compound 9: Mr= 295.37, triclinic, space group: P'1 (No.2), a=8.302 (5),
b=8.730 (4), )°, c=12.156 (9) A, 0:=96.84 (5), P=95.69 (6), Y = 111.42 (5)°, V=804.6 (9) A*, Z=2, p=1.219

Mg/m?, Of the 5356 reflections collected, 2111 reflections (F>o(Fo)) were used for the refinement. The final
racidiiale wiere R 1N NCL wRYI_N 18N and f“‘f\ﬂ,_I nos Qtmrntrrean rac onluad hey Aleant caatb~de sl
Iesiguais wer RNI=UUOU, WRL=U. 10U, allld UuUi'—1.Uo duultiul Wdas S01vea Uy UL NICUI0Gs  wiln

SHELX86?7 and refined by the full-matrix least squares approximation based on F2 with SHELXL932
programs. Refinement was anisotropic for all non-H atoms. Hydrogen atoms were located from a difference map
and refined isotropically.

Atropisomeric biphenyls 9 were separated at room temperature by HPLC on a nucleodex column using methanol-
H20 (70:30) as soivent at 0.8 mL/min. Retention time of the enantiomers were 6 min for (+)-9 ([ocjl')' 2C_ 4235
(c= 0.246, CHCI3)) and 7.5 min for (-)-9 ([a]“ C= 234 (c= 0.244, CHCI3)).

7]

Svnthesis of urethane 10

PR " [ S s V1Y C) Y ~ ™ A e B )

-Bromo-2-(2-iodophenyi) pentaneniirile (33). To a cold (-78°C) solution of LDA prepared from n-BuLi (7.3

w

mL, 11.7 mmol) and diisopropylamine (1.8 mL, 12.8 mmol) in dry THF (30 mL) under argon, was added a
solution of 11 (2.54 g, 10.5 mmol) in dry THF (15 mL). This mixture was stirred for 20 min and 1,3-

dibromopropane (2.7 mL, 26.6 mmol) was added. The solution was allowed to warm at room temperature and
cfisend FAr I L Aftar additian ~Ff amiinnite cabiiratad NET 20 tha smivhisea wwrae avérantad sxyrith TTEMA A Tha Arcoanina
SULITU UL £ 1, ALCL AUUIIVLL UL ayUul oy ddtuiatbld INBI4Ld, Ul HHALUIL wdadd TAuatieud llll LCUUAC, lllC Ulsd.lub

layer was dried over Na2S04 and evaporated to dryness. Purification by column chromatography (93:7 heptane-
EtOAc) gave compound 30 (2.78 g, 73%): colorless syrup; IR (CHCI3) 2249 cm-l; TH NMR (250 MHz,
CDCl13) § 7.86 (bd, J= 7.0 Hz, 1H, Ar-H), 7.57 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H), 7.42 (td, J= 7.0 and 1.0
Hz, 1H, Ar-H), 7.03 (td, J= 7.0 and 1.0 Hz, 1H, Ar-H), 4.20 (m, 1H, CHCN), 3.45 (t, J= 7.0 Hz, 2H,
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CH2Br), 2.05 (m, 4H, CH2) ppm; 13C NMR (62.5 MHz, CDCI3) & 140.2 (CH), 138.1 (C), 130.1, 129.3,
17Q 22 /LY H1QN /MY QAN Y AT N O 224 22712 2791 20 Q {014 sainiae. OIAAC L AL ILEC rRAdN
140.0 \L11), 117UV (L), 77.U (L), FL.U (11), 20.9, I2.2, J&.d, £7.7 Q1)) ppill, VIO yZ 505-500 (M1° ),

283, 242. HRMS calcd for C11H11BrIN 362.9119, found 362.9117.

8-Iodo-1,2,3,4-tetrahydronaphtalene- 1-carbonitrile (31). To a solution of nitrile 30 (764 mg, 2.1 mmol) in
cyclohexane was added AICI3 (848 mg, 6.3 mmol). After stirring for 45 min under reflux, the mixture was
hydrolyzed and extracted with EtOAc. The organic layer was dried over Na2SO4 and evaporated to dryness.
Purification by column chromatography (90:10 heptane-EtOAc) gave compound 31 (364 mg, 61%) that
crystallized in heptane-EtOAc; m.p. 109-110°C; IR (CHCI3) 2250 cm-1; IH NMR (250 MHz, CDCI3) § 7.74 (d,
J=17.0 Hz, 1H, Ar-H), 7.14 (d, J= 7.0 Hz, 1H, Ar-H), 6.95 (t, J= 7.0 Hz, 1H, Ar-H), 4.08 (m, 1H, CHCN),

2.87 (m, 2H, CH?), 2.37 (m, 1H, CH?), 1.95 (m, 3H, CH2) ppm; !13C NMR (62.5 MHz, CDCI3) § 139.5
2.87 (m, 2H, CH2), 2.37 (m, 1H, CH3), 1.95 (m, 3H, CH 2) ppm; '2C NMR (62.5 CDCl3) 6 139.5
(CH), 137.8 (CH), 132.5 (C), 130.3, 129.8 (CH), 120.3 (C), 102.4 (C), 37.0 (CH), 29.9-19.9 (CH?2) ppm;
EIMS m/z 283 (M+), 156. Anal. Calcd for C11H10IN: C, 46.67; H, 3.56; N, 4.95 . Found: C, 46.45; H,
3.85; N, 4.95.

1-Ethyl-8-iodo-1,2, 3,4-tetrahydronaphtalene-1-carbonitrile (32). To a cold (-78°C) solution of LDA prepared
Formen on DT 2 /N £ n] N QL srsn Al fia d Aionmenmlnmina m T | I B B B S ¥ i O S A Ty
HOIN 1I-DULE (V.0 11, U, 70 111101 ) aliu UllbUl}lUPyldllUllC kU lllL, 1 1oL ) 1 ar 1nr \LU } uuuCI algull,

was added compound 31 (61 mg, 0.216 mmol). This mixture was stirred for 20 min and ethyl iodide (0.2 mL,
0.25 mmol) was added. The solution was allowed to warm at room temperature and stirred for 2 h. The mixture
was hydrolyzed with aqueous saturated NH4Cl, and extracted with EtOAc. The organic phase was dried over
NapSO4 and evaporated to dryness. Purification by preparative TLC chromatography (80-20 heptane-EtOAc)
gave compound 32 (43.4 mg, 65%) that crystallized in heptane-EtOAc; m.p. 94-95°C; IR (CHCI3) 2250 cm~ 1,
IH NMR (250 MHz, CDCI3) § 7.87 (bd, J= 7.0 Hz, 1H, Ar-H), 7.13 (dd, J= 7.0 and 1.0 Hz, 1H, Ar-H), 6.85
(t, J= 7.0 Hz, 1H, Ar-H), 2.84 (m, 2H, CH2), 2.37 (m, 3H, CH2), 1.84 (m, 3H, CH?2), 1.16 (t, J= 7 Hz, 3H,
13¢ NMR (75 MHz, CDCI3) § 141.2 (CH), 139.4, 135.4 (C), 130.3, 129.0 (CH), 122.5 (C)

2) nnm
13) ppoy, vVinz, 0 141, 1), 1294, 1204 (L), 12U, 1220 (L), 122
oy

PR AIF’ 7t & PR 1 10 A 77 T oA

(C), 43.4 (©), 36.7 (CHp), 31.1, 29.7, 18.2 (CH?), 9.4 (CH3) pom; EIMS m/z 311 (M’
Caled for C13H14IN: C, 50.18; H, 4.53; N, 4.50. Found: C, 50.54; H, 4.73; N, 4.40.

1-Ethyl-8-iodo-1,2, 3,4-tetrahydronaphtalene-1-carbaldehyde (33). To an argon purged solution of nitrile 32
ne (6 mlL) was added dropwise at -78°C a solution of IM DIBAL-H (1.8 mL, 1.8

vl L4 R Lias ¥ SN

-1!-

(280 mg, 0.9 mmol) in toluen

mmol) in hexane. After stirring for 30 min., the solution is warmed at room temperature and stirred for 1 h.
Ethyl formate (2 mL) was added and stirring was continued for | h. After addition of aqueous saturated NH4Cl
(5 mL) and 20% H2SO4 (7 mL), the solution was extracted with EtOAc. The aqueous phase was diluted with
50% NaOH to pH 5 and extracted with EtOAc. The organic layers were dried over Na2SO4 and evaporated to

dxyness. Purification by column chromatography (97:3 heptane-EtOAc) gave compound 33 as a colorless syrup
(211 mg, 75%); IR (CHCI3) 1713 cm~!; 'H NMR (200 MHz, CDCI3) § 10.00 (s, 1H, CHO), 7.77 (d, J= 7.0
Hz, 1H, Ar-H), 7.15 (d, J= 7.0 Hz, 1H, Ar-H), 6.86 (t, J= 7.0 Hz, 1H, Ar-H), 2.83 (t, J= 5.0 Hz, 2H, CH?),
2.54 (m, 1H, CH2), 2.10 (m, 1H, CH2), 1.82 (m, 4H, CH 2),086 (t, J= 7 Hz, 3H, CH3) ppm; 13C NMR (75

MHz, CDCI3) 8 203.9 (C), 142.1 (CH), 140.0 (CH)

1114 J vvvvv + A2/ Y

139.8 (C), 130.1 (CH), 128.6 (CH), 99.1 (C), 55.5 (C),

..... (21, 128,90 \Na2ij, 77
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(CH2) , 9.4 (CH3) ppm; EIMS m/z 314 (M*), 285, 187. HRMS

(1-Ethyl-8-iodo-1, 2, 3,4-tetrahydronaphatalen-1-yl)methanol (34). To a solution of aldehyde 33 (246 mg, 0.78
mmol) in methanol (8 mL) was added sodium borohydride (91 mg, 2.39 mmol). After stirring at room
temperature for 40 min, the methanol was removed in vacuo. The mixture was diluted with water and 0.1N HCl
was added to pH 6. After extraction with EtOAc, the organic layer was dried over Na2SO4 and evaporated to
dryness. Purification by column chromatography (87:13 heptane-EtOAc) gave compound 34 as an amorphous
white solid (218 mg, 88%); IR (CHCI3) 3437 cm~1; 1H NMR (250 MHz, CDCI3) & 7.86 (d, J= 7.0 Hz, 1H,
Ar-H), 7.08 (d, J= 7.0 Hz, 1H, Ar-H), 6.72 (t, J= 7.0 Hz, |H, Ar-H). 4.45 (m, |H, CH?), 3.82 (m, 1H,
, 2H, CH?2), 2.67 (m, 1H, CH)), 2.07 (m, 1H, CH2), 1.79 (m, 3H, CH?2), 1.56 (m, 1H.

\ A = ~irl/

CH2), 1.41 (s, 1H, OH), 0.72 (¢, J= 7.0 Hz, 3H, CH3) ppm; 13C NMR (62.5 MHz, CDCI3) § 143.4 (CH),
142.1 (CH), 140.2 (C), 130.5 (CH), 127.7 (CH), 95.9 (C), 67.6 (CH2), 44.8 (C), 33.3 (CHp), 27.7 (CHp),

19.2 (CHp) , 8.6 (CH3) ppm; EIMS m/z 316 (M*"), 285, 189. HRMS calcd for C13H]710 316.0324, found
364.0327.

(111 mg, 0.35 mmol) in pyridine (1 mL) was added triethylsilyl chloride (0.10 mL, 0.60 mmol). After stirring
for 30 min at room temperature, the solvent was evaporated, and H2O was added. Extraction with EtOAc, drying
the organic layer with NapS0O4 and evaporation afforded compound 35 (154.5 mg, 100%): colorless syrup; IR
(CHCI3) 2956, 2875, 1462 cm~1; IH NMR (250 MHz, CDCI3) & 7.83 (d, J= 7.0 Hz, 1H, Ar-H), 7.06 (d, J=
7.0 Hz, 1H, Ar-H), 6.70 (t, J= 7.0 Hz, 1H, Ar-H), 4.02 (q, J= 9.0. 2H, CH?), 2.95 (m, 2H, CH?2), 2.80 (m
2H, CH?2), 2.18 (m, 1H, CH2), 1.71 (m, 2H, CH2), 1.59 (m, IH, CH?), 1.39 (m, 1H, CH?), 0.92 (m, 12H,

CH3), 0.55 (m, 6H, CH7) ppm; 13C NMR (75 MHz, CDCI3) § 144.0 (C, Ar-H, 142.0, 140.5, 130.2 (CH),

127.4 (CH), 86.5 (C), 66.5 (CH2), 44.9 (C), 30.5 (CH), 32.2 (CH), 27.3 (CH), 19.1 (CH), 8.9 (CH3), 6.9
(CH3), 4.7 (CHp) ppm; EIMS m/z 430(M*"), 401, 303, 285. HRMS calcd for C19H3(10Si 430.2274, found
430.2270

2-(8-Ethyl-8-triethylsilanyloxymethyl-5, 6,7, 8-tetrahydronaphtalen-1-yl)phenylamine (36a and 36b). In a two-
necked round-bottom flask, the iodide 34 (165 mg, 0.38 mmol) and PdBnCl(PPh3)2 (16.6 mg, 0.0022 mmol)

T T ) at rAanm tamnarabiie
7 1) au TOU

.
o

/ toluene ( : 1
aniline 13 (202.5 mg, 0.42 mmol) was then added. The solution was stirred at 110°C for 12 h. After cooling, the
mixture was hydrolyzed and extracted with EtOAc. The organic layer was further dried over Na3SO4 and
filtrated. The mixture obtained after removal of the solvent was ourificd by column chromatography (100:2
heptane-EtOAc) to give a mixture (87.0 mg, 46%) of biphenyls 36a and 36b as white amorphous solid. The
diastereoisomers were separated by preparative TLC (96:4, hexane-ether). 36a (32.0 mg) IR (CHCI3) 3423,
1725 em-1; ITH NMR (250 MHz, CDCI3)  8.12 (d, J= 7.0 Hz, 1H, Ar-H), 7.31 (t, J= 7.0 Hz, 1H, Ar-H),
7.14 (m, 3H, Ar-H), 6.97 (1, J= 7.0 Hz, 1H, Ar-H), 6.77 (dd, J= 7.0 and 1.5 Hz, 1H, Ar-H), 6.15 (s,

NH), 3.62 (s, 2H, CH2), 2.89 (m, 2H, CHp), 2.02 (m, 1H, CHp), 1.77 (m, 3H, CH2), 1.43 (s, 9H, CH3)
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(CH2), 45.2 (C), 3 CH3), 19.4 (CH?3), 9.8 (CH3), 6.9 (CH3), 4.5 (CH2) ppm;
EIMS m/z 495(M+') 394. HRMS calcd for C30H45NO3Si 495.4254, found 495.4253. 36b (36.1 mg) IR
(CHCI3) 3425, 1725 cm~1; 1H NMR (250 MHz, CDCI3) & 7.98 {i. J= 8.0 Hz, 1H, Ar-H), 7.15 (m, 5H, Ar-
H), 6.74 (m, 1H, Ar-H), 6.31 (s, 1H, NH), 3.40 (g, J= 10 Hz, 2H, CH?), 2.88 (m, 2H, CH2), 1.99 (m, 1H,
CH?2), 1.78 (m, 3H, CH?), 1.43 (s, 9H, CH3), 1.33 (m, 2H, CH2), 0.84 (t, J= 7.0 Hz, 9H, CH3), 0.70 (1, J=
7.0 Hz, 3H, CH3), 0.49 (q, J= 7.0 Hz, 6H, CH2) ppm; 13C NMR (50 MHz, CDCI3) & 163.1 (C, CO), 140.9-

135.3 (C), 130.9-120.6 (CH), 80.1 (C), 68.7 (CH2), 44.8 (C), 33.0-30.3 (CH3), 28.4 (CH3), 19.5 (CH2),

9.3 (CH?), 6.9 (CH?), 4.5 (CH») ppm; EIMS m/z 495(M*-), 394. HRMS caled for C3oH45NO2S1 495 4254,
A\ I35 ), Vid (LR Tl \Ndly) ppiily Likivi W IO ]y ~ 7 Vil LGl 1V L HULIG HIN 5D g
found 495.4252.

[8-(2-Aminophenyl)-1-ethyl-1,2,3,4-tetrahydronaphtalen-1-yljmethanol (37a and 37b). To a solution of biaryl
36a (46 mg, 0.093 mmol) in methylene chloride (1 mL) was added at 0°C trifluoroacetic acid (0.5 mL). The

mixture was stirred at 0°C for 15 min. After neutralization with aqueous saturated NapCOg3, extraction with

b mcwra tlan e - fon s ke i T P
L BIVe UIC C LIUC €Xuract wicCii was

solvent was removed
purified by preparative thin layer chromatography (100:1, CH2Cl2-MeOH)) to give 37a (21 mg, 81%).
Similarly, compound 37b was obtained with a yield of 58% from 36b. 37 a: IR (CHCI3) 3587, 3487, 3400.
1612 cm-1; 1H NMR (250 MHz, CDCI3) 8 7.15 (m, 4H, Ar-H), 6.87 (m, 1H, A:-H), 6.76 (td, J= 7.0 and 1.0
Hz, 1H, Ar-H), 6.72 (bd, J= 7 Hz, 1H, NH), 3.59 (q, J= 10 Hz, 2H, CH2), 2.90 (m, 2H, CH?2), 1.90 (m, 4H,
CH3), 1.55 (m, 2H, CHp), 0.73 (t, J= 7.0 Hz, 3H, CH3) ppm; !3C NMR (50 MHz, CDCI3) § 144.2 (C),
141.8 (C), 139.2 (C), 139.0 (C), 131.5 (CH), 130.2 (CH), 128.4 (CH), 126.3 (CH), 117.5 (CH), 115.2 (CH),

CH2), 44.9 (C), 33.2 (CH2), 19.7 (CH2), 9.7 (CH3) ppm; EIMS m/z 281(M*"), 250. HRMS calcd for
NO 281.1779, found 281.1775. 37h: IR (CHCI3) 3583, 3431, 3350, 1612 ¢cm-1: |H NMR (300 MHz

123 o 1003) 3583, 1612 MR (300 MHz,
i3) & = 7 and 1 Hz, iH, Ar-H), 6.82 (m, 2H, Ar-H), 3.31 (q, J= i1 Hz,
2H, CH2), 2.91 (m, 2H, CH»), 2.08 (m, 1H, CH?), 1.88 (m, 2H, CH?), 1.74 (m, 1H, CH?), 1.53 (m, 2H,
CH3), 0.69 (t, J= 7.0 Hz, 3H, CH3) ppm; 13C NMR (75 MHz, CDCI3) § 143.5 (C), 141.6 (C), 140.6 (C),

138.3 (C), 132.7 (CH), 130.3 (CH), 130.2 (CH), 129.7 (CH), 128.3 (CH), 126.1 (CH), 119.6 (CH), 116.3
(CH), 71.4 (CH2), 45.3 (C), 34.0 (CHp), 19.6 (CH2), 8.9 (CH3) ppm; EIMS m/z 281(M*+"), 250. HRMS

Compound 10. A solution of 37b (14.5 mg, 0.051 mmol) and triphosgene (16.6 mg, 0.056 mmol) in CH2Clp
(2 mL) and pyridine (0.04 mL) was stirred at -74°C under argon for 30 min. After hydrolysis with a saturated
aqueous solution of NapCO3, the mixture was extracted with EtOAc. The organic phase was dried over Na2S04
and concentrated under reduced pressure. The residue was purified by preparative thin layer chromatography
(99:1, CH2Cl2-MeOH) to give 10 (11.2 mg, 72%): IR (CHCI3) 3431, 1725 cm-l; U.V (EtOH) Amax (g) 208
(36165); |H NMR (300 MHz, CDCI3) & 7.30 (m, 2H, Ar-H), 7.10 (m, 4H, Ar-H), 6.62 (dd, J= 7 and 1, Ar-
H), 6.15 (s, 1H, NH), 475 (d, J= 11 Hz, 1H, CH»2), 3.45 (d, J= 11 Hz, 1H, CH?), 2.93 (m, 2H, CH>»), 1.90

127, Y = JoALy d } -5 27 Lirty LXRy 2R/
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(m, 3H, CH2), 1.76 (m, 1H, CH2), 1.45 (m, 1H, CH?2), 1.18 (r::, 1H, CH?), 0.76 (t, J= 7.0 Hz, 3H, CH?)
anm- 130 NMR /80 MU N2y 8 188 (00N 142 8 (0N 1447 70 120 € 760 120 A (6 124 € (0%
PP, LOINIVUN DV IVRELL, LEAACLY) U 1000 (WYY, 1550 (V) 1997 (C), 1970 (L), 137.4 (U), 1300 (L},

136.4 (C), 130.9 (CH), 130.6 (CH), 129.8 (CH), 127.7 (CH), 125.9 (CH), 124.9 (CH), 75.3 (CHp), 44.7
(C), 32.7-19.16 (CH2), 8.9 (CH3) ppm; EIMS m/z 307(M*"); HRMS calcd for C2oH21NO2 (MHY) 307.1572,
found 307.1578.
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