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1. General Information

All reactions were performed under an argon atmesplusing freshly dried solvents.
1,4-Dioxane and Ethyl Acetate were used without &myher distillation. THF was
distilled over sodium benzophenone ketyl prior s2.uDry state adsorption conditions
and purification were performed on silica gel 6q70-230 mesh). Analytical thin layer
chromatography was performed on pre-coated silieh glates. Visualization was
accomplished by UV (254 nm) and with phosphomolgbdcid in ethanol. Optical
rotations were measured on a Perkin ElImer MC-24arpoeter using a 10 cm path-
length cell at 589 nmtH and**C NMR spectra were recorded on a Bruker Avance llI
spectrometer (400 MHz and 100 MHz, fét and**C, respectively). Chemical shift8)(
are reported in ppm and are relative to internaCGH'H, § = 7.26) and CDGI(**C, § =
77.16). Multiplicity is indicated by one or more dfie following abbreviations: s
(singlet), d (doublet), t (triplet), g (quartet), tmultiplet), br (broad). The lists of
coupling constants]y correspond to the order of multiplicity assignmend are reported
in Hertz (Hz). APT was used forC spectra assignment. All melting points were
uncorrected and were recorded in open capillarydubsing a Buchi melting point
apparatus. High resolution mass spectra were antaion QStar Elite (Applied
Biosystems SCIEX).

Purified compounds were analysed by chiral HPLGhwibuble detection, with UV and
circular dichroism (CD) detectors. The solventsdioiral chromatographynfhexane, 2-
PrOH, ethanol) were HPLC grade, they were degassed filtered on a 0.4%um
membrane before use. The columns used are Chirdfpatr AD-H (250*4.6 mm,
amylose tris-(3,5-dimethylphenylcarbamate)), Clpakl IB or OD-3 (250*4.6 mm,
cellulose tris-(3,5-dimethylphenylcarbamate)), @hak IC (250*4.6 mm, cellulose
tris(3,5-dichlorophenylcarbamate)) and Lux-Cellelgs (250*4.6 mm, cellulose tris(4-
chloro,3-methylphenylcarbamate)). Enantiomeric e%ee were determined by
integration of the peaks on the chromatograms oéthby UV detection at 230, 240 or
254 nm, and confirmed by circular dichroism detectt 254 nm. The sign given by the
on-line circular dichroism detector for one enamigo is the sign in the solvent used for

the chromatographic separatiétetention times Rt in minutes, retention factaors kRi-
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Rto)/Rty, enantioselectivity factom = ko/k; and resolution are given. Rivas determined
by injection of tri-tertio-butyl benzene.

lodides 15, 16 and 17 were prepared according to our recently publispextedures.
The syntheses of racemic starting materials anceafranged products were achieved
according to the procedures described for opticpllye materials in the following.

Unless otherwise stated all the yields are isolgields of pure compounds.

2. Synthesis of iodides 7, 10 and 14
2.1. (S)-Methyl 1-(3-(2-iodophenyl)prop-2-ynyl)pwlidine-2-carboxylate (7)

' HHCl ¢ co X
s N S,L 03,
S Meozc.LO DMF, Th N
R 80% Meozc.kQ
|

5 6 7

1-lodo-2-(3-iodoprop-1-ynyl)benzer® (2.3 g, 6.25 mmol) was dissolved in DMF (15
mL) and CsCOs; (5.1 g, 15.63 mmol) was added followed by L-prelimethyl ester
hydrochloride6 (1.24 g, 7.5 mmol), the reaction mixture was stirfor 1 h under argon,
poured into water (30 mL), and then extracted VEtDAC (3 x 30 mL). The organic
layer was washed with water (2 x 30 mL) and brid@ ihL) and dried over anhydrous
sodium sulfate. After evaporation of the solveng tesidue was purified over a short pad
of silica gel (pentane/EtOAc, 90/10) to affaf@s brown oil (1.85 g, 80%).
| 'H NMR (400 MHz, CDC}) &: 7.83 (1H, dd,J= 8.0 and 0.8, CHJ),

7.43 (1H, ddJ= 7.8 and 1.5, Ci), 7.29 (1H, tdJ= 7.6 and 1.0,
CHay), 6.98 (1H, tdJ= 7.8 and 1.8, Ck), 3.84 (2H, AB pattern,
MeOOC% Jag=17.6,Av=19.6 Hz), 3.74 (3H, superimposed s, Qf;H8.74-

& .H.INO, 3.69 (1H, m), 3.20-3.15 (1H, m), 2.98-2.96 (1H, 26-2.17 (1H,
Mol. Wt.: 369.1975 m), 2.07-1.83 (3H, m).

A

1 M. Nechab, D. Campolo, J. Maury, P. Perfetti, Mnthuyne, D. Siri, M. P. Bertrand, Am. Chem. Soc.,
201Q 132, 14742.
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3C NMR (100 MHz, CDC)) &: 174.3 (CO), 138.8 (Ck), 133.0 (CH), 129.8 (G),
129.4 (CH)), 127.9 (CH), 100.8 (G), 88.5 (GC), 87.4 (GC), 62.7 (CH), 52.6 (Ch),
52.2 (OCH), 42.2 (CH), 29.8 (CH), 23.6 (CH).

HRMS (ESI): m/z: calcd for [M+H] Ci1sH17N20l: 370.0299, found: 370.0299.

[a]p?®= -93.4 (c= 1.52, ChCl)

2.2. (S)-Methyl 2-(N-(4-(2-iodophenyl)but-3-ynyl)-4
methylphenylsulfonamido)propanoate (10)
L,
|

OH
=z e PdCl,, Cul, PPh, !
6 /L DIAD, PPh,, b (5, COM THF-EtgN (2:1)
~ i S e
N(s)CO,Me THF, r.t., 30 min ///\/ \U' 5 40°C, 23 h N /'\
H = ll\l (s) CO,Me

66% = 47%
8 9 10 Ts

Synthesis of 9:

To a solution of §-methyl 2-(4-methylphenylsulfonamido)propanodt€1.30 g, 5.05
mmol) and PPH(2.65 g, 10.10 mmol) in THF (25mL) was added,catm temperature, a
solution of 3-butyn-1-ol (535 mL, 7.07 mmol) in THEmML). Subsequently a solution of
DIAD (2mL, 10.10 mmol) in THF (10 mL) was addedwlg to the above solution. The
reaction was monitored by TLC (dichloromethangZEt98/2) and stopped after stirring
for 30 min. The solvent was removed in vacuo arel rissidue was purified by flash
chromatography on silica gel (pentane/dichloromathd/5 to 100% dichloromethane)
to afford the compouné as a liquid (1.04 g, 66%).
Ts 'H NMR (400 MHz, CDC}) &: 7.69 (2H, dJ= 8.3, CH,), 7.29
///\/N{?C%Me (2H, d, J= 8.0, CHy), 4.63 (1H, g, J= 7.3, CH), 3.51 (3H, s,
C15H19N_O4S CH30), 3.45 (1H, ddd,J= 5.3, 10.3 and 15.3, GN), 3.30 (1H,

Mol. Wt.: 309.3807  ddd,J= 5.3, 10.3 and 15.3, GN), 2.70 (1H, dddd, J= 2.8, 5.3,
10.3 and 15.6, C¥=CH), 2.52 (1H, dddd, J= 2.8, 5.8, 10.3 and 16.1,CGiTCH), 2.42
(3H, s, CH), 2.00 (1H, tJ= 2.5, CH=C), 1.43 (3H, d,J= 7.3, CH).
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13C NMR (100 MHz, CDCJ) 5: 171.9 (CQMe), 143.7 (@), 136.7 (G), 129.7 (2xCH)),
127.5 (2xCH), 81.2 (&), 70.3 (CH), 55.5 (CHN), 52.2 (CkD), 44.6 (CHN), 21.6
(CHg), 21.4 (CH), 17.0 (CH).

HRMS (ESI): m/z: calcd for [M+H] Cy15H20NO4S: 310.1108, found: 310.1108.

[a]p?®= -44 (c=1.15, CHG).

Synthesis of 10

To a solution ob-diiodobenzene (596 mg, 1.81 mmol) in a 2:1 mixofdHF.EgN (7.5
ml) was added Pdgl(6 mg, 0.04 mmol), Cul (2 mg, 0.07 mmol) and P38 mg,
0.14mmol). This mixture was stirred for 10 min & 4C. Then9 (587 mg, 1.90 mmol)
was added to the reaction mixture. The mixture stmsed for 23 h at 40 °C. Then, a 1M
HCI solution (20 mL) was added to the reaction omi&tand the latter was extracted with
AcOEt (3 x 10 mL). After drying over MgSO4, and centration in vacuo, crudd0
was purified by flash chromatography on silica (mEntane/EO, 100/0 to 80/20) to
afford pure 10 as a yellow oil (439 mg, 47% (79% with respect ttansformed
diodobenzene, 41% of this starting material wasveied)).
| 'H NMR (400 MHz, CDC}) &: 7.82 (1H, ddJ= 0.7 and
8.0, CH,), 7.73 (2H, dJ= 8.3, CH,), 7.38 (1H, ddJ=
©/\/\NJ\CO y 1.5 and 7.8, CH)), 7.29 (2H, dJ= 8.0, CH,), 7.25 (1H,
T'S(S) 2v1e superimposed dt]= 1.0 and 7.5, Ck), 6.96 (1H, dtJ=
Mofzx}\;lfzéqgéigz 1.7 and 7.8, CH), 4.67 (1H, qJ= 7.3, CH), 3.60 (1H,
ddd, J= 5.3, 10.0 and 15.3, éMJ, 3.53 (3H, s, CkD),
3.44 (1H, dddJ= 6.0, 10.0 and 15.3, GN), 2.97 (1H, dddJ= 5.3, 10.0 and 15.3,
CH,C=C), 2.81 (1H, dddJ= 5.8, 10.0 and 16.0, GB=C), 2.42 (3H, s, CkJ}, 1.49 (3H,
d, J= 7.3, CH).
3C NMR (100 MHz, CDC)) &: 172.0 (COMe), 143.7 (G), 138.7 (CH), 136.7 (G),
132.6 (CH)), 129.9 (G), 129.7 (2xCH), 129.2 (CH)), 127.9 (CH), 127.5 (2xCH),),
101.1 (Gy), 91.0 (GC), 84.7 (GC), 55.6 (CHN), 52.3 (CkD), 44.6 (CHN), 22.5
(CHy), 21.7 (CH), 17.1 (CH).
HRMS (ESI): m/z: calcd for [M+NH]" Co1H26N,O4SI: 529.0653, found: 529.0647.
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[a]o?°= not determined (non measurable because of opacity

2.3. (R)-3-(4-(2-lodophenyl)but-3-ynyl)-4-phenylozalidin-2-one (R-14)
CC
|

OTs
ji Z 15 O, PdCl, Cul,PPhy '
un” o Cs,CO,, DMF Y THRELN (2:1) o
\ /" 60°C,1da N\e 40°C, 23h N
y ‘///\/ (R) AN NJ{
Ph

P ® 30% % >0
1 13 R-14 p’’m

Synthesis of 13:

To a solution ofL1 (2 g, 12.2 mmol) and @80O; (20 g, 61.2 mmol) in DMF (40 mL) was
added homopropargyl alcohol tosylatd@)¢ (5.50 g, 24.5 mmol). The reaction mixture
was stirred at 60 °C for 4 h, then a first portafnl2 (5.50 g, 2.45 mmol) was added.
After stirring for 5 h, a second portion d® (2.75 g, 12.2 mmol) was added. The reaction
was stirred for an overall 1 day. After additionaogolution of HCI (1M), up to pH =1,
extraction with AcOEt and drying over MggQhe solvent was removed in vacuo and
the residue was purified by flash chromatographwiboa gel (pentane/AcOEt, 90/10 to
80/20). This led td.3 (780 mg, 30%) as an yellow oil.
OYO 'H NMR (400 MHz, CDC}) &: 7.45-7.37 (3H, m, Ck), 7.32-7.29
\) (2H, m, CH,), 4.99 (1H, dd,J= 7.0 and 8.8, CH), 4.65 (1H,X 8.8,
P(::) CH), 4.13 (1H, ddJ= 7.0 and 8.5, CH), 3.62 (1H, dix 14.0 and
MoI.C\ll\?t|.-:|123T5(.)§478 7.0, CHN), 2.96 (1H, dtJ= 14.0 and 7.0, C#); 2.46 (1H, dtdJ=
16.8, 7.0 and 2.8, G&=CH), 2.31 (1H, dtd,)= 16.8, 6.5 and 2.8,
CH,C=CH), 2.00 (1H, tJ=2.8, CHC).
3C NMR (100 MHz, CDC}) &: 158.3 (CO), 137.8 (§), 129.5 (2xCH), 129.4 (CH),
127.2 (2xCH), 81.2 (&), 70.4 (CH), 70.1 (CHO), 60.3 (CHN), 40.8 (NC}), 17.7
(CH,C=C).

% For the synthesis of 12 see: A. Finaru, A. Berthault, T. Besson, G. Guillaumet and S. Berteina-
Raboin, Tetrahedron Letters, 2002, 43, 787.
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HRMS (ESI): m/z: calcd for [M+H] C13H1sNO,: 216.1019, found: 216.1018.

[a]p®°= -59 (c=0.9, CHG).
Synthesis of R-14

Product R)-14 was prepared fromRj-13 (780 mg, 3.62 mmol), according to the
procedure already described for the synthesisOpfusing diiodobenzene (1.19 g, 3.62
mmol), PdC} (26 mg, 0.14 mmol), Cul (55 mg, 0.29 mmol) and PEB3 mg, 0.51
mmol) in a 2:1 mixture of THF:BN. The reaction mixture was stirred for 17 h at@0
After work-up, purification by liquid chromatograplon silica gel (pentane/GRl,,
90/10 to 100% CkCl,) led to 52 (527 mg, 35% (78% with respect to tfamsed
diodobenzene, 55% of this starting material wasveied)) as a yellow oil.
| 'H NMR (400 MHz, CDC}) & 7.82 (1H, d,J= 7.8, CHy),
7.44-7.35 (4H, m, CK), 7.33-7.28 (3H, m, Ci), 6.98 (1H,
%N P dt J= 1.5 and 7.8, CH), 5.11 (1H, ddJ= 6.8 and 8.8, CH),
FO 4.67 (1H, t,J= 8.8, CH), 4.14 (1H, ddJ= 6.8 and 8.5, CH),
clgHmlNF;hz(R) 3.75 (1H, dtJ= 14.0 and 6.5, C#N), 3.07 (1H, dtJ)= 14.0 and
Mol. Wt.: 417.2403 6.5, CHN), 2.76 (1H, dtJ=17.1 and 6.8, C¥=C), 2.60 (1H,
dt, J=17.1 and 6.5, GB=C).
13C NMR (100 MHz, CDC}) &: 158.3 (CO), 138.8 (C4), 137.9(G), 132.9 (CH),
129.8 (G), 129.5 (2xCH), 129.4 (CH,), 129.3 (CH); 128.0 (CH,), 127.2 (2xCH),
100.8 (Gy), 90.8 (GC), 84.5 (GC), 70.2 (CHO); 60.2 (CHN), 40.9 (CpN), 18.8
(CH,C=C).
HRMS (ESI): m/z: calcd for [M+H] CoH17;NOsl: 418.0299, found: 418.0298.

[a]o?>= -56 (c=0.6, CHG).

(9-14 was prepared according to the same procedure.
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3. General one-pot protocol for the synthesis of ediynes la-f

3.1. (S)-Methyl 1-(3-(2-ethynylphenyl)prop-2-ynydyoxopyrrolidine-2-carboxylate (1a)

'one-pot’ =
(i) TMS—== , Pd(PPhs),Cl,,
% Cul, Et3N, THF, rt, 2 h %

(ii) TBAF solution in THF, 30 min

Meooci%i?;o 78% MeOOC\C/v/O

15 (S)-1a

lodide 15" (3 g, 7.83 mmol) in THF (75 mL), Bt (15 mL) was added and the reaction
mixture was degassed with argon bubbling for 15. mimen the catalyst, Pd(Pf4Cl,
(110 mg, 2 mol%), and the co-catalyst, Cul (60 #hgjol%), were added to the reaction
mixture. After stirring for 10 min trimethylsilyl eetylene (1.66 mL, 11.74 mmol) was
added and the reaction mixture was stirred for tamdil 2 h at room temperature. The
conversion of the starting material was monitorgdrhC. A solution of TBAF (12 mL
of 1 M in THF, 12 mmol) was then added and thetreaanixture stirred further for 30
min. The reaction mixture was then passed throunghliselite bed, concentrated and the
residue was purified by column chromatography tinasgel, using ethyl acetate/pentane
(3:7) as eluent, to afford compouhd (1.72 g, 78% over 2 steps) as a brown liquid.
'H NMR (400 MHz, CDC}) &: 7.48-7.45 (1H, m, Ck), 7.40-7.38
(1H, m, CH,), 7.29-7.25 (2H, m, Ck), 4.89 (1H, d,J= 17.8,
A CH:N, A part of an AB pattern), 4.65-4.62 (1H, mH@OMe),
4.02 (1H, dJ= 17.8, CHN, B part of an AB pattern), 3.75 (3H, s,
CO,CHj3), 3.31 (1H, s, ECH), 2.49-2.36 (3H, m, C}, 2.13-2.10
Molﬁﬂﬂlgglfgosg (1H, m, CH). **C NMR (100 MHz, CDC}) &: 174.5 (CO), 172.2
(CO), 132.6 (CH), 132.1 (CH), 128.6 (CH,), 128.3 (CH,), 125.4
(Ca), 124.7 (G), 86.7 (GC), 83.3 (GC), 82.2 (GC), 81.1 €CH), 58.4 (CH), 52.6
(OCHg), 32.3 (CHN), 29.6 (CH), 22.9 (CH).
HRMS (ESI): m/z: calcd for [M+H] Cy7H1eNOs: 282.1125, found: 282.1125.

=

Meooc & N~_o
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Chiral HPLC separation of enantiomers: Chiralpak IC, hexahafedl 8/2, 1 mL/min,
detection UV and CD 254 nm, (= 13.41, RtR) = 14.78, k§ = 3.47, kR) = 3.93,a =
1.13 and Rs = 1.9%e = 96%

[a]o®= +12.4 (c= 0.78, CCly).

3.2.(S)yMethyl-2-(N-(3-(2-ethynylphenyl)prop-2-ynyl)-4-mieglphenylsulfonamido)
propanoate (1b)

| ‘one-pot’ =
(i) TMS—==, Pd(PPhs),Cls,
T Cul, Et3N, THF, rt, 2 h N
(ii) TBAF solution in THF, 30 min
(S
MeOZC\rN\TS 77% Me02C{S‘}N\TS
e Me
16 (S)-1b

Enediynelb was prepared from compouié' (4.00 g, 8.04 mmol), Pd(PRCI, (113
mg, 2 mol%), Cul (61.3 mg, 4 mol%), trimethylsilgtetylene (1.7 mL, 12.06 mmol),
EtsN (20 mL) in THF (100 mL). The reaction mixture wstired for 2 h. Deprotection
was carried out with TBAF solution (1 M in THF) (52mL, 12.5 mmol). The product
was purified by column chromatography (20% ethytate/pentane) to yield compound

1b (2.45 g, 77% over 2 steps) abrawn liquid.

= 'H NMR (400 MHz, CDC}) 8: 7.83 (2H, dJ= 8.3, CH,), 7.48 (1H,
m, CHy), 7.29-7.23 (5H, m, CH), 4.71 (1H, g,J= 7.3, GHCHy),
X 4.64 (1H, dJ= 18.8, CHN, A part of an AB pattern), 4.41 (1H, @&

MeOZC\(?N\TS 18.8, CHN, B part of an AB pattern), 3.65 (3H, s, &}5), 3.24
Me (1H, s,=CH), 2.36 (3H, s, ChJ, 1.57 (3H, dJ= 7.3, CHGH3).
Mof%/z\,tﬂ?%g@ " 13C NMR (100 MHz, CDC}) &: 172.0 (CO), 143.6 (), 137.3 (Q),
132.7 (CHy), 132.2 (CH), 129.6 (2xCH,), 128.5 (CH,), 128.3
(CHay), 127.7 (2xCHy), 125.5 (G), 124.6 (G), 88.6 (GC), 83.0 (&C), 82.0 (GC),
81.1 ECH), 55.1 CHCH), 52.4 (OCH), 35.2 (CHN), 21.6 (CH of Ts), 16.5 (CKCH>)
HRMS (ESI): m/z: calcd for [M+H] CooH2oNO4S: 396.1264, found: 396.1264.
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Chiral HPLC separation of enantiomers: Chiralcel OD-3, hexaapfopanol 8/2, 1
mL/min, detection UV and CD 254 nm, Bi= 12.04, RtR) = 13.00, k§ = 3.01, kR) =
3.33,a0 =1.11 and Rs = 1.22e = 99%

[a]o?°= -35.8 (c= 0.5, CbCl,).

3.3.(9)-3-(3-(2-Ethynylphenyl)prop-2-ynyl)-4-phenyloxazoiid2-one (S-1c)

| 'one-pot’ =
(i) TMS—== , Pd(PPh3),Cl,,
\\ Cul, Et3N, THF, rt, 12 h \\
(i) TBAF solution in THF, 30 min
Ph/ SN _0 66% Ph, SN _0
e e
(@] O
17 (S)-1c

Enediynelc was prepared from compound® (3.20 g, 7.94 mmol), Pd(PRCI, (111.4
mg, 2 mol%), Cul (60.5 mg, 4 mol%), trimethylsigtetylene (1.68 mL, 11.90 mmol),
EtN (16 mL) in THF (80 mL). The reaction mixture wasirred for 12 h. The
deprotection was carried out with TBAF solutionMlin THF) (12 mL, 12 mmol). The
product was purified by column chromatography (28&yl acetate/pentane) to yield
compoundlc (1.57 g, 66% over 2 steps) abrawn liquid.
'H NMR (400 MHz, CDC}) 5: 7.38-7.36 (1H, m, C), 7.29-7.25
(6H, m, CH,), 7.17-7.12 (2H, m, CH), 5.01 (1H, tJ= 8.3), 4.55
A (1H, d, J= 17.8, CHN, A part of an AB pattern), 4.53 (1H,
ph SN _o superimposed tJ= 8.8), 4.05 (1H, tJ= 8.0), 3.51 (1H, dJ= 17.8,
to CHzN, B part of an AB pattern), 3.15 (1H,=CH).
C,qH,cNO 3 NMR (100 MHz, CDC)) &: 157.9 (CO), 136.9 (), 132.7
Mol. Vit 301,386
(CHay), 132.2 (CH), 129.4 (2xCH), 129.3 (CH), 128.7 (CH),
128.4 (CH,), 127.5 (2xCH), 125.4 (G), 124.8 (G), 86.2 (GC), 83.5 (GC), 82.4
(C=C), 81.2 €CH), 70.0 (OCH), 59.0 (CH), 33.1 (CbN).
HRMS (ESI): m/z: calcd for [M+H] CyoH1gNO»: 302.1176, found: 302.1176.
Chiral HPLC separation of enantiomers: Chiralpak IB, hexahafetl 9/1, 1 mL/min,
detection UV 230 nm and CD 254 nm, RtE 9.63, Rt§ = 10.61, kR) = 2.21, k) =
2.54,a = 1.15.ee = 99% for(S) andee = 99.9% for(R).

=z
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[a]p?>= +169.7 (c= 0.67, CKLl,) (Sisomer).
[a]p?°= -192.5 (c= 0.49, C}Cl,) (R-isomer).

3.4. (S)-Methyl 1-(3-(2-ethynylphenyl)prop-2-ynyl)polidine-2-carboxylate (1d)

S Z
one-pot
() TMS—== , Pd(PPh,),Cl,,
Cul, Et,N, THF, 60 °C, 12 h
NV
N (il) TBAF solution in THF,

30 min, r.t. MeO,CaN
MeOZC-LS</i7

75%

A

1d
7

Enediyneld was prepared from compourd(1.80 g, 4.88 mmol), Pd(PBkCl, (68.5
mg, 2 mol%), Cul (37 mg, 4 mol%), trimethylsilyletglene (1 mL, 7.31 mmol), g (8
mL) in THF (20 mL). The reaction mixture was stdrdor 12 h at 60 °C. The
deprotection was carried out with TBAF solutionNtLin THF) (8 mL, 8 mmol). The
product was purified by column chromatography (26&yl acetate/pentane) to yield

compoundld (978 mg, 75% over 2 steps) abrawn liquid.

= IH NMR (400 MHz, CDCY) 5: 7.49-7.47 (1H, m, Ck), 7.43-7.41
(1H, m, CHy), 7.29-7.22 (2H, m, Ck), 3.88 (2H, AB pattern]as=
A 17.6,Av= 22.3 Hz), 3.73 (3H, s, OG}H 3.67 (1H, ddJ= 6.5 and

MeoOCLSN 9.0), 3.27 (1H, s=CH ), 3.12-3.08 (1H, m), 2.94-2.88 (1H, m),
.LQ 2.22-2.13 (1H, m), 2.04-1.79 (3H, mj°C NMR (100 MHz,
o arizNOs CDCl) 8: 174.3 (CO), 132.7 (CHJ, 132.1 (CHy), 128.6 (CHY),
127.9 (CH)), 126.3 (G), 124.7 (Gy), 88.6 (GC), 84.0 (GC), 82.6 (GC), 81.0 (CH),
62.5 (CH), 52.4 (Ch), 52.1 (OCH), 42.2 (CH), 29.8 (CH), 23.5 (CH).
HRMS (ESI): m/z: calcd for [M+H] C;7H1eNO»: 268.1332, found: 268.1332.
Chiral HPLC separation of enantiomers: Chiralpak ID, hexanpfigpanol 95/5, 1
mL/min, detection UV and CD 254 nm, Rt (S) = 7.2/R) = 7.97 and I§) = 1.42, kR
=1.66,0 =1.17 and Rs = 2.48e = 99%
[a]o®= -106.5 (c= 0.81, C}Cl)
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3.5. (S)-Methyl-2-(N-(3-(2-ethynylphenyl)prop-2-yipa-
methylphenylsulfonamido)propanoate (1e)

| ‘one-pot’ =
(i) TMS—= , Pd(PPh;),Cl,,
% Cul, E;N, THF, rt, 2h %
(if) TBAF solution in THF, 30 min
MeO,C(SL N< 87.5% MeO,C.(SLN.
o o
Me Me
10 le

Enediynelewas prepared from compoud (1.00 g, 1.96 mmol), Pd(PBECI, (28 mg,
2 mol%), Cul (15 mg, 4 mol%), trimethylsilyl acetyle (0.41 mL, 2.93 mmol), &t (4
mL) in THF (10 mL). The reaction mixture was stdréor 2 h in room temperature.
Deprotection was carried out with TBAF solutionNLin THF) (3.0 mL, 3.00 mmol).
The product was purified by column chromatograp®% ethyl acetate/pentane) to
yield compoundLe (700 mg, 87.5%) asyellowish liquid.
'H NMR (400 MHz, CDC}) &: 7.72 (2H, dJ= 8.3, CH,), 7.47 (1H,
dd,J= 1.8 and 7.0, Ck), 7.38 (1H, ddJ= 1.5 and 7.3, CH), 7.28
A (2H, superimposed d= 8.3, CH,), 7.27-7.21 (2H, superimposed m,
CHa), 4.66 (1H, q,J= 7.3, CHN), 3.58 (1H, ddd}= 5.0, 9.8 and
MeO,Cs) N<
Y Ts 15.8), 3.52 (3H, s, CiD), 3.42 (1H, dddJ= 6.0, 9.8 and 15.8), 3.27
Ctono,s  (IH SECH), 2,95 (1H, ddd= 5.2, 9.8 and 16.8), 2,81 (1H, ddd,
Mol. Wt.: 409.4980 g 0, 10.0 and 16.8), 2.41 (3H, s, §HL.48 (3H, d,J= 7.3, CH). *°C
NMR (100 MHz, CDCY}) 3: 172.0 (CQMe), 143.7 (G), 136.8 (G), 132.7 (CH), 132.0
(CHa), 129.7 (2xCH), 128.6 (CH), 127.7 (CH), 127.5 (2xCH), 126.5 (G), 124.6
(Ca), 91.3 (GC), 82.4 (GC), 81.0 (GC), 80.9 £CH), 55.6 (CHN), 52.3 (CtD), 44.8
(CH:N), 22.5 (CH), 21.7 (CH), 17.1 (CH).
HRMS (ESI): m/z: calcd for [M+H] Cy3H24NO4S: 410.1421, found: 410.1426.
Chiral HPLC separation of enantiomers: Chiralpak IC, hexahafedl 7/3, 1 mL/min,
detection UV and CD 254 nm, Rt (S) = 7.15, Rt (R3.85 and K§ = 1.38, kR) = 1.68,
o =1.22 and Rs = 2.34e = 83%

[a]o?®= -24.2 (c= 0.64, CbCl,)

=
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3.6. (R)-3-(4-(2-ethynylphenyl)but-3-ynyl)-4-pheimdazolidin-2-one ((R)-1f)

'one-pot' //

' () TMS—=, Pd(PPh,),Cl,,
Cul, Et;N, THF, 1, 2 h O
O ’ 3% ’ ) \
AN
\\ NJ{ (i) TBAF solution in THF, 30 min NJ<

o)
)\/O 87.5% ph)\/

P (R ®
(R)-14 R)-1f

Enediynelf was prepared from compoudd (280 mg, 0.67 mmol), Pd(PBECI, (10
mg, 2 mol%), Cul (5 mg, 4 mol%), trimethylsilyl agkene (0.19 mL, 1.34 mmol), &
(2 mL) in THF (5 mL). The reaction mixture was sttt for 2 h in room temperature.
Deprotection was carried out with TBAF solutionMlin THF) (1.5 mL, 1.5 mmol). The
product was purified by column chromatography (28&yl acetate/pentane) to yield
compoundLf (179 mg, 85%) as yellowish liquid.
'H NMR (400 MHz, CDC}) 8: 7.48 (1H, ddJ= 2.0 and 7.0,
CHyy), 7.42-7.37 (4H, m, ClJ, 7.32-7.23 (4H, m, C{), 5.12
T j() (1H, dd,J= 6.8 and 8.8, CH), 4.65 (1H, J= 8.8, CH), 4.13
N™ Yo (1H, dd,J= 6.8 and 8.5, CH), 3.73 (1H, d 14.0 and 6.5,
Ph)(l;/ CH.N), 3.27 (1H, s=CH ), 3.05 (1H, dtJ= 13.8 and 6.5,
Mo|_CV2V1t'j137T5C,) 3650 CHoN), 2.76 (1H, dtJ= 17.0 and 7.0, C}=C), 2.60 (1H, dt,
J=17.0 and 6.3, Ci@=C).
3C NMR (100 MHz, CDC)) &: 158.3 (CO), 138.0 (), 132.8 (CH,), 132.2 (CH),
129.5 (2xCH), 129.3 (CH), 128.7 (CH), 129.3 (CH); 127.9 (CH)), 127.3 (2xCH),),
126.3 (Gy), 124.5 (G), 91.1 (GC), 82.4 (GC), 80.9 (GC), 80.8 (&C), 70.1 (CHO);
60.3 (CHN), 40.9 (CkN), 18.8 (CHC=C).
HRMS (ESI): m/z: calcd for [M+H] C1H1eNO»: 316.1332, found: 316.1331.

=

Chiral HPLC separation oR-enantiomers: Chiralpak IC, hexane/ethanol 9/1 ] inmn,
detection UV and CD 254 nm, Rt (S) = 14.73 Rt (R)3:07 and Q) = 3.36, k) =
3.91,a = 1.16 and Rs = 3.52e = 99.9%

[a]p?®= -64.1 (c= 0.44, ChCl)

S14



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Chiral HPLC separation oS-enantiomers: Chiralpak IC, hexane/ethanol 9/1 | 1rmmn,
detection UV and CD 254 nm, Rt (S) = 14.73 Rt (R)3:07 and K§) = 1.42, kR) =
1.66,a = 1.17 and Rs = 4.24e = 99.9%

[a]p?®= +59.4 (c= 0.87, CCl,)

4. General One-Pot Crabbé Homologation-Radical Casce Cyclization

4.1. Cyclization of (S)-1a

=

X (CH,0);, (2.5 equiv.) COMe
Cy,NH (1.8 equiv.) ®
SN Cul (0.5 equiv.) N

Meozcvo 1,4-dioxane, reflux, 2 h 5

(R)-2a (81%)
(S)-1a

ee =96%

ee = 95%

(CH20), (27 mg, 0.89 mmol), Cul (34 mg, 0.18 mmol), 1,4x@ine (1 mL), enediyne
(9-1a (100 mg, 0.36 mmol) and dicyclohexylamine (0.13 rAl§4 mmol) were added
sequentially into an oven-dried reaction tube epegpwith a reflux condenser under an
argon atmosphere. The resulting mixture was stiaedaeflux for 2 h. Solvent was
evaporated under vacuo and redissolved in DCMerél, and the filtrate was
concentrated and purified by column chromatographysilica gel using 1:1 ethyl
acetate:pentane as eluent to afford the cyclizedymt R)-2a (85 mg, 81%, ee= 95%).
(R)-Methyl 3-0x0-1,2,3,5,12,12a-hexahydrobenzglpyrrolo [1,2-bjisoquinoline-12a-
carboxylate (R-2a):
White solid, mp= 205.9 °C (acetonitril}4 NMR (400 MHz,
CO,Me CDCl) &: 7.78-7.73 (2H, m, Ck), 7.64 (1H, s, CH), 7.63 (1H,
OO ® s, CHy), 7.46-7.41 (2H, m, CK), 5.09 (1H, dJ= 17.3, CHN, A
o part of an AB pattern), 4.63 (1H, 8k 17.3, CHN, B part of an
MoI.C\/l\?tl.-:llégE?L%SZS AB pattern), 3.74 (1H, dJ= 15.3, CCH, A part of an AB
pattern), 3.57 (3H, s, OGH 3.08 (1H, dJ= 15.3, CCH, B part
of an AB pattern), 2.64-2.47 (3H, m), 2.26-2.17 (1hj.
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13C NMR (100 MHz, CDC}) &: 174.6 (CO), 173.4 (CO), 132.7 4% 132.4 (G), 129.7
(Can, 129.3 (G, 127.6 (CH), 127.5 (CH), 127.4 (CH), 126.2 (CH), 126.1 (CH),
125.5 (CH), 65.7 (C), 52.9 (OC#¥), 42.6 (CH), 40.0 (CH), 31.4 (CH), 29.7 (CH).
HRMS (ESI): m/z: calcd for [M+H] C1gH1gNO3: 296.1281, found: 296.1282.

Chiral HPLC separation of enantiomers: Chiralpak IB, hexahefatl 7/3, 1 mL/min,
detection UV 230 nm and CD 254 nm, Rt (S) = 8.1§Mt= 7.02 and K§) = 1.72, kR)
=1.34,0 =1.28 and Rs = 2.@e = 95%(ee = 99.9% after recrystallization).

[a]p?°= -139.6 (c= 0.49, CHCl,)

X-ray structure of (R)-2a

4.2. Cyclization of (S)-1b

=
S A s ey COMe OO CHa
NV 2 . . R)T
N Cul (0.5 equiv.) OO ( )N Me ¥
1,4-dioxane, reflux, 2 h “Ts
MeOZC{SﬁN\TS MeOZC\WN\TS
R)-2b (62%
Me (R)-2b (62%) 3b (4%)
(S)-lb ee = 85%
ee =99%

Enediyne §-1b (100 mg, 0.25 mmol) was allowed to react with ¢Oh} (19 mg, 0.63
mmol), Cul (24 mg, 0.13 mmol) and dicyclohexylami(@10 mL, 0.46 mmol) in
refluxing 1,4-dioxane (1 mL) for 2 h. The producteere purified by column
chromatography on silica gel using 1:9 ethyl aespentane as eluent to affofd){2b
(64 mg, 62%, ee= 85%) and oleBb (4.1 mg, 4%).
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(R)-Methyl 3-methyl-2-tosyl-1,2,3,4-tetrahydrobenzajlisoquinoline-3-carboxylate
(R-2b):
CO,Me Colorless oil.'H NMR (400 MHz, CDC}) & : 7.81-7.78 (2H,
'V'e m, CHy),7.75 (2H, d,J= 8.3, CH,), 7.63 (1H, s, CH), 7.54
023H23NOASTS (1H, s, CH), 7.48-7.46 (2H, m, CH), 7.23 (2H, d,J= 8.3,
Mol. Wt.: 409.4980 CHa), 4.55 (2H, s, Ch), 3.82 (3H, s, OCH), 3.42 (1H, dJ=
14.6, CH, A part of an AB pattern), 3.02 (1H, @ 14.8, CH, B part of an AB pattern),
2.38 (3H, s, Ch), 1.56 (3H, s, Ch).
3C NMR (100 MHz, CDCJ) §: 174.8 (CO), 143.4 (), 138.3 (G), 133.2 (G), 132.6
(Ca), 1325 (G), 131.4 (G), 129.7 (2xCH), 127.8 (CH), 127.6 (CH), 127.3
(2xCH.y), 126.4 (CH), 126.3 (CH), 126.1 (CH,), 124.3 (CH)), 63.6 (C), 52.9 (OC#¥),
47.0 (CH), 42.1 (CH), 24.3 (CH), 21.6 (CH).
HRMS (ESI): m/z: calcd for [M+H] Co3H24NO,S: 410.1421, found: 410.1420.
Chiral HPLC separation of enantiomers: Chiralpak IA, hexahatedl 7/3, 1 mL/min,
detection UV 230 nm and CD 254 nm, Rt (S) = 12.07R} = 8.67 and I§) = 3.02, kR)
=1.89,0 =1.60 and Rs = 6.7ée = 85%
[a]o?°= +11.6 (c= 0.50, CkCly)

Methyl 2-(4-methyl-N-((3-methylnaphthalen-2-yl)methyl)
phenylsulfonamido)acrylate (3b):
CH, Colourless oil'H NMR (400 MHz, CDC}) &: 7.75 (2H, d,J= 8.3,

OO CHa), 7.70 (1H, dJ= 8.0, CH,), 7.65 (1H, dJ= 7.8, CH), 7.57

N, (1H, s, CH), 7.48 (1H, s, CH), 7.42-7.35 (2H, m, CJ, 7.32 (2H,
T > d, 3 80, CH,), 6.15 (1H, s, =B Hy), 5.66 (1H, s, =CkHy), 4.79
ol B2si0aS - (2H,'s, CHN), 3.56 (3H, s, OCH, 2.54 (3H, s, Ch), 2.45 (3H, s,
CHy).
3¢ NMR (100 MHz, CDCJ) §: 164.2 (CO), 143.9 (C), 135.7 4§ 135.5 (G), 135.4
(Ca), 133.5 (G), 131.8 (G), 131.6 (G), 129.8 (CH), 129.6 (2xCH), 128.8 (CH),
128.5 (=CH), 128.1 (2xCH), 127.6 (CH,), 127.0 (CH), 126.4 (CH), 125.4 (CH),
52.3 (OCH), 51.4 (CHN), 21.8 (CH), 19.6 (CH).
HRMS (ESI): m/z: calcd for [M+NH]" CosHo7N,0,4S: 427.1686, found: 427.1686.

MeO,C
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4.3. Cyclization of (S)-1c
Enediyne §-1c (100 mg, 0.33 mmol) was allowed to react with fOj4 (25 mg, 0.83

mmol), Cul (32 mg, 0.17 mmol) and dicyclohexylami{@12 mL, 0.60 mmol) in
refluxing 1,4-dioxane (1 mL) for 2 h. The producteere purified by column
chromatography on silica gel using 3:7 ethyl aeepsntane as eluent to affor§-@c
(73 mg, 70%, ee= 87%).

=
(CH,0), (2.5 equiv.) Ph
\\ Cy,NH (1.8 equiv.)
Cul (0.5 equiv.) OO ®) 0
Ph, () N/\éo 1,4-dioxane, reflux, 2 h N\<
(S)1c (S)-2¢ (70%)
ee = 99% ee =87%

(S)-12a-phenyl-12,12a-dihydro-H-benzof]oxazolo [3,4blisoquinolin-3(5H)-one &
2c):

Ph White solid, mp= 243.3 °C (EtOAc))H NMR (400 MHz,

OO (S)N O CDCl) &: 7.75-7.73 (1H, m, CH), 7.67 (1H, dJ= 7.3, CH),
O o 7.67 (1H, superimposed s, G}l 7.49 (1H, s, CH), 7.43-7.37
Mol. Wt 3153652 (4H, m, CHy), 7.33-7.28 (2H, m, CH), 7.20 (1H, ttJ= 7.3 and
1.3, CH,), 5.17 (1H, dJ= 17.3, CHN, A part of an AB pattern), 4.45 (1H, d, J= 8.5,
CH.0, A part of an AB pattern), 4.42 (1H, 8 16.8, CHN, B part of an AB pattern),
4.31 (1H, d, J= 8.5, Ci®, B part of an AB pattern), 3.79 (1H, d, J= 1%6,C, A part
of an AB pattern), 3.51 (1H, d, J= 15.6, &K B part of an AB pattern).
13C NMR (100 MHz, CDC}) §: 158.0 (CO), 139.1 (§), 132.5 (G), 132.4 (G), 130.2
(Can), 129.5 (2xCH), 129.2 (G), 128.3 (CH), 127.8 (CH), 127.4 (CH), 127.3 (CH)),
126.2 (2xCH), 126.1 (CH,), 126.0 (CH), 125.0 (CH), 76.5 (OCH), 62.2 (C), 42.4
(CHy), 37.1 (CH).
HRMS (ESI): m/z: calcd for [M+H] Co1H1gNO2: 316.1332, found: 316.1332.
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Chiral HPLC separation of enantiomers: Chiralpak IC, hexahafedl 7/3, 1 mL/min,
detection UV 230 nm and CD 254 nm, Rt (S) = 15.26A3 = 17.37 and i§) = 4.09,
k(R)=4.79,a0 = 1.17 and Rs = 2.6@e = 87%

[a]p?°= +331.1 (c= 0.45, CHTl)

4.4. Cyclization of (R)-1c
Z

(CH,0), (2.5 equiv.) Ph

Cy,NH (1.8 equiv.) 5

Cul (0.5 equiv.) OO Rl o

Phaf) inéo 1,4-dioxane, reflux, 2 h N\<
AW b

(R)-2¢ (70%)

A

(R)-1c
ee = 99.9% ee = 90%
Enediyne R)-1c (100 mg, 0.33 mmol) was allowed to react with ¢Oh} (25 mg, 0.83
mmol), Cul (32 mg, 0.17 mmol) and dicyclohexylamif@12 mL, 0.60 mmol) in
refluxing 1,4-dioxane (1 mL) for 2 h. The producteere purified by column
chromatography on silica gel using 3:7 ethyl aeepentane as eluent to affoifd)-2c
(73 mg, 70%, ee= 90%) as white solid, mp= 231.3EOAC).
HRMS (ESI): m/z: calcd for [M+H] C21H1gNO»: 316.1332, found: 316.1332.
Chiral HPLC separation of enantiomers: Chiralpak IC, hexahefedl 7/3, 1 mL/min,
detection UV 230 nm and CD 254 nm, Rt (S) = 15.26A = 17.37 and 1§ = 4.09,
k(R)=4.79,a0 = 1.17 and Rs = 2.6@e = 90%
[a]p?°= -316.8 (c= 0.63, CCl,)
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4.5 Cyclization of (S)-1d

=
A (CH,0), (2.5 equiv.) gOZMe

CyoNH (1.8 equiv.) (R)
MeO.ClSN Cul (0.5 equiv.) N
2

1,4-dioxane, reflux, 2 h

(S)-1d (R)-2d (67%)

ee = 99% ee=97%
Enediyne §-1d (100 mg, 0.37 mmol) was allowed to react with ¢Ohi (28 mg, 0.94
mmol), Cul (36 mg, 0.19 mmol) and dicyclohexylami(@13 mL, 0.67 mmol) in
refluxing 1,4-dioxane (1 mL) for 2 h. The producteere purified by column
chromatography on silica gel using 2:8 ethyl aespentane as eluent to affofd){2d
(70 mg, 67%, ee= 97%) as white solid, mp= 116.3 (pCecipitated from ethyl
acetate:pentane).

(R)-Methyl 1,2,3,5,12,12a-hexahydrobenzg]pyrrolo[1,2- blisoquinolin-12a-
carboxylate (R-2d):
co,Me 'H NMR (400 MHz, CDC}) §: 7.79-7.77 (2H, m, Ck), 7.62
(1H, s, CH), 7.60 (1H, s, CH), 7.44-7.42 (2H, m, CH), 4.23
CgH1NO, (1H, d,J= 15.1, A part of an AB pattern), 3.97 (1H, d, B0 A
Mol. Wt.: 281.3490  part of an AB pattern), 3.69 (3H, s, OgH3.36 (1H, dJ= 15.1,
A part of an AB pattern), 3.16-3.12 (1H, m), 2.9H( d, J= 15.0, B part of an AB
pattern), 2.62 (1H, tdJ= 8.5 and 5.8), 2.37-2.32 (1H, m), 1.87-1.80 (1H, 70-1.58
(2H, m).
13C NMR (100 MHz, CDC}) §: 176.3 (CO), 134.6 (f), 133.1 (@), 132.9 (G), 132.4
(Ca), 127.6 (CH), 127.4 (CH,), 127.0 (CH), 125.7 (CH)), 125.6 (CH,), 125.2 (CH),
67.8 (C), 53.3CHy), 52.3 (OCH), 51.0 CHy), 36.9 CH,), 36.8 CH,), 23.0 CH,).
HRMS (ESI): m/z: calcd for [M+H] Ci1gH20NO»: 282.1489, found: 282.1490.
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Chiral HPLC separation of enantiomers: Chiralpak AD-H, hexetmanol 95/5, 1
mL/min, detection UV 230 nm and CD 254 nm, Rt (3.6 Rt (R) = 11.13 and &(=
1.99, kR) =2.71,0 = 1.36 and Rs = 3.96e = 97%

[a]p?®= +67.5 (c= 0.40, CkCl,)

4.6. Cyclization of (S)-1e

g7
7 (CH,0), (2.5 equiv.)
Cy,NH (1.8 equiv.) CO;Me
N Cul (0.5 equiv.) —=Me CHa
1,4-dioxane, reflux, 2 h OO ®) N—Ts
+ N/Ts
MeO,C.(S). N
Y TS (R)-2e (44%) Meoz‘?&
Me ee = 56%
3e (19%
(S)-1e .
ee = 83%

Enediyne §-1e (100 mg, 0.24 mmol) was allowed to react with (O} (18.3 mg, 0.61
mmol), Cul (23.3 mg, 0.12 mmol) and dicyclohexylami(0.10 mL, 0.44 mmol) in
refluxing 1,4-dioxane (1 mL) for 2 h. The producteere purified by column
chromatography on silica gel using 1:9 ethyl aeepentane as eluent to affofd)-2e
(45 mg, 44%, ee= 56%) and oleBa (20 mg, 19%).

(R)-Methyl 2-methyl-3-tosyl-2,3,4,5-tetrahydro-H-naphtho[2,3-d]lazepine-2-
carboxylate (R-2e):

CO,Me Colorless oil."H NMR (400 MHz, CDC}) &: 7.80 (2H, dJ=
OO (RﬁNE’fS 8.2, CHy), 7.76-7.72 (2H, m, CH), 7.51 (1H, s, CH), 7.50

(1H, s, CH), 7.45-7.42 (2H, m, CK), 7.24 (2H, d,J= 8.3,

Mofﬁ;\‘}t_f?a'\gf‘é% CHy), 3.81-3.74 (1H, m), 3.77 (3H, superimposed s, @CH
3.67-3.52 (1H, m), 3.63 (1H, superimposed,15.6, A part of an AB pattern), 3.24-
3.04 (2H, m), 3.14 (1H, superimposedld,15.0, B part of an AB pattern), 2.40 (3H, s,
CHs), 1.54 (3H, s, CH).
3C NMR (100 MHz, CDCJ) §: 174.4 (CO), 143.6 (§), 137.9 (G), 136.6 (G), 133.3
(Ca), 133.0 (G), 132.3 (G), 129.8 (CH), 129.6 (2xCHy), 127.9 (2xCH), 127.6
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(CHa), 127.4 (CHy), 127.1 (CH), 126.2 (CH)), 125.9 (CH), 66.3 (C), 52.7 (OC#),

45.9 (CH), 44.2 (CH), 35.2 (CH), 22.1 (CH), 21.7 (CH).

HRMS (ESI): m/z: calcd for [M+H] Co4H26NO,S: 424.1577, found: 424.1573.

Chiral HPLC separation of enantiomers: Chiralpak IB, hexahafatl 9/1, 1 mL/min,
detection UV 230 nm and CD 254 nm, Rt (S) = 11.6XA = 12.94 and I8§) = 2.87,
k(R)=3.31,a =1.15and Rs = 2.18e = 56%

[0]o?°= -10.4 (c= 0.48, CkCl,)

Methyl 2-(4-methyl-N-(2-(3-methylnaphthalen-2-yl)ethyl)
phenylsulfonamido)acrylate (3e):
CH, Colourless oil;'*H NMR (400 MHz, CDC}) &: 7.72-7.69 (2H,
N/Ts m, CHy), 7.66 (2H, dJ= 8.3, CHy,), 7.57 (1H, s, CH)), 7.52
/& (1H, s, CH)), 7.40-7.38 (2H, m, CK, 7.21 (2H, d,J= 8.3,
MeO,C
CHa), 6.45 (1H, s, =6 ,Hy), 5.81 (1H, s, =CHHy,), 3.67 (3H, s,
C,4HNO,S
Mol. Wt.: 423.5246 OCHg), 3.64-3.60 (2H, m, C#N), 3.03-2.99 (2H, m, C}J, 2.42
(3H, s, CH), 2.39 (3H, s, Ch).
13C NMR (100 MHz, CDCY) &: 164.4 (CO), 143.7 (C), 136.2 4§ 136.1 (G), 135.1
(Ca), 134.7 (G), 132.8 (G, 132.3 (G, 129.5 (2xCH), 128.5 (=CH), 128.4 (CH)),
128.1 (CHy), 127.8 (2xCH), 127.2 (CHy), 127.0 (CH), 125.7 (CHy), 125.4 (CH),
52.6 (OCH), 49.7 (CHN), 33.1 (CH), 21.7 (CH), 19.8 (CH).
HRMS (ESI): m/z: calcd for [M+H] Co4H26NO,4S: 424.1577, found: 424.1576.

4.7. Cyclization of (S)-1f

=
o (CH,0), (2.5 equiv.)

CH
% Cy,NH (1.8 equiv.) Ph o 3
NJ( Cul (0.5 equiv.) ©)
‘\Q/O 1,4-dioxane, reflux, 2 h N/&O + O
8 \ J(

Ph

O
(S)1f (8)-2f (38.5%) 3f (24%) =/
ee = 99.9% ee = 81% Ph

Enediyne §-1f (100 mg, 0.32 mmol) was allowed to react with (Ol (24 mg, 0.79
mmol), Cul (30 mg, 0.16 mmol) and dicyclohexylamif@11l mL, 0.57 mmol) in
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refluxing 1,4-dioxane (1 mL) for 2 h. The producteere purified by column
chromatography on silica gel using 2:8 ethyl aecpentane as eluent to affol®-f
(40 mg, 38.5%, ee= 81%) and ole8h(25 mg, 24%).
(S)-13a-phenyl-5,6,13,13a-tetrahydronaphtho[2,8oxazolo[3,4a]azepin-3(1H)-one

(S-2f):
Ph Yellowish oil; 'H NMR (400 MHz, CDCY) &: 7.77-7.75 (1H,
m, CHy), 7.72-7.70 (1H, m, C), 7.68 (1H, s, CH), 7.54 (1H,
O s, CHy), 7.43-7.41 (2H, m, CK), 7.34-7.33 (4H, m, CH),

C,,H,;gNO
Mol Wt - 320 3918  7-22-7.20 (1H, m, Ck), 4.35 (1H, dJ= 8.3, A part of an AB

pattern), 4.29-4.26 (1H, m), 4.11 (1H, d, J= 8.3t of an AB pattern), 3.74 (1H, &
14.6, A part of an AB pattern), 3.63 (1H, d, J=0148 part of an AB pattern), 3.21-3.18
(2H, m), 3.03-2.99 (1H, m).

13C NMR (100 MHz, CDC}J) 8: 158.2 (CO), 133.7 (§), 133.0 (G), 132.6 (G), 129.4
(2xCH.y), 128.2 (CH), 128.0 (CH), 127.3 (2xCH), 127.2 (CH), 126.2 (CH), 126.0
(CHay), 125.9 (2xCH), 76.0 (OCH), 65.3 (C), 44.4 (CkN), 40.9 (CH), 33.6 (CH).

Due to unexplained low intensity (slow relaxatiame) of aliphatic carbons, the spectra
was assigned from 2D HSQC sequence which allowednbiguous measurement of
chemical shifts.

HRMS (ESI): m/z: calcd for [M+H] CooH20NO»: 330.1489, found: 330.1488.

Chiral HPLC separation of enantiomers: Chiralpak IA, hexahatedl 7/3, 1 mL/min,
detection UV 230 nm and CD 254 nm, Rt (S) = 10.6X A3 = 12.85 and I§) = 2.54,
k(R)=3.28,a=1.30and Rs =4.1ée = 81%

[0]o?°= +98.4 (c= 0.94, ChCl,)

3-(2-(3-Methylnaphthalen-2-yl)ethyl-4-phenyloxazoR (3H)-

CH, one (3f):
OO White solid, mp= 97.8 °C (precipitated from ethyl

sz acetate:pentaneH NMR (400 MHz, CDC}) &: 7.69-7.64 (2H,

Ph)yo m, CHy), 7.47 (1H, s, CH), 7.41-7.38 (3H, m, Ci), 7.38 (1H,
CoHygNO, superimposed s, GHl, 7.31 (2H, tJ= 7.3, CH)), 7.02 (2H, dJ=
Mol. Wt.:329.3918 7.0, CH,), 6.72 (1H, s, CH=), 3.89 (2H, J= 7.3, CHN), 3.01
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(2H, t,J= 7.3, CH), 2.17 (3H, s, Cb).

13C NMR (100 MHz, CDC}) 8: 156.2 (CO), 134.6 (§), 134.5 (G), 132.9 (G), 132.4
(Cap, 129.9 (G), 129.6 (CH), 129.0 (2xCH), 128.7 (2xCH), 128.5 (CH,), 128.4
(CHay), 127.2 (CH), 126.9 (CH), 126.4 (C=), 125.8 (C4), 125.4 (CH), 123.9 (CH=),
42.5 CHy), 32.3 (CH), 19.4 (CH).

HRMS (ESI): m/z: calcd for [M+H] Co2H20NO2: 330.1489, found: 330.1488.

4.8. Cyclization of (R)-1f

=
o (CH,0), (2.5 equiv.) Ph

CH;
N Cy,NH (1.8 equiv.) 3
N NJ( Cul (0.5 equiv.) ® o
)Q/O 1,4-dioxane, reflux, 2 h N’&O + 0
N

Ph

@)
(R)-11 (R)-2f (38.5%) 3f (24%) =/
ee = 99.9% ee = 79% Ph

Enediyne R)-1f (100 mg, 0.32 mmol) was allowed to react with (Oj4 (24 mg, 0.79
mmol), Cul (30 mg, 0.16 mmol) and dicyclohexylamif@11l mL, 0.57 mmol) in
refluxing 1,4-dioxane (1 mL) for 2 h. The producteere purified by column
chromatography on silica gel using 2:8 ethyl aeepsntane as eluent to afforfd)-Qf

(40 mg, 38.5%, ee= 79%) as yellowish oil and ol&fi25 mg, 24%).

HRMS (ESI) of R)-2f: m/z: calcd for [M+H] CooH20NO,: 330.1489, found: 330.1488.

Chiral HPLC separation of enantiomers: Chiralpak IA, hexahatedl 7/3, 1 mL/min,
detection UV 230 nm and CD 254 nm, Rt (S) = 10.6X A3 = 12.85 and 1§ = 2.54,
k(R) =3.28,0 =1.30 and Rs =4.1ée = 79%

[0]p?°= -112.0 (c= 0.44, CCl,).
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5. HPLC spectra

Methed description : Chiralpak IC, Hexane/Ethanol 80,20, 1 ml/min, DAD and CD 254nm

Retention Tme é I
& 2
200 v = F 200
1 X i
i N
pad MeOOC\(jO L1oo

] (#-1a r

[ &JL-_-— i Fo
a ' 2 ' B ' £ ' 5 ' 1 ' 2 ' 1 ' e 13

Minutes
g o J\, ko
o | 2 | H | 5 | 5 | 10 | 12 | 2 | 16 18
Mnutes
1:2340m 4 nm
Results
Eetention Time Area Area % Capacity factor Eelative BT Resoluticn (USE)

1341 20004701 50.08 347 100
1478 20031024 4007 393 113

Totals

40125725 100.00

s

Counts

Method description : Chiralpak IC, Hexane/Ethanol 80/20, 1 ml/min, DAD and CD 254nm

300 10
- 2
4 Retention Time > @ L
Z
g0 Fs00
X
g Feo 5
E E
] MeOOCWO .
200 F 200
(S)-1b 4
E S 3
a Lo
a ' z ' X ' & ' 5 ' w 2 ' AR e ' 18
Mnutes
154 15
o] 10
g 3
8 i
o Lo
0 | 2 | H | 5 | 8 | 1 | 12 | W 18 | 18
Mnutes
1:234 nm. 4 nm
Results
Retention Time Area Area % Capacity factor Relative RT Resolution (USF)
15.59 57357318 0801 353 1.00 0.00
1429 1164461 100 3.76 1.07 0.00
Totals
58521779 100.00
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Method description : Chiralpak IB. Hexane/Ethanol 70/30. 1 ml/nun. DAD and CD 254nm

Method description : Chiralpak IB, Hexane/Ethanol 70/30, I mU/min, DAD and CD 254nm

Retention Time 4003 Retention Time 400
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o i ) 3 : : s T 5 3 1 e S e S A
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] A P I S U e P, LR 2 Lz
8 g 3 | \
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A Ao S o[ ‘H'\’WWW e o]
0 Lo
0 E 3 Ty : s 7 : i 1 2N S T T 1
Mnutes Minutes
1:2534 0m 4m 1:234 nm 4 am
Results Results
R son Time Area Area %o Capacity factor Relative BT Resolution (USP) Retention Time Area Area % Capacity factor Eelative RT Resolution (USP)
702 0582070 4057 134 1.00 0.00 707 713204 763 136 1.00 0.00
815 0747416 5043 172 128 250 8.10 26422755 0737 1.70 125 116
Totals Totals
19320645 100.00 27135459 100.00

s
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Method description : Chiralcel OD-3, Hexane/Tsopropanol 80/20, 1 mlU/min, UV 254 nm et CD254

smoonad | stooca
Retention Time _ 2
1 = g L
200000 ¢ | <0000
N
2 1 N r £
s MeO,C N .
— el R L 2000
200000 2 Ts 200000
] #-1b me L
0] T o
T T T T T T T T T T T T T T T T T
[} 2 4 3 10 12 4 18 & 20
Minutes
0 Fo
j/\ l
L i
— F-10000
-20000 4 20000
aseas . T T T p T A A i s aanae
Minutes
UV Eesults
Eetention Time Area Area % Capacity factor Eelative RT Resolution (USF)
1204 11238103 4827 301 1.00 0.00
13.00 12044110 51.73 333 11 122
Totals
23282312 100.00

Method description - Chiralcel OD-3, Hexane/Tsopropanel 80/20, 1 ml‘min, UV 254 nm et CD254nm

20e+05

— _ 202406
Retenticn Time =
F
1584054 - F1.52+08
X
FRECEE MeO,C N. F1.02406 8
B 2 Ts
(S)-1b  me
500000 |- sa0o0a
I
g
0 [
) 2 T J 3 0 2 TR T e
Mnutes
0 v o
B a
§ -200004 | -20000 §
-40000 4 | -an000
[ | 2 T e 8 10 12 A
Minutes
UV Results
Eetention Time Area Area % Capacity factor Belative BT Resolution (USF)
1140 30028864 00350 280 1.00 0.00
1237 126057 041 3.09 110 093
Totals
31054021 100.00
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Method description : Chiralpak IA, Hexane/Ethanol 70/30, I ml‘min, DAD and CD 254nm

2000-  Retention Tme F 2000
B
CO,Me  *
1500 5 1500
g
NTs
2 100 I 1000
(H)-2b
=00 {t | s10
1 : 1
a ' 2 ' X ' [ 8 ' B ' 12 1
Minutes
1.0+ 10
s Fos
B
8
0.0+ Foo
[ 2 2 & 3 0 2 12
Minuies
1:220 nm. 4 nm
Results
Eetention Time Area Area % Capacity factor Relative BT Resoluticn (USF)
3.67 0R018033 4034 189 1.00 0.00
1207 100660532 50.66 102 160 677
Totals
198679465 100.00

may

Counts

Method description - Chiralpak 1A, Hexane/Ethanol 70/30, 1 mi‘min, DAD and CD 254nm

:e‘.en!iun Time =
1500 3 1500
CcOo,Me ¥
1200 R |- 1200
3 1 NTs 3
E E
(R)-2b
=00 500
2
£
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.24 ‘, 62
0 z H & 3 10 2 14
Minuies
1:220 nm. 4 nm
Results
Eetention Time Area Area % Capacity factor Felative RT Resoluticn (USP)
5.69 0050234 773 190 Lo 0.00
12.05 118884616 0227 3.02 1.50 6.72
Totals
128843850 100.00
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Method description - Chiralpak 1B, Hexane/Ethanol 90/10, 1 mUmin DAD and CD 254nm

o e =
J— Retenticn Time = " -
a
1500 X =00
i Ph&N_o -
E 1om0 (R)-1c b F 1000
ee > 99% (¢}
500 Fsi0
]
g
S | 1
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204 F-z0
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1:230 nm, 4 nm
Results
Retention Time Area Area % Capacity factor Relative RT Resolution (USP)
563 126895650 0006 221 1.00 0.00
1092 52369 0.04 264 1.19 2.02
Totals
126948028 100.00

ma

Counts

Methed description : Chiralpak IB, Hexane/Ethanol 90/10, 1 ml/min DAD and CD 254nm
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Retention Time Area Area % Capacity factor Relative RT Resolution (USF)
9.65 458104 035 222 1.00 0.00
1061 130666955 0065 154 114 207
Totals
131125149 100.00
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Method description - Chiralpak IC, Hexane Ethanol 70/30, 1 mUmin, DAD and CD 254nm

Methed description : Chiralpak IC, Hexane/Ethanol 70/30, 1 ml/min. DAD and CD 254nm
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Results Results
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Totals Totals
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Methed description : Chiralpak ID, Hexane/isopropanol 95/5, 1 ml‘min, DAD and CD 254nm

L
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Results
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35619433 100.00

Methed description : Chiralpak ID, Hexane/1sopropanol 95/5, 1 ml/min, DAD and CD 254nm
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21113865 100.00
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Method description - Chiralpak AD-H. Hexane/ethanol 95/5, 1 ml/min, UV 254 nm et CD2 54nm

Methed description : Chiralpak AD-H, Hexane/ethanol 95/5, 1 mi/min. UV 254 nm et CD254nm
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Methed description : Chiralpak IC, Hexane/Ethanol 70/30. 1 mlmin, DAD and CD 254nm

Method description : Chiralpak IC, Hexane/Ethanol 70/30. 1 mlmin, DAD and CD 254nm
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Methed description - Chiralpak IB, Hexane/Ethanol 90/10. 1 ml‘min, DAD and CD 254nm

Method description : Chiralpak IB, Hexane/Ethanol 90/10. | ml/min DAD and CD 234nm
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Methed description : Chiralpak IA. Hexane/Ethanol 90/10, 1 ml/min, DAD and CD 254nm

Method description - Chiralpak IA, Hexane/Ethanol 90/10, 1 ml/min, DAD and CD 254nm
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Method description : Chiralpak IA, Hexane/Ethanol 70/30, 1 ml‘min, DAD and CD 254nm

Retention Tme

20 Ph

1285

Method description : Chiralpak IA, Hexane/Ethanol 70/30, 1 ml'min, DAD and CD 254nm
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