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General: HRMS (ESI) Mass spectra were recorded on Bruker micrOTOF-II mass
spectrometer. NMR spectra were recorded on a Brucker-400 MHz and Brucker-500
MHz spectrometer. X-ray was performed on Buker SMART APEX-II. Optical
rotational data were performed on PerkinElmer PL-343.

Materials: Dichloromethane was distilled from calcium hydride. Diazo compounds 1
were prepared according to the literature procedure. ™ Aldehyde 2a was purified by
recrystallization. Imines 3 were prepared by condensation of corresponding aldehydes
and amines. ! Lewis acids were purchased from ACROS or Aldrich. Solvents for the

column chromatography were distilled before using.
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General Procedure for the selective 3+2 cycloaddition of diazo acetrate aldehydes
and imines (Table 2 in the manuscript):

To an flame-dried vial was charged with 2 (0.22 mmol), 3 (0.20 mmol), 4A MS
(0.1 g), Rhy(OAC)4 (2.0 mol%), co-catalyst (10.0 mol%) and 1.5 mL CH,ClI, under
an argon atmosphere. The flask was cooled to 0 °C, and diazo 1 (0.22 mmol) in 0.5
mL CHCl, was added to the reaction mixture over 1 h period of time via a syringe
pump. After completion of the addition, the reaction mixture was stirred for additional
30mins. The crude products were subjected to *H NMR spectroscopy analysis for the
determination of diastereoselectivity. The reaction mixture was purified by flash
chromatography on silica gel (eluent: EtOAc : light petroleum ether = 1:50 to 1:20) to

give the pure products 4 or 6.

EI00C. o (4b): yield 87%; 'H NMR (CDCls, 500 MHz): &
" @Br (ppm) 1.00 (t, J = 7.5 Hz, 3H), 3.80-3.98 (m, 2H),
N 5.00 (d, J = 6.0 Hz, 1H), 5.34 (d, J = 6.0 Hz, 1H),
N 6.28 (d, J = 8.5 Hz, 2H), 6.56 (s, 1H), 6.66 (t, J =
Q 7.5 Hz, 1H), 7.04 (m, 2H), 7.18 (d, J = 8.0 Hz, 2H),
7.33 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H),

751 (d, J = 8.0 Hz, 2H); *C NMR (CDCls, 100

MHz): & (ppm) 13.78, 61.38, 63.23, 78.14, 91.23, 113.98, 117.99, 122.33, 123.40,

128.87, 129.10, 129.60, 131.59, 131.97, 135.87, 136.86, 141.62, 166.78; HRMS (ESI)
calcd for CosH21BroNNaOs (M+Na)* 553.9762, found 553.9761.

Br

. \Ji .1 .
E100C, o . ((40). yield 83%:, H NMR (CDCI3,_500 MHz): &
H ) 4 >/ ppm) 0.99 (t, J = 7.0 Hz, 3H), 3.79-3.97 (m, 2H),
N 4.99 (d, J = 6.0 Hz, 1H), 5.35 (d, J = 6.0 Hz, 1H),
N 6.28 (d, J = 8.0 Hz, 2H), 6.56 (s, 1H), 6.65 (t, J =
Q 7.5 Hz, 1H), 7.01-7.27 (m, 6H), 7.32 (d, J = 7.5 Hz,
2H), 7.51 (d, J = 7.5 Hz, 2H); *C NMR (CDCls,
100 MHz): & (ppm) 13.77, 61.34, 63.15, 78.19,
91.21, 113.97, 117.96, 123.37, 128.63 128.87, 129.07, 129.27, 131.96, 134.13, 135.33,

136.87, 141.63, 166.78; HRMS (ESI) calcd for Cy4H2;BrCIKNO; (M+K)+ 524.0025,
found 524.0048.
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FOOC (4d): yield 82%; *H NMR (CDCls, 400 MHz): &
a OW4®/Br (ppm) 1.04 (t, J = 9.0 Hz, 3H), 3.85-4.01 (m, 2H),

L\ 4.98 (d, 3= 7.5 Hz, 1H), 5.32 (d, J = 7.5 Hz, 1H),

- s g 6.28 (d, J = 11.0 Hz, 2H), 6.57 (s, 1H), 6.68 (m,
@ 1H), 7.04-7.52 (m, 9H): *C NMR (CDCls, 100
MHz):  (ppm) 13.80, 61.54, 62.72, 78.04, 91.21,

Cl
113.96, 118.25, 123.51, 127.15, 128.87, 129.24,

129.88, 130.54, 132.03, 132.49, 136.62, 137.33, 141.41, 166.56; HRMS (ESI) calcd
for C4H20BrCI,NNaO; (M+Na)* 541.9896, found 541.9902.

EtOOC o (4e): yield 76%; 'H NMR (CDCls, 500 MHz): &

@ (ppm) 0.98 (t, J = 7.0 Hz, 3H), 3.78-3.96 (M, 2H),

4.98 (d, J = 6.0 Hz, 1H), 5.29 (d, J = 6.0 Hz, 1H),

6.20 (d, J = 9.0 Hz, 2H), 6.51 (s, 1H), 6.98 (m, 2H),

7.14 (d, J = 8.5 Hz, 2H), 7.26 (d, J = 8.5 Hz, 2H),

7.42 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H);

3C NMR (CDCls, 100 MHz): & (ppm) 13.78, 61.46,

63.37, 78.21, 91.32, 115.08, 122.58, 123.20, 123.64, 128.83, 129.07, 129.56, 131.72,

132.09, 135.37, 136.39, 140.26, 166.46; HRMS (ESI) calcd for CyH2oBr.CINNaO3
(M+Na)* 585.9391, found 585.9391.

EtOOC o (4f): yield 90%; *H NMR (CDCls, 500 MHz): &
@/ (ppm) 0.98 (t, J = 7.0 Hz, 3H), 3.62 (s, 3H),

3.78-3.96 (m, 2H), 5.01 (d, J = 6.5 Hz, 1H), 5.31 (d,

J = 6.5 Hz, 1H), 6.23 (m, 2H), 6.51 (s, 1H), 6.62

(m, 2H), 7.15 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.5

Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 8.5

Hz, 2H); *C NMR (CDCls;, 100 MHz): & (ppm)

13.75, 55.41, 61.27, 63.62, 78.34, 91.57, 114.69, 115.04, 122.21, 123.28, 128.91,

129.66, 131.51, 131.89, 135.84, 136.04, 137.27, 152.03, 166.98; HRMS (ESI) calcd

for CsH23BroNNaO4 (M+Na)*™ 581.9886, found 581.9896.
EtOOC o 7‘@/ (4g): yield 78%; 'H NMR (CDCls, 500 MHz): &
(ppm) 1.02 (t, J = 7.0 Hz, 3H), 3.64 (s, 3H),
3.82-3.97 (m, 2H), 5.01 (d, J = 6.0 Hz, 1H), 5.31 (d,
J = 6.0 Hz, 1H), 6.25 (d, J = 9.0 Hz, 2H), 6.53 (s,

1H), 6.63 (d, J = 9.0 Hz, 2H), 7.13-7.52 (m, 8H); **C

NMR (CDCls, 100 MHz): & (ppm) 7.13-7.52 (m,

8H); *C NMR (CDCl;, 100 MHz): & (ppm) 13.78,
55.46, 61.38, 63.59, 78.35, 91.58, 114.75, 114.96, 122.45, 123.33, 126.51, 128.93,
130.06, 131.01, 131.39, 131.93, 135.79, 137.19, 139.46, 152.06, 166.88; HRMS (ESI)
calcd for CasH23BroNNaO4 (M+Na)* 581.9886, found 581.9895.
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3.74-3.96 (m, 2H), 5.10 (d, J = 6.5 Hz, 1H), 5.95 (d,
J = 6.5 Hz, 1H), 6.26 (d, J = 9.0 Hz, 2H), 6.60 (s,
1H), 6.63 (d, J = 9.0 Hz, 2H), 7.07-7.55 (m, 8H);
3C NMR (CDCls5, 100 MHz): & (ppm) 13.66, 55.38,
61.22, 62.29, 77.99, 91.74, 114.66, 115.22, 123.23,

124.41, 128.02, 129.02, 129.33, 129.68, 131.85, 132.60, 135.76, 136.02, 137.30,

152.02, 167.20; HRMS (ESI) calcd for CysH,3Br,NNaO, (M+Na)* 581.9886, found

581.9905.

EtOOC o (4i): yield 89%: 'H NMR (CDCls, 500 MHz):
7@0 € 5 (ppm) 0.99 (t, J = 7.0 Hz, 3H), 3.63 (s, 3H),

EtOOC 0 (4h): yield 75%; '"H NMR (CDCls, 500 MHz): &
7@/ (bpm) 0.99 (t J = 7.0 Hz, 3H), 3.63 (s, 3H),

3.75 (s, 3H), 3.78-3.96 (m, 2H), 5.00 (d, J = 6.0
Hz, 1H), 5.32 (d, J = 6.0 Hz, 1H), 6.26 (d, J =
9.0 Hz, 2H), 6.52 (s, 1H), 6.60 (d, J = 9.0 Hz,
2H), 6.80 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.5
Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 7.50 (d, J =
8.5 Hz, 2H); *C NMR (CDCls, 100 MHz): & (ppm) 13.81, 55.13, 55.43, 61.10, 63.70,
78.60, 91.48, 113.75, 114.58, 115.01, 123.17, 128.68, 128.94, 129.10, 131.86, 136.24,
137.62, 151.77, 159.39, 167.28; HRMS (ESI) calcd for CasHsBrNNaOs (M+Na)*
534.0887, found 534.0899.

EtOOC 0 " (4j): yield 78%; *H NMR (CDCls, 500 MHz): &

)——@* € (ppm) 0.97 (t, J = 7.0 Hz, 3H), 2.28 (s, 3H), 3.63

(s, 3H), 3.76-3.95 (m, 2H), 5.01 (d, J = 6.0 Hz,

1H), 5.33 (d, J = 6.0 Hz, 1H), 6.26 (d, J = 9.0 Hz,

2H), 6.52 (s, 1H), 6.61 (d, J = 9.0 Hz, 2H), 7.07 (d,

J=75Hz, 2H), 7.15 (d, J = 7.5 Hz, 2H), 7.30 (d,

J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H); ©*C

NMR (CDCls, 100 MHz): & (ppm) 13.73, 21.12, 55.45, 61.10, 64.05, 78.60, 91.59,

114.61, 114.98, 123.18, 127.86, 128.96, 129.06, 131.89, 133.68, 136.30, 137.67,

137.85, 151.78, 167.28; HRMS (ESI) calcd for CosH26BrNNaO4 (M+Na)* 518.0937,
found 518.0961.

Hydrolysis of the oxazolidine product:

1 ~ Et0” > “Ph

~—N z
Ph\\ \Ph MeOH / Hzo (_)H

. i 4]
cis-4a Yield 92% 5a(S, S/R R)

The oxazolidine 4a (0.20 mmol) was dissolved in MeOH : H,O (4 mL, 95:5)
and p-methylbenzene sulfonic acid (p-TSA, 0.25 mmol, in 0.5 mL MeOH) was added.

6
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The resultant mixture was stirred at room temperature for about 1-2 h, and detected by
TLC. Until the material was consumed, the solvents were removed under reduced
pressure and the residue was dissolved in CH,Cl, and washed with NaHCO3 (sat.).
The aqueous phase was extracted twice with CH,Cl, and the combined organic
extracts were dried (MgSO,) and concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel (eluent: EtOAc : light petroleum
ether = 1:80 to 1:30) to give the pure product 5a. Yield 92%; '"H NMR (CDCls, 500
MHz): & (ppm) 1.26 (t, J = 7.0 Hz, 3H), 2.90 (d, J = 6.0 Hz, 1H), 4.12-4.22 (m, 2H),
4.66(s, 1H), 4.87 (m, 2H), 6.61-7.30 (m, 10H); *C NMR (CDCls, 100 MHz): & (ppm)
14.08, 59.57, 61.94, 73.56, 113.85, 117.96, 127.50, 127.99, 128.42, 129.16, 137.20,
146.27, 172.07; HRMS (ESI) calcd for Cy7H1oNOs (M) 285.1365, found 285.1368.

(6a): yield 62%; [a]y = - 425° (c = 1,

o CH,Cl,); *H NMR (CDCl3, 500 MHz): & (ppm)

o Q/Br 0.53-1.60 (m, 19H), 4.49-4.54 (m, 1H), 4.99 (d,

oiiny v-"“ J =6.0 Hz, 1H), 5.36 (d, J = 6.0 Hz, 1H), 6.31

PN N (d, J = 8.0 Hz, 2H), 6.55 (s, 1H), 6.59-7.53 (m,
12H):; ®°C NMR (CDCls, 125 MHz): 5 (ppm)

@ 15.95, 20.82, 21.84, 23.01, 25.65, 31.17, 33.99,

40.39, 46.70, 63.80, 75.44, 78.07, 91.06,

114.06, 117.64, 123.30, 128.31, 128.49, 128.96, 129.05, 131.98, 136.72, 137.31,

141.99, 166.51; HRMS (ESI) calcd for C3HzsBrNNaO; (M+Na)* 586.1756, found
586.1729.

(6b): vyield 66%;[a]s = - 34.0° (c = 1,
CH,Cl,); 'H NMR (CDCl3, 500 MHz): & (ppm)

9 o Br 0.55-1.60 (m, 19H), 3.61 (s, 3H), 4.48-4.53 (m,
o ) 1H), 5.01 (d, J = 6.0 Hz, 1H), 5.33 (d, J = 6.0
N Hz, 1H), 6.26 (d, J = 9.0 Hz, 2H), 6.51 (s, 1H),

N 6.58 (d, J = 9.0 Hz, 2H), 7.20-7.32 (m, 5H),
7.36 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz,
OMe

2H); C NMR (CDCls, 125 MHz): & (ppm)

15.94, 20.76, 21.79, 22.99, 25.65, 31.11, 33.95,
40.29, 46.68, 55.41, 64.22, 75.29, 78.24, 91.38, 114.55, 115.07, 123.18, 128.19,
128.41, 128.51, 129.05, 131.89, 136.24, 136.83, 137.69, 151.80, 166.68; HRMS (ESI)
calcd for CssHagBrNNaO4 (M+Na)™ 614.1876, found 614.1917.
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(6¢): yield 73%; [a]> = - 44.2° (c = 1,

CH,Cl,); *H NMR (CDCls, 500 MHz): & (ppm)

Br 0.54-1.60 (m, 19H), 3.63 (s, 3H), 4.52-4.53 (m,

\ 1H), 5.00 (d, J = 6.0 Hz, 1H), 5.30 (d, J = 6.0

Hz, 1H), 6.23 (d, J = 9.0 Hz, 2H), 6.49 (s, 1H),

6.60 (d, J = 9.0 Hz, 2H), 7.19 (d, J = 8.0 Hz,

2H), 7.33 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0

Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H); *C NMR

(CDCls, 125 MHz): & (ppm) 15.93, 20.72,

21.89, 23.00, 25.76, 31.15, 33.95, 40.41, 46.63, 55.47, 63.62, 75.58, 78.20, 91.42,

114.70, 115.17, 122.35, 123.34, 129.07, 130.24, 131.69, 131.96, 135.94, 136.12,

137.42, 152.06, 166.69; HRMS (ESI) calcd for Ca3sHsBroNNaOs (M+Na)™ 692.0982,
found 692.0935.

Reduction and hydrolysis of the chiral oxazolidine product:

NHPh
(5\ > " LAH, THF Hoﬂ.ﬁ nPh D pTSA O/\-/'\Ph
‘MeOH/H,0 51
8
6a, > 99: 1 Dr [a]?°p = +4.0° (c = 1, EtOH)

The oxazolidine 5 (0.50 mmol) was dissolved in anhydrous THF (8 mL), and LAH
(1.50 mmol) was added in portion under Ar at 0°C. The resultant mixture was stirred
at room temperature for about 1h, and detected by TLC. Until the material was
consumed, the reaction was quenched by sodium sulfate decahydrate (until no bubble
was formed) and diluted with ethyl acetate (20 mL). Then the solid was removed by
filtration and the liquid phase was concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel (eluent: EtOAc : light petroleum
ether = 1:50 to 1:5) to give the pure product 7. Yield 70%; [a]> = - 7.0° (c = 1,
EtOH) *H NMR (CDCls, 500 MHz): & (ppm) 3.20-3.38 (m, 2H), 4.58-4.62 (m, 1H),
5.17 (d, J = 5.8 Hz, 1H), 6.30 (d, J = 8.0 Hz, 2H), 6.31 (s, 1H), 6.57-7.45 (m, 12H);
3C NMR (CDCl;, 125 MHz): & (ppm) 62.11, 63.49, 78.90, 91.54, 113.80, 116.93,
127.16, 127.48, 127.88, 128.72, 128.86, 128.92, 137.77, 142.42; HRMS (ESI) calcd
for CoH21NNaO, (M+Na)* 354.1470, found 354.1478.

The reduce product 7 (0.25 mmol) was dissolved in MeOH : H,O (5 mL, 95:5) and
p-TSA (0.31 mmol, in 0.5 mL MeOH) was added . The resultant mixture was stirred

8
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at room temperature for about 1-2 h, and detected by TLC. Until the material was
consumed, the solvents were removed under reduced pressure and the residue was
dissolved in CH.Cl, and washed with NaHCOj; (sat.). The aqueous phase was
extracted twice with CH,Cl, and the combined organic extracts were dried (MgSQO,)
and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (eluent: EtOAc : light petroleum ether = 1:10 to 1:1) to
give the pure product 8. Yield 95%; *H NMR (CDCls, 400 MHz): & (ppm) 2.71 (bs,
1H), 3.53-3.68 (m, 2H), 4.00 (d, J = 4.0 Hz, 1H), 4.61 (d, J = 4.0 Hz, 1H), 6.55-7.34
(m, 10H); *C NMR (CDCls, 125 MHz): & (ppm) 60.63, 63.53, 73.92, 113.87, 117.94,
127.16, 127.71, 128.81, 129.13, 139.09, 146.78; HRMS (ESI) calcd for C35H17NNaO,
(M+Na)* 266.1151, found 266.1171. [o]® =+ 4.0° (c = 1, EtOH); Reference Data: 1*!
[a]po =+ 4.0° (c =1, EtOH), so the absolute structure of the product was determined as

(2S, 3S).

References:

1 M. P. Doyle, M. A. McKervey, T. Ye, In Modern Catalytic Methods for Organic Synthesis
with Diazo Compounds, John Wiley & Sins, New York, 1998, pp. 1-46.

2  (a) M. Shiino, Y. Watanabe, and K. Umezawa, Bioorg. Med. Chem., 2001, 9, 1233-1240; (b)
W. Hu, X. Xu, J. Zhou, W. Liu, H. Huang, J. Hu, L. Yang and L. Gong, J. Am. Chem. Soc.,
2008, 130, 7782.

3 J. Yoshimura, Y. Ohgo and T. Sato, J. Am. Chem. Soc., 1964, 86, 3858.
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X-ray analysis date of 4f

H, COOEt
Br~©nn-2\o
— N
o Q,
MeO 4f
Bond precision: C-C = 0.0061A Wavelength=0.71073
Cell: a=5.8858(3) b=9.0384(4) €=23.4473(11)
alpha=91.943(2) beta=92.404(1) gamma=99.656(2)

Temperature: 296 K

Calculated Reported
Volume 1227.54(10) 1227.54(10)
Space group P-1 P-1
Hall group -P1 ?
Moiety formula C25 H23 Br2 N 04 ?
Sum formula C25H23 Br2 N O4 C25H23 Br2 N O4
Mr 561.24 561.26
Dx,g cm-3 1518 1.518
Z 2 2
Mu (mm-1) 3.332 3.332
FO00 564.0 564.0
FO00’ 563.10
h,k,Imax 7,10,27 7,10,27
Nref 4309 4285
Tmin, Tmax 0.193,0.247 0.276,0.335
Tmin’ 0.162
Correction method= MULTI-SCAN
Data completeness= 0.994 Theta(max)= 25.010
R(reflections)=0.0510( 3137) wR2(reflections)= 0.1452( 4285)

S=1.032 Npar= 289

10



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

000" 0—" I

|
qmm.uJ/( A_ F
BEE 0 —— __ p2lE —
m_ju
r LISLET ——
Pig T——
]
m
SELE-
208°E / L
m?.m/ 978ETY
918°E LOTTE9 —
ECH E
=g o —— T ZEYD’ 68L99L —
e - — wmmww 0000°LL
ar6 E— e o) = KB L [ hidepliege — T e
vor =/ Q N _ ehISL
W; .I..._ A ‘s L
whmm \ C// K . CHETTE ———
186°E— ST
16E F e = —"TF00'T |
mg.mH @) et
9EEG B —
) S = —_ _E/¥D'T
are mHV| m } €I86'E11
| 9066°LT1 5
5i2 09— r TOLETTL —
262°9 / Loa S66EETI ——
mmm.m/ [ LRI
£r9°9 I—— Zz F £960°6Z1 ———
mmm.m/ B0 & | LBGS6TI — — -
£(9°9 ) =—"TG0 T | OI6STEL - m
_mo.mlf —ooooi | L696IET
3 [ 0TL8SET — /)
e ) TwE L 0098°9€1
NWWMHH |Uw HH_..:.m 1 SR19' T —
981 ¢ - 1sB0E |
hnm.n.\ ——ay -
= LB T |
02€ ¢ | ¥ . I
9gE £ \_ I 3 oLLL'9T — = =
m:._hLR b g o =
B2V L -
50" ¢ £ R “,
2ag L z Pu/
. _ & 9 L
: e
ﬁ E i =
z m
z

_FPM

100 75 50 25
11

125

150



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

086
Z266°
900’

|1-FA=0

9BaL”
BOAL”

6E08

chig’
==t
1616°
EEEG”
LOVE™
9LF6"
GGG

GFO6

2696 "
LBBE”

1200

SBPE "

GrOE

162"

GG

ESDE”

26p9
6E59
£210
Gizo
GOED
BFFO
16ce
Gere

Qipe’

09ge
cE52
PELE
BITE
00zZE
OEEE
eielil
calh
6115
Paig

L e e o e L S S S T = T = T = = e T T BT o B e T B O o T B T L

|
Br

J

AN
O

Sl o

—

J,'f
—

I g ) ||

\/

L_;\ |

Lo

L

ulr 0BED T

Cl

J

=

e —

24001
PEOD ¥

—m T
= 0000 |

—__EIS0 2
—B620 |
=

—_.Ge00 |

=_z2010°2

— iRl P

|

—__E9E0 2
—_ B0SE 1

L oru

|

DAWHHHZEXXFIXXF09174C.als

GTLLET

FIFETY

YTETEY -

6BLYOL

0000°LL —-
TIZeLL — -

LEGI'SL

960716

TELOELL

LISE'LIT —

SPLEETI
SEEV'STL
0998°8T1
SILOGTL
FeOT6TL

S196°1EL -

GFET'FEL -
LBTESET
TROR'OET -

Il

e —

QLLLPIL

Br

EtO0C

Ph

\_c
g 7 ~
I

@)

_PPM

25

50

100

T T T T
125

s

200

12



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

0

0000 -

LETOT —
0zr0’l
LGS0 -

Sres’l —

DAWHHHZE X XFIXXF09175H.als

Br

_PPM

DAWHHHZOXXFXXF09175C.als

8S08°EL

06ES°TY
£91L°29

68L9°0L
0000°LL
STIELL
ELED'BL

960716

9956°€ 11
IFSTRIL
S90E'ETL
9ESI°LTL
TPLE'STI
S9ET'6TT
98LEGTI
SErs0EL
FPLTO'TEL
FE8F'IEL
TI799¢1
TOTE'LET
9TIF'IFI

SE0S°091 -

Br

Cl

4d

Cl

_PPM

25

50

75

125

150

175

200

13



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

2496°
pIgE”
BGEG

£298°

2BLL”
998L”
CEGL

008°
g£08"
Ji=1%:]

kbicy

£116°
9526°
(EEG’
BEEG
24P
2rGh
vE96
Fisfdi)
1186
nige”
ChB2"

ErFRL’
£e20e”
L8O
1605
BTSE"
BEOE
BCLR
LBLB
ESRE
0EET
8er1
18r2
8L’
Cp&2
LU
S8z
vels
2615

W = s Mmoo om

[ L o S T R - R T - T R TR R TR

0

| (.

E

bk

Mmoot oMo
I/ )

Sl O

wdd

g ———

B

O

C,
I

Br

EtOO0

Cl

de

g

FHEEE O

LIBE D

—E

|

—CE3 0

-
0BT

—

—¢epn02

e S

—_0o00'E

FEOQ T

] 59102

1=="D2EE6 1

1esfajul

L\mmmm._
U

Jlf FPEE T T

DOm

DAWHH\HZEXXFIXXF09176C.als

118L°€1

L9SFI9 —
GPLE'ED —

uhno.a__.\
0000°LL —
VITE'LL
TorTsL

GPTEL6 -

OL0ELT
SHRS'TTI
GIDTETI —
TRE9ELT —
IEE88T1
BILOGZT —
0LSE6TT —
WNN_H_H—.

TE60TEL — )

869E'SET
LOGE9EL
109071

6599991 ——

14



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

ZEG6 0
mhhm,ov =
BIEE O

S8 F—

Dreg

E
IBLLE
G587 €
(LT
LBGLE
BO08 €
orig €
cBed €
LB06 '€
¥ESB 'E
BOEG 'E
LIEB'E
05r6 'E
0es6 m”\

£6GE €

giin s

EpI0 G-
BBOE G

FigE DHHHUI
cgee' 9

Eoze
ESES
por2
Livg
arig
teog”
ES09
ES19
cbeg
Seed
TIkT
BEQL”
0gre
9E1e
FDEE
256E
aeiw
GCaBr
2E0G

Br

OMe

O
4f

TS
EtOOC,
"
BrQ Q

L o et S ST T T [T T QT R Tw R T R u R T

—_—oo

BEVD E
GO T

—

&J
FPOBE 'O

e L

T

U —
= iFI0°1

_

=

R iR

—_0skd'2
= 0000 [
=

06§

—GBr0 2
—oea0 e

B0L6 1

=

5096 T

TeJBa3u]

ppm

DAWHHHZXXFPXXF09177C.als

BrLel

G6EIF'SS
EL9T'19

61I9E9 -

68LI'9L

0000°LL -

STIELL
GIFE'SL

6ILS'TO

E689°FL1
ISE0°STL
[0} bagrrd |
TPRT'ETI
TLO6RTI
999" 6TI

LBOS'IET —

FLBS'IEL

TGER'SET -

LOE0OE]L
ILLTLET

8TED'TEL -

FERGI9T

PPM

|
25

50

75

T _[_

125

150

175

200

15



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

000 0—"_ r

LI8LEL
000 T— — T -
g10°1 L
620°1

o

P9 E i 2

055FES
2e8'e i
9E8°E * - N QTR 1D - -
ik I | 688559
858°F i e
P, —yo0i'7 |
BRTE M} 8860 [~ -
186°E K

— L OB LL i
N RTIELL
TOSEBL

B

S
Q NQ
49
[

OMe
Br

OMe

EIE'S T0EE 16

o

LR

—— |
“.l e | o z
el wiFLFL N A v
=Ll ) |
—_92e0 &

VEI L N = i .
05172 ) T m b MHMM__ N —
e =t O @
el L i I
€02 (— ..Ol /000077 f Mﬁwmﬁ = w
- w - = LFIVIEL . A o
LIEL e FEECIEL : L
EEE'L PRTGIET
LEL F o 2 LosLsEl
EBE L g fesrLel
ESF 'L = 19 GE1
BEP £ =
1] L sl
{1 »
#
I o g
m AFRE99L
=
3
udd J [eJbajur m m” =

PPM

50

75

16

125

175



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

ao=—"

ZLE T gl 9L59'E1
p—— _ — . cAH'E

J
<

apa’ =~ Jr ﬁ
-

£ig 11—

(3"
}
L GIEEES -
459 E I T
mniod)| " o o
GEL € | F TH8TTY
Cri £ | L
EGL =) | [
ta T/__ 5 e HRLOL —.
ar E— i — == BOOULL — e
mm_w E— " oot sTIELL —
& — T 20T [ TIGELL —
426 £ ——s o i r
L76 m&- m _ F
¥ER E— [ SOELE ——
i £ O a [
oty [
B E—| | _”
= -_ M 1 k=
£s -
. @] | L
EG0 muf;r N L F FIEOFIT
21— | "
E b LTSI —
OFE G [ =
\ I SUTTETl —,
FMmM ___ \; I ITIFFIl —
L6270 zZ - s DRIDRTE -
e\ g 5§ =t L fre
L . A
1200, ., ) - BIRIETT —
BEE B N “ ||“_|--m|um_uln [ SrSEIEN —
S gt | e
0 L= J S L | =
20t -.,,.”¢ O 3 t e m
ILE LN @] H|_AREEL, - L
o T-.P = — T arTiIst
i Ll  —— "t |
il ) _BhiG § ﬁ
Bi2 () E L 1 N LS0T LT
092" £~ ! 3
BIE h.._ﬂ._ £ m_.
GEE £- [ 3
GE¥ nL__"_, ! =
He'L F Z @)
{eg e f B
£en - [
B m R
— AY
d @)
I
b E o}
r g
! 2 Q
L s (N
| redatey [ _.n"
o

17

175



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

o

no4
0. a0
0.975

s

637042

61,1027

55,1340

[ o ow A ~ = O ™M - o - N e TR, B = ]
s AEBEREREIRUEESRN HF3% BiGzERRERD
2 e I~ - T~y nn N e mm@mmammmmnmem
L“‘%“.:\'.J \| W L)1 {"\"%\lééji’ﬁ’"
'] i i |"
H;C) OMe
j\\/\\d
Br Z
4i OMe
_,LJILI\_A_uI_JJ “__.L I|L|:“ i
PV 8 I
- Ill'uln.l cu"- 'Iui—li:'| Inrl:ll 'Itr" |l-~-\I l.:"'5i-||:’| o
E |=lmilri Y B P | = |= u:,a.l— o]
S —————————S—SSSMM RS LSS
pom g g 7 £ 5 4 3
IEWHHHEGXORXF 102110 als
b - -4 o - oo e
§ B & SiRizesigs g Zzgs
= = = T ‘ ] M e
5 8 § SEagNdAdid : ERgé

EtOOC, 0O

o0

OMe

1o

18

- 554303

—1.005

T

13.8140



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014

04
4B

0

3

]

9

2

T

o

783
756

3 624
=]
1.578
~0.981
. 967

<

4953

~—0.004

Br . : Z

. L

g Tl
il | ||I ||‘|\
=2l 8| o) | sz 3 [z
f = = ‘E |3 gl |F 3
E o i izl = ik b | i |-
L e T - T YT T T S e i B T T T T T 3 e L e T
pom 1_=|'- B 5 4 3 1
WA XFX N F 021 als
- a8 W e - - - [
: Eiﬁggiéaaaag R 5B
= ERRsAaRBERAZZ s #rrd 2E 4 3 d

PPM

i 178 150 125 00 75 £l 25 i

19



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

LaTo n_l\.\.\H
BEED 0—"

e
B e

e [~
0EeE [—

I8 28—
EvDE 2—

E220 o
L9EL T
EERL .T._____

wid

NHPh

O

DWHIHZE XXX XF10301C.als

ELLOPL

FlLS 6
FTRG1S

LEEE'EL

TLRO'DL —
OprLL —

TITELL

SeFEELL
GE06'LTT
FeaE LTI

EEAE'LTT —
FITFETI -

rIvUETL
LSOTLET

GENTIF]

TILOTL

FEM

20

NHPh
150

O



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

add

—

il

£l i

— LOEL 2
. JEEE 1

FEIB'E

IIlu lemmmﬁé

Br

sl

FEE

Fiabauf

.

L

e mr—

&
a
=1

Tale

ppn

21



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

0000 0—"
81650 L
wmmm.u/ -
areE 0 5952 E
208" 0— B 00
sLes o~ —~.0201°8
860 0—"1 —~EfWwLZ E e T
e — 7
{ e —— BESZ'C F
6L _ul\\ -
i ez 1 L
8v68" 0 s | S
=3 1912
81060 — e |
ssl2 T___“_ | o
azr2 b g :
sacz b .
geez” by
SELS 1=
BL6G 1 | _— —
+
|
m
oFi9 E— 2662 |
LELY b L e =

o mm o
-~ oo
[R=R-0]
0D T T
v w v

[
o
3
Ira
o
=]

8528 .
625" 7~
2600 6—— = —E956 0 ~w©
e @) e
5626 G— —BGE6 D
GIPE le
PES2 O - =
Ped2 9 >
6L05 9 Sz .
0645 m;._/,, o Q n =
0L8S n._./../u © _ —oiwe'e t =
SBBE LNy - =—"0000'1 | - i
LTSNS - = —~.50'2
PEIZ L) O = F
LIECEN I L. -
90e2" L~ o) 598 T | '
26E8 L — reil ¢ r
s0c2 L~ — e |
se%e L—/IF = ~Jb0 2 | fEL 1EI—
EvOE L)Y - !
| " L
WegE L) [ .
L83€ T.______‘.‘ L = )
BLEY TH_ " S o
L7iG L~ r "
sevg 1) L L
| ey
w
wdd ILE LT a8

22



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014

3

455
244

= e =R -} [ U--—-E:m;-_fu:l-\.t--:nr.--'ﬁzc_ng
g CHRERARABERERE RESE 28 i AEEEARIREEEEE kA
= e ™ D pe we e ul A0 A0 A0 &3 A= T3 m ---—--v——----—'—u_nl =
= LI:L-rI.-_.-.--Jr»IIII:II/ LT L) |'”|| LLL L, \"a,_\"-n)___.—-‘l
e N%;—’ N YERY
e A1 U | T I
Br
N
z O H\"
Br 6 OMe
Cc
b
| o .
I LY L .I_.‘ | s l.._r \I_,_
ALY HIV T ol I I\ T
|-'| ] ""I\ ¥ I'| I. \ [\ |'_ l..‘t:__.,, "mﬂ [
3 ofeielsl (Bl f; BB |3 -"] msiz| |B12e
B F|E|=lE 212 |5 a |2 k = pigE |5 zlsE
: it e -|- o = IJI| . |_. cl-l= —| = fom
i i—n.'nu'lr..l oufe| | S o il |
e DR s T — T ( ey e =TTy T T - —— |—|—:‘—| T T ';—I—I——
pon 2 B 7 6 5 4 3 2
£ & 5 B2EBERH
B 7o f % mESEEEd
g 1 | R O I I |
[ '|*|
I VY |

Br 6C

120

23



{2

mmmmmm

S

L

m
-

L

3

A

LT T R T T

— QEc20t |

— KR

—_——Fen 1 |

—5E00 2
llu..u BT

L
pa—
_
.uI...Hr|_..

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers

This journal is © The Partner Organisations 2014

—__0000
— &0z -~
_~BGRE 2 -
L
(]
L
b=

ppm

[
1esBang |

add

24

(1L}



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014

e aamR=gs EECe L
[§ S T wadad
\ 17 WP v Vs
f
j
[
rII,a /
J 1 S
1
1
]
\ A _,-_r——JL_A
— st S S — e ra—— P
—
T T TTT T
) : ot A -
: o s . - T T
. T T T T T T T L -LID 3.‘.‘ 3'0 25 ap 1.5 1.0 L%}
&5 8.0 .5 T4 h £ B e ‘lf‘; (ppa) ’
xxf 19 B
nf7la i & gEns 5= saEg 2B
T 1 S35 71 EEged g
b S T 11
J
] 1
I
| ] ( |
e _.;_F—~—J_‘ [ o o
R R —
A i 6 13 G0 mp ) @ 10 : ) T T T T ;
1 tppm) L T &l &l 4 1 &0 1] 0 =10

25



