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I. General Information

Unless otherwise noted, all reagents were obtained commercially and used without

further purification.

Nuclear magnetic resonance spectra. 'H and °C spectra were recorded on a Bruker
AVANCE 400 spectrometer, operating at 400 MHz for 'H NMR, 100 MHz for "°C,
161 MHz for *'P. NMR were reported downfield from CDCl; (8: 7.27 ppm) for 'H
NMR. For >C NMR, chemical shifts were reported in the scale relative to the solvent

of CDCl; (8: 77.0 ppm) used as an internal reference.

Mass spectroscopy. Mass spectra were in general recorded on an AMD 402/3 or a HP

5989 A mass selective detector.

Chromatography. Column chromatography was performed with silica gel (200-300
mesh ASTM).
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I1. Optimized Conditions for the [2+2+2] annulations

A number of different factors were considered in order to optimize the PPhs-catalyzed
[2+2+2] annulations of aryl N-tosylimines 2a with I-arylpropynone 1b. The results

were presented in Table S1.

Table S1: Optimized Conditions for Reaction of 1b and 2a in the presence of PPh;."

6] Ph o 0
T T8 20mORePPy gy
| ‘ phn PhMe / reflux N~ Ph
Ts
1b 2a 4ba
Entry PPh;(%)  T(°C) Solvent _4ba
Yield’(%)
1 20 r. t. toluene trace
2 20 r. t. acetonitrile 20
3 20 80 p-xylene NR
4 20 r. t. to 80 toluene 42
5 20 80 toluene 53
6 20 80 to reflux toluene 56
7 20 reflux toluene 75
8 10 reflux toluene ND*
9 50 reflux toluene 16

“Reaction Conditions: the solution of 1b (1.5 mmol) in toluene (10 mL) was slowly added to a
mixture of 2a (0.5 mmol) and PPh; (0.1 mmol) in toluene (10 mL) under 120 %C within 1.5 hours.

?Isolated yield. “ND = no detected product.
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III. General procedure for [2+2+2] annulations between 1b

and 2
O O
O5 PP 20 mol% PPh
NTs mol% =
+ 3 PhWPh

‘ | Ar PhMe / reflux N~ Ar

Ts

1b 2 4

General Procedure A: The PPh;-Catalyzed Reactions of 1-Arylpropynone 1b and
N-Tosylimine 2: N-tosylimine 2 (0.5 mmol), PPh; (26.2 mg, 20 mmol%) were added
to toluene (10 mL) in a there-neck bottle. The mixture was stirred at 120 °C under
nitrogen atmosphere. To this reaction mixture the solution of arylpropynone 1b (1.5
mmol) in toluene (10 mL) was slowly added within 1.5 hours. The reaction mixture
was monitored by TLC. Once the reaction was finished, the reaction mixture was
cooled down to room temperature. The contents were transferred to a round-bottom
flask, and volatiles were removed in vacuo. Then the mixture was directly subjected
to silica gel column chromatography (petroleum ether : EtOAc 15:1 to 5:1 gradient) to

give the product 4.

o) 0

PhWPh
Ts " 4ba (218 mg, 75%)

"H NMR (400 MHz, CDCl3):  7.58 (d, J = 8.4 Hz, 2H), 7.53-7.49 (m, 3H), 7.40-7.36
(m, 4H), 7.28-7.23 (m, 5H), 7.20-7.13 (m, 5H), 6.85 (s, 1H), 5.01 (s, 2H), 2.39 (s, 3H);
BC NMR (100 MHz, CDCls): 6 106.8, 106.2, 95.0, 94.1, 92.3, 92.2, 92.0, 91.9, 91.8,
91.2, 91.0, 90.7, 90.4, 90.2, 90.1, 90.1, 90.0, 90.0, 89.7, 89.7, 89.5, 69.3, 63.2; MS
(EL-m/z): 519 (M"); HRMS Caled for C3,HsNO4S 519.6102, Found 519.6098.
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OMe 4bb (247 mg, 90%)
'H NMR (400 MHz, CDCls): & 7.56-7.48 (m, SH), 7.38-7.14 (m, 11H), 6.86 (s, 1H),

6.66 (d, J= 8.8 Hz, 2H), 5.05 (s, 2H), 3.71 (s, 3H), 2.38 (s, 3H); °C NMR (100 MHz,
CDCly): & 195.3, 192.6, 161.8, 148.1, 144.6, 137.4, 137.1, 136.4, 132.7, 132.6, 131.8,
129.7, 129.0, 128.7, 128.2, 128.1, 127.7, 127.1, 126.5, 113.6, 55,2, 45.8, 21.6; MS
(EI-m/z): 549 (M"); HRMS Caled for C33H7NOsS 549.6362, Found 549.6361.

4bc (156 mg, 59%)
'H NMR (400 MHz, CDCls): & 7.58-7.47 (m, 5H), 7.36 (t, J = 7.6 Hz, 2H), 7.31-7.22

(m, 7H), 7.15 (t, J = 7.6 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 6.84 (s, 1H), 5.06 (s, 2H),
2.38 (s, 3H), 2.21 (s, 3H); *C NMR (100 MHz, CDCLy): & 195.3, 192.7, 148.2, 144.6,
141.3, 137.3, 137.1, 136.3, 136.1, 132.7, 132.5, 131.9, 130.8, 129.8, 129.1, 128.8,
128.7, 128.3, 128.1, 127.9, 127.0, 126.7, 45.7, 21.6, 21.4; MS (El-m/z): 533 (M);
HRMS Caled for C33Hy7NO,S 533.6368, Found 533.6365.

Cl 4bd (185 mg, 67%)
'H NMR (400 MHz, CDCLy): & 7.57-7.48 (m, 5H), 7.38-7.31 (m, 5H), 7.27-7.17 (m,

6H), 7.12 (d, J = 8.4 Hz, 2H), 6.80 (s, 1H), 5.05 (s, 2H), 2.39 (s, 3H); '*C NMR (100
MHz, CDCL): § 194.9, 192.6, 146.3, 144.8, 137.1, 136.9, 136.9, 136.1, 135.5, 133.8,
133.2, 132.0, 131.8, 129.8, 129.1, 128.8, 128.7, 128.4, 128.3, 127.4, 127.0, 45.7, 21.6;
MS (EI-m/z): 553 (M"); HRMS Calcd for C3,H,CINO,S 554.0553, Found 554.0556.
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Br 4be (255 mg, 85%)
'"H NMR (400 MHz, CDCls): § 7.57-7.49 (m, 5H), 7.37 (t, J = 7.6 Hz, 3H), 7.30-7.18

(m, 10H), 6.80 (s, 1H), 5.05 (s, 2H), 2.39 (s, 3H); °C NMR (100 MHz, CDCly): &
194.9, 192.6, 146.3, 144.9, 137.1, 136.8, 136.0, 135.5, 134.3, 133.2, 132.1, 132.0,
131.3, 129.9, 129.1, 128.8, 128.7, 128.3, 127.4, 127.0, 125.4, 45.7, 21.6; MS (EL-m/2):
597 (M"); HRMS Calcd for C3,Ha4BrNO,S 598,5063, Found 598,5061.
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IV. General Procedure for [4+2] Annulations between 1b-d

and 3

1. Synthesis of 3

I NTs NTs
N J 20 mol% PPhs 1 /U\T/
Ar’ PhMe/80°C A

0~ OR COR

1 2 3
General Procedure B: N-tosylimine 2 (1.0 mmol), PPh; (52.4 mg, 20 mmol%) were
added to toluene (20 mL) in one-neck bottle. The mixture was stirred at 80 °C under
nitrogen atmosphere. To this reaction mixture the solution of alkyl propiolate 1 (1.2
mmol) in toluene (20 mL) was slowly added within 3 hours. Once the addition was
finished, the reaction mixture was cooled down to room temperature. Then the
mixture was directly subjected to silica gel column chromatography to give the

product 3.

NTs
Ph

COzMe 394 Prepared according to General Procedure B (Note: the solvent
toluene was 10ml + 10ml); '"H NMR (400 MHz, CDCls): & 7.91 (d, J = 8.4 Hz, 2H),
7.89 (d, J= 8.4 Hz, 2H), 7.57 (t, J= 7.2 Hz, 1H), 7.43 (t, J= 7.6 Hz, 2H), 7.35 (d, J =
8. 4Hz, 2H), 6.85 (s, 1H), 5.94 (s, 1H), 3.80 (s, 3H), 2.46 (s, 3H); °C NMR (100
MHz, CDCl3): 6 173.6, 163.3, 144.0, 137.5, 137.0, 135.5, 134.0, 130.5, 129.7, 129.5,
128.7, 127.4, 52.4, 21.4; MS (El-m/z): 343 (M"); HRMS Calcd for C;sH;7NO4S
343.3969, Found 343.3971.

NTs

MeOMMe

(400 MHz, CDCl3): 5 7.89 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 8.8 Hz, 2H), 7.34 (d, J =

3ab Prepared according to General Procedure B; 'H NMR
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8.0 Hz, 2H), 6.90 (d, J = 9.2 Hz, 2H), 6.82 (s, 1H), 5.89 (s, 1H), 3.87 (s, 3H), 3.80 (s,
3H), 2.45 (s, 3H); °C NMR (100 MHz, CDCl3): & 172.8, 164.6, 163.7, 143.7, 137.9,
137.3, 132.3, 130.2, 129.5, 128.1, 127.4, 114.1, 55.6, 52.6, 21.6; MS (EI-m/z): 373
(M"); HRMS Calcd for CoH;oNOsS 373.4229, Found 373.4228.

NTs

/©)J\QMG . 1
Br 3ae Prepared according to General Procedure B; 'H NMR (400

MHz, CDCls):  7.87 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.8 Hz,
2H), 7.34 (d, J = 8.0 Hz, 2H), 6.83 (s, 1H), 5.94 (s, 1H), 3.78 (s, 3H), 2.43(d, 3H); °C
NMR (100 MHz, CDCls): & 172.6, 163.3, 144.2, 143.7, 137.2, 136.7, 134.5, 132.0,
131.1, 129.6, 128.3, 127.6, 52.7, 21.6; MS (EI-m/z): 421 (M", Br”); HRMS Calcd for
C1sH16BrNO4S 420.9983, Found 420.9980.

NTs

MeO 25N

(400 MHz, CDCI3): 5 7.85-7.82 (m, 4H), 7.29-7.25 (m, 7H), 6.87 (d, J = 8.4 Hz, 2H),

3ed Prepared according to General Procedure B; 'H NMR

6.84 (s, 1H), 5.94 (s, 1H), 5.25 (s, 2H), 3.83 (s, 3H), 2.42 (s, 3H); 13C NMR (100
MHz, CDCI3): § 172.8, 164.6, 163.0, 143.7, 137.9, 137.5, 135.4, 132.2, 130.5, 129.5,
128.4, 128.2, 128.1, 127.9, 127.5, 114.1, 67.1, 55.6, 21.6; MS (El-m/z): 449 (M+);
HRMS Caled for C25H23NOS5S 449.1297, Found 449.1295.

2. The [4+2] annulations between 1b-d and 3

O
Ar O CO-R
+
‘ | TsN Ar PhMe / reflux N Ar
Ts
1b-d 3 5

General Procedure C: The PPh;-Catalyzed Reactions of 1-arylpropynones 1b-d

and alkyl 2-[Aryl-(tosylimino)methyl] acrylate 3: 3 (0.3 mmol), PPh; (15.7 mg, 20
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mmol%) were added to toluene (6 mL) in there-neck bottle. The mixture was stirred
at 120 °C under nitrogen atmosphere. To this reaction mixture the solution of
1-arylpropynones 1b-d (0.6 mmol) in toluene (6 mL) was slowly added within one hour.
The reaction mixture was monitored by TLC. Once the reaction was finished, the
reaction mixture was cooled down to room temperature. The contents were transferred
to a round-bottom flask, and volatiles were removed in vacuo. Then the mixture was
directly subjected to silica gel column chromatography (petroleum ether : EtOAc 15:1

to 5:1 gradient) to give the product 5.

O O
PhWOMe
N~ “Ph
Ts Sba (84 mg, 59%)

'"H NMR (400 MHz, CDCL3): & 7.53-7.38 (m, 10H), 7.31 (d, J = 7.2 Hz, 2H), 7.19 (d,
J = 8.0 Hz, 2H), 6.89 (s, 1H), 4.91 (s, 2H), 3.45 (s, 3H), 2.36 (s, 3H); '*C NMR (100
MHz, CDCLy): & 192.5, 167.1, 150.7, 144.6, 137.3, 135.3, 135.2, 131.9, 130.7, 130.0,
129.7, 128.7, 128.3, 127.9, 127.0, 126.7, 120.3, 51.8, 45.6, 21.5; MS (El-m/z): 473
(M"); HRMS Caled for Co7H23NOsS 473.5402, Found 473.5404.

OMe 5bb (146 mg, 96%)

"H NMR (400 MHz, CDCls): § 7.50 (d, J = 8.0 Hz, 3H), 7.44-7.37 (m, 4H), 7.28 (d, J
=7.2 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.88 (s, 1H), 4.89 (s,
2H), 3.88 (s, 3H), 3.50 (s, 3H), 2.35 (s, 3H); '°C NMR (100 MHz, CDCLs): § 192.4,
167.4, 161.9, 150.6, 144.5, 137.4, 137.3, 135.8, 131.9, 131.8, 129.7, 128.7, 128.2,
127.5, 126.9, 126.2, 119.0, 113.4, 55.3, 51.9, 45.5, 21.5; MS (El-m/z): 503 (M");
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HRMS Calcd for CosH5sNOgS 503.5662, Found 503.5666.

Br Sbe (142 mg, 86%)
'"H NMR (400 MHz, CDCls): & 7.56-7.49 (m, SH), 7.41 (t, J = 7.6 Hz, 2H), 7.32 (t, J

= 7.2 Hz, 4H), 7.20 (d, J = 8.0 Hz, 2H), 6.88 (s, 1H), 4.89 (s, 2H), 3.50 (s, 3H), 2.37
(s, 3H); °C NMR (100 MHz, CDCly): & 192.4, 166.7, 149.4, 144.8, 137.2, 137.1,
134.9, 134.3, 132.0, 131.4, 131.2, 129.8, 128.7, 128.3, 127.1, 126.9, 125.3, 120.5,
52.0, 45.5, 21.6; MS (EI-m/z): 551 (M"); HRMS Calcd for Co7H»BrNOsS 552.4363,
Found 552.4361.

OMe S5cb (94 mg, 59%)

'H NMR (400 MHz, CDCl3): & 7.49 (d, J = 8.0 Hz, 2H), 7.40 (d, J = 8.8Hz, 2H), 7.32
(d, J=8.8 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 6.87 (d, /= 8.4
Hz, 2H), 6.85 (s, 1H), 4.86 (s, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 3.50 (s, 3H), 2.34 (s,
3H); *C NMR (100 MHz, CDCls): & 191.1, 167.4, 162.8, 161.8, 150.1, 144.4, 137.4,
134.6, 131.9, 131.1, 129.9, 129.6, 127.5, 127.0, 126.6, 119.1, 113.5, 113.4, 55.4, 55.3,
51.8, 46.0, 21.5; MS (El-m/z): 533 (M"); HRMS Calcd for CaoH,7NO;S 533.5922,
Found 533.5925.
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Br Sde (102 mg, 60%)
'H NMR (400 MHz, CDCl3): § 7.55 (d, J = 8.4 Hz, 2H), 7,50 (d, J = 8.0 Hz, 2H), 7.32

(d, J= 8.0 Hz, 2H), 7.25-7.18 (m, 6H), 6.86 (s, 1H), 4.88 (s, 2H), 3.50 (s, 3H), 2.42 (s,
3H), 2.37 (s, 3H); °C NMR (100 MHz, CDCls): § 192.2, 166.7, 149.1, 144.2, 142.8,
137.1, 134.4, 134.4, 1343, 131.4, 131.2, 129.8, 129.0, 128.9, 127.4, 126.9, 125.2,
120.6, 52.0, 45.6, 21.6; MS (EI-m/z): 565 (M"); HRMS Calcd for CosH4BrNOsS
566.4629, Found 566.4633.

Br Scc (87mg, 50%)

'H NMR (400 MHz, CDCls): § 7.53 (d, J = 8.4 Hz, 2H), 7.48 (d, ] = 8.0 Hz, 2H), 7.35
(d, J=8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.8
Hz, 2H), 6.84 (s, 1H), 4.86 (s, 2H), 3.86 (s, 3H), 3.49 (s, 3H), 2.35 (s, 3H); °C NMR
(100 MHz, CDCls): 8 191.0, 166.7, 163.0, 148.9, 144.7, 137.2, 134.3, 133.6, 131.5,
131.2, 131.2, 129.8, 129.6, 127.5, 126.9, 125.2, 120.6, 113.6, 55.5, 52.0, 45.9, 21.6;
MS (EI-m/z): 581 (M"); HRMS Calcd for CogHsBrNOgS 582.4623, Found 582.4626.

OMe 5bd (109 mg, 63%)
'H NMR (400 MHz, CDCly): 8 7.50 (d, J = 8.0 Hz, 3H), 7.41-7.37 (m, 4H), 7.31-7.22

(m, SH), 7.18 (d, J = 8.0 Hz, 2H), 6.95 (s, 1H), 6.93 (d, J = 7.6 Hz, 2H), 6.84 (d, J =
8.8 Hz, 2H), 4.95 (s, 2H), 4.90 (s, 2H), 3.84 (s, 3H), 2.35 (s, 3H); '°C NMR (100
MHz, CDCLy): & 192.5, 166.9, 161.9, 150.8, 144.5, 137.4, 137.3, 135.9, 134.8, 131.9,
131.8, 129.7, 128.7, 128.3, 128.2, 128.2, 127.5, 127.0, 126.2, 119.1, 113.5, 66.9, 55.3,
45.5,21.5; MS (EI-m/z): 579 (M"); HRMS Caled for C34,H20NOgS 579.6622, Found
579.6621.
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V. General Procedure for synthesis of Sba and Sbd in

one-pot way

1b o
:// J\ITS 20 mol% PPh; 20 mol% PPh; pp~ | COR
o= * o PhMe / reflux
OR Ph PhMe / 80 °C N Ph
Ts
1 2b
1a R=Me 5bb yiled: 58%
1e R=Bn 5bd yield: 53%

N-tosylimine 2b (1.0 mmol), PPhs (52.5 mg, 20 mmol%) were added to toluene (20
mL) in there-neck bottle. The mixture was stirred at 80 °C under nitrogen atmosphere.
To this reaction mixture the solution of alkyl propiolate 1a (1e) (1.2 mmol) in toluene
(20 mL) was slowly added within 3.0 hours. Once the addition was finished,
additional PPh; (52.5 mg, 20 mmol%) in toluene (5 mL) was added to the mixture.
And the reaction mixture was heated up to 120 °C. Then, the solution of
1-arylpropynones 1b (2.0 mmol) in toluene (10 mL) was slowly added within 1.5 hours.
The reaction mixture was monitored by TLC. The contents were transferred to a
round-bottom flask, and volatiles were removed in vacuum. Then the mixture was
directly subjected to silica gel column chromatography (petroleum ether : EtOAc 15:1

to 5:1 gradient) to give the product Sbb (Sbd).
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VI. Procedure for 2b-D

CO,Et CD,OH
NTs
L|AID4 TsNH, / (EtO),Si
> D
CHzCIz rt. N,, 160°C
MeO

Me

2b-D
LiAlD4 (from Aldrich, >98% D) (1.51 g, 36 mmol) was added to 100 ml of dry THF
in an ice bath. Ethyl 4-methoxybenzoate (7.90 g, 44.0 mmol) in 50 ml of THF was
slowly added. The mixture was brought to room temperature and heated at refluxed
for another 6 hrs. Then 10 ml of 10% aqueous NaOH and 5 ml water was cautiously
added to the reaction mixture; the resulting salts were filtered, and filtrate was
extracted with 3 x 50 ml portions of ethyl acetate. The ethyl acetate solutions were
combined, dried over NaSQ,, and the solvent was removed under vacuum to obtain a
color-less liquid (5.55 g, about 39.6 mmol). The liquid was used without any further
purification.
The liquid in 80 ml of CH,Cl, was added to PCC (12.8g, 59.4 mmol) in 120 ml of
CH)Cl; in an ice bath. About an hour later, the mixture was brought to room
temperature and stirred at room temperature until the starting material was
disappeared. The mixture was directly subjected to FCG to offer a colorless liquid
(3.79g, 63%).
4-methoxybenzaldehyde-d; (3.79g, 27.7 mmol) and TsNH, (4.74g, 27.7 mmol) were
added to (EtO)4Si (11.1 ml, 29.4 mmol). The mixture was heating to 160 °C for 6 hrs
under nitrogen atmosphere. Then the reaction mixture was cooled down to room
temperature. The solvent was removed under vacuum to obtain a white solid. This
solid was purified with petroleum ether and ethyl acetate to give compound 2b-D
(5.95 g, 74%). '"H NMR (400 MHz, CDCl3): & 7.90 (d, J = 6.4 Hz, 2H), 7.88 (d, J =
5.6 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 3.89 (s, 3H), 2.44 (s,
3H).
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VII. The data of eq 4 and eq 5

1b D~ 80%
PhOC COPh
NTs 20 mol% PPh; = | @
A~ D PhMe/ reflux I A
2b-D 20%7° T
i 4bb-D

4bb-D was prepared according to General Procedure A (130mg, 47%); 'H NMR
(400 MHz, CDCls): 6 7.56-7.48 (m, SH), 7.38-7.16 (m, 11H), 6.86 (s, 0.2H), 6.66 (d, J
= 8.8 Hz, 2H), 5.05 (s, 1.8H), 3.72 (s, 3H), 2.38 (s, 3H).
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D
NTs
J\ . )J\ 20 mol% PPhy A\ -COzMe
07 oM Ar” D  PhMe/80°C
e TsN” DAr
1a 2b-D 3ab-D

3ab-D was prepared according to General Procedure B (75%); '"H NMR (400 MHz,
CDCly): 6 7.88 (d, J = 8.0 Hz, 2H), 7.86 (d, J = 8.8 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H),
6.89 (d, J=9.2 Hz, 2H), 6.79(s, 0.5H), 5.86 (s, 0.5H), 3.85 (s, 3H), 3.78 (s, 3H), 2.44
(s, 3H); MS (m/z): 375 M + H").

7.868
44
33
13

0
78
. 785
5859
3.854
2435

OMe

3ab-D I

I |
|
l Ei 1
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D D=<— 70%
1b PhOC CO,Me
H- X~ CO2Me 20 mol% PPh, ﬁ 2
PhMe / reflux H oy @
TsN™ “Ar 30% _»D Ts
3ab-D 5bb-D
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VIII. NMR Spectra
The [2+2+2] annulations products 4

1.

0.0

G6L'Eo

|
_ = 5 300 19269

E6EE

(=]
——t— 207 [[ @
- L
o
c
(@) o
— —— = g9
T Le 8 S -
/ e == Ti%7
= + 318
(@) L
=
[a
022901 ——
| ove'o0l
5
g

S17

Ph
Ph

Ts
4ba

Ph




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

28

ZLL'E

OMe

4bb

3 1.89
=100

%:ﬁ

1500

50

ppm (t1)

0ss’ke

9LLSY

0rZ'ss

£0L'9L
020LL ——2

gEELL —

GZLLZL
0ZLigL
0l08gl
e rAA A
FA:ish: A
€20621
LYLBEL
LEFIEL —— 7
BETZEL k
LELTEL

ff

eogryl —//
oo08rl — /
062194

ZIOTEL ——
£2E°561

OMe

I
100

I
150

ppm (t1)

S18



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

s0g'e
[3:1504

4bc

—————— =3

——— = 3.09

|

2250 B8

i

R

00

50

ppm (t1)

g9ivie
695°12

57814

99292
PLO'LL W
Z6€° L2

189921 ——
500° 228 ——|
806°LT1 _,_,_,

£60°'8Z1 |,,,,,_,_
152821 /,,p_
£69°8Z1 ,y‘
zZ08°9Z1 i
$90°6Z1

L9L°6Z1
LOBOEL |/J/f
968" 1EL

LZgzel
GZLCEL

geloel

£L42°661

S
4bc

I
100

[
150

pem (t1)

S19



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

G8E'T

Cl

AL

= 3.00

T 2.04

= 0.97

Fe¥

1532

0.0

ppm (t1)

oG LE

20L sy

LiLeL
880LL ——

PeELL ——

¥66921 |

zse Lzl J,,_
16282 —|
£46'82) M,,
269'824 A
808'821 /ﬁ
$G0'6ZL

ara'6zL

128 LEL
6r0ZEL [/

960°2€} /
vER VL
zoz vl

i

I
100

I
150

I
200

ppm (t1)

S20



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

E6E'Z

Br

= 3.00

3203

= 0.08

10.38
W 318

50

ppm (t1)

€65'12

€695

80,91
LEOLL ———2

—

PrELL

L0621

F g p—
9z0'9EL ——
clgeg) —
008}
[0 4 |~ﬁ.__
DLEOYL

-

L6S'Z6L ——
LZE'¥EL

I
150

ppm (t1)

S21



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

The NMR spectra of 3

2.

#6.€

-

WES ——__
)

18ZL ——
ZpeL
g98L
501
sevL
piv'L
F=t=p)
LG,
895,
89872
0682
%68
0L

=

NTs
COOMe
3aa

Ph

I 3.00

=- 098

50

ppm (t1)

gvle

GEPES

{4 ]
FebLL
FSLLL

ot LZL
00L'8Z1
615621
£59'6ZL
815°0EL
£66'EEL
L8V SEL
agt LEL
LLO'PbL

EEE'ESL

EPOELL

)

N2

S22

100

NTs
COOMe
3aa

Ph

200

3
1

ppm (t1



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

BLE ~
608

L88'S

218’9
LBE'S
9L6'9
28TL
g2eL
are’s
G58°L
L8g'L
2062

VY

NTs

COOMe

MeO

3ab

— 3.0

F 058

=18

22

nnm 11

SESLT

£96'75 ——_
£69'65

668'9L
861 L ——
Ly ——

J

\

[0 41
SHFLZL
azlazl
PaFEIL
FOECEL
0sg'lel

068°LEL
oelevl

NP

NTs

659501
BLOFSL

o

88LZ41

COOMe

MeO

3ab

I
100

I
150

200

S23



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

gLl%

SEGB'S

9c8'9
gzed
aFesL
ZZ5L
FFSL
anss
g2LL
g58'.L
BLEL

s

7

\

NTs

COOMe
|

3ae

- —

Br

=337

= 209
> 202
I 187
T 200

50

pem (1)

0es'eL
BV L) ——
89512 -

£65L2 —

8ZE'8TL ——\\
865621 A

NTs

COOMe

Br

3ae

I
100

I
150

200

ppm (1)

S24



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

7 =2
1 o
|
H_ 01912
T A — - 307
i
_ 589'55
|
legg ——— - \L + 300
] L
{
SHLbLL
_ o  LEL
o
) | ) G5 L2L —)
[ — - = 87 £h 820 —\
c | PLZ8TL
m | obb'8zL )
6 @) _ ! =oo |l 05’62 —— 4
O 1 o A—
oree R O BT TEL ~
1589 = a AT p—
[TE ) — o . oot 251
we'L ) ——= Fi8 || SH5'LEL
z0z'L H/ @ -
A —————m— 3723 it
el L0080 ——__
e 995 ¥9. ———
5z8'L W
ey e} —— 373 .
s —— D _J" L €8zl ——
= _
1 —
m m
£
a
(=%

S25

100

NTs
COOBnN
150

3eb

MeO

200

3
J

opm {t1



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

NTs
Ph
COPh 3pa
NTs O
Ph Ph
Ha Hb
—_
3
|
W
[ ML' LMA, J A LJJ _L
Hy Y
88 8
T T T T ‘ T T T T |
50 0.0
ppm (t1)

S26



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

The [4+2] annulations products 5

3.

Yo'

25t

ELGY

N S

i

A

I 3.06

1205

+ 1.00

- 201
= 202

F 1011

0.0

ppm (t1)

GZ§'Le

¥95Gk
GrELG

Ge99L
C00°LL ———

[ ——

8EE°0ZL

L199ZL |__,_,

6G6'9ZL
G06°L2)
GOTEZL
LeLreek

¥ZLBEL 0
£00°0EL =

zo008L ——
LIGLEL \\\
mww.mm_ \\

LFEGEL |\\\

ooeLer —
/

EGG¥PL —

PLLOSE

0z Lok

€LV EBL

(0]
OMe
Ph

=z
N
Ts
S5ba

Ph

I
100

I
150

ppm (t1)

S27



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

0.0

WSLE

vee'e S - < [eJE=g=
98816 ——

EvE'SS

B6Y'E - e =288 9249
SYO AL ——
cage = 4 =01 || £9E°LL ——
BYPELL ——

i QLOBLE ——\

e R R | = - 90Z'92L ——
o

LA —

681221 ——

d GEEZ8EL
MMM.M — 91282k /,/_.w
s — ) r 804621 ——

2\ Q 281 ——— ©
£LLL \ s el - 2
"k Wl O ER'GEL — o)
19zL 90€°LE1 uu
2 H/ m == i || 268 LEL \ Wv
696°L i .

888 L ——% ©) o= =28 925 ¥l / e}
Loy ——= o) == 149 S8505 B o)
SirL ze8'L9L ——
v == w L0t L9) —
veY'L (%] B n
n
pLgL \ ZH \ pd
S L 6vvZ61 O
~ N
o _ o
£
[=%

100
S28

150

ppm (t1)



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

oz
oog'e

€68’y

8489 ——
1BLL ——\
Hze —\
vzl [,,.ﬁ/,,,

__J.

Br

=~ 3.00

= 3.00

+ 202

[
8

gy
bt ha
o i ke
~J0m

0.0

ppm (t1)

18612

Ye¥' S
Wwies

LLL9L
520LL |/

€6eLL

68¥02L ——

vlE9zL

evL9zZL
olLgeeL &/
vz el ——
oriel

EVOZEL |\\
L9z veEL i/
00L°LEL s
Livier —f
6L vr L S—
LOv B L

169991

BZvre6l

Br

5bc

50

I
100

\
150

ppm (t1)

S29



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

evET

S6Y'E
FORE ——
8L8'¢ ™~

EEER

60EL —— N
L ——»
26E°L &
pibL

9LvL

96F L ——

a

R

i

1

=- 299

=308

=- 187

Faw

> 204

e 3

0.0

50

ppm (t1)

0rS'Le

996'Gr ——
QZeLE —-
gLE'sS
PP GE ———

LELOL
SE0LL —
UL, ——

)

66ECLL \
ZISELL \)
060°614
B8E'9ZL ——
LBE'9EL
ows'Lel /,
BEZY6ZL )
ZL96ZL ~
660°LEL
£8g'lEl
085'¥EL
OL¥LEL
S8EvYL
Lyl 0SE
18.°181
06L'Z91
gevLol

=

A

LI0'LEL

5cb

I
100

I
150

ppm (t1)

S30



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

HET — hea

0Ev'e

209’

L8y

oge's
52° 1 05
oke'L \

\
8zzL //
8bz'L mw \\
vzl
HEL ——

VgL —

oavs —— 7
8052
1554

gegL —

|
|

=349

= 3.00

T 2.04

=-0.98

=543
= 2.38

0.0

50

ppm (t1)

L=

Wa'sy
S00ES

LeL9L
6E0°LL
1GE°LL

LIG02L
LLZ'SEL
226921
LLELZ)
ge6'8g)
9.6'821
¥9.L 621
ooz el
Wi IEL
LBEVEL
08EVEL
vEV VEL
980°L£1
208l
BZL bl
9EL6YL
60001

1] a1

50

I
100

I
150

ppm (1)

S31



0.0

s

R

.

50

This journal is (c) The Royal Society of Chemistry 2009
I

|

1

I

Supplementary Material (ESI) for Chemical Communications

5cc
ﬁ |

ppm (t1)

EL5'lE

Y265t
LIOES

Piv' S5

8rL8L
G90°LL
¥BELL

E6EELL
2LG02L
L9L'SEL

8E6'9Z1
506221
0E9'62L
05621
£SLIEL
BLLLEL
09¥ LEL
SPOEEL
£6ZVEL
8shLel

L88FvL
0z6'8vl
L9629l

LELBSL

er0LEL

5cc

50

100

S32

150

200

pem (t1)



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

ESET

LE0°E

OMe

S
5bd

I

)i

= 3.00

> 304

> 383

Wi
St 2

00

50

ppm (t1)

WSle

YEGSE

LLE'SS

ittt e)
[4%: 3272
0EVLL
G LL

ZISELL
GOLVELE
£S1L'02Z1
956921
125 L2L
gLzazl
vz el
Loegzl
¥eL 8zl
0LL'GEL
orgLel
8Y6 LEL
ovevEL
LEB'GEL
POELEL
8bb LEL
LyS¥bl
BLLOSE
£E6'1OL
LL8'99L

¥or'Z6l

5bd

I
100

I
150

ppm (t1)

S33



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

IX. Crystal Structure of 4ba

Chemical formula and formula weight (M)

C33H27CI2NOA4S, 604.52

Crystal system

Triclinic

Unit-cell dimensions (or pm, degrees) and volume, with estimated standard deviations,
temperature

a=06.7166(13) A alpha =70.430(3) deg.

b=12.567(3) A  beta = 84.280(4) deg.

c¢=18.2304) A gamma = 81.087(4) deg.

Space group symbol

P-1

No. of formula units in unit cell (2)

Z = 2. Calculated density = 1.404 Mg/m"3

Number of reflections measured and/or number of independent reflections, R,
Final R values (and whether quoted for all or observed data)

[I>2sigma(I)] R1 =0.0855, wR2 =0.2767

CCDC 739301 contains the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data_request/cif.
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