Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

Supporting Information
for
Intermolecular Sequential [4+2]-Cycloaddition-Aromatization
Reaction of Aryl-Substituted Allenes with DMAD Affording

Phenanthrene and Naphthalene Derivatives

Xuefeng Jiang,”™ Wangging Kong,™ Jie Chen,"™ and Shengming Ma* !

& State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic
Chemistry, Chinese Academy of Sciences, 354 Fenglin Lu, 200032, Shanghai P. R.
China
® Laboratory of Molecular Synthesis and Recognition, Department of Chemistry,

Zhejiang University, 310027 Hangzhou, Zhejiang, P. R. China

masm@mail.sioc.ac.cn

Index

'H NMR and *C NMR spectra for compounds 2c-1 and 4 S2

S1



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

=T
081 b
viZ L

NN
.

669}
¥aL'L

COOMe

'Q COOEt
2c

MeOOC

21835338

1.08
vég £ 14
117

1.08
08

38 8
jxf-5-152 %ﬁ

S2

Ojﬂm

— 0

10



BGE)—

LELak

EETTF

o ——
Z6LT5

69609 —————

EERTIL
WEITE
PHE'ETL
E0Z'LZE
ZBELTE
|zl
25581
Q00'6Z1
BLOBTE
LLLBZL

PO LEL
STLLEL
ZaLeel -
SI0EZEL

jxf-5-152

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

COOEt

S3

COOMe

MeOOC

2c

— |

PPM

100

200




2860

GLLE

&
|

vZT'h

QP W)

\

08zl
LY ———
BFEL
Si9L
S0LL
STLL
6L L
|l
12
TLEL

LEE'L
V96 L

w698
£ZiLg

=S

BEG'D

xf-6-12

COOEt

S4

n-Pr

COOMe

MeQOC

2d

299

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

/2’. 1 ?’03 3{99

A02.108

93

a_?é'g’zfgg

f.97098

1.1

Lo

0 PPM

10




Jexport/home /masm/vnmrsys /data

s2pul

Archive directory:
Sample directory:
File: CARBON
Pulse Seguence:

Jjuf-6-12-c

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

L B e o o

20

L1200 S S
9p0° b1
£68°02
ELT 9E —— [
OFE" L [ — T :
e99°z5 F
z18 25
gEg 09— — — r
. f
085792 L
0007 2L i — E
t2p L o - b
g fo
(&) < -
Q
Qo
o
O > h
= r
o [
e}
816" 221, %
BOT 2T =

2627 LZT
8927 22T\
LBETLET )

N\
185" Q21— mee— — Qe
V50" 62T/

I
£21 261/
TLRTPET

r
5
9827901 |
5TS 89T t
§L9ELT II
|=
L
t
-
F
;
f
L
|
o

S5

ppm

40

60

80

10

120

140

160

180

200

220



W Wy

09zl
5T9'L
L
BP9 L
6891
wigl
-T2
(L7
S04
L
8zLL
aLs
Fit: vl
95aL
(¥3: 3
68

EEB L
L

S698
24N ]

&

e

ixf-7-1

COOEt

S6

n-Bu
COOMe

MeOOC

2e

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

3 o
O N

Aa7-1.14

0
05

odg 710

402402

1.14

PPM

10




e
050'vE

OEv Z2

9E8 62

I ———
9E9Es
ey

BL6'09

LE59L
000 LL
T L

GOELEL —— 7
12Z6'Eh
£FTLEL
VELZEL

S S
205891

el —

jxf-7-100

n-Bu

COOEt
COOMe

S7

MeQOC

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

2e

|

PPM

50




06T
BLOP
e50r
80P
Ze0 ¥

L1154
f2AN
orl ¥
iy

0ibv j’_
8Ly /
SOZ¥
6T
TIEY
LZEF
4

Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2008

COOEt
i-Bu

COOMe

S8

MeOOC

2f

.04
Wyl

{07105

3/39
jo A2 Aomror !
R . [ M - —

1.1

L

PPM

0

10




Jexport /home /masm/vomrsys /data

Archive directory:

Sample directory
CARBON

Puise Sequence: sZpul

File:

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

PS0 BT "'

—
858" 20 e— ———
209722

ZTE" 98 — —

LT ey
es sy ————

S0L°25 7
058" 25

08592
000° L2
v e~

i-Bu

COOEt
COOMe

2f

MeQOC

BEETZZT
PST EET
EGETRET
L0ETLET

025" L2 -ﬂ\\d__ ;
PEETLEZT 5,

Zts'ﬂz'[_\\— — ——
CGD'BZI_‘/—;K*___"__ ]
1927621 /.r.-'

9657 DET _'Jf‘{'

162 1E1 _//

099“5!'_{,

ESTZET /
296 PET"

LU L] S S—
2557891

ZI8°ELT

S9

ppm

20

40

60

80

100

120

R

140

160

I
200 180

=1 T

T



0]
B0LE

BO5 &

jxf-7-43-2

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

?33

AorA07

COOEt
COOMe
1.02
780

MeQOC
2g
A3.92

Vrgas

A o0g99

S10

1.14

T

L

e,

0 PPM

]

—wo

o

10




N

Pulse Sequence: s2pul

Archive directory: Jexport/home/masm/vnmrsys /data
CARBON

Sample directory:

jxf-7-43-¢
File:

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

vsorvtr—————

BZE LET

oos i o

SOE'ZS;)_____
SE8°25

Y

EL5789L

|
000'{!%

LEATY

Q COOEt
COOMe
29

MeQOC

Z6E°
016"
980"
BBE"
0EE"
8557
SZ6°
618"
1519
512"
89z°
bES”
181"
BET"
GEG"

BT 9T
£25789T —
8867 2LT

S11

,—T—.-
ppm

.___..T._..,_T.__
40 20

60

100 80

L.

120

1

i

l.

'™

140

160

L
180

L

200

220




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

726 Y09

1.1

o8~

L

(=]
oy O

Lzl

COzme
CO;Me
102

P(Ph);

2h

n-Pr

523

25075,' r cr?ros

103

{04

S12

A ..._Jl_:

N B T

PPM

e
2

@

10

12




Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2008

wdd

0ST-

0s

ue
(o]

udld__AIdU

ElEee)

aN?0D

e

EQLPE

Lndzs :asuanbag as|nd

:AJ030841p e duesg
BlEp/sAsJwuA/wsew/ awoy/ Jlodxe/ 1A1030a01p FALYDIY

d-gg-1-02

S13



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

OLLEL

CO,Me
CO,Me
2

BEO'6ZL
S6Z6ZL
BLVOEL
9LZ0EL
059°0E1L
LLOEL
101 LEL
812 LE}
PP IEL
00S LEL
Z5L1EL
£8L1EL
008" 1EL
EEELEL
EOLEZEL
MOLTEL
SO9'EEL
V9 EEL

ZEZ BOIL
£95°851

/
/

cj-1-93

S14

PPM

T
200




Archive directory: sexport/shome/masm/vnmrsys /data
CARBON

Sample directory:

cj-1-93-¢c
File:

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

-

ppm

e

ETE 22T e S—

T ———

BI6 EZT —

1627921 "
09g" 921

EET'EZIDM
2917 L2t

9ESTLZT

£96° 221
z90° 921,
£21°821
zs gzl

LSLTBET
GO6 82T
00T 62T
90g 62T

PRI 0ET—
P TR 1] G —

159" 0E1

6247051 ) .,

QII'TSIj

222 161,
TZP TIET \\
UZS'IQI"‘\

950 TET
SB{'IEI£.

OVE°TET
STT 2ET
1127261 —3
£
3
~ BT EET e
229 eer— L
o L
w a
5 5
-
= B
H L
v { |
° =
w .
= -
> A
] i
+

S15

122

124

126

128

130

132

134



0580 ———__

D ————
990 ——
8oL

L0V

e —

S8’
BIG'T ——

SZS6

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

e’ COzMe
COzme
P(Ph),
2i

n-Bu

¢j-1-80-h

S16

.89
13.00
VA, }
1.18

P

3.25

/1'.07

b f

/1

2.44

jfoa

fos

I

A

PPM

10




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

05~

0

0s

ST SR S R S—— IR S I —

0ot 0ST ooz

IS S — | T S TR S S SN S S SO S T

12
o

qud)d_ _ng-u

SWF0D

Ellele}

b9 bE

Lndzs :aasuanbag as|ng

SNYOHdSOHd :2L1d

:AJo32ad)p @) dues

IR/ SAS IWUASWSBW/ WoY/ Ja0dxa/ 1AI01DBILP BALYDIY

d-0g-1-F2

S17



cj-1-90-¢c

/export/home/masm/vnmrsys /data

Archive directory:
CARBON

Sample directory:

File:

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

BIS ET—

£g0zz— S—
BIE" B2,

LBP 62 Va

Z2S0°1ET

2] S | e S
vzotte—"~

ESP25Ty

895725

BL579L Ty

000" 2L e
D2y LL -/

CO,Me
COZMe
P(Ph),
o]

Bu

O o
TEITEIT O

L2L°ETT _\\

TET 92T\,

002" 921\

ZEDTLZT Y

£BET 2T\

929" L2\

016 22T\t [
S — =
519°821—// {,} I //;'

USJ_'BZT""";.’"__-" fd /;l,r';‘

£96°
187"
EZT"
512"
0Zs"
Zrs”
LbE"
[4: 10
BEE"
599°
paL”
556"
Zre’
855"
jas:
£0T°
aor”

821

L /},’f '/
x‘{ i

Pulse Sequence: s2pul

S18

[ B i O

Lo o R T o

TTTT

ppm

200 180 160 140 120 100 80 60 40 20

220



EE9TTL

BZLETL

SEGZEL

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

S19

122 PPM

124

126

128

130

132

134



9800
8180 ————
690

6LLD
LLO'E ——

E80°L —
0L —_—
ZEL'L
5544
2941
Fraiy
FEL L

\

—

0T}
BIZ'L

SPEL

rae
658

QLS 6

cj-1-91

CO;Me
002 Me

S20

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

/5(31 o

1.15

-

3.09

3%

—1.01

x/asz
w % 0

I S ‘J.yﬂnﬁ_dﬂ\

—100

0 PPM

10




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

wdd

Aud)d__tHSo-u
3NZ0D

3W%00

LBLPE

Lndzs :aauanbag as|nd

SNUOHdSOHd :aLld

:AJ0320 1P 3L dups

RIUP/ SASILUASWSPW/ swoy/ JJ0dxXe,/ 1AI032801P BALYIIY

d-16~1~[2

S21



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

=
&
9LLEL }
1184
09692
OELIZ
8l Ig El o
852 1€ ] 0
882 1€
oszor
BZ1 I
L
10528 |
BZ9T5
|
g [
= o
o o O
Q o £ -
[&] O o
—=
o

n-CgHyqy
0]
2j
T L

o
)
w
ZEL'EDL
ok el -~
-
2 S
R e
(%)

S22



L EZE

BLLETL

251521

ZzeE ——m

L5282}

ES9BTL
OLEBZE

HOBZL
20T'6EL

LZI'OCI_/—’/_/—'—
LEZOEL
vas0EL
SI90EL
000 13
ZLLLER
FSLLEL
zsz'm\
eeem—-g
et
A N
vILEL

Bl LS ——m

e
e ——

65 LE}

L6SZER -

056 € ——— —
BIOEEL ——

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

S23




ZHO

65.0
0504
€80}

S0Lh
8z
-1
Si6°4
BEZT

T
LET —

WS

Lr

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

o
2l
& ]
N
@
{1‘3 —
8
[ ll=] -
ﬁ_: J
Q @
= 8
(o) o = -
o o £ H <
E:O
( )<,
@, )
o
L
Q@
=
«y
=
s
o
R -
8
< =
e —

S24

0 PPM

—d

10




PR e ——— -

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

COZME
CO,Me
P(Ph);
0

n-CgHy3
2k

cj-1-78-p

S25

-

4100

I"‘-'
200

PPM

-150



Archive directory: sexport/home/masm/vimrsys /data

Sample directory:
Pulse Sequence: sZpul

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

BE6 ET

v zz _

£25° 92

T v T
20 pPpm

. I
.

40

— T T

60

000" 24— - - —
02p L

CO,Me
CO,Me

P(Ph),

bER 22T,
216 €21\
veZ 9ZT Y
ESE° 02T\

AAY

BET" 2T\
29T 221\
025" 22T\

RN

ope " LET

2k

n-CgHyg

EBO"BZT

EIQ'QZT_/

7
1206211/ ///,
628" 821—///
STZ°0ET
VTE 0ET
599 08T
L8081, f/,
strIst—/////,
69T T8T—//;
0£2 18T —//
505" TET—//,
pELTTET /
[3: V0 33 St S
106 11—/ /) =

80T 2ET '/ //;
BLLTZET ‘/_f,/
£02° 88T/ //
vas g1 —//
szz 891/
9s57 291

S26

80

100

120

k! -
887821/ f;:"'—'__
vEL 02T /,//_-’

140

160

180

200




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

PPM

e —— S
aeFITE

124

£16€8 ————— —_——

T
130

ZIZ0EL
GOE0E ———
299021
FaL0EL
BOLLEL

ravigl

2E N\
—

9er LEL
005 LEL
ZISIEL
SLLLEL
B5L LEL
668 LEL ———
6Z6 LEL

660 ZEL

T—

132

290 26 ————— —_—

S27



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

SEEZ

BLYT —

152 -
[ =
e

[ —

L R
9952
1652
£197T
629°T
69T

PPM

osLe

996'C

™

A02

LA

COzM'e
CO‘?ME
P(Ph),
(0]

Bn

Be8d
21

e
o
|

uy

¢

03
1.96

48
1502 |
o |

£95°6 —

1988
G688

S28

A2
A

Ao0

A

10




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

cj-1-103-p

CO,Me
CO,Me

P(Ph),

Bn

S29

21

-100

200

-50

50

100

150



Archive directory: sexportshome/syou-sl/vnmrsys /data
CARBON

Sample directory:

File:
Pulse Sequence: sZpul

cj-1-103-c

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

918" 28
LS2TEE—
gEp EE—

(gstes—

zeg g5
EL579L 7
Vg —e— @ V] B
000" L I
ozp e = =3
g § g
|&]
e
a-0

21

ssz'zzt\
ve8 21
£08- 521 &
0027921 \
. B\
§92°921 \\‘\ \

IS LET T

EER” a’.Z'["'\‘

PEE 22T \ |
FTRETA Sam NN —

LM Ly ————
LEE B2 /) 7
1127821 Ui
vog” th—"”ff’;” / /;
1917621 /

0€2" 621 // / ///
606 62T z/// ;,f

600" 0€1—// /f ,/
2597 06T ,f”f f/

s 051—////) 7 //x‘
180" TET—, ,f,f," /, /;f(

gET" TET r,f
zet-ver—"////
£52°1ET / /4
SBLTTET ™ f,n, o

L16" Iﬂ—“' ’ ;/,r
2607 ZET 11/ /17
262" 261 //
2157 ZET
v8T EET //
SV2 EET"
9597 0T —

6587491
BES 89T

S30

ppm

20

40

60

100 80

e

120

160 140

180

LA I e B e e

200

T
220

S



PSLTZL

QERECL ———

Z08'STE —

selogi

eSO ——

VI ——
¥ELLZL—

125 L2h

988 LT
686 LTh

7L0'82H —
LSV ——"

0EE8ZL

S0LBEL
geRel —

Zerest —

£G4 6T ——

50662 ?_—
966621

15808 ——————
PLLOEL

ZZ0'LEL ~

OEL LEL T
881 1E b —— T
9L I ———

vz IEl

6BL IEL

LEB'VEL k
OB ——
SYB L ——
IB0ZEL
LEZTEL

EEFZEL

BLVEEN —
GETEEL

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

S31

L”MJ

B

T
130

I

|

‘i‘

f

I

T
132

PPM

T
126

T
134




el

£6Z'T

FEE'E
600'F

Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2008

O.n

PPh,

COOMe

MeOOC

S32

8
PEATY —
o —
=23
<
o
MI
&
C
"]
&

PPM

e

10




wdd . 0oe- 002- 00T~ 0 0ot 002 00e 00v

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

4
SN00Y  DoOosW

E..._n_,, O

0]

916 TE"

Lndzs :aausnbag asing

SNYOHASOHd 8LLd

1AJ03aaa1p aldueg

BIEP/ SASIWUA/ WSPW/ BwoY /L I0dxa/ 1AI01D84LP BAIYDIIY

dd-gg-2-4xf

S33



arlbE
BI BT -

1pLTG
S66'25

BLLIEL
SIELEL
ZEGLEL

0LELEL
PrrZEL
609°ZEL

vPOPEL
YEOPEL
BIESEL
B5FSEL
EBFSEL
pEPEEL
ZEBEL

BEL LD
LpE'Est
BLE'BIE

xf-7-56

Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2008

COOMe

MeOOC

S34

PPM

50

100

150

200



956521

T90'LT)

EL9LE ——
BLL LN ———
0E6 L8} ————
S0BEL ——

TELBT =
10682 ———
VEEBEL ——
561 6Z0 ———

Sk OEL

BLLIEp ———
S ——"

eI ——
08 1L ————

PP ZEL
BOFZEL

Fa0PEL —————

BIESEN ——
BSFSEL
EBFSEL

PEFEEL
CE9BEL

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2008

LD JL

U

S35

JL MW‘MU

|

PPM

T
140




