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1. Detection of 2-thiophenmethanol as side product in the synthesis of 2e.

After refluxing 2-phosphanyl-4-methylaniline (1) and thiophen-2-carboxaldehyde in xylene in
the presence of p-toluene sulfonic acid the solvent and volatiles were condensed in vacuum
into a cooling trap. In the condensate a small amount of 2-thiophenmethanol was detected by
GC-MS measurements of the condensate and a reference sample, synthesized according to
ref. [1]. The assignment was confirmed additionally by good accordance of the characteristic
mass spectra with those of the library spectrum. We thank P. Gierok and Prof. Dr. M. Lalk
(Institut fiir Biochemie, Ernst-Moritz- Arndt-Universitit Greifswald) for the measurements,
using GC Agilent 6890N, MS Agilent 5973, Software MS-Chemstation, inlet temperature
280°C, oven 70°C 1min, 1.5°C/min to 76°C, 5°C/min to 330°C for 10min; 1ml/min, column
DB-5ms from Agilent (30m x i.d. 0.25mm x 0.25um film).

[1] M. D'Auria, A. De Mico, F. D'Onofrio, G. Piancatelli, J. Org. Chem. 1987, 52, 5243-5247.
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1. NMR-Spectra
3P NMR spectrum 2a.
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— o . NAME NI_BN-7le
. o™~ EXPNO - 31
P i PROCNO 1
w [
F2 ~ Acquisition Parameters
Date_ 20100719
Time
INSTRUM spect
l PROBHD S mm PABBO BB~
PULPROG zgpg30
TD 32768
SOLVENT cDC1l3
NS 256
DS 4
SWH 50000.000 Hz
FIDRES 1.525879 Hz
.t} 0.3277300 sec
| RG 23100
oW 10.000 usec
DE 6.00 usec
TE 299.4 K
D1 2.00000000 sec
41l 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
CHANNEL f1
nucl 312
PL 10.25 usec
PL1 2.00 dB
SFOL 121.4953510 MHz
CHANNEL £2
CPDPRG2 waltzl6
Nuc2 1H
PCPD2 80.00 usec
PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768
SF 121.494851C MHz
WDW
SSB 0
LB 3.00 Hz
GB 0
PC 1.40
T T T T T T T
83.5 83.0 ppm -11.8 -12.0 -12.2 -12.4 ppm
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C NMR spectrum (aryl and methyl range) of 2a.
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B. NIAZ:BN-71g
13C{1H}-NMR-Spektrum
LM: CDC13

Referenz: IM = 77.0 ppm
Messzeit: 12 Stunden
EMAU, AVANCE II - 300

Current Data Parameters

NAME NI BN-71g
EXPNO - 13
PROCNO 1

F2 - Acquisition Parameters

Date_ 20100730
Time 6.39
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 13402

DS 4

SWH 21739.131 Hz
FIDRES 0.663426 Hz
A0 0.7537140 sec
RG 32800

DW 23.000 usec
DE 6.00 usec
TE 299.2 K
D1 2.00000000 sec
d11 0.03000000 sec
DELTZ 1.89999998 sec
DO 1
======== CHANNEL fl ========

NUCL 13¢

P1 9.80 usec
PL1 -1.00 dB
SFOL 75.4761177 MHz
======—— CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters

s1 16384

SF 75.4677479 MHz
WDW EM
SSB o

LB 1.00 Hz
GB 0

PC 1.10

g - grease

H - HMDS

0 ppm
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3P NMR spectrum of 2b.

[X=3
0 © NTAZ:BN-95
o \te]
s . 31P{1H}-Spektrum
o ° Loesungsmittel: CDC13
® ! Ref.: extern, H3P0O4 = 0.0 ppm (+/- 0.3)
Messzeit:10 min.
EMAU Greifswald - Avance II - 300
Current Data Parameters
NAME NI BN-95
EXPNO 31
PROCNO 1
F2 - Acguisition Parameters
Date_ 20101111
R, Time 13.23
INSTRUM spect
PROBHD S mm PABBO BB-
PULPROG zgpg30
] D 32768
N SOLVENT cpel3
H NS 128
Ds 4
Cy2P SWH 50000.000 H=z
FIDRES 1.525879 Hz
AQ 0.3277300 sec
RG 23100
| DW 10.000 ‘usec
DE 6.00 usec
TE 297.8 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
===m===== CHANNEL f]l ========
NUC1 31p
Pl 10.25 usec
PL1 2.00 dB
SFOL1 121.4953510 MHz
—————— CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
sI 32768
SF 121.4948510 MHz
WDW EM
SSR 0
LB 3.00 Hz
GB 0
PC 1.00
1
WWWWMMWM i - unknown impurity
T T T T T T T T T
200 150 100 50 0 -50 -100 ~150 ppm
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BC NMR spectrum of 2b.
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1 F2 - Acquisition Parameters
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Time 8.50
P, INSTRUM spect
{ PROBHD 5 mm PABBO BB-
\ PULPROG 2gpg30
TD 32768
SOLVENT cDC13
N ns 71304
H DS 4
SWH 21739.131 Hz
FIDRES 0.663426 Hz
Cy,P aQ 0.7537140 sec
RG 32800
DW 23.000 usec
1 DE 6.00 usec
TE 297.4 K
D1 2.00000000 sec
1 dil 0.03000000 sec
| DELTA 1.89999998 sec
\ | D0 1
| [ |
| ! |
|
== CHANNEL f2 ========
CPDPRG2 waltzlé
| NUC2 1H
PCPD2 80.00 usec
PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SF02 300.1312005 MHz
F2 - Processing parameters
ST 16384
SF 75.4677492 MHz
| | WDW EM
T | | 558 0
129 | o LB 1.00 Hz
GB 0
{ 15 PC 0.30
il g
g ! 9 I 99 g - phthalate grease
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i I ﬁlMﬁWﬁJ
T T T T T T T T T T T T T T T T T
180 175 170 165 160 155 150 145 140 135 130 125 120 ppm 35 30 25 20



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013

3P NMR spectrum of 2c.

NIAZ:BN-61

31P{1H}~Spektrum

Loesungsmittel: CDC13

Ref.: extern, H3P0O4 = 0.0 ppm (+/-0.3)
Messzeit:10min.

79.985

EMAU Greifswald - Avance II - 300
Current Data Parameters
3 NAME NI_BN-61
4 - 4 4/ EXPNO 31
33. P PROCNO 1
. F2 - Acquisition Parameters
5 \ 2 2 / \ . Date 20100114
S Time 9.11
1 INSTRUM spect
6 N I PROBHD 5 mm PABBO BB-
PULPROG 2 30
Ta H N 6 TD 9
7 SOLVENT cpels
NS 256
DS 4
SWH 50000.000 Hz
FIDRES 1.525879 Hz
AQ 0.3277300 sec
RG 23100
DwW 10.000 usec
DE 6.00 usec
TE 297.6 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL fl ========
NUC1 31ip
Pl 10.25 usec
PL1 2.00 dB
SFOL 121.4953510 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
Nuc2 1H
PCPD2 80.00 usec
PL12 19.00 dB
PL13 22.00 dB
PL2 ~1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
SF 121.4948510 MHz
WDW EM
SSB 0
LB 3.00 Hz
GB 0
PC 1.20

T
200 150 100 50 0 -50 -100 -150 ppm
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BC NMR spectrum of 2c.

NIAZ:BN-61
13C{1H}-NMR-Spektrum
™ SR ot — oo — OO OW!m WVWAN®O o LM:CDC13
™ o ~ © N~ O ™~ oo MmN o OV I~ D — @g : i Referenz: : LM=77ppm
© v < < S ™ MANNNNN NNNN —t INB < . Messzeit: 48 h
— — — e — Heted o S o ed e — IS o - EMAU, AVANCE II - 300
Current Data Parameters
NAME NI_BN-61
EXPNO 13
PROCNO 1
F2 - Acquisition Parameters
Date 20100118
4 T™S Time 9.04
3a INSTRUM spect
PROBHD S mm BPABBO BB~
PULPROG zapg30
5 TD 32768
5 SOLVENT cpel13
NS 58069
6 DS 4
7 SWH 21739.131 Hz
FIDRES . Hz
a 0.663426
7 20 0.7537140 sec
RG 32800
DW 23.000 usec
DE 6.00 usec
TE 297.8 K
H D1 2.00000000 sec
dll 0.03000000 sec
| DELTA 1.89999998 sec
l TDO 1
======== CHANNEL fl ========
{ NUC1 13¢
Pl 9.80 usec
PL1 -1.00 dB
sFol 75.4761177 MHz
CHANNEL £2
CPDPRG2 waltzl6
NUC2 1H
PCED2 80.00 usec
PL12 15.00 dB
PL13 22.00 dB
PL2 -1.00 dB
I SFO2 300.1312005 MHz
| F2 - Processing parameters
sIT 16384
SF 75.4677479 MHz
wowW EM
| SSB 0
H LB 1.00 Hz
H GB 0
| | | PC 1.20
| |
|
1168.66
; H - n-Hexane
{h
T [ I T T I I 1 [ I T T I [ T T
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3P NMR spectrum of 2d.

B. Niaz:BN-78i
31P{1H}~-Spektrum
Loesungsmittel: CDC13

76.121

Ref.: extern, H3PO4 = 0.0 ppm (+/- 0.3)
Messzeit:10min.
EMAU Greifswald - Avance II - 300
|

Current Data Parameters
NAME NI_BN-78i
EXPNO 31
PROCNQ 1

P, N F2 - Acquisition Parameters

\ Date_ 20100806

>—<\ ] Time 9.51
INSTRUM spect

N N PROBHD $ mm PABBO BB~

H PULPROG zgpg30
TD 32768
SOLVENT CcDCl13
NS 256
DS 4
SWH $50000.000 Hz
FIDRES 1.525878 Hz
AQ 0.3277300 sec
RG 23100
DW 10.000 usec
DE 6.00 usec
TE 299.4 K
D1l 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL fl ========
NUC1 31pP
Pl 10.25 usec
PL1 2.00 dB
SFOL 121.4953510 MHz
======== CHANNE[, f2 ==s=====
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
SF 121.4948510 MHz
WDW EM
SSB 0
LB 3.00 Hz
GB o
PC 1.40

f
200 150 100 50 0 -50 -100 -150 ppm
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BC NMR spectrum (aryl range) of 2d.
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M A~ =t [}

Q@A anaw®- ™ = 13C{1H}-NMR-Spektrum

O o0~~~ ™ ™ LM: CDC13

PR B I o 4 Referenz:ILM = 77.0 ppm
Messzeit: 13 Stunden
EMAU, AVANCE II - 300

Current Data Parameters

NAME NI_BN-78h
EXPNO 13
PROCNO 1
F2 - Acquisition Parameters
Date_ 20100810
Time 9.00
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 32768
SOLVENT CDC13
NS 16229
Ds 4

| SWH 21739.131

| FIDRES 0.663426
AQ 0.7537140
RG 32800
DW 23.000
DE 6.00
TE 29%9.2
D1 2.00000000
dll 0.03000000
DELTA 1.89999998
TDO 1

160

145

135

T T
130 125 120 115

ppm

-1.00

PL1 .
SFO1 75.4761177
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00
PL12 19.00
! PL13 22.00
¢ PL2 -1.00
SFO2 300.1312005
F2 - Processing parameters
st 16384
SF 75.4677478
WDW EM
SSB 0]
LB 1.00
GB 0
pC 1.20
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3C NMR spectrum (alkyl range) of 2d.

O w ™ (=] .
o N o © « Niaz:BN-78h
= © 0 0 o 13C{1H}-NMR-Spektrum
o M ~ N IM: CDC13
Referenz:ILM = 77.0 ppm
Messzeit: 13 Stunden
EMAU, AVANCE II - 300
Current Data Parameters
NAME NI_BN-78h
EXPNO 13
PROCNO 1
F2 - Acquisition Parameters
Date 20100810
Time 9.00
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 32768
SOLVENT cDC13
NS 16229
DS 4
SWH 21739.131 Hz
FIDRES 0.663426 Hz
2Q 0.7537140 sec
RG 32800
DW 23.000 usec
DE 6.00 usec
TE 299.2 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL £l ========
NUC1 13C
Pl 9.80 usec
PL1 -1.00 dB
SFO1 75.4761177 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
! PCPD2 80.00 usec
THF PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
| THF SFO2 300.1312005 MHz
F2 - Processing parameters
| ST 16384
SF 75.4677478 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.20
i
X e
| II F {
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I
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3P NMR spectrum of 2e.

75.232

IZ

Prof.Heinicke:

BN103SC4

31P{1H}-Spektrum

Loesungsmittel:
Ref.: extern, H

CDC13

3P04 = 0.0 ppm

(+/-

Messzeit:

10 min.

EMAU Greifswald

- Avance I1

0.3)

300

Current Data Parameters

200

150

100

-50

T
-100

1
-150

ppm

NAME HE_BN103SC4
EXPNO 31
PROCNO 1

F2 - Acquisition Parameters

Date_ 20110826
Time 8.02
INSTRUM spect
PROBHD S mm Multinucl
PULPROG zgpg30

D 32768
SOLVENL CpCl3

NS 256

DS 4

SWH 50000.000 Hz
FIDRES 1.525879 Hz
AQ 0.3277300 sec
RG 23100

DW 10.000 usec
DE 6.00 usec
TE 296.9 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.88999998 sec
TDO 1
======== CHANNEL £l =

NUCL 31p

Pl 10.25 usec
PL1 2.00 dB
SFOL 121.4953510 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters

ST 32768

SF 121.4948510 MHz
WDW EM

SSB 0

LB 4.00 Hz
GB 0

PC 1.40
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C NMR spectrum (aryl and methyl range) of 2e.
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Prof.Heinicke:

LM: CDC13

BN103SscC4
13C{1H}-NMR~Spektrum

Referenz: 77.0 ppm
Messzeit: 16 Stunden

EMAU, AVANCE II - 300

current Data Parameters

NAME
EXPNO
PROCNO

HE_BN103SC4
14

1

F2 - Bcquisition Parameters

Date_ 20110830
Time 8.50
INSTRUM spect
PROBHD 5 mm Multinucl
PULPROG zgpg30
TD 32768
SOLVENT cDel3
NS 16431
DS 4
SWH 21739.131
FIDRES 0.663426
aQ 0.7537140
RG 32800
oW 23.000
DE 6.00
TE 296.7
Dl 2.00000000
dil 0.03000000
DELTA 1.89999998
DO 1
======== CHANNEL fl ========

NUC1 13C
Pl 9.80
PL1 -1.00
SFOL 75.4761177

F2 - Processing parameters

SI 16384
SF 75.4677492
WDW EM
5SB 0
LB 1.00
GB 0
PC i.20

\
18 ppm

Hz
Hz
sec

usec
usec
X
sec
sec
sec

usec
dB
MHz

usec
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3P NMR spectrum of 2f.

Iz //fU

MeO

B. Nliaz:BN-98b
31P{1H}-Spektrum
Loesungsmittel: CDC13

H3PO4 = 0.0 ppm (+/-

Messzeit:10min.
EMAU Greifswald - Avance II - 300

Current Data Parameters

NAME NI BN-98b
EXPNO - 31
PROCNO 1
F2 - Acquisition Parameters

Date 20101201
Time 11.42
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULEROG zgpg30
TD 32768
SOLVENT CDC13
NS 256
DS 4
SWH 50000.000
FIDRES 1.525879
RO 0.3277300
RG 23100
bW 10.000
DE 6.00
TB 297.3
D1 2.00000000
dit 0.03000000
DELTA 1.838999008
TDO 1

CHANNEL f1
NUC1 31p
Pl 10.25
PL1 2.00
SFOlL 121.4953510
CHANNEL £2

CPDPRG2 waltzlé
NUc2 1H
PCPD2 80.00
PL12 1%.00
PL13 22.00
PL2 -1.00
SFO2 300.1312005
F2 - Processing parameters

51 32768
SF 121.4948510
WDW EM
55B [}
LB 3.00
GB Q
PC 1.40

200 150 100

ppm

0.3)

Hz
Hz
sec

usec
usec

sec
sec
sec
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3P NMR spectrum of 2g.

NIAZ:BN-68d

31P-1H~-gekoppel t-NMR-Spektrum

Loesungsmittel: CDC13

Ref.:extern, H3PO4 (Kapillare inCDC13) = 0.0 ppm
Messzeit: 20 min.

EMAU, Avance II - 300

79.012

Current Data Parameters

NAME NI_BN-68d
EXPNO - 33
PROCNO 1
Br F2 - Acquisition Parameters

Date 20100211

R Time 15.58

\\ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

N ™ 65536

H SOLVENT CDC13
NS 512
DS 4
SWH 50000.000 Hz
FIDRES 0.762939 Hz
AQ 0.6554100 sec
RG 2890
DW 10.000 usec
DE 6.00 usec
TE 297.6 K
D1 2.00000000 sec
TDO 1
===z===== CHANNEL fl ========
NUCL 31p
Pl 10.25 usec
PL1 2.00 dB
SFO1 121.4953510 MHz
F2 - Processing parameters
SI 32768
SF 121.4948494 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

- T i T
200 150 100 50 0 -50 -100 -150 ppm
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C NMR spectrum (aryl and methyl range) of 2g.

B. Niaz:BN-68d
13C{1H}-NMR-Spektrum
LM: CDC13

Referenz: LM = 77.0 ppm
Messzeit: 15 Stunden
EMAU, AVANCE II - 300

136.99
133.44
131.50
131.47
130.64
130.20
130.03
129.68
128.16
127.94
127.77
127.57
127.53
124.05
123.87
123.24
113.29
21.23

- 171.47
—— 142.05
—— 141.25

S

——172.14

Current Data Parameters

I} ~ 1 © o Q NAME NI_BN-68d

0 o s @ ™ EXPNO - 13

o o WO o ™ o PROCNO 1

© n ™

S \I; © g ™M M F2 - Acquisition Parameters

o o oo o o Date 20100212

— = — Time 7.22
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 13191
Ds 4
SWH 21739.131 Hz
FIDRES 0.663426 Hz
aQ 0.7537140 sec

! RG 32800

DW 23.000 usec

DE 6.00 usec
| TE 297.8 K

| .00000000 sec

.03000000 sec

.£9899998 sec

-1.00
75.4761177

2] Houog
e gme e
or S
B4 <l
9
o
-
jcg=%
I o
N

usec
dB
dB
T T T ™ T T PL2 -1.00 dm
| SFO2 300.1312005 MHz
142 141 137 l
F2 - Processing parameters
ST 16384
' ( SE 75.4677478 MHz
| | WDW EM
| SSB 0
LB 1.00 Hz
GB [+
‘ PC 1.00
, | i

1 { I T I [ .
175 170 165 160 155 150 145 140 135 130 125 120 115 110 100 20 10ppm
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3P NMR spectrum of 2h.

i\
o NIAZ:BN-64f
. 31P-1H-gekoppelt-NMR-Spektrum
> Loesungsmittel: CDCL3
Ref.:extern, H3P0O4 (Kapillare in CDC13) = 0.0 ppm
Messzeit: 30 min.
EMAU, Avance II - 300
1
Current Data Parameters
Br NAME NI_BN-64f
EXPNO 33
P, PROCNO 1
\\ F2 - Acquisition Parameters
Date 20100203
N Time 17.10
H INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG 2930
D 65536
SOLVENT CDC13
NS 716
DS q
SWH 50000.000 Hz
FIDRES 0.762939 Hz
A0 0.6554100 sec
RG 2890
DW 10.000 usec
DE 6.00 usec
TE 297.6 ¥
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ==
NUC1
Pl 10.25 usec
PL1 2.00 dB
SFO1 121.4953510 MHz
F2 - Processing parameters
ST 32768
SF 121.4948502 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
" J "

T i
200 150 100 50 0 -50 -100 -150 ppm
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BC NMR spectrum of 2h.
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Referenz: LM = 77.0 ppm

Messzeit: 15 Stunden

EMAU, AVANCE II - 300

Current Data Parameters

==
—

NAME NI_BN-64f
EXPNO 13
PROCNO 1
F2 - Acquisition Parameters
Date_ 20100204
Time 8.56
INSTRUM spect
47 PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 32768
SOLVENT cpCl3
NS 14740
DS 4
SWH 21739.131 Hz
FIDRES 0.663426 Hz
aQ 0.7537140 sec
RG 32800
DW 23.000 usec
DE 6.00 usec
TE 297.7 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
D0 1
| sm====== CHANNEL fl ========
| NUC1
Pl
| PLL
SFO1
l == CHANNEL f2 =
CPDPRG2
Nuc2
PCPD2
PL12
PL13
PL2
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 16384
SF 75.4677478 MHz
| artefact ggg B
| ! LB 1.00 Hz
| gg 1 48
9 .

g - grease
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3P NMR spectrum of 3h.

NIAZ:BN-64c

31P{1H}-Spektrum Spektrum
Loesungsmittel: CDCL13

Ref.: extern, H3PO4 = 0.0 ppm (+/-
Messzeit: 10 min.

EMAU Greifswald - Avance II - 300

Current Data Parameters

NAME NI_BN-6dc
EXPNO 31
PROCNO 1

F2 - Acquisition Parameters

Date 20100127
Time 9.21
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
D 32768
SOLVENT CDC13
NS 87
DS 4
SWH 50000.000
FIDRES 1.525879
AQ 0.3277300
RG 23100
DW 10.000
DE 6.00
TE 297.6
D1 2.00000000
dil 0.03000000
DELTA 1.89999998
TDO 1
======w== CHANNEL fl ========
NUCL 31p
Pl 10.25
PL1 2.00
SFO1 121.4953510
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00
PL12 19.00
PL13 22.00
PL2 -1.00
SFO2 300.1312005
F2 - Processing parameters

SI 32768
SF 121.4948510
WDW EM
SSB 0
LB 4.00
&B o]
PC 1.40

i T
200 150

~
0O
[ag}
o
[
|
Br
F
N
|
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i el i
T T T
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~150 ppm
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BC NMR spectrum of 3h.
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S NN /////jé;LJ/J Referenz: LM = 77.0 ppm
RS /;ﬁﬁj:/ Messzeit: 15 Stunden
—— EMAU, AVANCE II - 300
|
Current Data Parameters
| NAME NI_BN-64c
EXPNO 13
PROCNO 1
F2 - Requisition Parameters
Date_ 20100128
Time 9.13
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULBROG 2gpg30
D 32768
SOLVENT cpe13
NS 18866
DS 4
SWH 21739.131 Hz
FTDRES 0.663426 Hz
aQ 0.7537140 sec
| RG 32800
| DW 23.000 usec
DE 6.00 usec
TE 297.8 K
b1 2.00000000 sec
dii 0.03000000 sec
DRLTA 1.89999998 sec
D0 1
CHANNEL f1
NUC1 13C
Pl 9.80 usec
PLL -1.00 dB
| 5FO1 75.4761177 MHz
====c=== CHANNEL f2 s=======
CPDPRG2 waltzlé
NUC2 10
PCED2 80.00 usec
PL12 19.00 dB
PTI3 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 16384
| SE 75.4677491 MHz
I WDW EM
5SB 0
| I LB 1.00 Hz
GB 0
pC 1.40
|
artefact
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3P NMR spectrum of 6a.

89.385

NIAZ:BN-99

31P{1H}-Spektrum

Loesungsmittel:

Ref.: extern, H3P04 = 0.0 ppm (+/- 0.

Messzeit:10min.
EMAU Greifswald

CDC13

- Avance II - 300

Current Data Parameters

NAME NI BN-99
EXPNO T3
PROCNC 1
F2 - Acquisition Parameters

Date 20101210
Time 12.37
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 128
DS 4
SWH 50000.000
FIDRES 1.52587%
AQ 0.3277300
RG 23100
DW 10.000
DE 6.00
TE 297.7
Pl 2.00000000
dil 0.03000000
DELTA 1.89999998
TDO 1

3ip

Pl 10.25
PL1 2.00
SFO1 121.4953510
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1
PCPD2 80.00
PL12 19.00
PL13 22.00
PL2 -1.00
SFO2 300.1312005
F2 - Processing parameters

ST 32768
SF 121,4948510
WoW EM
SSB Q
LB 3.00
GB 0
BC 1.40
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T
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BC NMR spectrum of 6a.
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Niaz:BN-99b
13C{1H}-NMR-Spektrum

LM: CDC13

Referenz:1IM = 77.0 ppm
(TMS ist nicht zu finden)
Messzeit: 10 Stunden
EMAU, AVANCE II - 300

Current Data Parameters

NAME NI_BN-99b
EXPNO 13
PROCNO 1

F2 - Acquisition Parameters

Date_ 20101221
Time 8.56
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 17957

Ds 4

SWH 21739.131 Hz
FIDRES 0.663426 Hz
AQ 0.7537140 sec
RG 32800

DW 23.000 usec
DE 6.00 usec
TE 297.3 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.899993998 sec
TDO 1
======== CHANNEL f1 ========

NUC1 13C

Pl 9.80 usec
PLL -1.00 dB
SFOl 75.4761177 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL12 18.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters

SI 16384

SF 75.4677492 MHz
WDW EM

SsB 0

LB 1.00 Hz
GB 0

PC 1.40
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3P NMR spectrum of 8a.
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NIAZ:NC-2Z2e
31P{1H}-Spektrum

Loesungsmittel: CD2Cl2

Ref.: extern, H3P04 = 0.0 ppm (+/- 0.3)

Messzeit:10min.

EMAU Greifswald - Avance II - 300
Current Data Parameters
NAME NI_NC-2e
EXPNO 32
PROCNQ 1
F2 - Acquisition Paramcters
Date 20100908
Time 15.10
INSTRUM spect
PROBHD 5 ram PABBO BB~
PULPROG 2gpg30
D 32768
SOLVENT £D2C12
NS 256
DS 4
SWH 50000.000 Hz
FIDRES 1.525879 Hz
nQ 0.3277300 sec
RC 23100
DW 10.000 usec
DE 6.00 usec
TE 2988.2 K
b1 2.00000000 sec
di1l 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
m———z==== CHANNEL fl ========
NUCL 31p
P1 10.25 usec
PL1 2.00 dB
SFO1 121.4953510 MHz
======== CHANNEL [2 =====—-——
CPDPRG2 waltzl6
NUC2 11
PCPD2 80.00 usec
PL12 19.00 dB
PL13 22.00 dB
PL2 -1,00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768
SF 121.4948510 MHz
WDW EM
5SB ¢}
LB 3.00 Hz
GB Q

A a8 J | PC 3.00

T
200 150 100

50
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BC NMR spectrum of 8a.

B. Niaz:NC-2fa

~® ow N w0 oo o~ ) i Rl 0o = ~o - 13C{1H}-NMR-Spektrum
o 0 Ll @ <« ™M = < .
aa e nmerhs e ! K 1 - A par LM: CDC13
— o~ 0 ) W0 W st (MR — 0 O 0 W W O ™~ w0 o = < . - =
< < ™™ MMM nMmemom M oM (3] NANNNNNAN (SRS N el o~ Referer‘lz‘ LM 77.0 ppm
— Pl o o - — Ao A e — i — o~ Messzeit: 44 Stunden
\/ \/ “ \/ // \/ \ \/ EMAU, AVANCE II - 300
Current Data Parameters
NAME NI _NC-2fa
EXPNO - 13
PROCNO 1
F2 - Acquisition Parameters
SaorRI o S g > Date_ 20110307
. « e e . e . Time 3.16
O WO W WYL < 0 @ [~ INSTRUM spect
NN NN NN o PROBHD 5 mm PABBO BB-
ANNNNNN NN NN PULPROG zgpg30
™ 32768
- SOLVENT CDC13
NS 56320
DS 4
\ / SWH 21739.131 Hz
FIDRES 0.663426 Hz
AQ 0.7537140 sec
RG 32800
(CO)4LCr—R DW 23.000 usec
/ DE 6.00 usec
P TE 297.8 K
D1 2.00000000 sec
\ dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
N
H ======== CHANNEL fl ========
. NUCl 13c
* P1 9.80 usec
PL1 -1.00 dB
SFO1 75.4761177 MHz
CHANNEL £2
‘ CPDPRG2 waltzlé
I NUC2 1H
ﬂ | pPCPD2 80.00 usec
| PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
i T T T ST 32768
SF 75.4677479 MHz
230 225 220 215 Wow EM
SSB 0
LB 0.30 Hz
GB 0
i BC 0.20
| | || l | I
| | | | Iy "CO of excess (CO),Cr(nbd)
| (CH signals not depicted)
|
L

T T T T T T T T T T T T ARARANRAM T T T
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3P NMR spectrum of 9a.

M. Ghalib:MBN77MoC04X3
31P{1H}-Spektrum

Loesungsmittel: CDC13

Ref.: extern, H3P0O4 = 0.0 ppm (+/- 0.3)
Messzeit: 30 min.

EMAU Greifswald - Avance II - 300

88.631
88.291
33.532
33.192

—~
-

Current Data Parameters

NAME GH_MBN77MoCO4X3
EXPNO 31
PROCNGC 1
F2 - Acquisition Parameters
Date 20111007
| Time™ 14.45
_ INSTRUM spect
(CO)4M0 R PROBHD § mm PABBO BB-
PULPROG zgpg30
P TD 32768
SOLVENT CcDC13
NS 750
DS 1
SWH 50000.000 Iiz
N FIDRES 1.525879 Hz
H AQ 0.3277300 sec
RG 23100
DW 10.000 usec
DE 6.00 uscc
TR 298.3 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.899999938 sec
TDO 1
CHANNEL £l
NUC1 31p
Pl 10.25 usec
PL1 2.00 dB
SFO1 121.4953510 MHz
=====—=— CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 uscc
PL12 19.00 dB
PL13 22.00 dB
PL2 -1.00 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
SF 121.4948510 MHz
WDW EM
3SR 0
LB 3.00 Hz
GB [
PC 1.40

T T T T
200 150 100 50 0 =50 -100 -150 ppm
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161.198
161.058
160.867
160.727
143.387
141.082

138.196

138.144
138.095

138.044

137.990

137.941
137.797
135.371

135.318

134.933
134.880
133.996
133.951

133.914
133.317
133.141
130.874

130.573
130.482

130.377
130.132
130.044
129.879

128.600

128.543

128.410

128.286

128.198

128.142

128.072
126.446

126.248

125.263
114.410

110.862
77.423
77.206
77.000

76.577
67.976
25.590
21.147

M.Ghalib: MBN77MoCO4X3
13C{1H}-NMR-Spektrum
LM: CDC13

Referenz: LM=77,0 ppm
Messzeit: 42,5 Stunden
EMAU, AVANCE II - 300

0.995

Current Data Parameters

NAME GH_MBN77MOCO4X3
EXPNO 13
g PROCNO 1
EHO) © F2 - Acquisition Parameters
Ie 8 Date_ 20111010
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s © INSTRUM spect
r_J by PROBHD 5 mm PABBO BB-
- [=1 PULPROG 30
’V § ‘g’g\ 5 3 2 & S0LVE Zgggfg
o = 5 s ] SOLVENT coc
338§@ R e NE 8 2 s B g NS 54272
SN 5 83 g3 81¢% R =8 Ds 4
3 e =9 0 S| A [ g swH 21739.131 He
o ; | = 3 < | @ T % 9
o ﬁ 3 z & 308 i | T& 88o FIDRES 0.663426 Hz
’ L-ﬁ‘} \ N < :’LT i " 3 r a3 . o0 20 0.7537140 sec
§ ’. A < 2| S8%5 RG 32800
N\\‘VW ‘ ' | ‘ i M. f | | 3 ‘ g8 { I 'ﬁ. T ‘;‘42 (CO)4Mo R W 23.000 usec
i i f‘ i f | h T I\ A 5 4 / ‘ ) DE 6.00 usec
! i { r\/“'
. | i (i | | | . } | ] APAVAR 3a_p TE 297.7 K
I 1 WA \ ;L\ | i ’\ﬁ N \ [V i 3 \\\ Y D1 2.00000000 sec
\ \ \ A 5 2 a1 0.03000000
My /\WN/”\’\/ W [N NSV Ao JSNYL WV \\ DELTA 1.89999998 sot
Do 1
T T T e T e e . e
1410 1385 | 1380 1385 | 1350 134.0 310 | 1305 130.0 1285 1280 6 - H
5
usec
P
MHz
3o 8 2 8
S 2 & 8¢
< © € K~
te} RN | =} usec
E 5 B T 5
0 N = s 8 1< dB
0 | 0 ~ o & o h \ MHz
g § E A 3 5 = =~ { | A F2 - P £
T 6 @ S a - Processing parameters
o g © | < E h !‘ N ' | ” | ’\ ST s P 16384
P ’\ | [ ' U \ \ sF 75.4677505 Miz
R TK1 Y sy =
I\ VAV L L i LY R i g 5
—J N/ ¥ \
N AV ~ W VA LA vc 1.40
T - — A
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t - traces of Mo(CO)6
t [
t I ] t J |
L L J " I ) !
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3. Tables with atomic coordinates, bond lengths and angles of 9a
Table 3.1. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters
(AZX 10%). U(eq) is defined as one third of the trace of the orthogonalized Uj tensor.

X y z U(eq)
Mo 6418.1(1) 3096.4(1) 2203.6(1) 12.4(1)
N(1) 7092.9(10)  7708.4(16)  3168.2(8) 14.6(3)
CQ) 6558.4(11)  6828.2(18)  2799.9(9) 11.93)
P(3) 6834.9(3) 5088.0(5) 2929.3(2) 12.0(1)
C(3A) 7717.2(11)  5554.1(18)  3456.7(9) 13.1(3)
C4) 8330.7(12)  4713.1(19)  3803.9(9) 14.4(3)
C(5) 8959.0(12) 5342(2) 4211.6(10) 17.4(4)
C(6) 8962.3(13) 6837(2) 4284.1(11) 19.5(4)
C(7) 8369.5(13) 7684(2) 3952.1(10) 19.1(4)
C(7A) 7744.0(12)  7039.9(18)  3532.7(9) 14.2(3)
C(8) 9637.8(13) 4463(2) 4562.5(11) 23.3(4)
C(©9) 6789.4(15) 1660(2) 2892.9(11) 22.1(4)
o(1) 7010.2(12) 825.7(16)  3302.4(8) 33.6(4)
C(10) 6153.6(15) 1592(2) 1487.7(11) 22.3(4)
0(2) 6037.2(13) 720.2(17)  1078.0(9) 37.8(4)
C(11) 5219.2(14) 3021(2) 2646.0(10) 21.0(4)
0Q3) 4573.7(11)  2956.0(18)  2927.7(9) 36.1(4)
C(12) 7661.9(13) 3178(2) 1871.7(10) 18.7(4)
0(4) 8373.3(10)  3240.5(17)  1733.5(8) 29.5(4)
P(1) 5985.6(3) 5141.3(5) 1408.2(2) 10.7(1)
C@1) 5795.1(12)  7347.9(18)  2432.0(9) 13.0(3)
C(22) 5452.4(12)  6671.5(19)  1829.2(9) 13.7(3)
C(23) 4700.0(12) 7210(2) 1531.2(10) 18.8(4)
C(24) 4297.0(13) 8402(2) 1801.3(11) 21.9(4)
C(25) 4638.0(12) 9078(2) 2384.6(9) 18.9(4)
C(26) 5375.4(12)  8550.7(19)  2696.7(10) 16.6(4)
C@31) 6853.8(11)  5974.2(19) 910.7(9) 13.4(3)
C(32) 7351.5(12) 5095(2) 484.6(9) 17.0(4)
C(33) 7978.2(13) 5657(2) 45.6(11) 23.4(4)
C(34) 8119.3(14) 7106(2) 33.7(11) 26.4(5)
C(35) 7637.3(14) 7983(2) 463.0(11) 24.5(4)
C(36) 7002.5(13) 7427(2) 897.4(10) 18.8(4)
C(41) 5241.8(11)  4683.0(19) 695.9(9) 13.2(3)
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C42) 4610.0(12) 3671(2) 828.7(10) 17.8(4)
C43) 4022.1(13) 3307(2) 312.4(10) 20.9(4)
C(44) 4060.0(13) 3933(2) -344.7(10) 19.4(4)
C(45) 4686.2(13) 4937(2) -484.6(10) 19.4(4)

C(46) 5273.1(13) 5312(2) 31.5(10) 16.0(4)
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Table 3.2 Bond lengths [A] and angles [°].

Mo-C(9) 1.973(2) P(1)-C(31) 1.8284(18)
Mo-C(10) 2.011(2) P(1)-C(41) 1.8340(18)
Mo-C(12) 2.039(2) P(1)-C(22) 1.8496(18)
Mo-C(11) 2.050(2) C(21)-C(26) 1.404(2)
Mo-P(3) 2.4219(5) C(21)-C(22) 1.417(2)
Mo-P(1) 2.5442(5) C(22)-C(23) 1.398(3)
N(1)-C(2) 1.369(2) C(23)-C(24) 1.387(3)
N(1)-C(7A) 1.381(2) C(24)-C(25) 1.386(3)
C(2)-C21) 1.464(2) C(25)-C(26) 1.386(3)
C(2)-P(3) 1.7173(17) C(31)-C(36) 1.393(3)
P(3)-C(3A) 1.7574(18) C(31)-C(32) 1.396(3)
C(3A)-C(4) 1.407(2) C(32)-C(33) 1.390(3)
C(3A)-C(7A) 1.412(2) C(33)-C(34) 1.387(3)
C(4)-C(5) 1.383(3) C(34)-C(35) 1.385(3)
C(5)-C(6) 1.419(3) C(35)-C(36) 1.391(3)
C(5)-C(8) 1.501(3) C(41)-C(42) 1.396(3)
C(6)-C(7) 1.376(3) C(41)-C(46) 1.396(3)
C(7)-C(7A) 1.399(2) C(42)-C(43) 1.386(3)
C(9)-0(1) 1.160(2) C(43)-C(44) 1.383(3)
C(10)-0(2) 1.148(2) C(44)-C(45) 1.387(3)
C(11)-0(3) 1.141(3) C(45)-C(46) 1.387(2)
C(12)-0(4) 1.140(3)

C(9)-Mo-C(10) 91.33(7) P(3)-Mo-P(1) 79.598(13)
C(9)-Mo-C(12) 87.31(9) C(2)-N(1)-C(7A) 115.17(15)
C(10)-Mo-C(12) 90.70(9) N(1)-C(2)-C(21) 122.29(15)
C(9)-Mo-C(11) 88.32(9) N(1)-C(2)-P(3) 110.84(13)
C(10)-Mo-C(11) 93.81(9) C(21)-C(2)-P(3) 126.38(13)
C(12)-Mo-C(11) 173.79(8) C(2)-P(3)-C(3A) 92.17(8)
C(9)-Mo-P(3) 94.45(6) C(2)-P(3)-Mo 126.51(6)
C(10)-Mo-P(3) 171.81(7) C(3A)-P(3)-Mo 136.83(6)
C(12)-Mo-P(3) 83.80(5) C(4)-C(3A)-C(7TA)  119.56(16)
C(11)-Mo-P(3) 92.15(6) C(4)-C(3A)-P(3) 131.09(14)
C(9)-Mo-P(1) 174.05(6) C(7A)-C3A)-P(3)  109.31(13)
C(10)-Mo-P(1) 94.61(6) C(5)-C(4)-C(3A) 120.06(17)
C(12)-Mo-P(1) 92.23(5) C(4)-C(5)-C(6) 119.00(17)
C(11)-Mo-P(1) 91.66(6) C(4)-C(5)-C(8) 120.64(18)



C(6)-C(5)-C(3)
C(7)-C(6)-C(5)
C(6)-C(7)-C(7A)
N(1)-C(7A)-C(7)
N(1)-C(7A)-C(3A)
C(7)-C(TA)-C(3A)
0(1)-C(9)-Mo
0(2)-C(10)-Mo
0(3)-C(11)-Mo
O(4)-C(12)-Mo
C(31)-P(1)-C(41)
C(31)-P(1)-C(22)
C(41)-P(1)-C(22)
C(31)-P(1)-Mo
C(41)-P(1)-Mo
C(22)-P(1)-Mo
C(26)-C(21)-C(22)
C(26)-C(21)-C(2)
C(22)-C(21)-C(2)
C(23)-C(22)-C(21)
C(23)-C(22)-P(1)
C(21)-C(22)-P(1)
C(24)-C(23)-C(22)
C(25)-C(24)-C(23)
C(26)-C(25)-C(24)
C(25)-C(26)-C(21)
C(36)-C(31)-C(32)
C(36)-C(31)-P(1)
C(32)-C(31)-P(1)
C(33)-C(32)-C(31)
C(34)-C(33)-C(32)
C(35)-C(34)-C(33)
C(34)-C(35)-C(36)
C(35)-C(36)-C(31)
C(42)-C(41)-C(46)
C(42)-C(41)-P(1)
C(46)-C(41)-P(1)
C(43)-C(42)-C(41)
C(44)-C(43)-C(42)
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120.34(17)
122.17(18)
118.40(17)
126.76(16)
112.43(16)
120.79(17)
179.34(18)
177.2(2)
176.06(18)
175.24(17)
100.79(8)
102.68(8)
102.73(8)
116.00(6)
115.26(6)
117.09(6)
118.64(16)
118.59(16)
122.76(15)
118.66(16)
119.07(14)
122.24(13)
121.67(17)
119.79(18)
119.63(17)
121.59(17)
118.95(17)
123.83(14)
117.06(14)
120.73(18)
119.91(19)
119.70(19)
120.61(19)
120.09(19)
118.67(16)
118.28(14)
123.04(14)
120.53(17)
120.34(18)

C(43)-C(44)-C(45)
C(44)-C(45)-C(406)
C(45)-C(46)-C(41)

119.73(17)
120.18(16)
120.54(16)
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Table 3.3 Hydrogen bonds [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N(1)-H(01)...O(1)#1  0.808(16) 2.167(17) 2.959(2) 167(2)
C(42)-H(42)...0(4)#2 0.95 2.50 3.151(2) 126.2
C(43)-H(43)...0(4)#2 0.95 2.67 3.234(3) 118.8

Symmetry transformations used to generate equivalent atoms:
#1 x,y+1,z
#2 x-1/2,-y+1/2,z



