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Data for new compounds:

'Pr2 H\ / Ph IPrz
Complex 3a (See Copies of NMR Charts 1 and 2) \ / \ /
The NMR spectroscopies of 3a at room temperature in benzene are [ ]
complicated and not easily assignable (NMR Charts 1 and 2). The 4 \ / \
proposed structure is consistent with the elemental analysis, and the pr2
NMR data is consistent with that of crystallographically characterized
3b, which was unambiguously shown to be a dimer.
Brown solid, mp 238 °C (dec). Calcd for C4H76PsRh2: C, 50.64; H, 8.07. Found: C, 50.99; H,
8.26.
'H NMR (CgDs, 400 MHz) & 8.03-8.19 (m, 4 H), 7.06-7.18 (m, 6 H), 3.15-4.95 (m, 2 H, P-H),
2.21-2.32 (m 2 H, CH3P), 2.02-2.18 (m, 2 H, CH2P), 1.85-1.97 (m, 4 H, CH,P), 0.38-1. 49 (m,
28 H, i-Pr). 3 Ip NMR (CeDs, 162 MHZz) & 82. 3-86.0 (multiple sets of doublets dppe), -120.6 -
-118.3 (m, PH), -126.5 - -124.0 (m, PH).

i
Pt H Pr2

H Mes
\ /

Complex 3b (See Copies of NMR Charts 3 and 4) P\ P\ P
Orange solid; mp 245 °C (dec). Calcd for C46HgsPsRhy: C, 53.49; H, / /
8.59. FoundC5371H879 / \/ \

'H NMR (CgDs, 400 MHz) & 6.99 (s, 2 H, C¢H:Mes), 6.84 (s, 2 H, P R

CsHoMe3), 4.63 (s, 6 H, CeH,Mes), 3.24-3. 91 (m, 2 H, PH), 2.83 (s, 6 Mes H

H, CsH,Me3), 2.31 (s, 6 H, CsH2Me3), 1.71-1.88 (m, 8 H, CHy), 1.63 (dd, 12 H, J=7.2, 13.2 Hz,
CHMe,), 1.17 (dd, 12 H, J = 6.8, 14.0 Hz, CHMe;), 0.79-0.91 (m,), 0.82 (t-Iike, 12 H, J 7.6 Hz
CHMe,), 0.71-0.82 (m, 4 H, CHMe,), 0.46 (dd, 12 H, J = 7.2, 15.6 Hz, CHMe,). *P NMR
(CsDs, 162 MH2z) 6 81.3-83.6 (multiple sets of doublets, dppe), -253.8 - -251.0 (m, PH).

Complex 3c-PhMe (See Copies of NMR Charts 5 and 6) 'Erz T:)hz 'Erz
Red solid; mp 198 °C (dec). Calcd for CsgHg2PsRh2: C, 59.40; H, 7.77. N N\ /
Found C, 59.29; H, 7.50. [ Rh Rh

'H NMR (C6D6, 400 MHz) & 8.38-8.47(m, 8 H, Ph) 6.95-7.18(m, 12 H, p/ \p/ \p
Ph), 1.62 (bs, 8 H, CH,), 0.87-1.11 (m, 56 H, i-Pr). 3P NMR (CeDes, 162 'Pr, Ph, Pr,
MHz) 6 71.4-75.6 (multiple sets of doublets, dppe), -112.4 - -108.1 (m,

M-Pphz).

'Pr,
Complex 4 (See Copies of NMR Charts 7 and 8) P\ _PPh,
Red solid; mp 151 °C (dec). Calcd for CsgHssPsRh: C, 61.96; H, 7.25. [ Rh
Found C, 62.02; H, 7.32. AN

IH NMR (CsDs, 400 MHz) & 7.99 (bs, 4 H, Ph), 7.43 (bs, 4 H), 6.89-7.02 m, i,f,’rz PHPh,
12 H), 6.00 (bs, 1 H, P-H), 2.77 (bs, 4 H, CH,), 0.84-1.35 (m, 28 H, i-Pr). *'P
NMR (Ce¢Ds, 162 MHz) 6 79.8-81.5 (multiple sets of doublets, dppe), 74.3-77.5 (multiple sets of
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doublets, dppe), 13.7-16.7 (multiple sets of doublets, PHPh,), -47.2 - -46.3 (m, PPh,).

Complex 6 (See Copies of NMR Charts 9 and 10) Ph
Orange solid; mp 155 °C (dec). Calcd for C4oH74P4RN,S,: C, 50.63; H, [P\ /5\ /Pj
Rh Rh

7.86. Found: C, 50.94; H, 7.81.

IH NMR (C¢Ds, 400 MHz) & 8.29-8.30 (m, 4 H, Ph), 6.92-7.11 (m, 6 H, 27 NN,
Ph), 1.72-1.90 (m, 4 H, CH,), 1.32-1.33 (m, 12 H, i-Pr), 0.94-1.03 (m, 3

16 H, i-Pr). *'P NMR (CeDs, 162 MHZ) 5 88.3 (d, Jprn = 173.0 Hz).

|

Complex 7b (See Copies of NMR Charts 11 and 12) Erz SPh
Yellow solid; mp 128 °C (dec). Calcd for C3,H4sP3RNS: C, 58.18; H, 7.32; S, N h/
485 FoundC5830H7458468 /R\
'H NMR (CgDs, 400 MHz) & 7.80-7.91 (m, 6 H), 6.79-7.02 (m, 9 H), 5.98 (d,1 P PHPh,
H,J= 108Hz) 228242(m 2 H, CHy), 1.61-1.80 (m, 2 H, CHZ) 0.84-1.37 Pr

(m 28 H, i-Pr). 3P NMR (CeDs, 162 MHz) 5 89.7 (ddd, CHZP Pr, cis to PPh,H, Jpp = 24.7, 35.9
Hz, Jprn = 152.7 Hz), 81.2 (ddd, -CH,P'Pr; trans to PPh,H, Jpp = 24.7, 351.5 Hz, Jprn = 145.6
Hz) 1.2 (ddd, PPhzH, Jpp = 35.9, 356.5 Hz, Jprp = 131.5 HZ).

Rhodium-catalyzed Dehydrocoupling of phosphines

(1) Dehydrocoupling of PhPH, was carried out under various reaction conditions as
summarized below. For concentrations in the range of 0.18 M to 1.00 M, reactions proceed
similarly. On the other hand, the addition of dippe gave a better yield of the coupling
products. Though heating the mixture at 70 °C gave a better conversion of PhPH,, other
products were also formed as confirmed by **P NMR and the selectivity to (PPhH); was
only 36%. The reaction proceeds faster in THF to give a complicated mixture of
dehydrocoupling products in which (PPhH), was formed with a selectivity of 30%. Catalysts
generated in situ, by addition of dippe or dchpe to 1, behaved similarly to those based on
the isolated phosphlne complexes. As shown below, other catalysts obtained by addltlon of
a phosphine to 1 did not show catalytic activity (20 °C, overnight). A typlcal 'P NMR
spectrum of a dehydrocoupling reaction mixture (5 mol% cat. 1, 1.0 M, 20 h) is attached
(NMR Chart 13). The product (PPhH), was identified by comparing its spectra with those
reported in the literature (Xin, S.; Woo, H. G.; Harrod, J. F.; Samuel, E.; Lebuis A.-M. J. Am.
Chem. Soc. 1997, 119, 5307).

(2) Dehydrocoupling products from other phosphlnes
(2-EtCgH4PH),: a mixture of meso,rac isomers; ratio (**P NMR chemical shift): 53 (-76.0 ppm),
47 (-83.5 ppm); HRMS calcd for C16H20P D2, m/z 274.1040. Found: 274.1045.
(2-i-PrC¢H4PH),: a mixture of meso,rac isomers; ratio (*:P NMR chemical shift): 57 (-72.6
pm) 43 (-80.4 ppm) HRMS calcd for CigH24P2, m/z 302.1353. Found:
302 359.
(MesPH),: a mixture of meso,rac isomers; ratio (**P NMR chemical shift): 62 (-111.9 ppm), 38
(-119.2 ppm); HRMS calcd for C18H2§1P2, m/z 302.1353. Found: 302.1348.
(MesPH),: a mixture of meso,rac isomers; ratio (**P NMR chemical shift): 59 (-113.3 ppm), 41
(-118.0 ppm); HRMS calcd for C3oHasP2, m/z 470.3231. Found: 470.3238.
(Ph2P),: This is a know compound, Bohm, V. P. W.; Brookhart, M. Angew. Chem. Int. Ed. 2001,
40, 4694.
Ph,PSPh: 3P NMR chemical shift: -41.7; HRMS calcd for CigH1sPS, m/z 294.0632. Found:
294.0627. This is a know compound: (a) Peake, S.C.; Schmutzler, R. J. Chem. Soc. A,
1970,1049-1054. (b) Hall, C. D.; Tweedy, B. R.; Kayhanian, R.; Lloyd, J. R. J. Chem. Soc.
Perkin Trans.2 1992, 775.
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Optimization of the reaction condition

ca.5mol% 1
Ph=PH,——— Ph-P-P-Ph + H,

CeDg, 1t, x h
H H 4 P
[0.18 M] 20 h, 30 % [RRH
concentration [0.68 M] 3h, 20% ; 20 h, 34% p\V
[1.00 M| 3h, 20% ; 20 h, 36% — .
[70°C (1 h), 60% conv. of PhPH, (36% sel. to (PPhH)5]
additive —>  [1.00 M] /1.0 equiv. dippe 20 h, 51%
[1.00 M] /1.0 equiv. dippe 20 h, 80 % conv. of PhPH, (30% sel. to (PPhH),)
THF
[1.00 M] /1.0 equiv. dippe 20 h, 36 %
solvent hexane
[1.00 M] /1.0 equiv. dippe 20 h, 20%
CH,Cl,
 Rh(cod)Bn/1.0 equiv. 20 h, 31%

dippe/[1.00 M]

S Rh(cod)Bn/2.0 equiv. o
in situ generated cat. < dippe/[1.00 M] 20 h, 52%

Rh(cod)Bn/1.0 equiv. 20 h, 32%
~ dchpe/[1.00 M]

No coupling with Rh(cod)Bz, Rh(cod)Bz/ 2 or 4 equiv. PEtz, Rh(cod)Bz/ 2 or 4 equiv. P(t-Bu)z, Rh(cod)Bz/ 2 equiv.
dmpe, Rh(cod)Bz/ 2 equiv. dppe, [Rh(cod)Cl]>, [Rh(cod)Cl]>/2equiv. dippe

PEt
[ A S -V e
- ~ Y-p P Ph P(t-B
P P ~ P PC (t-Bu)s
s ~ O Cy PH’ Ph

PPh;
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Tting parameters,
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CHART 1
.._uﬂn H ,Ph ‘._.uan
_U/ \_u/ \_u
Rh Rh
AN
P PP
PPryH” Ph ipr,
Complex 3a

11/29/94

(rev 2/7/01) BN

Tolulud

Current Data Parameters

USER han
HNAME han020520
EXPNO 3
PROCHO 1

F2 - Acquisition Parameters
Date_ 20020920
Time 18.01
INSTRUM amx400
PROBHD 5 mm QNP 1H/1
PULPROG lpulse

0 32768
SOLVENT .25

NS 32

SW 37.866 ppm
AQ 1.0813940 sec
RG 256

1E 273.0 K
ol 0.03100000 see
] 4.00 use
SFO1 400.1363000 MHz
F2 - Frocessing parameters
51 32768

SF 400.1343988 MHz
WDW EM
S5B o

LB 0.20 Hz
GB o

PC . 5.00

THMMR

/)
1.10
.16

17.44

o] -1 ppm
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Current Data Parameters
USER han
NAME han020920
EXPNO 4
PROCNO 1
MX=-400 I1P{1H}
NPy 3Py
~ —~ % MR
_NFA D ~
~ R _./
d e \
CHART 2
ProH ph Prp
RF P
AN
m Rh  Rh u
sonS N
PP P
PryH Ph Pr,
Complex 3a
It . o N A i s by it
T T T T I T T I T T T T T T
140 120 100 80 60 40 20 a -20 -40 -60 -80 -100 -120 ppm

S5



g ik le

w o w0 — FOUNMCNIOOOMM T T~ N T
o = ™~ ™M QWU MMNOOEOTTNORTM
o e 0 @ M~ DWW 00D T T T
rD._rD. - o~ N A A A~ A A 10000000
Current Data Parameters
USER han
HAME han021031
EXPNO 4
¥ nrqm PROCNO 1
F2 - Acquisition Parameters
Date_ 20021031
Time 12.03
INSTRUM amx400
PROBHD 5 mm QNP 1H/1
K PULPROG lpulse
e 32768
SOLVENT 7.25
NS 32
SW 62.480 ppm
0.6554100 sec
/ G 2048
£ 273.0 K
ﬁ 1 0.03100000 sec
o 4.00 use
Fo1 400.1290000 MHz
2 = Processing parameters
1 32768
F 4001343988 MMz
CHART 3 w“ e
B 0.20 Hz
i B 0
iPry H Mes 'Pry c 5.00
P P
N \1/ /
Rh RH
songS N
P I\__u/_s P - \
es
Pry Pry
Complex 3b
1 .41 1%
' | . g
" N " " 2 Lgi{
NP " - et aind) v s st pomtibt s
T T T T T T T T T
8 7 6 5 4 3 2 1 ] ppm
[=1 f=} - (3] Ll =] NN ™M uy
(=1 o o =~ ™| Ul l=10{=] ~
- - - - aillm P | P P B P
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é CHART 4 é

j i Current Data Parameters
%uﬂn I, Mes _Uﬂm USER user
* NAME han021120
_U/ \_u/ \ﬂ EXPNO 3
PROCNO 1
MX-400 I1B{1H} \m:,. \E:/
P PP
Pr,H  Mespr,
Complex 3b

/I .w:v?:C:ﬁ

: T T T T
100 50 0 -50 -100 -150 -200 -250  ppm
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parameters, 11/29/94 (rev 2/7/01) RN

o~ oo [ =] oM OO TN
g 3858 g §3288828%
. CHART 5 d 1eeN0%%
- -] ~r~r-~w (3] M A - OO0 O
| I/ e e 2 N\
L current oaca ¢
urrent ata arameters
x: m_._/ @ toluene USER han
_u 7 P HAME han030211
Ph i EXPNO 1
ﬂqm 2 “uﬁn PROCNO 1
F2 - Acgquisition Parameters
Complex 3¢ Date_ 20030211
Time 18.05
INSTRUM amxd00
FROBHD 5 mm QNP 1H/1
PULPROG 1pulas
32768
L SOLVENT .___-WW
NS
7 __ W 37,886 ppm
\ AQ 1.0813540 amc
- T ,_\\ by n.__w_.m K
. \\\ / \ ( o1 0.03100000 sec
wd P 4.00 use
f/ﬁ ﬁ Tolue sro1 400.1363000 Mz
F2 - Processing parameters
51 32768
: sF 400.1344224 MHz
i \? .T WDH EM
558 []
LB 0.20 Hz
GB 0
PC 5.00
IH Prarz
—_
Toluful
‘ :ﬁ
. _
T T T T MMM I T T T T T T
9 6 5 4 3 2 1 0 ppm
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CHART 6
Pry Phy 'Pra
P =] Current Data Parameters
\ \_u/ Y, USER han
NAME han030211
Rh \x: o toluene EXPND 2
! p N PROCNO 1
MX-400 312 (1H} P P
iPry Pha  ipp,
Complex 3¢

Py
~ \rw/\/? ~ PP AR
(AR .3

m \_/,..r.\r/f
“ B A

T I T T T
20 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 ppm
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33
/
-p “PPhzH Cuerent Data Parameters
Pr USER han
2 NAME han030213
EXPNO 5
Complex 4 PROCNO 1
F2 = hequisition Parameters
Date_ 20030213
Time 11.4%
INSTRUM amx400
PROBHD 5 mm QNP 1H/1
- PULPROG lpulse
10 32768
SOLVENT 7.25
ﬂﬁur_@_‘-‘ NS 16
/ 5W 37.866 ppm
AQ 1.0813940 sec
RG 256
~ ~ _a TE 273.0 X
1 o1 0.03100000 see
: PO 4.00 use
* t M N. sFol 4001363000 MHz
— .— F2 - Processing parameters
sI 32768
sF 400.1344170 MHz
WDW EM .
558 [
LB 0.20 Hz
GB 0
BC 5.00
L~
I ! _ %f
————— : T T T - i . T — T - T
8 7 & 5 4 2 1 0 ppm
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Current Data Farameters

USER han
HAME han030213
EXPNO 3
FROCHO 1

Npphz

T T T T T
20 10 0 =10 =20 -30 -40 -50 -60 =70 ppm

6
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T—8.287

__—8.304

— T7.004

—7.148
TT—6.918

0 D6

CHART 9

__.an Ph _ﬁ.ﬂm

ﬂf \m \ﬂ
NF \ws
A
__._U_.N Ph __U rz

Complex 6

\\w/ ~

—1.810

1.331
1.316

-

_/—1.027

0.973
0.944

~~—

0.287

Current Data Farameters

USER han
HAME han030214
EXPNO 3
PROCNO 1

FZ = Requisicion Parameters
Date_ 20030214
Time. 12.40
INSTRUM amx400
PROBHD 5 mm QNP 1H/L1
PULPROG lpulase

™ 32768
SOLVENT 7.25

NS 16

SW 24.991 ppm
AQ 1.6384500 sec
RG 1024

TE 273.0 K
D1 0.03100000 sec
PO 4.00 use
SFOL1 400.1363000 MHz
F2 - Procesaing parameters
51 32788

SF 400.1344193 MHz
WDW EH
S5B o

La 0.20 Hz
GB o

PC 5.00

(H M

4.33

13.65

= —

18.81

0 ppm
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CHART 10
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Complex 6
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Current Data Farameters
USER han
NAME han030214
EXPNO 1
PROCNO 1

_Nr\w/ 7

SUP Mz

T T T
20 115 110 105

100 95 S0 85 80 75

70 65 60 ppm
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roton Starting parameters,

906
7.886
7.864
7.819
7.801

7.

a
~
=
X

11/29/94 (rev 2/7/01) RN

9
g
_.3

1.150
7.015
6.997
6.913
6.895
6.792

_h'“""“—5 971

2.340
1.721
1.704
1.372
1.355
1.334
1.317
1.150
1.103
1.054
0 999
0.981
0.968
0.958
0.885
0.867
0.855
0.838

S \re

Current Data Parameters

USER han
HAME han030218
EXPNO 1
FPROCNO 1
CHART 11 F2 - Acquisition Parameters
(D6 Tine e
1] .
_.vﬁw “ ¢ INSTRUM amx400
P SPh PROBHD 5 mm QNP LH/13C/L9F/31P
N PULPROG lpulse
Rh I 32768
Y P SOLVENT 7.25
NE 16
P PhzH P 24.991 ppm
'Pra AQ 16304300 sec
RG 1
Complex Tb 1E 273.0 K
Dl 0.03100000 sec
PO 4.00 usec
SFLL 400.1363000 MHz
WN - Frocessing parameters
32768
mw. 400.1344180 MHz
WOW EM
SSB 0
Le 0.20 Hz
GB ]
“ PC 3.00
piYiaH
Ifoﬂké
\Mv ~ 7 =gyph
——— T T T ——r T T T
9 8 7 6 5 4 3 Ppm
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M¥=400 31P{1H}

CHART 12

Pry

n/\mns
x:
p “PPhgH

'Pry
Complex Tb

3_61
s,

)N

Current Data Parameters

USER han
HAME han030218
EXENO 2
PROCKO 1

85

80

75

70

65

60

55

50

45 40 35 30

25

20

15

10

5 0 ppm
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7.94

Current Data Parameters

MK=400 31P(1H} m”ouwo m
PhPH- C¢D;, 28c , 20h Pri), tHa
3P UM
CHART 13
Ph—PH, ca. 5 mol% 1 Ph—P-P-Ph + 1,
CgDg, 1,20 h b
¢ PhPH,
(PPAH)2
L
N
"2
J
Nn__n_ Hmc “_.mc m_a n_. |Wo i“_._o_u |”_,_mo _

ppm
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