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Table 2-1. Chemical Properties of Phosphine Ligands

o 37 cong angie”
P(mesityl) — T 12
P (0-CH,OMe) , 2058.3 194
P (0-C,H,Me) , 2066.6 194
P(C.Fq) g 2090.9 184
Pcy, 2056. 4 170
PBz | 2066.4 165
PPh,, (1-Pr) — 150
P(p—C6H4OMe)3 2066.1 | 145
P (p-CgH, Me) 2066.7 145
PPh, 2068.9 145
P (p-C H,F) 4 2071.3 145
P(pec6H4c1>3 2072.8 145
PMePh, 2067.0 136
PMe ,Ph | 2065.3 122
PMe, 2064.1 118
P (OPh) 4 2085.3 128
P(0-i-Pr) 2075.9 130
P (OEt) , 2076.3 109
P (OMe) , 2079.5 107

a) C. A. Tolman, J. Am. Chem. Soc., 92, 2953(1970) .
b) C. A. Tolman, Chem. Rev., 77, 313(1977).
c) vsym(CO) of Nl(CO)BPR3 Complex.
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: -151
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Fig 2_1_31P4{1H } NMR of ligand exchange equilibrium of
. . o
[NlBr(o—CH3C6H4)(PPh3)2] with PthMe at -367C.

PPhZMe/Ni—complex = 1(a), 2(b), and 4 (c).
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Fig 2-2. 31P4{1H } NMR of ligand exchange equilibrium of

[NiBr (0-CH,C H,) (PPhy),] with PPhMe, at -36°C.

PPhMez/Nl complex = 1(a), 2(b), and 4(c).
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Table 2-3. lH—NMR data of ligand exchange equilibria
. , o
[NlBr(o—CH3C6H4)(PPh3)2] with P(p—-C6H4R)3 at 36‘C._
o—CH3
Ligand SO Sl 52
ppm
P(p—C6H4OMe)3 2.29 2.34 2.36
P(p—C6H4Me)3 2.30 2.32 2.36
P(p—C6H4F)3 2.29 2.25 2.16
P(p—C6H4Cl)3 2f28 2.23 2fl4

SO; [NlBr(O—CH3C6H4)(PPh3)2] |

S17 [NiBr(o-CH;C.H,) (PPh,) {P (p-C H R) j}]

SZ; [NlBr(O—CH3C6H4){P(p—C6H4R)3}2]

[ NiBv (o= CHsCHe DCPPRS), ] (80) o » 5 1tk o 4t
B 17 b1z 229 ppm TH D, FAR 74 L1 >
T — =~ PPs 2V B52 L 12 [ NuBy (o-CHz GHe D CPPAS)
{Pp-CcHaRDs Y ) (S, , 8D £ => PPhs *'E
# Ltz LNIBy (o-CHz CsHa D P (p- CsHaR DsY2 1 (82D 2

Y o o-F VI o >4 LA BRI TR F S
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M A ﬁ L
L1
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| Ji -
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o-tolyl- Nl Br + P(O-Me)3— o-tolyl- NI Br + o-tolyl— N| -Br
Po, - 5%3 » P(O~Ma.)3 POMe),
-30.2 -147.2 -28.7 -121.5
. —120.7 :
sz_p=437Hz

Fig 2—4_31P—{1H } NMR of ligand exchange equilibrium of

. o
[NiBr (o- CH3C6H4)(PPh3)2] with P(OMe)3 at -36C.

P(OMe)3/N1 complex = 1(a), 2(b), and 4(c).
* impurity.
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Fig 2-5. 3lP4{lH } NMR of ligand exchange equilibrium of

. o
[NiBr (o- CH3C6H4)(PPh3)2] with P(OEt)3 at =367C.

P (OEt) 3/Nl complex = 1(a), 2(b), and 4(c).

* impurity.
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Fig 2-6. 31P { H }‘NMR of ligand exchange equilibrium of

[NiBr (o- CH3C6H4)(PPh ),]1 with P(0-iso-Pr), at -36°C.

P(0O-iso- Pr)3/N1 complex = 1(a), 2(b), and 4(c).
* impurity.
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Table 2-4. 31P—{1H JNMR data of Phosphorus Ligands
5 , o I‘
Ligand 52 Sl Sl SO LO Ll notice
ppm ’

P(o—C6H4OMe)3 -30.1ls +31.0s

P(o—C6H4Me)3 —29.25 +23.6s

P(C6F5)3 ~29.4s +68.7m

PBZ3 -19.1s -20.7d -30.0d =29.4s 0s +5.0s

Pthii—Pr) -32.5s -36.1d -28.7d =-29.4s 0s =-5.4s
23 (p-P)=362Hz

P(p—C6H4OMe)3 -26.5s =~-28.0d -28.7d -30.1s 0s +5.2s
27 (p-P)=307HZ

P(p—C6H4Me)3 -28.1ls -28.9d -29.1d -29.9s 0s +2.6s

PPh3 Os

P(p—C6H4F)3 -27.8s =28.7d -29.04 -29.9¢ 0s +3.7s
2J(P—P)=3O7HZ

P(p—C6H4Cl)3 -28.6s =29.2d -29.3d -29.8s 0s +3.0s

PPhZMe -16.5s =15.14 -32.1ld -29.9s 0s +21.1s
23 (p-P)=307Hz

PPhie, - 0.4s - 0.1d -31.3d -29.4s 0Os +39.6s
2J(P—P)=308Hz

P(OPh)3 -105.44 -29.04 =-29.2s 0s -132.8s
2J(P~P)=453Hz

P(O-i—Pr)3 -113.8s -116.6d -27.6d4 =-29.7s 0s -145.6s
2J(P—P)=433HZ

P(O-Et)3 ~116.7s ~-114.84 -27.7d -29.5s 0s -144.3s -166.5s
23 (p-P)=439Hz

P(O—Me)3 -121.5s -120.7d -28.7d -30.2s O0s -147.2s ~171.8s
2

J(P-P)=437Hz

s

singlet, d

doublet.

37



Coba) CPPALP(O-4=Priy T o v o0+ P

B (p-p)=433Hz (3 P(OMe s BEAL S | 77,
POEL )3Bifr 3 0138 L (ZFIFHYSGIELR LT W3
et > 5d , Spic8Y T 3 RBIRITERG 5 INE
> 12,

POPA); Beir 3 L o BEHMERIT CSE 27 , &4
VE2Z4127IMNBE 5121 ,2,/0, 40Ttk
KL TE SpoF155F Sy 0PRIRT A6 B 5 73
W, 2o 2 iEP(OMe )8 3 550 P (OEL); B2
L35 YR (6) #R3IVWRHIZOZTY — L=
T IAB L 0 BARASH IS E G 0 0~ & S0N08 S 1T
wn | LaN U P(OMe)s BEfE 3 ( 6= /07") xoP (OEL),
Bei 3 (©=/09 ) 32K o AR (&) 2R =t
NED CHEBARISH BT H B > ER LT b,
Fre, POPA)s B3 (B=/28 ) 1c> v UIL
Aeg12 P (0-A-R)sBe4r3- (G@=/30") L1315 B UA
FITHBoI, =5 PPAsANEIR LTz S, oPRIRA

BRAITILT v IT v, T 51cKE 15 Plp-(4Ha R s (6=

38



~130 ~100 -3 ~10 0
Po4 P(0%),
o-tolyl- Ni-Br + E(O®)3 ——s O-tolyl— Ni—Br
Py =E p¢
=3 0.0 3
—29.2 -132.8 —105.4
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Fig 2-7. 3lP4{1H } NMR of ligand exchange equilibrium of
[NiBr (o-CH,C H,) (PPh,),] with P(OCH.), at -36°c.

P(OC6H5)3/Ni—complex = 1(a), 2(b), and 10{(c).
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molar ratio of 1(a), 2(b), or 4(c) at -24%c
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Table 3-1. Conductivity data

xlO”l

Compound us/cm Solvent

. Lk
[NlI(o—CH3C6H4)(PPh3)2] + Pyridine 11.0 CH2C12

. ., %
[NlBr(o~CH3C6H4)(PPh3)2] + Pyridine 8.1 CH2C12

. 2 *
[PdI(o—CH3C6H4)(PPh3)2] + Pyridine 1.1 CH,C1,
. L k%

[NlBr(o—CH3C6H4)(PPh3)2] + Pyrrolidine 0.8 CH2C12
(C2H5)4NI 39.0 CH2C12
Pyridine 0.8 CH2C12
0.8 CH2C12

* * %
molar ratio [Pyl/[Complex]=10, [Pyl/[Complex]=2.

condition: 0.002 mol dm_3.
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(b)

Fig 3-5. (a) Ligand angle measuring device,

A(b) the ligand cone.

Fig 3-6. Method of measuring cone angle for

unsymmetrical ligands.
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Table 3-2. Cone Angle 6 of the Amime Ligands

Liganq 8/Deg
tributylamine ' 151
tripropylamine - 151
N-ethyl-isopropylamine 131
N-butylethylamine 128
N—ethylpropylamine | 128
diethylamine 125
dibutylamine 125
dipropylamine . 125
NQethylaminoethanol 123
t-butylamine i 118
dimethylamine : 117
s—buﬁylamine 111
i-propylamine 111
,hexylémine 105
amylamine 105
butylamine 105
propylamine : 105
i—amylamine 105
i?butylamine - 105
benzylamine 104
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Table 3-3. Cone Angle O of the Amine Ligands

Ligand 6/Deg
N-methylpiperidine 140
N-methylpyrrolidine 133
triethylenediamine 132
piperidine : 130
gquinoline | 129
morpholine 128
hexamethyleneimine 126
pyrroliaine : 123
Y-picoline 119
pyridine 119
aniline 110




=

Lw_, #_A,L

—

(c)

51 (a)
| ) I | ) |
—40 ~30 -20 ~10 0
ppm

Fié 3_7,31P4{1H } NMR spectré in the substitution of PPh3
ligands in M-complex with pyridine at -20°¢C at the
molar ratio of [pyridine]o/[ M ]0= 5(a), 10(b), or

20 (c).

[



6C1T "6 7°0 | SUTToOUuTNnb
6TT 6°8 0T | ouTpTIAd
6TT "L 0¢ | 2uTTOoOTd-A
0vT 8°¢€ 0 | surtprtIxadtdTAyjzauw-N
AN 0°¢ 08¢ surtptaadtd
€CT 8°¢C obxet suTpITTOoIIAd
Amwﬁv QMQ NlOHNﬁM 1

"D,0¢- 3® SssUTWE SNOTIRA JO @

pue ~QMQ ~HM sSjue3lsuod wntIqrTInbg .wlm 2Tgel

72



D2 ir K= JO0 LT wrenLEny Yo
FER LD SenNbrr b, Lo L, BIIRE (PR
N, BEY R (ARG ) SNEERR 2RI TV S
d T 2T Y LT,

B3-7 ()0 ZFH T H-NMR :2BIZE L 132t
MBEE 0 o- by LE o A4 LB 12 & 2ERIRA I=2.30
ppmic — B L TERIT L, 2 2B Y ISk 1< 13 ot
N LB o r4 i d 2 L By RIRITIRY STz
N ot BA3-7(C) ABE T ALY Y2/ = v T e
V= 20 oG I1Ts > Tk d T S = Z,AE;gDmm//z‘Iﬁ/:
— G BRI N, oRIITTP-IHE NMR AR
g b oetEie e ) Bkt [ NiBe Co-CHs Cobh)
(PPh3Y (CeHeND T o o-b ) nEo A4 Lz &%
B b A Lcitd, L L, 24070k »obBiEiic
¥ 2.30 2.68 ppmﬁ/«i’} [~ BB UL N ER 2D 5&141“;}0\ > 7=
» = EiiE [ NiBy (o-CHs GHe) CCeHsN D, 1 135
H Ly LTE3EB o bd 1T s e Bibirsd, £3-4

2 ) U oYz y-ay > CPK%}:77 )/ x )

73



> (pKy=9.5) sk L EBE 2 K 21835 LTS %,
MEBIE » PPAs Bef 313 pKy, 2 K3 < 735 12 21T

, -3 D’(K|=2ﬂ>,> D2 (K=, "9’>>> X0 <r<| o4)
(8=/79°) (8=//9°> (6=/29°)

DBl MEEIE» > PPhs LB (B B>7 B2k

N B, N?r 5 LRV 2 (6=/40) o b I=1¥
N-Ba 2 5 1 E o T AETEE o b 1B T BB
DBt b E LMD, RICEER (8=//0 DEA
g 0B eh sk Bl & HECILEES K/ ERETT 2 E
6977 =) LERIEL o BRI (T = ) > AR ]

/ LMAEBIE ] = 20 (RiLttd } o’ P LHINMR R 7
FILLIE3-9 10 | SPETRHK L PISER () 2% 3-51<7%,

Table 3-5. Equilibrium constants Kl’ pr, and

® of anilines at —ZOOC.

-2

L g lelO pr (dzg)
p-methoxyaniline 0.38 8.9 110
3, 4-dimethylaniline 0.12 8.8 110
aniline | 0.05 9.4 110

| p-chloroaniline 0.02 10.0 110
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Table 3-6. Equilibrium constants K pr, and

l'

© of various amines at —ZOOC.

-2

I lelO pr (dgg)
butylamine large 3.41 105
propylamine 170 3.37 105
dibutylamine 45 2.8 125
dipropylamine 35 3.0 125
t-butylamine 6.2 3.6 118
“tributylamine 0 3.11‘ 151
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Table 3-7. -31P—{1H } NMR gdata : chemical shifts

of coordinated tertiary phosphines

in mono-phosphine-amine complexes

L 51 PEy,
(ppm)
Y—-picoline | 37.2 7.1
pyridine 36.9 8.9
gquinoline 36.6 : 9.2
p—methoxyaniline 37.0 8.9
3,4-dimethylaniline 36.9 8.8 .
p-methylaniline 37.1 -
aniline 36.9 9.4
p-chloroaniline 37.0 10.0
pyrrolidine 36.5 3.0
piperidine 36.7 2.8
butylamine 37.2 3.4
dibutylamine 34.4 2.8
t-butylamine 35.2 ‘ 3.6
propylamine 37.2 3.4
dipropylamine 34.7 3.0
*solvent = C6H5Cl, ** temperature = -20°C
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PPh Me at —lOOC. Forrsﬁ, Sl; and S,, see text.
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Table 5-2. 3194{1H JNMR data of [Ag(PPh,),(L)]ClO,

No Ligand 5§ Y107 (ag-p) Y109 (ag-P)
prm Hz
1 propylamine 10.95 277 319
2 isopropylamine 10.90 277 320
3 butylamine 10.96 278 321
4. isobutylamine 10.95 277 320
5 s~butylamine 10.92 277 320
6 dibutylamine 10.93 278 321
7 t-butylamine 10.85 276 318
8 amylamine 10.97 277 320
9 isoamylamine 10.89 276 319
10 hexylamine 10.91 277 319
11 pyrrolidine 11.97 287 331
12 ‘piperidine 11.92 286 331
13 hexamethyleneimine 11.68 284 328
14 triethylenediamine 11.32 280 323
15 morpholine | 11.37 281 325
16 diethylamine 11.28 280 325
17 N-ethylpropylamine 11.29 281 325
18 dipropylanine 11.18 280 323
19 N-ethylisopropylamine 11.06 278 322
20 N-butylethylamine 11.26 281 325
21 N?ethylaminoethanol 11.62 | 284 327
22 benzylamine 10.85 275 318
23 pyridine - 10.83 276 318
24 +vy-picoline 10.93 278 321
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1)(0Ag-P) Hz

1. propylamine, 2. isopropylamine, 3. butylamine
L, isobutylamine, 5. s-butvlamine, 6. dibutyvlamine,
7. t-butylamine, 8. amylamine, 9; isoamylamine,

10, hexylamine, 11. pyrrolidine, 12, piperidine,
13, hexamethyleneimine, 14, triethylenediamine,
15, morpholine, 16, diethylamine,

17. N—ethylpropylamine 18, dipropylamine,
19, N-ethylisopropylamine, 20. N-butylethylamine,

290+ 21. N-ethylaminoethanol, 22. benzylamine,
23, pyridine, 24, y-picoline,
285 I~
280
Y)

275 ~22 . .

10.50 11.00 11.50 1200

PPmM
Fig. 5;7, A plot of lJ(lO7Ag-‘P) against chemical shifts.
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Fig. 5-9. Plot of lJ(lO Ag-P) for the secondary amine

{(amine) ]C10, against cone

ligand in [Ag (PPh

3)3 4

angle.

1. pyrrolidine, 2. piperidine, 3. hexamethyleneimine,
4. N-ethylpropylamine, 5. N-ethylbutylamine,

6. diethylamine, 7. diproleamine,'8. dibutylamine,

9. N-ethylisopropylamine.
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Table 5-3. Equilibrium constants Kl, PK, and 0

of primary amines at -80°C

L lelQ—z pr )

(deg)

propylamine 44.9 3.37 105
isopropylamine 24.0 3.36 111
butylamine 39.1 3.41 105
isobutylamine S 32.1 3.57 105
. s=butylamine 21.4 - 111
t-butylamine 8.5 3.6 118
amylamine 36.3 3.37 105
isocamylamine 36.8 3.40 105
hexylamine 29.5 - 105
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(8=/23) , RY 22 (B=/30D , ~¥T »51L =

Table 5-4. Equilibrium constants Ky, PKy, and ©

of various amines at -80°C

L lelo-2 PK, e

(deg)

pyrrolidine 25.7 3.0 123
piperidine 17.9 2.8 130‘
hexamethyleneimine 29.1 - 1126
diethylamine 20.4 3.0 125
N-ethylpropylamine 15.2 - 128
dipropylamine 15.7 3.0 125
N-ethy Lsopropylamine \ 5;7 - : 131
N-butylethylamine | 12.0 - 128
N-ethylaminoethanol 8.2 - 123
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1. Propylamine, 2. butylamine, 3. amylamine,
4, hexylamine, 5. diethylamine, |
6, N-ethylpropylamine, 7. N-butylethylamine.

T FENCEH2n+1
\\\\\ log K1=18-006n

~
~

05 1 1 1 1 1 1

Fig. 5-11. Dependence of Kl on carbon chain length of

n-alkylamines and ethyl-n-propylamines.
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1. propylamine, 2. isopropylamine
3. butylamine, 4. s-butylamine, 5. t-butylamine,
6. N-ethylpropylamine, 7. N-ethylisopropylamine.

201

log Ky -

(\0gK=1.9-03m

' \

05 ' ' '*
0 1 2 3
2

Fig. 5_12. Dependence of K, on substitution number
of a-carbon of propylamine, butylamine,

and ethylpropylamine.
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