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1 Introduction

1.1 Homogeneous Catalysis
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1.2 Bonding Considerations of Transition-Metal Complexes with t-Donor Ligands
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1.3 Reactivity Studies of Late Transition Metal Complexes with Heteroatomic Ligands
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1.4.2.2 Copper(I) Complexes
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2 Synthesis of Monomeric Copper(I) Complexes and Their Reactivity with C-C
Multiple Bonds to Form New C—X Bonds (X =N, O or S)

2.1 C-X Bond (X =N, O or S) Prevalence
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2.3 Synthesis of Monomeric Copper(I) Complexes Possessing Non-Dative Ligands
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2.4 Incorporation of the Less Sterically Bulky NHC Ligand IMes into Monomeric Cu(I)
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Table 2.2. )" ? )% ! 8 ! ! % 1"
Entry  Thiol Olefin Product [Cu]b Temp. Time %Yield® Control?
1 PhSH o CN Phig N 2.8 RT 3.5h >95 90 h, <5%
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0 0
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0 0
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Table 2.4. " $ " 0§ = vy $ 1) 12 1) 123!

Entry  Substrate Product’ Catalyst Temp. Time %Yield® TOF! Control®
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2.8.5.1

Model (NHC)-Cu—C=C(CH,);O0H Complex (2.14)
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2.8.5.2 Model (NHC)—Cu—-O—-(CH;);—C=C-H Complex (2.15)

Figure 2.42. ) 215! L
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2.8.5.3 Transition State (TS1) Complex
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2.8.5.4 Transition State (TS2) Complex

Figure 2.44. &
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2.8.5.5 Alkynyl Alcohol H-C=C(CH,);OH

Figure 2.45. 1 ) ) 8. = 8518 P
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3 Direct Observation of a Well-defined Cu' Amido Complex and Aryl Iodides Reacting

to Form Aryl Amine

3.1 Introduction
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aryl halide to yield aryl amine, and these results thus provide the first direct evidence that

Cu' anilido complexes are viable intermediates in the catalytic production of aryl amines.
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Table 3.3. " " V4 " " + 1)28 131!

Ar-X Time Conv. TOF®
Ph-1 148 h 57% 0.077
Me

QI 263h  41%  0.031
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Ph-Br 88 h 1%  0.002
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Reaction of (IPr)Cu(NHPh) (3.1) and 1-lodo-3,5-dimethylbenzene.

1 )28 ! 1! --46$ --5C " * - o2 )+ x4
b, 3k "+ 545 n  -4:< "# " "# 5-p ---C:
" " ! 66 -; | ‘82 ) * 6 &
D I 45- + ‘82 &
) $ "2 * * 4 y
5- ) " 1)y28 I 311 *  + *
) ) 1) 1320, cH " "o
; N B . A
1)y 1 321 ) " + , 3
n " " ) " 55-
Reaction of (IPr)Cu(NHPh) (1) with 1-Iodo-2,6-dimethylbenzene. $ )
") 4% %5 6% "+ - -45 - -A6 "l 1 )28 ! 3.1!
--46 $ --5C "l 6 6 > > 2 )+ ‘8 2
) * 0 ) ) $ "2 * *
4- ) 12 * 4 + ‘82 1y
D N 4--Y 6 ) 4y ‘82 ) * 44
#) "#3.1 ) "# 1) ¢8, " $* "
"3 $ ) " # " 0) "
" ") $ )" 6 6l * "
) 1) HT ")

Reaction of (IPr)Cu(NHPh) (3.1) with 1-Nitro-2,6-dimethylbenzene.

$ ) 4% 45 6H " __4- - <, ’
1)28 ! 31! --46% --5C "l g 6> *; 2
)+ ‘82 ) * 6 8 $ 45-Y 5= ) )"
+ +" + 82 I
Reaction of (IPr)Cu(NHPh) (3.1) with 1-Methoxy-2,6-dimethylbenzene.
$ ) 9 4 #4564 "+ _ 5. _ 4 iy



)28 ! 31! --46% --5C "l 6 6 > 2

y+ ‘82 ) * 06) 8 $ 45- Y 5- ) )"
+ + + ‘82 !
Attempted Synthesis of (IPr)Cu(p-Ph-I). > Phx $
phh % $ " 4 % + --6<$ -5-, "l $ " 44-p 5
") &8F - 55- "I insitu &8F ; ! ) * 3 1"
--AC $ -4A: "l ') 1&! -4-, % -4<5 "l 7 1)2 1027 .0
-4;; $ -44: "9y * FY)ph 1= +
) ) ) 650D " )$ )
" > # vo* " in vacuo ‘8
2 " v* $ " #
Catalytic Reactions. B $ = bt
1 )28 ! 310 --558% --:- "' >; 1 -446% -A,C "l 4-
) & #) * $ " <tu -Ad "l
+ ACnu -A- & e o* & " "
) mowy 45-D * $ $ *
+ $5-p "0) #) )
#$ * Ap 5i<; 3 ") NI L $4pu

CCE ) ) 7y ) s

Control Reaction for Catalytic Reaction in the Absence of (IPr)Cu(NHPh) (3.1).

il ) $ )+ * $ * " 44y -45, "1 4 4:p - 45:
|'! >5 1, - _4< $ _45, "! 6 6 -~ 6— ' 45_ o :A
) ‘82 G) $ 5: A )

Control Reaction for Catalytic Reaction using Free IPr in the Absence of
(IPr)Cu(NHPh) 3.1). Kil ) $ )+ * $ > " 44 n  -45, "l
+ 4:n -45: "' >5 1 --4<$ -45: "1 ---,%---6 "1

4,6



45- ° A ) ‘82
5: A ) $
") * ) )" 8 )
) * ) *
" + 55 )$ + )
€20 - Al £0-,-50 viz 4,4 !
$ ! * *
) ie. 2:58.
& + M + $
) ")
G) * ) ) $ %
; - ) $+
) $ %
) 4!

)

G)



Table3.5. %, 1 B h,4C ! $ $ C + " - !
Label Complex G° Benzene® Gy Benzene,®
a (NHC)Cu(NHPh) -282.8964 -283.0418
b PhI -48.2684  -48.3271
a+b -331.1658 -331.3688 0 0
c Phe -36.7434  -36.7956
d Ie -114371  -11.4231
e (NHC)Cul -247.1031 -247.1573
f Ph,NH -84.1180  -84.2739
e+f -331.2211 -331.4313 -148 -164
g Adduct’ -331.1566 -331.3646 21 3
h NS TS& -331.1065 -331.3183 153 125
i OA-pl]1 -331.1308 -331.3416 89 63
i OA-p2! 331.1443 3313559 54 26
k OA-p3j -331.1402 -331.3545 65 30
1 OA TS¥ -331.1192 -331.3250 120 106
m  [(NHC)Cu(NHPh,)]"  -319.5184 -319.7965
n I -11.5541 -11.5957
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o (NHCO)Cu()(NHPh,)  -331.2052 -331.4211 -106 -145
(NHC)Cu(I)(NHPh)* 2943877 -294.5188
(NHC)Cu(Ph)(NHPh)* -319.6596 -319.8719
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4 Combined Experimental and Computational Study of W(II), Ru(II), Pt(IV) and Cu(l)

Amine and Amido Complexes Using "N NMR Spectroscopy

4.1 Introduction
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[Li][NHPh] M
NH,Ph 0.0%4 '
[NHPh][BF,] e 6
TpRu(PMes),(NHPh) -3.1¢ 590
[TpRu(PMes),(NH,Ph)][OTH] -62.1° '
(NCN)Pt(Me),(NHPh) 15.9%¢ 304
[(NCN)Pt(Me),(NH,Ph)][BAr" ] -23.5¢ '
Tp* W(CO)(h2:-PhCCMe)(NHPh) -75.3%0 P
[Tp*W(CO)(h’-PhCCMe)(NH,Ph)|[BArT ] -19.54 '
(IPr)Cu(NHPh) 30.9¢ N/A
[(IPr)Cu(NH,Ph)][OTH] N/A
TpRu(PMes),(NH,) N/A N/A
[TpRu(PMes),(NH3)][OTi] -95.3¢
" 1S k8 6) 5 $8 U # 6) 4 2
2 # * " 5 . %8 -y *%p,y05-C8
“Jyn0648
&+ 14 " %2 " * 6) &8Fd, & +
+ n $ n ) $ *
+ %2 2 " " "7 028 1 &
? 728 * " " :
n 1) + > n n # n )
$ n n ) n n P ) n 4;2 2
F # " et al. > " &8F! ")

n n n + P , ; < :5 - 5<; 5<6 F m n # )

n n )Il ) n n F
# o y ) 1o "#%% ) 15285 1071& 0 42 2
.654 F$) 4! "

n ) 728’ @r)- F:@ )u ) " # " %6 b<;
&) 28; ) ) 13 E | HI o+ " 9 )
$ " 51 & ) ) 1 v

"# & ) 1528 | # + L4 F$) :5! =

4;-



) ") " " tI &
% ) 15 285 1 & ) 1528 )" downfield "

72
70
68
66
54

@ 62

50
--58
56

F-54

F-52

T T R e B L T
6.6 6.4 6.2 6.0 58 5.6 54 52 50 4.8

Figure 41.5 $8 U 2 2% ) 15285 171& 0 ) Wy & Y22
) h# > = %654 & ‘82 ) #h #

+M"
NH,Ph —> [M—NH,Ph]"

M AS
H 6.0
TpRu(PMes), 62.1
(NCN)Pt(Me), 233
Tp*W(CO)(PhC,Me) 19.5

Chart 4.2. " ! )

! AS03 » %3 yog5 !

4:4



Figure 4.2.

2
& )

&

4:5

-12
10
-8
6
4
(' 2
8 "
r2
r4
6
8
5‘.5 5:0 4.5 4:0 3.5 3.0 2.5 2:0 1.5 1.0
5 $8 U 2 " & ) 1528 ) Wds & H2
)y h# * SR — ) " = 4,4 )
1528 & ‘82 ) #h #
" ") 72 2l 150 32 2 0 5 64
" 8sls 8.9 % )" " ) > 2 "
.5, ; )y " " F$) & ") "
1528 4;C * 47,05-C8 F$) ::l =
) ") " &) "

15285 16N & 1528 o
oo )" * " * A5 0 ,C: &
$ ) 5 " HE )

" #+ $ A5 ;C-



32
31
-30
r-29
r-28
—27
[-26
r-25

22
21
—20
19
r-18
r-17
16
15

7.05 6.90 6.75 6.60 6.45 6.30

Figure 4.3.5 $8 U 2 22 21 1285 @7 F.f ) Wy & Y22
)y " b > = 5, ; & ‘82 ) #y #

—18.5
15.9
133

U =209 Hz

Figure 4.4. 2 2 ) 2 2! 12728 $ 4C ! ) ds
" ")y S oyz2 )" $ 5-C8 z20%2!



& " "HWZE 1w [ 128 @7 Li* )
b2 2 %4AC ; F$) ;1 & )$ " " #
&ZE 1'v% [ !28 ! " %2 h<; 4 * :;
upfield " "# F$) :6! "
; - v o ; ; ;
) ! H! & )$ ¢ " # ' "
" $) "o by o) "+ $ &
) B $ ) " ) $
! " " # ) ! HW ) E ! +"*IF ) $
"#&ZE A% [ '28 1+ " ) AE¥2 )" $ YU
0648 1> + F$) :6!
Figure 4.5. 2 2 ) WZE 1'wh [ 12285 " T4 $  WC; !

) Ydg Z20%21



7 k&
Uy =61 Hz
—76.0 ‘ —7]I..0 I ‘ -7=‘I.0 ‘ -75.0 ‘ -7%.0 ‘ -7';’.0 ‘ -7§.0 ‘ -75.0 ‘ -86.0 ‘
Figure 4.6. “2 2 &ZE 1'% [ 1228 ! $ U< !
) hds “EfZ2 )" $ 648 z20%2!
& 1 )28 | %2 2 " ,-C
F $) : <! )+ n > n + m
n n # ) ) n - > ) +II +
n n % n # 5 4 4;2 2
n n = n ) n
n n * n $ n ' + n
) & n )ll n % n # S m + +



24
25
r26
27
r28
r29
30
< :
r33
34
35
r36
37
38
8.‘55 ‘ 8.;15 ‘ 8.55 ‘ 8.‘25 ‘ 8.|15 I 8.|05 ‘ 7.95
Figure 4.7.5 $8 U 2 )28 ! ) Wy & F22 )
" h# > = ,-C & ‘82 ) #h #
"$) %) 15285 1071& 0 & ) 1528 |
"#O% ) 1528 1171& @ & ) 152851 * " + %2
2 $ " * ¥ ) $ "+ )
28 > 28! ) .- %C; ,
+ "#& ) 1528 1071& 0 "
"#&% ) 15285 1?71&0 F$) :Al & "o ")
+ %22 "#& ) 152851 *
* + ‘82 G) 22 # "%

) 46-D !

4:6



83 82 81 80 79 78 77 76 75 74 73 72 71 70

Figure 48.5 $8 U 2 %) 1528 1071& @ ) Wy & Y22

) h# * = ¥C;, & ‘82 ) #h #

4.2.3 Computational Studies

)" ' ) %) $%22 "
$ 4 &8F " $ &+ :5 ")
" $ ¥ &F * " 3 " #
)+ ) ) ) "
# " + ") $ % ") "
Ef "#&ZE 1n% [ 128 ! £ ) )
") &8F! ) # "42 2 " * F$)
E $ )" &ZE 1'% [ '28 | $
< ' ") $ R°0-C;!



Table4.2. F& ")' %22 " & &8F

Complex 5 Exp* Calc/gas Calc/THF
[Li][NHPh] 44.4 70.1 53.0
NH,Ph 0.0 0.0 0.0
TpRu(PMes),(NHPh) -3.1 -4.5 15.5
[TpRu(PMes),(NH,Ph)][OT1] -62.1 -30.2 -29.9
(NCN)Pt(Me),(NHPh) 159 20.5 24.7
[(NCN)Pt(Me),(NH,Ph)|[BArT,] =235 -7.3 -5.9
Tp*W(CO)(m>-PhCCMe)(NHPh) -75.3 1512 148.7
[Tp*W(CO)n*-PhCCMe)(NH,Ph)|[BALT ] -19.5 -4.5 223
(IPr)Cu(NHPh) 30.9 26.3 24.0
[(IPr)Cu(NH,Ph)][OT1] N/A -213 -18.4
TpRu(PMes),(NH,) N/A -108.3 -106.3
[TpRu(PMes),(NH3)][OT1] -95.3 -75.7 -79.0
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Table 4.3. F& " )" " )
&8F "
8 Aniso HOMO LUMO gap an qdN dan
Complex (epm)®  (Epm)°  (a.u)? (@u)  @u)t (¥ (@@ (&) Anilido
TpRu(PMes),(NHPh) 15.5 1142 -0.1796 0.0479 0.2275 -0.66 -0.29 6 1
[TpRu(PMe3),(NH,Ph)|[OTS] 299 965 -02670  0.0188 02858 -0.72 011 6 1
(NCN)Pt(Me),(NHPh) 24.7 74.1  -0.2090 0.0301 0.2391 -0.81 -0.46 6 1
[(NCN)Pt(Me)z(NHzPh)][BArF4] -5.9 64.5 -0.2861 -0.0039 0.2822 -0.82 0.05 6 1
[Tp*W(COYn-PhCCMe)NH,PY[BA,]  -23 576 -02581  -0.0484 02097 -0.83 004 4 1
(IPr)Cu(NHPh) 24.0 76.7 -0.2041 0.0169 0.2211 -0.85 -0.49 10 1
[(IPr)Cu(NH,Ph)][OT] J184 714 02883  -0.0042 02841 -0.86 000 10 1
TpRu(PMes),(NH,) -1063 1383 -0.2002  0.0407 02408 -1.15 -0.49 0
[TpRu(PMes),(NH3)]* 790 560 -0.2645 00184 02828 -086 036 6 0
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Table 4.4. > $ 4+ = H4%H
Complex A (nm) AL® (nm)
TpRu(PMes),(NHPh) 360 93
[TpRu(PMe3),(NH,Ph)|[OTE] 267
(NCN)Pt(Me),(NHPh) 319 3
[(NCN)Pt(Me),(NH,Ph)] [BArF4] 296
Tp*W(CO)n 2-PhCCMe)(NHPh) 543 39
[Tp*W(CO)n 2 PhCCMe)(NH,Ph)] [BArF4] 582
(IPr)Cu(NHPh) 366 31
[(IPr)Cu(NH,Ph)][OT1] 285
A %A
4.3 Conclusions
4;2 2 n + un
n # & + # n ) n
% n TE% n n $
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E ! " )" upfield
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)$$
" )
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Thus, the

difference in presence/absence of amido-to-metal rw-bonding alters the chemical shift change

by approximately 100 ppm.
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