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Summa-y 

4 LInetIc study IS reported for the renctlons of secondary ,uomat.lc. amlnes 
p YC,H, NHR (Y = 91e0, Xle, H R = Ale, Et) \I ~th the Isocyanlde complekes 

LIS-[ PdCl,(p YC,H4NC)(PPh3)] (X = hle, H, Cl) teadlng to the carbene derw- 
ntwes CIS [ PdCI, (C(NH p C,H+X)NR-p C,sY }(PPh,)] m 1,2-dwhloroethane 
at 35°C 4 stepwise mechanism IS proposed which lmolves a direct nucleophllw 
attach of the entermg amme on the ISOCJ anode carbon followed by proton 
transfers to the fmal carbene comple\es These tahe place both mtramolecutarly 
rn a four membered c>ct~c transItIon state and b5 the agency of one further 
amlne molecule servrng as a proton acceptor-donor in a SI\ membered transItIon 
state Competition experiments with prlrncaq arrmes and trends In rate panm 
eters are discussed to support. the mechanism 

lntroductlon 

NucleophItlc attacL on the unsaturated carbon atom of cooldrnated trgands 
such as oteflns or acetylenes [I], carbon monoxide [2], lsocyantdes [3,-l], and 
carbenes [ 5] IS welt documented Scant InformatIon on the mechanisms of 

these reactlons IS nvrulable at present Kmetlc studies have been can-led out on 
the attach by amlnes on methovyohenylcarbene [6], substituted carbonyt [7], 
and lsocqanlde comple\es [S] The latter study shoiied tnat the formatIon of 
carbene complexes of the type CIS [PdCt, (C( NHR)NHR’}( PPh3)] from the 
renctlon of CIS [PdCl,(CNR)(PPh,)] with prmary aromatic amlnes R’NH. m 

1,2dlchtoroethane mvotves ratedetermlnlng nucteophlllc attack by the entermg 
amme on the carbon atom of coordinated lsocyanlde The reaction rates were 

fwst-order with respect to the attockmg amlne Prelunlnary results with secon- 
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dary aromatic ammes pomted to an apparent kmetlc order greater than one for 
the amme [8] Thus prompted us to extend the mechanlstlc study to a series 
of p-substituted N-alhyl amlutes reactrng with the same substrate, m order to 
ascertam the general mechamsrlc pattern of these reactlons and the factors re- 
lated to the sterlc and electronrc propertres of substltuents on both the enter- 
mg amme and the coordmated lsocyamde The results are reported here 

Results and dlscusston 

The reactlons studled are represented In eqn 1 The final products were 

DCE 

25 “C 

Cl 

‘Pd’ 

PPh 3 

C( \ =/ NHC6H4X 

I 
(1) 

C6H4Y 

I A II 

(X z Me,H,CL, Y = MeO, Me,H,R= Me,Et) 

lsolatcd and ldentrfred as the carbene complexes II [9] 411 the products have 
a CIS structure, as do the startutg rsocyanlde complexes I, shoivn by the occur- 
rence of two v(Pd-X) bands m the far IR spectra (303 309.278 282 cm-’ ) 
[9] The reactlons were followed spectrophotometrlcally In 1,2dIchloroethane 
(DCE) In the presence of a large excess of the entermg amlne 4 over the 
pallad#um substrate I ([ Pd] ca 2 X lo-’ M) In order to provide pseudo fust- 
order condrtlons and to force the reactrons to completion The pseudo-fust- 
order rate constants, kObS (mm-’ ), were determmed from the spectra at the 
wavelength where the drfference In optical density between the starting 
materials and the reactlon products was largest 

In all cases euammed. bobs values show a rather cornpIe\ dependence on 
the concentration of A, smce the second-order coefficient t:,,,/] A] = I:, 
(M-l mm-l ) IS a function of [A] Tlro dlstlnct patterns of hmetlc behavior 
are observed In one, plots of k, vs [A] are linear (Table 1, as an example, see 
Fig I) in the other, plots of k, vs [A] are curvl!mear (Table 2. as an example, 
see ng 2j, but strarght Imes are obtamed on plotting l/k, vs l/[A] (Fig 3) 
A complex dependence of pseudo-fust-order rate constanrs on the concentra- 
tron of entenng amme was also observed ior the reactions with carbonyl [7a] 
and carbene complexes [ 61 

These fiidmgs can be ratlonahzed m terms of a two-step mtermedlate 
complex mechanism (eqn 2) 

k-r 
I+A = mtermedlate i*> II (2) 

k-z 
I-4 
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TABLE 1 

R\TE D4TA FOR THE REACTION OF CIS IPd(PP~)(YC~H~NC)Cl2 I WITH p Yt&HaNHR AT 2a°C 

COhlPLEX COhCN ca 2 X lo* %I 

Y Y R 102 [YCaH4- k, k>k,lk-2 kzk.rIk-2 

NHRI 

t w of- nun-’ )Q (Lfsz mm-’ ) (II-’ mm-’ 1 

H \l.ZO hle 015 4 08 2100 * 130 07-1 

0 23 605 

0 36 8 45 

0 82 1808 

1 15 2-l 96 

1 50 33 87 

H 

Cl 

H El 4 52 0 13 

IO to 0 33 

14 96 0 50 

20 29 0 64 

30 41 0 89 

.I0 19 1 25 

VCO \1e 0 32 

065 

1 03 

144 

60 83 

87 88 

121 30 

160 01 

32tO8 

8800 L 900 32 t8 

=f-., = k,,,slfYC6H~NHRI 

FE 1 Dependence of secondarder rate coefflaent k,bs/[Aj on auume conceoiral~on for the reacl~on of 
CL. [PdCI,(C6H,NC)(PPh3)1 with P hleOC6H~NHhle (4) 

l=%Z 2 Dependence Of secondatder rate coeflcreot ho&/[ A 1 orl axrune cOncenLrallOn for the reacuon of 

CLI lPdCll(p CIQ,H~NC)(PPh))I with C6HsNb,\fe (A) 
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TABLE 2 

SECOND ORDER RATE COYSTANTS ka (Jr’ m,n -I)0 FOR THE REACTIONS OF cu IPd(PPhj)- 

(YC5HaNC)CI:I WlTHp YChHqhlHR 4T25 C COZlPLEYCO\C\ ca 2 X lo+ 11 

Y Y R 10?[YCbHahHRI CA 
(Jf) (Jr-’ mm-’ ) 

31.2 H ve 5 3-l 

7 98 

15 1-l 

2194 

30 01 

H 

H 

Cl 

Cl 

H 

ve 

H 

\lS 

El 

EL 

0 31 2 47 

0 40 3 A9 

0 60 5 13 

I 00 - 85 

1 53 10 31 

3 13 1239 

2 89 1342 

3 2.l 

5 73 

10 40 

14 56 

-l93 

6 45 

9 58 

15 13 

19 74 

1 59 

1 3i 

-lli 

J 31 

1 85 

2 34 

3 2s 

-1 33 

501 

:! 96 

5 00 

i 40 

11 34 

15 40 

19 50 

3-l i2 

30 i0 

I II 
1 77 

.! 53 

3 ai 

4 4: 

5 48 

6 05 

6 6i 

0 97 

1 54 

2 46 

3 03 

i 35 

3 3-l 

5 37 

7 73 

13 84 

1700 

Cl i-I ve 0 7-l 5 13 

I 2- 8 45 

3 55 1500 

6 95 15 60 

9 78 19 96 

= k, = k,bs/tYC6H_hHR1 

On applymg the steady-state approach, the foIlown% general rate law IS ob- 
tamed 

(3) 
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‘O ‘/,*] M’ 

Fig 3 Dependence of ,nrrrse second+rder tatc coelf~c~ent 
the rr~cl~on of CIJ [PdCl:@ CIC6HqVC)(PPh,)l \ratb C,,H, 

for 

Depending on the relntwe magnttudes of I:__, I:_ and I:, , three types of I, 4 vs 
[A] plots may occur When k-, B 1. J + L3 [ 41, eqn 3 becomes eqn 4 

I<, IS a linear function of [A] Columns 6 and 7 in Table 1 set forth the mter- 
cepk and slopes of such Ilnear plots calculated by a least-squares program When 
IL? and 12, + IL, [ S] are comparable, eqn 3 cannot be sunpllfled and will give 
tlse to a nonlInear response to [ .I\], however, If the IL4 term IS negll@ble, eqn 3 
can be rearranged to eqn 5 

In these cases Imear plots of l/f. + vs l/[ A] will be observed, from the Inter- 
cepts of which values of k, constants can be calculated dlrectlb (Table 3) The 
assumption that the 12, term IS negllglble for all cases where plots of k 4 vs [A] 
are non lmear IS supported by the observntlon that plots of I. A /(A - -I;, ) vs 
[A] for all such cases are stnlght lines wth zero Intercepts (eqn 3 pa11 be re- 

TABLE 3 

R 4TE DA-I-A FOR THE RE9CTION OF cu IPd(PPh3)(YCbH~NC)CI, 1 WITH P CbHa’JHR AT 2J’C 

ve H x1e 58 41 
hle hle0 h1-z 28 3 36 5 
H H \1e 14 8 37 
H Xle El 121 37 
Cl H El 170 24 
Cl hfe El 51 3 73 
Cl H hle 49 8 16 1 



arranged with no simphflcatlons to eqn 6) 

(6) 

An example of this plot IS given m Fig 4” 
Flnally, when IL, 4 k, + Iz3 [ 41, eqn 3 .slmpllfIes to eqn 7 

k, =Il?, (7) 

and k, IS then mdependent of [A] This latter case was only observed rn our 
previous worh w1t.h pnmary ammes [S] , the behavlot of which appears to re- 
present a part~cuiar facet of the more general mechamsm of eqn 2 II\ rate law 
analogous to that of eqn 3 was found to hold for the ammolysts of esters 
[lo] and for nucleophlLc aromatic sL.bstltutlons [ 111 The fust step (I?,) m 
the mechanism of eqn 2 can be interpreted as a nucleophlllc attach of the 
enr,enng amme on the carbon of coordmated ~~ocban~de, producmg the Inter 

mediate shown below 

-Pd-C 

I 
*,d+ 

jN\ 
H 

R c&y 

l’bls can be looked at as an unldopalladlum(Il) complex and 1s remmtscent of 
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T45LE -l 

RATEDaTA FOR THE RE4CTION OFru !Pd(PPh,)(C~HS~C)C12! WITH p \leChH4\HELCAT4L- 
YZED BY p5rCbH4hHz 4T25=C !p\leC,H4\HEt! = 102-l X IO-? \I 

IO?ln-BrC6HaNH: I F\ k4W2-kq! b 

(\I) (If-’ mm-’ ) 

0 3 31 0 38 
528 5 ?.! 0 7i 

IO JO 6 22 I 08 
1500 i 18 I 49 

= kq = k,&frP Vef&HdhHEt I b .i 2 calcuLLed from !rast-squ;lres mtercept of prot of ! f/ 9 vs I f(p 
RleC6H~YHElI m theabsence ofp 5rCgH4\H1 (see re.r, 

Rate data for these hlnetlc runs are reported In Table 1 and bear out clearly the 
additional catalyttc contnbutlon of B since I. 4 values Increase N !th IncreasIng 
concentrat!on of the pnmary amine On plotting 1~ 4 /(IS2 - I;,% ) vs [B] at con 
stant [A] according to eqn 10, ;L strargh t Ime IS obtamed (Fig 5) I\ ~th slope = 
‘i 3 = 0 2 W (kF/I:_,) and Intercept = (3 S + 1) X 10-l Benrrng In mmd that 
I zz 0 for thus system, from the Intercept Lalue and the known concentratron 
it A (10 24 X lo-’ 111) a bixlue of 3 5 + I Al- for I,, fI,_, IS obtained \\htch ts 
m excellent agreement with that found In the absence of B (see Table 3) 

On the other hand, we have found th3t the tertiary amine &,A’-dimethyl 
anlIme (DhlA) has no appreciable effect on the rates of reaction 1 for X = 
Me, Cl, H, Y = H, R = Rle, Et orer a wide range of concentration 

In other words. the dunethylamlno group, although havmg good basslc 
properties and small stenc requirements, IS incapable of blfunctlonal catalysis, 
lacbmng a transfenble proton Ths conflrms the proposed CJCIIC structure for 

Fle 5 Plot of kAf(i_--b4) t-s the cOocenL~C10n Of p BrCf,Ha\H? (5) for lhe reaclmn o! CLI [WC!? 
(C6H,NC)(PPh,)! -7th p hleC6H4NHEt (!C “-! X !O+ \I) aralyzed by p 5&6!&9k!? Rq = Cobs/ 
Lp!b!eC6H_,\HEt! kz calctiled from !e=.t-sqw+s LIII~ICCPL of ~101 of Ilk., vs. lf[p \leC6HaNHEt1 
m Ihe absence of B 
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the transltlon state of path k,, which requwes that the nitrogen of both partl- 
clpatlng amme molecules bear at leasst one hydrogen If a nonqcbc transltlon 
state for I;, were mvolved, any base, even a relntlvely sterlcally hlndered one 
such as DhlA, should be able to replace the second amine molecule smce only 
proton acceptance would be requwed of It The lneffectnreness of tertxuy 
amine5 In catalyzing simkir proton transfers ithen c) rllc transition states are 
rnvolved IS a feature of some ester amInoI> ses [ 13 J and betene acylatlons [ 14 ] 

The observed catalytic ablllt> of p BrC,H,NH- shows that the same 
mechanism as m eqn 2 IS operotlng for the reactlons of cw[PdClz(CNR)(PPhJ)] 
~107 prim= amines prewousl> studled [S] In these cases however, the 
formation of the mtermedrate rather than Its further reactions to the fmal 
carbene IS rate-determmmg and the rate law 7 wll preval Smce the dlscnmlna- 
tmg k-, term 1s llhely to Increase wth IncreasIng sterlc requuements of the 
reacting amine. we are carry mg out hlnetlc runs of ortho substituted anllmes 
with complexescontarnmg ortfio substituted woc~an~des \\lth thealm of 
provmg that the general rate law 3 1s also valid for these sterlcally hmdered 
systems -I\ solvent and nnclllao lrgand effect can also be foreseen In pr!nclple, 
and appropriate experiments are under WSJ 

It 1s noteworthy that the catalytic step rate constants f:, for p BrCBHSNHI 
and p-hleC,H,NHEt hare comparable values (/<y/k, 2 I?), lndlcatlng that these 
amlnes compete effectrvely for the mtermecllate At this stage It IS not feasible 
to provide an explanation for the different mechanlstlc behawor dlsplabed by 
secondary amines as represented by rate laws 1 and 5 Probabl) a complex in- 
terplay of sterlc and electronic factors IS involved which IS hard to dtsentangle 
However, certarn reactlvlt> trends can be recognnzed which support the mech 
anlsm proposed As can be seen In Table 1, the ratio k.k, /it_, for ammes 
obey lng the rate law 3 Increases with mcreaslng amme baslclty, Increasing elec- 
tron-wtthdrawrng ablllty of para substltuent on the Isocyanlde, and decreasing 
sterlc requirements at the amine nkrogen donor site For the amlnes pertammg 
to rate Ia\% 5 It IS possible to discuss the separate values of k2 and lz,/I._, 
parameters (Table 3) Both these rate coefflclenk increase with mcreaslng donor 
abtl1t.b of the amlne, decreasing sterrc hlndrnnce and lncrensmg electrophllrc 
character of the Isocyanrde carbon In particular, changes m the 12~ term are m 
accord with the k2 path being a direct nucleophlllc attach of the amme on the 
carbon atom of coordmated isocyanlde, as found also for the reactlons of 
primary ammes [S] 

ExperImental 

hlaterrals 
The complexes crs-[ PdCl,(p XC,H,NC)(PPh,)] and the correspondrng 

carbene derwatwes cls-[PdC12 (C(NH p-C6H4X)NR p CbH4Y}(PPh,)] (X = Me, 
H, Cl, Y = MeO, Me, H, R = Me, Et) l%ere prepared according to the general 
methods reported exller [ 91 

The commercial ammes were purlfled by either sublunatlon or fractional 
dlstlllatlon on potasswm hydroxide under nitrogen 1,2-Dichloroetbane was 
punfled according to standard methods 
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The reactlons were follo\\ed spectrophotometncally by measurmg changes 
In optical denslty in the range 330 360 nm with time by means of an Optlca 
CF3R double-beam recordmg mstrument 

Freshly prepared solutions of the complex, stored under mtrogen m an 
dummum foil wrapped fiash, were used for each hmetlc run The reactions \%ere 
started by rnl\mg hnown volumes of pre-thermostatted standard solutions of 
the reagents UI the tbermostatted (? 0 1°C) cell compartment of the spectro- 
photometer A solution containing the same concentration of the entenng 
amlne was used as a reference The entenng llgand was present in sufficient ek- 
cess to provide pseudo-first-order condltlons and to force the reactions to com- 
pletion The final spectra were generally m good agreement with those of the 
products prepared and characterized mdependently The values of pseudo first 
order rate constants, ILobs, were obtalneo from the slopes of plots of 
log(.l, - 4,) vs time. where 4, and 4, are the optlcal densltles of the reac- 
tion mlvture at tune t and after 7-S half-llves, respectlvelq The values of Iz~,.,~ 
were reproducible to better than 10% 
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