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The Kinetics of Base Hydrolysis of trans-Dichlorotetrakis(alky1amine)- 
rhodium(iii) Ions t 

James McGilly and D. H u w  Vaughan 
Chemistry Department, Paisley College of Technology, High Street, Paisley PA I 2BE 

The observed pseudo-first-order rate constants for the base hydrolysis of the series of complexes 
trans-[Rh(NH2R),CI,] + (R = H I  Me, Et, or Pr") have been found to  depend on hydroxide ion 
according to  kobs. = k,  + k z [ O H - ] .  The k, term is believed to be the aquation pathway which is 
operative in the bromide interchanges of these complexes, whereas the k2 term corresponds to the 
SN1 (c.b.) (conjugate base) mechanism. Values of the activation parameters for the base hydrolysis 
have also been determined and are discussed in relation to  the results for similar rhodium(iii), 
cobalt(iii), and chromium(tii) complexes. It is concluded that in complexes of this type rhodium(itt) 
is less able to  participate in 7c bonding than are cobalt(iti) and chromium(iii). 

Earlier work ' on the kinetics of base hydrolysis of the series 
of complexes of the type chloropentakis(alky1amine)rhodium- 
(111) showed that the complexes underwent base hydrolysis by 
the SN1 (c.b.) (conjugate base) mechanism' and that the relative 
rates along the series of complexes were controlled by steric 
factors so that there was a gradual increase in rate as the amine 
was changed from ammonia to n-propylamine. The increase in 
rate was due to a decrease in the activation enthalpy along 
the series and was consistent with the dissociative character 
of the mechanism. We have now studied the base hydrolysis 
of the series of complexes trans-dichlorotetrakis(a1kylamine)- 
rhodium(m) to see whether they undergo base hydrolysis by 
the SNl(c.b.) mechanism and to determine what factors affect 
the relative rates of reaction along the series. Previous work 3-5 

on the base hydrolysis of amine complexes of rhodium- 
(IN), where the leaving group was not trans to an amine 
nitrogen bearing an ionisable hydrogen, showed that these 
complexes were far less susceptible to base hydrolysis than 
those where the leaving group was trans to a nitrogen bearing 
an ionisable hydrogen. This was thought to be due to the 
inability of rhodium(w) to form an  effective n bond with the 
co-ordinated amido-group in the five-co-ordinate intermedi- 
ate. If the present series of complexes undergo base hydrolysis 
via the S,l(c.b.) mechanism then a comparison of the rate 
parameters for the base hydrolysis of this series of complexes 
with those for the base hydrolysis of chloropentakis(alky1- 
amine)rhodium( 111) will afford a means of quantitatively 
assessing the effect on the leaving chloride of being trans to a 
chloride in one case and trans to a primary amine in the other. 
In both cases the leaving chloride is surrounded by the same 
four cis ligands. 

Experiment a1 
Materiuls.-The complex ions rrcms-[Rh( N H2R)4Clr] + 

(R = H, Me, Et, or Prn) were prepared as their chloride salts 
by the literature methods 6*7 and their purity was confirmed by 
the excellent agreement between their measured electronic 
spectra and literature data. All the solutions of reagents used 
were prepared from the anhydrous solids.' 

Kinetic Srudies.-The kinetics of the reactions were studied 
using the instrumentation mentioned previously ' by measur- 
ing absorbance changes in the electronic spectra of the reaction 
mixtures in the region 255-260 nm where the absorbance of 
the reaction mixtures decreased as the reaction proceeded. 
However, during the course of the reactions of the complexes 

t Non-S.I. unit employed: 1 cal = 4.184 J. 

with R = Me, Et, and Pr" at high temperatures and hydroxide 
ion concentrations the solutions tended to darken and in some 
cases a precipitate formed in the cell. For these reactions the 
value of the absorbance at infinite time, A,, was obtained by 
an  extrapolation of the absorbance us. time data. Pseudo- 
first-order rate constants were obtained either by plotting 
In@, - A,) us. time or by using the Guggenheim method.* 
In all the reactions the plots were linear for several half-lives. 
The statistical treatment of the results was similar to that 
described 

For the complexes with R = H, Me, and Et, the ionic 
strength of the reaction mixture was maintained at 1.0 mol 
dm-j with sodium perchlorate. However, the complex with 
R = Pr" was not sufficiently soluble in perchlorate medium so 
that the ionic strength of the reaction mixture containing this 
complex was maintained with sodium chloride at 1.0 mol 
dm-3. Comparisons of the spectra at infinite time of the reac- 
tion mixtures which contained chloride with those containing 
no chloride showed them to be identical, thus indicating that 
the base hydrolysis had gone to completion in all cases and 
that the possible back reaction involving replacement of the 
hydroxo-ligands by chloride could be ignored. 

Results 
The spectroscopic changes during the base hydrolysis of all 
four complexes were accompanied by sets of isosbestic points 
whose positions for a given reaction were independent of the 
hydroxide ion concentration. The products of the reaction 
were identified as the corresponding trans-dihydroxo-com- 
plexes by the close similarity of their electronic spectra with 
those reported for rrans-[Rh(NH,),(OH),] + and trans- 
[Rh(NH,R),(OH),]+ (R = Me and Et).'' A summary of the 
spectroscopic changes is given in Table 1. 

Values of the observed rate constants for base hydrolysis 
at various temperatures and hydroxide ion concentrations for 
the four complexes are given in Tables 2-5. The pseudo-first- 
order rate constants were found to depend on hydroxide ion 
concentrations according to kobs. = k l  + kz[OH-]. 

Discussion 
All of the complexes studied here undergo base hydrolysis 
according to the two-term rate law -d[complex]/dr = (k, + 
k,[OH-])[complex). A summary of the rate parameters for 
the base hydrolysis of all four compounds is given in Table 6; 
also included in the Table are the rate parameters for the 
halide interchanges of these cornplexe~.~*~ The two-term rate 
law observed for these complexes has also been observed 
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Table 1. Spectroscopic changes accoxpanying the base hydrolysis of the complex ions rrans-[Rh(NHzR),C1,]+ (R = H, Me, Et, or Pr") 

Final spectrum 
r h - Isosbestic points 

Complex L a x .  In m ~,,,,,./dm~ mol-' cm-' A/nm 
rran.~-[Bh(~;H:,),SI*] "350 303 135 150 398 369 

347 303 96 120 - - 
rrans-:K~i~HLMe),Clzj '  a 350 300 116 133 398, 315, 290, 272 

.~rans-!R~(~HZEt),CI,]' " 345 290 94 110 400 325 

:r~ns-~Fth('\;H~Pr"),C1~] + " 35qsh) 280 143 150 399 327 

'352 302 102 133 

' 355 302 120 158 

This worK, 8, = 86 -C. Ref. 9, 8, = 25 "C. Ref. 10, 6, = 80 "C. 

Table 2. Kineri: car& for : te reacti:n of rrans-[Rh(NH3),Clz]+ with hydroxide. [Rh) = 4 x mol dm-3, I = 1.0 mol dm-3 (NaC104) 

6 F: 0.2 
0.25 
0.6 
1 .o 
0.2 
0.4 
0.75 
1 .o 

8' 0.2 
0.6 
0.8 
1 .o 

77 

2.46, 2.22 2.13 f 0.06 1.01 * 0.10 
2.41 

2.71, 2.66 
3.17, 3.15 

6.06 5.36 f 0.1 1 3.88 i 0.17 
7.03 
8.24 
9.23 

14.2, 13.2 11.0 0.6 14.0 f 0.9 
20.3 
21.6 

25.5, 24.6 

AH,:  = 22.8 k 0.5 kcal mol-' AS1$ = - 13.2 & 1.5 cal K-' mol-' 
AH2= = 36.8 c 1.2 kcal rno1-l AS2$ = 26.2 f 3.3 cal K-' mol-' 

* Derived from = t L:,!OH -1. 

Table 3. Kinetic da:a for rne reactinn of rrans-[Rh(NHzMe),CI2]+ with hydroxide. [Rh] = 1.6 x 10 ' mol dm-3, I = 1.0 mol dme3 (NaCI04) 

7 1  

8 0 

%/'C [OH-]/mol dm-3 
60 0.5 

0.6 
0.7 
0.8 
0.9 
0.25 
0.3 
0.5 
0.75 
1 .o 
0.25 
0.35 
0.5 
0.6 
0.7 
0.75 

1o5kob../s-~ I O ~ ~ ~ * / S - ~  1o5k2*/dm3 mol-' s-l 
0.602 0.238 f 0.010 0.722 f 0.014 
0.667 
0.739 

0.821, 0.817 
0.885 

2.40, 2.35 1.19 f 0.07 4.94 f 0.1 I 
2.64 

3.84, 3.65 
5.00, 4.81 
6.12, 6.06 

7.50 3.55 f 0.42 17.0 f 0.7 
9.80 

1 1.67, 12.62 
13.73 

15.2, 15.45 
16.38 

A H , $  = 30.8 1 0.7 kcal mol-I AS1$ = 8.0 If 1.9 cal K-' mol-' 
AHz$ = 36.2 5 0.2 kcal mo1-l AS2$ = 26.4 i 0.6 cal K-' mol-' 

* Derived from = X., + k , [ O H - I .  

previously for the base hydrolysis of similar chloro-amine 
rhodium(irr) complexes containing chelating ligands like 
ethylenediamine ( e t ~ ) . ~ . ' * * ~  The k term can be identified with 

rru,?s-[Rh(NH2R)r~i,1+ + H 2 ~  slow 

rr~tts-[Rh(NHZR),Cl(H,0)12+ + CI- ( I )  
the-pathway for aquation which is known to operate in the Br.fast 
bromide interchanges of these complexes, reactions (1  )-(3). 
In  this reaction the chloride is replaced in a slow rate-deter- 
mining step by water and this is then followed either by a 
faster replacement of this water by bromide if it is the bromide 
interchange, reaction (2), or a rapid proton exchange if it  is 
the base hydrolysis, reaction (3). Replacement of the second 
chloride follows a similar pathway but at a faster rate thus 

~ ~ ~ ~ ~ ~ - [ R ~ ( N H Z R ) ~ C I ( H ~ ~ ) ~ ~ +  - 
rr~ns-[Rh(NH~R)~ClBr]+ + HzO (2 )  - trurts-[Rh(NHzR)~C1(OH)]+ + HzO (3) 

OH-,fast 

making replacement of the first chloride rate-determining. A 
comparison of the rate parameters determined here for the 
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Table 4. Kinetic data for the reaction of fr~ns-IRh(NH~Et)~Cl~]+ with hydroxide. [Rh] = 3 x lo-' mol c!T-~, 1 = '.O mo: dm-3 (NaClO,) 

9,/T [OH-)/mol dm-' 
70 0.2 

0.4 
0.6 
0.8 
1 .o 

81 0.2 
0.4 
0.6 
0.7 
0.8 
1 .o 

87 0.2 
0.4 
0.6 
0.8 
0.9 
1 .o 

1(Yk0b,./s-' lVk,*/s-' lCPk2*/dm3 mo1-l s-' 
2.51 0.91 k 0.25 6.78 2 0.35 
3.51 
4.78 
6.08 

7.72, 7.97 
10.33 3.76 f 1.26 32.91 1.9 
16.86 

23.92, 23.03 
25.58 
32.28 
35.83 

40.0 

69.0 

23.0, 23.0 4.58 i 2.20 83.7 5 3.1 

49.3, 51.9, 53.8 

80.1, 83.9 
89.2, 89.8 

Ml$ = 23.7 f 5.7 kcal moT1 AS1% = - 12.7 i 16.3 cal K-I mol-' 
AHz* = 35.4 f 1.2 kcal rno1-I AS$ = 25.2 f 3.4 cal K-' mol-I 

Derived from kob. = kl + kZ[OH-1. 

Table 5. Kinetic data for the reaction of t r ~ n s - [ ~ ( N H ~ P r " ) ~ C l ~ ] +  with sodium hydroxide. [Rh] = 1.5 x 
(NaCl) 

mol dm-3, I = 1.0 mol dm'' 

0J0C [OH-]/mol dm-' 
70 0.5 

0.6 
0.75 
0.8 
0.9 

80 0.25 
0.5 
0.75 
0.9 

88 0.3 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .O 

1 @kob,./s-' I@kl*/s-* lO5kZ*/dm3 rno1-I s-I 

6.28, 7.33 2.77 f 0.86 5.16 i 1.2 
7.98, 7.32 
8.44, 9.46 

9.5 
9.88 

25.4, 25.6 
35.0, 31.3 
39.9, 41.5 

18.8 9.14 i- 2.1 33.7 i 3.1 

56.2 17.4 f 3.8 131 5 5 
84.4 
91.5 

113 
123 
137 
146 

AHl* = 24.6 f 2.4 kcal mol-l ASl% = -7.9 f 6.7 cal K-' mol-' 
AHz* = 37.1 2.5 kcal rno1-I ASz* = 30.4 f 7.1 cal K-I mol-I 

* Derived from kob. = kl + kZIOH-I. 

k, step with those obtained for the bromide interchange show 
them to be very similar thus confirming the assignment of the 
k,  term to the aquation pathway. The trends in the values of 
the rate parameters for the aquation of these complexes were 
previously concluded to indicate that the kinetic behaviour 
was best accounted for by an associative interchange (I.) '*I2 

mechanism. 
The hydroxide ion dependent term, k2 ,  is associated with the 

&l(c.b.) mechanism which is outlined below; and this 
mechanism leads to the observed rate law (7) provided 
K[OH-] < 1. 

K fast 

tr~ns-[Rh(NHzR)3(NHR)Cl2] + HzO (4) 
tr~ns-[Rh(NH2R),ClZ]+ 4- OH- 

k, slow 
trans-[R h( N H 2 R )J( N H R )ClJ ___+ 

[Rh(NH2R),(NHR)CI]+ + C1- (5 )  

fast 
[Rh(NH2R)j(NHRKl]+ + H2O 

rrans-[Rh(NH2R)4Cl(OH)] + (6) 

Rate = kK[trans-Rh(NH~R)4Cl~+][OH-I (7) 

As for the aquation pathway, replacement of the second 
chloride by hydroxide is faster t+an that of the first so that the 
replacement of the first chloride is rate-determining. Further 
confirmation that the hydroxide ion dependent pathway 
corresponds to the S,l(c.b.) mechanism is provided by the 
values of the activation enthalpies and entropies. These values 
are ca. 36 kcal mol-* for AH2* and ca. 27 cal K-' rno1-I for 
AS2$. Entropies of activation of this magnitude are con- 
sidered 4*13 typical for complexes of this type reacting oiu the 
the SNl(c.b.) mechanism. Similarly, P& and Vuik have 
shown that the activation parameters for a whole range of 
reactions of rhodium(li1) complexes lie on an isokinetic plot 
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Table 6. Kinetic data for the base hydrolysis of trans-[Rh(NH2R),CI2]+ (R = H, Me, Et, or Pr") 

Complex 1 09k,u/s-1 AHlt/kcal mol-' ASIS/cal K-' mol-I 1 OPkza/dm3 mol-I s-' AHJ/kcal mol-I AS2g/cal K-' mol-' 
trans-[ Rh(NH,),CI,] + 155 22.8 i 0.5 

127 24.1 f 0.4 
trans-[Rh(NH2Me),Cl2]+ 9.06 30.8 i 0.7 

7.67 29.2 f 1.0 
tr~ns-[Rh(NH~Et)~C121+ 43.7 23.7 f 5.7 

59.5 24.5 f 0.7 
trans-[Rh(NH2Prn)4C12]+ 106.9 ' 24.6 f 2.4 

67.7 24.9 f 3.3 

-13.2 1.5 3.42 36.8 f 1.2 26.2 f 3.3 

10.4 36.2 5 0.2 26.4 i 0.6 8.0 i 1.9 
2.30 f 2.3 

- 12.7 * 16.3 22.0 35.4 f 1.2 25.2 i 3.4 
-9.4 k 2.1 - - - 
-7.9 & 6.7 17.1 37.1 f 2.5 30.4 i 7.1 
-7.8 9.3 - 

- - -9.2 f 1.1 - 

- - - 

- - 
a Rate parameters are derived from the equation kobr. = kl + k2[OH-I; kl  and k ,  at 25 "C, calculated from the activation parameters. 

This work, I = 1 .O mol dm-3 (NaCIOJ. Data taken from ref. 6, ionic strength variable. Data taken from bromide interchange (ref. 7), 
I = 0.2 mol dm-3 (NaC104). This work, I = 1.0 mol dm-3 (NaCI). 

which covers a mechanistic range from SNl(c.b.) to SNl(i.p.) 
(ion pair) and possibly as far as SN2. Values of the activation 
parameters for the reactions reported here lie in the region of 
the isokinetic plot assigned to the SNl(c.b.) mechanism and 
are well separated from that region considered to represent 
the SNl(i.p.) mechanism where the values of both AHz$ and 
AS2* are smaller. 

An inspection of the activation parameters for the k2 term 
for the four complexes studied here reveals no apparent trends, 
Table 6. This is in contrast to the values for the base hydroly- 
sis of the complexes [Rh(NHzR)sC1]2+ (R = H, Me, Et, or 
Pr") where it was found that the activation enthalpies de- 
creased along the series from R = H to R = Pr" due to the 
dominance of steric effects. That no such trend is observed for 
the complexes t ran~-[Rh(NH~R)~Cl~]+ (R = H, Me, Et, or 
Prn) suggests either that both steric and solvational differences 
along the series are very small or that the differences are 
significant but because of the opposite trends produced by the 
two effects along the series, i.e. the complex with R = Pr" is 
most sterically congested and least solvated, they cancel each 
other. Values of the activation entropies should reflect any 
differences in solvation, i.e. electrostriction, along the series 
but these values show little variation. It would thus appear 
that solvation effects are fairly constant along the series; a 
similar conclusion was reached for the complexes [Rh- 
(NH2R)5C1]2+. For the series rrans-[Rh(NH2R)4C12]+ (R = 
H, Me, Et, or Pr"), the position of the first spin-allowed 
ligand-field band shows little variation so that any differences 
in the rates of base hydrolysis arising from differences in the 
loss of ligand-field stabilisation energy as the chloride leaves 
the complex will be small, Similarly the value of cmx. for this 
band in the series of complexes trans-[Rh(NHRz),Clz]+ does 
not increase along the series R = H to R = Pr" which is in 
contrast to the increase in cmx. observed for this band in the 
series [Rh(NHzR)5C1]2+, R = H to Pr". An increase in the 
value of cmx. for the first spin-allowed ligand-field band in 
rhodium(ll1) complexes containing bulky or sterically rigid 
ligands has been explained as arising from ground-state 
di~tortion. '~ The absence of such an increase in E,,,,,. for the 
present series of complexes can thus be taken to indicate that 
the complexes are less sterically strained with little or no 
difference in the steric effects along the series. Thus for the 
trans series of complexes it is probable that both steric and 
solvation differences along the series are small hence giving 
rise to fairly constant values for the activation enthalpies and 
entropies. 

The spectroscopic changes during the reactions of these 
complexes were accompanied by isosbestic points whose 
positions were independent of hydroxide ion concentration ; 
similarly the final spectrum of the product for a given reaction 
was independent of the hydroxide ion concentration, thus 
suggesting that no trans+cis isomerisation had occurred. 

This contrasts with the observation of trans+cis isomerisation 
in the base hydrolysis of rr~ns-[Rh(en)~Cl~]+ which was 
rationalised in terms of the very strong trans o-bond- 
weakening effect of the amido-group which resulted in the 
formation of a trigonal-bipyramidal intermediate with the 
amido-group in the trigonal plane, so as to strengthen the 
bond between the rhodium and the amido-group without 
greatly weakening the other rhodium-nitrogen bonds. Isomer- 
isation would result in the formation of cis-[Rh(NH,R),- 
(OH)J+ and although these complexes would be more steric- 
ally strained than the corresponding trans isomers, they 
probably cannot be discounted on steric grounds as the syn- 
thesis of C ~ S - [ R ~ ( N H ~ ) ~ ( O H ) ~ ] +  has been reported l6 together 
with its electronic spectrum 9*16 which was, however, suffici- 
ently different from that of the trans isomer as to indicate 
that any trans+cis isomerisation in this case was very small. 
A similar retention of stereochemistry was reported for 
the base hydrolysis of the complex trans-[Rh(~dmen)~Cl~] + 

(udmen = NN-dimethylethylenediamine), where again iso- 
merisation cannot be discounted on steric grounds since 
the cis isomer has been ~ynthesised.'~ The base hydrolysis of 
the complexes trans-[Rh(NH,R),Cl,]+ (R = Me, Et, or Pr") 
was accompanied by some decomposition at high temperature 
and hydroxide ion concentration, and this might indicate that 
some isomerisation was occurring during the reaction but 
that the intermediate decomposed before isomerisation was 
complete. However, the decomposition could also be due to 
the trans bond-weakening effect of the amido-group resulting 
in a weakening of the amine Rh-N bond trans to the amido- 
group. The lack of isomerisation suggests therefore that the 
reaction proceeds through a square-pyramidal intermediate. 

A comparison of the rate parameters for the hydroxide ion 
dependent pathway in the base hydrolysis of the complexes 
~ ~ ~ ~ S - [ R ~ ( N H ~ R ) ~ C I , ] +  with those for the series [Rh- 
(NH2R),C1]2+ provides an opportunity to compare the effect 
on the leaving chloride of being trans to a chloride or trans 
to a nitrogen bearing an ionisable hydrogen. It is found that 
the series [Rh(NHzR)5C1]2+ react at a rate that is ca. lo5 times 
faster, as measured by the rate constants at 25 "C, and this is 
due to the smaller activation enthalpy for this series, the 
difference being ca. 10 kcal mol-'. However, the more favour- 
able enthalpies of activation for the series [Rh(NH2R)sCl]Z+ 
are slightly offset by the more positive values of the activation 
entropies for the series tran~-[Rh(NHzR)~Cl~]+ ; the difference 
is ca. 12 cal K-' mol-I. An apparently similar comparison 
can be made by comparing the kinetic parameters for the cis 
and trans isomers of complexes of the type [RhL4ClZ]+, 
where L4 is a four-N-donor amine type ligand or ligands. Two 
examples for rhodium(i1i) complexes are the isomers of 
[Rh(en),CI,]' and [Rh(cyclam)C12]+ (cyclam = 1,4,8,11- 
tetra-azacy~lotetradecane).'**'~ For the isomers of [Rh(en)z- 
C12]+ it was found that the cis isomer was the more reactive, 

http://dx.doi.org/10.1039/DT9840001117


J. CHJM soc. DALTON TRANS. 1984 1121 

the ratio of the rate constants for base hydrolysis at 25 "C 
was ca. 10'; no activation parameters were available for the 
cis isomer. Similarly the cis isomer of [Rh(cyclam)Cl,]+ 
reacted more quickly, with the ratio of rate constants at 
25 "C being ca. lo6 and with the cis isomer having a smaller 
activation enthalpy, the difference in the activation enthalpies 
was 16 kcal mol-'; the trans isomer had a more positive 
entropy of activation, the difference being 24 cal K-' mol-'. 
However, in these cis and trans isomers the leaving chloride 
is not in identical environments in that it is surrounded by 
different cis ligands in the two cases and there is no means of 
quantitatively allowing for this effect. A further difficulty 
when comparing the rates of base hydrolysis of the cis and 
trans isomers of [Rh(cyclam)Cl,]+ is that the nature of the 
configurations of the hydrogen on each of the four secondary 
nitrogens is not known and may be different in the two geo- 
metric isomers. It has been shown 2o in the case of the corres- 
ponding cobalt complexes that differences in the configuration 
of the hydrogens on the secondary nitrogens can give rise to 
differences in rates of reaction for the same geometric isomers. 
For the two series of complexes studied here the leaving 
chloride is surrounded by the same cis ligands, i.e. (NH2R)4, 
so that the effect of changing the group trans to the leaving 
chloride from chloride to NH2R can be easily measured. 

One difference that does exist between the two series of 
complexes is the net charge on the complexes; this difference 
is probably reflected only in the differences in the activation 
entropies. The series of complexes [Rh(NH2R)sC1]2 + are 
doubly charged and hence are more solvated than the corres- 
ponding tran~-[Rh(NH~R)~Cl~] + complexes. As a conse- 
quence, the doubly charged ions will experience a greater loss 
of entropy from electrostriction in the dissociative step to form 
the five-co-ordinate intermediate and should as a result have 
a less positive entropy of activation than that for the corres- 
ponding member of the series trans-[Rh(NH2R),C12]+, as 
is indeed the case. There is also the statistical factor to allow 
for the fact that in one series there are two possible chlorides 
available for replacement. This will give an additional positive 
contribution to the entropy of activation for the series trans- 
[Rh(NH2R)4C12]+ ; however, the contribution is small (t2 
cal K-I mol-I). 

The effect therefore of having the leaving chloride trans 
to a NHzR as compared to being trans to a C1 is to increase 
the rate of base hydrolysis by a lowering of the activation 
enthalpy by ca. 10 kcal mol-'. This result indicates that it is 
the amine trans to the CI in the series [Rh(NH2R)sC1]2+ that 
ionises to form the amido-group, and that the greater rate of 
base hydrolysis in these complexes arises from the strong 
trans a-bond-weakening effect of the amido-group in the 
conjugate base 'pS which can only operate in this series of 
complexes. However, the fact that base hydrolysis via the 
S,l(c.b.) mechanism does occur in the series trans-[Rh- 
(NH2R)4C12]+ suggests that the amido-group can exert a 
weak cis effect. 

Amine complexes of cobalt(rr1) are generally more suscept- 
ible to base hydrolysis than the corresponding rhodium(rr1) 
complexes. Thus many amine complexes of cobalt(1rr) which 
undergo base hydrolysis follow a similar two-term rate 
law 2*4*13  to that observed here for the series rrans-[Rh(NH2R),- 
C12]+, but in the case of cobalt(rrr) complexes AH2$ 5 AHl$. 
Similarly a comparison of the rate parameters for the base 
hydrolysis of cis and trans isomers of [Co(en),CI2]+ and of 
other similar complexes reveals no large difference in the rate 
constants or actikation enthalpies. Although there have been 
no comparable studies reported on cobalt(1ri) complexes 
similar to the two series of complexes of rhodium(rrr) discussed 
here, it is interesting to note that trans-[Co(NH3).,CI2]+ has a 
larger rate constant for base hydrolysis than does [Co- 

(NH3),C1I2+ and the activation enthalpy for the base hy- 
drolysis of [ C O ( N H ~ ) ~ C ~ ] ~ +  is larger than that for trans- 
[C~(en)~Cl~]+.  The base hydrolysis of amine complexes of 
chromium(rr1) has not been as extensively studied as those of 
cobalt(rr1) but the complexes of chromium(nr) that have been 
found to undergo base hydrolysis are believed to react via the 
SNl(c.b.) m e c h a n i ~ r n . ~ ~ * ~ ~ - ~ ~  A comparison of the rate para- 
meters for these complexes of chromium(1rr) which are similar 
to the two series of rhodium(Ir1) complexes discussed above 
reveals that there is no large difference in either the rate con- 
stant or activation enthalpy. Thus cis- and tran~-[Cr(en)~Cl~]+ 
undergo base hydrolysis with almost identical rate constants 
at 25 0C.21*23*24 Also, [Cr(NH3)5C1]2 + undergoes base hydroly- 
sis at 25 "C with a rate constant that is smaller by a factor of 
almost 20 than that of tran~-[Cr(en)~Cl~]+ and this is due to 
the larger activation enthalpy (ca. 3 kcal mol-'), although the 
activation entropy for base hydrolysis of [Cr(NH3)5Cl]r + is 
more positive by ca. 7 cal K-I m01-'.22924 

The results for the cobalt(ir1) and chromium(rr1) complexes 
have been explained ' a3  as arising from the ability of cobalt- 
(111) and chromium(rr1) to x bond with the amido-group in the 
transition state or the trigonal-bipyramidal five-co-ordinate 
intermediate. Although the site of deprotonation to form the 
active amido-group in these complexes is still uncertain, the 
position of the amido-group is less critical as it is possible to 
form a trigonal-bipyramidal intermediate with the amido- 
group in the trigonal plane, where it can n bond effectively 
with the cobalt or chromium irrespective of whether the initial 
position of the amido-group was cis or trans to the leaving 
group. The results presented here for the rhodium(1rr) com- 
plexes, where AH2$ > AH,$ for the series trans-[Rh(NH,R),- 
C12]+ and the considerably lower values of activation enthal- 
pies for base hydrolysis of the complexes [Rh(NH2R)5Cl]Z 
compared to the corresponding values for the above corn- 
plexes, can thus be interpreted as direct evidence for the re- 
duced ability of rhodium(1rr) compared to cobalt(Ir1) and 
chromium(1rr) to participate in x bonding in complexes of this 
type. 
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