
July 5, 1962 AMMINEHYDROXOCOPPER(II)-DIOLATE CHELATION REACTION 2491 

mole) of compound II was heated a t about 150° for 5 hr. 
The crude product was crystallized from hexane to give 
2.2 g. of the redistribution product. 

(C6Hs)2ClSnMn(CO)6 .-A mixture of 4.2 g. (0.01 mole) of 
the chloro derivative IX and 11.0 g. (0.02 mole) of com
pound II was heated at about 150° for 0.75 hr. The crude 
product was crystallized from M-hexane to give 13.0 g. of 
(C6Hs)2ClSnMn(CO)5. 

Cl2Sn[Mn(CO)6J2 (XI).—Anhydrous hydrogen chloride 
was passed through a solution of 2.0 g. (0.003 mole) of 
(C6Hs)2Sn[Mn(CO)5I2 in about 75 ml. of methylene chloride 
for 0.5 hr. The solvent was evaporated and the residue 
was recrystallized from ethanol to give 1.2 g. of white needles 
identified as XI by elemental analvsis. 

CIjSnMn(CO)4P(C6Hs)5--Chlorine was passed through 
a solution of 2.0 g. (0.0013 mole) of compound VI in 90 ml. 
of methylene chloride at a moderate rate for 10 min. 
Evaporation of the solvent left a solid that was redissolved 
in methylene chloride and filtered. Hot hexane was added, 
and methylene chloride was distilled until white needles 
began to crystallize. The product, m.p. 159° (dec ) , was 
shown to be Cl3SnMn(CO)1P(C6Hs)3 by elemental analysis. 
The yield was 1.1 g. The infrared spectrum showed bands 
only at 6.75 and 6.97 M characteristic of a phenyl-phosphorus 
bond. Compound VI showed a weak doublet at 6.97 and 
a singlet at 7.03 M> the latter characteristic of a phenyl-tin 
stretching frequency. 

C5HsFe(CO)2SnCl3 (XIV).—Two grams (0.0038 mole) of 
compound V was dissolved in about 90 ml. of methylene 
chloride. Anhydrous hydrogen chloride was passed through 
the solution for 10 min. at room temperature after which 
time the solvent was evaporated. The product, 1.43 g., 
was recrystallized from a mixture of methylene chloride and 
carbon tetrachloride to give 1.3 g. of reddish-brown needles 
which were identified as compound XIV by elemental analy
sis. 

When compound V was treated with excess chlorine in 
carbon tetrachloride between 0 and 10°, the tin-iron bond 
was broken to give a black solid which was insoluble in 
common organic solvents. 

Chlorine and XI.—Chlorine was bubbled through 25 ml. 
of methylene chloride containing 0.3 g. (0.0005 mole) of 
compound XI for 10 min. The cloudy mixture was filtered 
and the solvent distilled. The residue was fractionally 
crystallized from carbon tetrachloride to give 0.1 g. (35%) of 
compound IX, m.p. 168° (dec.) having an infrared spectrum 
identical with that of an authentic specimen. The re

mainder of the product consisted of a mixture of compound 
IX and Cl2Mn2(CO)s, the latter being identified by infrared 
analysis. 

Chlorine and X.—Two grams (0.003 mole) of (C6Hs)2Sn-
[Mn(CO)6J2 in 25 ml. of methylene chloride was treated 
with chlorine for 10 min. Evaporation of the solvent gave 
a yellow solid consisting of a mixture of compound IX 
and ClMn(CO)6. The products were partially separated 
with difficulty by first extracting the yellow solid four 
times with ether. The solid from the extract was refluxed 
in carbon tetrachloride to convert ClMn(CO)6 to Cl2Mn2-
(CO)s. Fractional crystallization from carbon tetrachloride 
gave 0.15 g. of compound IX, m.p. 168° (dec) , identified 
by elemental analysis, and 0.08 g. of Cl2Mn2(CO)8. The 
infrared spectrum of the latter showed terminal metal-
carbonyl stretching frequencies very similar to those de
scribed previously. The ether-insoluble material was re-
fluxed in carbon tetrachloride to give 0.7 g. of a product 
which was shown by its infrared spectrum to consist of a 
mixture of Cl2Mn2(CO)iand compound IX. 

Hydrogen Chloride and (C6Hs)3PlMn(CO)6 .-Anhy
drous hydrogen chloride was passed through a methylene 
chloride solution containing 2.0 g. (0.0032 mole) of (C6Hs)3-
PbMn(CO)s for 20 min. A white unidentified inorganic 
lead compound, 0.8 g., was filtered off. From the filtrate 
was obtained a solid which was recrvstallized from carbon 
tetrachloride to give 0.6 g. (93%) of Cl2Mn2(CO)8, m.p. 
165° (dec ) , identified by infrared analysis. 

Chlorine and (C2H6)2Pb[Mn(CO)6]2.—Two grams (0.0031 
mole) of (C2Hs)2Pb[Mn(CO)6I2 in 60 ml. of carbon tetra
chloride was treated with chlorine for four minutes. Excess 
chlorine was removed and the product was refluxed in carbon 
tetrachloride. The solvent was distilled under reduced 
pressure. The residue, 1.87 g., was washed with water, 
leaving Cl2Mn2(CO) t, m.p. 165° (dec ) . Evaporation of the 
water left a white solid. The infrared spectrum showed 
this solid to contain both diethyl and triethyllead groupings. 
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The Amminehydroxocopper(II)-diolate Chelation Reaction12 

BY RICHARD E. REEVES AND PHILIP BRAGG3 
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Potentiometric methods have led to the finding of approximate constants (ki = 250, £2 = 49) for the stepwise addition of 
two hydroxide ions to amminecopper(II) in ammonia solutions of unit activity. This finding has facilitated a further 
study of the amminecopper-diol chelation reaction and evidence is presented which indicates that the reactive species are 
ammmemonohydroxocopper(II) and the singly charged diolate anion. Chelation constants were calculated for three cyclic 
diols, methyl a-D-glucopyranoside, D-mannosan and lactate. 

In the conformational analysis of carbohydrate 
derivatives with the ultimate objective of relating 
molecular shape to chemical properties, or to factors 
such as enzyme specificity, emphasis must be placed 
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Photoduplication Service, Library of Congress. 

(3) Present address: Department of Biochemistry, Faculty of 
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upon methods which cast light on the shapes of 
these molecules in aqueous solution. The am-
minecopper-diolate chelation reaction has received 
attention in such studies because it proceeds to a 
stable equilibrium accompanied by the liberation of 
protons, by extensive changes in ultraviolet ab-
sorbancy, and—with certain substances—by 
dramatic changes in optical activity. Although the 
reaction has been known for a century, e.g., in the 
solubilization of cellulose, only recently has the 
one-to-one combining ratio between copper and 
diol been firmly established, and a singly charged 
diolate anion implicated as one of the reacting 
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Fig. 1.—Potentiometric titrations: A, 100 ml. of M NH3 

containing 5 m J / XH4XO3; B, 100 ml. of 1.042 M XH3 con
taining 1.0 m.1/ Cu(XO3). and 5 mM XH1XO3; C, 100 ml. of 
1.084,1/ XH;; containing 2.0 mM Cu(XO3)! and 5 mM 
XH1XO;;. 

species.4 It was anticipated that further progress 
would result if amminediolatecopper(II) formation 
constants could be calculated and related to the 
shapes of the diol-containing molecules in aqueous 
solution. 

A prerequisite to the determination of ammine-
copper-diolate chelation constants was the exten
sion of information concerning the equilibria 
among amminecopper(II) species in relatively 
alkaline media. Bjerrum's56 classical investiga
tions on the amminecopper(II) species established 
the constants for the stepwise reactions involving 
the Cu5+ Cu(NH 3V+ species. However, 
none of these is the reactive species in the diol 
chelation reaction. At alkalinities greater than 
about pH 10 the amminecopper species exist in 
equilibrium with significant concentrations of 
hydroxo species, one of which is the participant in 
the diol chelation reaction. This report describes 
findings concerning the equilibria between ammine-
copper(II) and amminehydroxocopper(II) species, 
and the application of these findings to the deter
mination of the chelate formation constants of 
reactive diols. 

Results 
Equilibria Involving Amminehydroxocopper(II) 

Complexes.—In view of the difficulties which arose 
ii) R. E. Reeves and P. Bragg, J. Org. Client., 26, 3487 (19611. 
(Ti) J. Bjerrum, Del KgI. Danske Videnskabernes Selskab. MaI. /ys.. 

11, 10 (1932). 
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Fig. 2.—The formation curve for the hydroxo complexes 
of aminecopper(II) in ammonia at unit activity. The ex
perimentally derived points indicated by open circles, solid 
circles and triangles were derived from titration data at 
0.5-, 1.0- and 2.0 X 1 O - 2 M copper concentration, respec
tively. The solid curve is the theoretical curve representing 
ki = 255, k« = 49.2. 

in elucidating the stoichiometry of ammonia in the 
various equilibria, the expedient was adopted of 
working with solutions in which the activity of 
ammonia was essentially unity. In this medium 
the doubly charged species are principally tetra-
and pentaamminecopper(II) having bound, on the 
average, 4.2 moles of ammonia per copper atom.6 

In formulating the constants for the reactions of 
these species the stoichiometry of ammonia could 
be neglected provided the system is kept at unit 
ammonia activity. 

Figure 1 illustrates a typical potentiometric 
titration experiment in which normal sodium hy
droxide was titrated against solutions containing am
monium nitrate and ammonia with 0, 1 and 2 mM 
of added cupric nitrate (curves A, B and C, re
spectively) . Subtracting curve A from either B or 
C gave values for A NaOH and At' over the investi
gated pH region. The amount of bound hydroxide 
ion, OH~B, is found with sufficient accuracy by 
eq. 1. 

O H - B = ANaOH - Af[OH-] (1) 
The average number of hydroxide ions bound per 
copper atom, ft, is given by eq. 2, where Cu repre
sents total copper species. 

n = O H - B / C U (2) 

The formation curve for hydroxo complexes of 
amminecopper(II) in ammonia at unit activity is 
shown in Fig. 2. This figure includes data derived 

(6) J. Bjerrum, ibid., 12, Io (1933). 
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Fig. 3.—The distribution of amniine-, amminemoiio-
hydroxo- and amminedihydroxoeopper(II) species in am
monia at unit activity as a function of ^OH. 

from several titrations over a four fold range of 
copper concentrations. Data became erratic and 
non-reproducible with the highest copper concen
tration at about pti 12, and at the intermediate 
concentration at about pH 12.2, presumably be
cause of polymerization phenomenon. 

It may be observed that the experimental points 
of Fig. 2 follow a single curve up to about pK 12.2. 
The reactions which require consideration in the 
region below this limit are given in eq. 3-6, where A 
= NH3 

CuA4.2
2 + + OH- 7~»* CuA1OH+ + (4.2 - x)A (3) 

k, = [CuAxOH +]/[CuA4.2
2+] [OH-] (4) 

CuAxOH+ 4- OH" ̂ : CuA8(OH)2 + (x - y)A (5) 

fe= [CUA8(OH)O]Z[CUAXOH+][OH-] (6) 

Following Bjerrum's7 method for the calculation 
of stepwise formation constants for an N = 2 reac
tion, the slope of the n versus pH curve at ft = 1 
was found to be —0.95. Substituting this into the 
formula for determining the slope of the formation 
function with respect to ligand concentration gave 
for A, the midpoint slope, the value 0.467. From 
this the spreading factor, X, was calculated, by 
means of the equation X = (1 — A)/A, to be 1.14. 
Taking pK„ as 14.00 the so-called "average con
stant" (k), equal to the reciprocal of the ligand 
concentration at fi = 1, was found to be 112. This 
value is related to the stepwise constants through 
the spreading factor by the equations: k-i = 2X(k); 
and kz = (k)/2X. Accordingly, the stepwise con
stants for the binding of two hydroxo groups by 
amminecopper(II) in ammonia at unit activity 
were found to be: ki = 255 and &2 = 49.2. The 
solid curve of Fig. 2 is the theoretical curve repre
senting these constants. It fits all of the experi-

(7) J. Bjerrum, "Metal Ammine Formation in Aqueous Solution,'' 
P. Haase and Son, Copenhagen, 1941, p. 298. 
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Fig. 4.—Potentiometric titrations of cupric nitrate in M 
ammonia without and with added erythritol anhydride (A 
and B, respectively). The solutions were those described in 
the protocol of Table I. 

mentally derived values acceptably in the region 
below pB. 12. 

The calculated distribution of amine-, ammine-
monohydroxo- and amminedihydroxocopper(II) 
species is shown diagramatically in Fig. 3. The 
maximum concentration of the monohydroxo 
species occurs at approximately pH 11.95 where it 
reaches 53% of the total copper species. Poly
merization is probably due to the increasing con
centration of neutral aminedihydroxo species, and 
the position of the region of polymerization would 
be dependent upon the copper concentration. The 
illustrated position of this region sseems to be about 
correct for 1O-2 M copper. 

The Diolate Chelation Reaction.—Having a 
mathematical expression for the amminehydroxo-
copper(II) system, albeit one applicable under very 
restricted conditions, the ground was prepared 
for a further investigation of the diolate chelation 
reaction. 

It was undertaken to test the validity of the hy
pothesis that the chelation reaction proceeds ac
cording to eq. 7 and 8 where DH- represents the 
diol. 

DH, T " ^ D H - 4- H + (7) 

D H - + CuA x OH + T"** 

CuA,D + H2O + (x - z)A. (8) 

At unit ammonia activity the equation for the 
chelation constant, kc, becomes 

kc = [CuA,D]/[DH-] [CuAxOH+] (9) 

Data were collected from experiments in which 
sodium hydroxide was titrated against a solution 
containing cupric nitrate, ammonium nitrate, potas-
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sium nitrate and ammonia at unit activity, with 
and without added diol. Two such titrations are 
illustrated in Fig. 4 with erythritol anhydride (cis-
3,4-dihydroxyoxolane) as the added diol. The 
experimentally derived data necessary for calculat
ing the chelation constant are pH, v, A NaOH and 
Av, the last two quantities being determined by the 
subtraction of one curve from the other along the 
X axis. 

Table I records a number of calculated values for 
the chelation constant of erythritol anhydride at 
selected pK intervals in the region between pH 
10.6 and ll.G. Table II lists the acid dissociation 
constants and average chelation constants found 
for five diol-containing substances, and for lactic 
acid. 

TABLE I2 

CALCULATED FORMATION CONSTANTS FOR THE ERYTHRITOL 

ANHYDRIDE CHELATE USING DATA FROM THE POTENTIO-

METRIC TITRATIONS OF T W O SOLUTIONS 
Solutions A and B contained, initiallv, 10 mM NH4NO3, 7.5 
mM KNO3 , 2.5 mM Cu(NOs)2 and 110.5 mil/ KH3 in 100 
ml.; solution B contained 1.0 mM erythritol anhydride 

pU Chelate log kc 

10.6 0.089 4.22 
10.8 .242 4.34 
11.0 .345 4.22 
11.2 .500 4.19 
11.4 .640 4.30 
11.6 .657 4 .08 

log average &„ 4.24 

TABLE II 

COMPILATION OF VALUES FOR ACID DISSOCIATION CON

STANTS AND CHELATION CONSTANTS FOR VARIOUS SUB

STANCES AT 25° 

Substance * . X 10" log A0 

Methyl a-D-glucopyranoside 4.37 2.41 
cu-Cyclohexanediol 0.56 2.81 
cis-Cyclopentanediol 3 .5 3.24 
D-Mannosan 9.7 4.41 
Erythritol anhydride 8.0 4.24 
Lactic acid " 1.42 

0 Non-chelated species taken to be entirely in the D H -

form. 

Discussion 
Although most of the present work was done in a 

pH region generally unfavorable for accurate po-
tentiometric measurements, sufficient data were 
obtained to allow the calculation of constants for 
the formation of amminemono- and dihydroxocop-
per(II) complexes in a limited pH region. Using 
these constants to determine the concentration of 
the monohydroxo species permitted the calculation 
of diolate chelation constants according to eq. 8 and 
9. The finding of relatively constant kQ values for 
the chelation of erythritol anhydride in the range 
from 9 to 66% reaction is interpreted as supporting 
not only the validity of the expressions for the 
equilibria among amminehydroxocopper species, 
but also that of the formulation of the chelation 
reaction. I t appears that in the region below p~H 12 
the cuprammonium-diol chelation reaction takes 
place between a negatively charged diolate anion 
and an amrninemonohydroxocopper(II) species to 

produce an uncharged chelate. Under conditions 
considerably more alkaline, a further replacement of 
ammonia by hydroxide ion might occur giving a 
negatively charged chelate species. 

Although the structure of the amminediolate-
copper(II) chelate is not a matter of immediate con
cern it appears that I satisfies the recognized ex
perimental information. The stability of the che
late and its enhanced ultraviolet absorbance may 
be the result of resonance among forms I to III. 

(NH, 
/ 

)zCu 

" O - C 

Cu 
^o-c 

II 

o-c 
/ I 
10-C 

I I I 
I, Z = 2 o r 3 

The examples of chelation constants reported in 
Table II serve to illustrate the applicability of the 
method employed, but the list is not great enough 
to provide the basis for a considerable extension of 
conformational information. As might be expected, 
the constant for the glucoside (trans-dio\ groups) is 
smaller than that of m-cyclohexanediol. Among 
the eis-diols it is of interest to compare the constants 
of the cyclopentane with the oxolane (erythritol 
anhydride). Since the adjacent hydroxyl groups 
on the former are probably held more closely to the 
0° projected angle, there is the implication that 
some small deviation from this angle favors the 
chelation reaction, a finding previously suggested 
by the results of Kwart and Gatos.8 

The finding that lactic acid has a chelation con
stant lower than that of any of the reactive diols is 
probably a reflection of greater oxygen-oxygen 
distances in the lactate ion since there would seem 
to be no restriction upon the projected angle be
tween C-O bonds in this molecule. 

The reaction constant for the formation of the 
cuprammonium-D-mannosan complex reported 
earlier9 was based upon the incorrect presumption 
that all of the copper and D-mannosan of the system 
were in their respective reactive forms. The earlier 
constant was less than that presently reported (2.5 
X 10s vs 2.6 X 104). 

Experimental 
A stock solution of Baker A.R. cupric nitrate (0.1 M, p~H 

4.3) was prepared and analyzed for copper by electrolytic 
deposition. AU of the subsequent solutions and dilutions 
were made with distilled water which had been passed 
through a monobed deionizing resin and subsequently 
heated to boiling under vacuum to remove dissolved CO2. 
Molar solutions of ammonium nitrate and potassium nitrate 
was prepared from the A.R. grade salts. Stock ammonia 
solutions were made by dissolving tank ammonia gas in 
water. Standardization was done by back titration with 
alkali after pipetting an aliquot of the ammonia into an 
excess of acid. Commercially available C02-free sodium 
hydroxide concentrates were diluted to normal concentra
tion, checked for the absence of carbonate with barium chlo
ride solution and standardized against potassium acid phthal-
ate. 

Potentiometric Titrations.—A Beckman model G pH 
meter fitted with external calomel and type E glass electrodes 
was employed. The titration vessel was a beaker bearing a 
rubber stopper drilled to take the electrodes, buret, an inlet 
tube for nitrogen, and to provide an escape port for gas. 

(8) H. Kwart and G. C. Gatos, J. Am. Chem. Soc, 80, 881 (1958). 
(9) R. E. Reeves, ibid., 73, 957 (1951). 
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The temperature was kept at 25 ± 1° during the titration, a 
water-bath surrounding the titration vessel being employed 
when necessary. Stirring was accomplished by a Teflon 
coated magnetic stirring bar. The reference solution was 
0.05 M potassium hydrogen phthalate for which the value 
pH 4.00 was taken. A secondary standard chosen to ensure 
reproducible operation of the electrodes in the high pH range 
was 0.05 M NH4NO3 in molar ammonia for which the value 
pH 10.63 was repeatedly observed. Deviation from this 
value for the secondary standard indicated that rejuvenation 
of the electrodes was required. 

Two titrations were required to secure data leading the 
calculation of re, the degreee of hydroxo complexing by 
ammine-copper species. A solution containing ammonia and 
ammonium nitrate was titrated potentiometrically with Xa-
OH and a second solution containing in addition cupric 
nitrate was similarly t i trated. In order to maintain the 
desired ammonia activity during the titrations, the following 

The kinetics and mechanism of carbon monoxide 
exchange with Mn(CO)sX were reported recently.1 

It has also been found that Mn(CO)6X reacts with 
several reagents in the absence of solvent at 120° 
to yield disubstituted products of the type Mn-
(CO)3L2X.2 The preparation of a monosubsti-
tuted product, Mn(CO)4P(C6Hs)3I, was mentioned 
earlier.3 The present paper reports the formation 
of Mn(CO)4LX by the reaction between Mn(CO)6X 
and L in solution at room temperature. Kinetic 
studies are reported for the reaction 

Mn(CO)3X + L > Mn(CO)4LX + CO (1) 

Experimental 
Preparation and Purification of Materials.—The Mn2-

(CO)io was a gift from Dr. T. H. Coffield of the Ethyl Corpo
ration. With it as a starting material, Mn(CO)4Cl2, 
Mn(CO)5Br2 and Mn(CO)5I4 were prepared as described 
in the literature and identified by their infrared spectra. 

The triphenylphosphine (m.p. 79-80°) and triphenyl 
phosphite were obtained from the Matheson, Coleman and 
Bell Co., triphenylarsine, triphenylstibine, aniline and p-
toluidine from the Eastman Kodak Co., tributylphosphine 
from the Westvaco Co., and tributylphosphite and phenyl-
dichlorophosphine from the Victor Chemical Works. All 
were used without further purification. The ethyl isocya-
nide, o-toluidine and o-chloroaniline from Eastman Kodak 
were distilled at 78-80°, 197° and 205-206°, respectively. 
The preparation and purification of 1-methyl-phospha-
3,5,8-trioxabicyclo[2.2.2]octane, P(OCHj)5CCH3, was car
ried out by Mr . Smith Holt as reported.6 Toluene and 

(1) A. Wojeicki and F. Basolo, J. Am. Chem. Soc, 83, 525 (1961). 
(2) E. W. Abel and G. Wilkinson, J. Chem. Soc., 1501 (1959). 
(3) W. Schropp, Jr., Doctorate Thesis, Technische Hochschule Mun-

chen, 1960, referred to in W. Hieber, W. Beck and H. Tengler, Z. 
Naturforschg., IBb, 411 (1960). 

(4) E. 0 . Brimm, M. A. Lynch, Jr., and W. J. Sesny, / . Am. Chem. 
Soc, 76, 3831 (1954). 

steps were required: first, the free ammonia concentration 
was initially adjusted to 1 -f- 4.2 X Ccu secondly, the titra
tion was conducted using normal sodium hydroxide solution; 
and finally, after the addition of XaOH equivalent to the am
monium nitrate each subsequent addition of alkali was ac
companied by the addition of an equal volume of 2 M XH 3 . 
These conditions resulted in maintaining the ammonia 
activity essentially unchanged except for the small amount 
liberated from the amminecopper species upon complexing 
with hydroxide ions. Where the concentration of copper 
with respect to ammonia was small this uncertainty became 
negligible. 

A similar technique was employed to obtain data for the 
calculation of chelation constants except that here both of 
the titrated solutions contained the cupric nitrate and one 
contained in addition the diol-containing substance. 

In calculating the k* values for the diols, corrections to 
allow for the activity of sodium hydroxide were applied.2 

chloroform were purified according to Fieser.6 Carbon 
tetrachloride, benzene and nitrobenzene were dried over 
calcium chloride and distilled; nitromethane was washed 
twice with aqueous sodium hydrogen carbonate, dried over 
calcium chloride and distilled; acetone was dried over potas
sium carbonate and distilled. Other solvents used were of 
reagent grade. 

Determination of Rates.—The rates were determined by 
following the disappearance of the higher frequency car-
bonyl absorption of Mn(CO)5X as it reacted with L to form 
Mn(CO)4LX. A Baird-Associates Model 4-55 double 
beam recording spectrophotometer with XaCl optics was 
used to follow the reactions as well as to determine the 
product absorptions in the carbonyl stretching region. 
A polystyrene standard was used for calibration. 

An aluminum foil-wrapped round bottom flask containing 
a 5 ml. solution of Mn(CO)5X and a flask containing a 5 ml. 
solution of the ligand, L, were thermostated in a constant 
temperature bath. At zero time the ligand solution was 
poured into the foil-wrapped flask and mixed well. A 
sample of this solution was withdrawn with an eye-dropper 
and placed in an infrared cell. The spectrum of this sample 
was then taken in the carbonyl region using a solvent refer
ence. Figure 1 illustrates a typical series of spectra taken 
at different times. From the transmittances, linear plots 
of In (A — A co) versus time were obtained and the first order 
rate constants were calculated from the slopes of these lines. 
In these calculations, A is the absorbance, at time t, and 
A00, the absorbance at ( = co. The A00 used was that 
measured experimentally and was almost zero in all cases 
except for Mn(CO)5I where the reactions did not go to com
pletion. Then A a = 0 was assumed and the rate constants 
were calculated from the initial first order slope before the 
reverse rate became significant. The maximum deviation 
of the calculated rate constants was ± 3 % , except for the 
reactions involving ethyl isocyanide where the deviation was 
± 6 . 5 % . It should be noted that the variations of the ab
sorption intensities with concentrations of manganese 

(5) J. G. Verkade and L. T. Reynolds, J. Org. Chem., 25, 663 
(1960). 

(6) L. F. Fieser, "Experiments in Organic Chemistry," D. C. Heath 
and Company, New York, N. Y., 1957, pp. 283, 292. 
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The reaction in solution of Mn(CO)5X with various reactants L was found to vield the monosubstituted derivative Mn-
(CO)4LX, where X = Cl, Br, I and L = P(C6H6)-,, As(C6H5),, Sb(C6H6)3, C2H5NC, P(C6H6)Cl2, P(OC4H9)3, P(OCH2)3CCH8 
and P(OC6H5)J. Under similar conditions when L = P(C4H9)3, C5H5N, C6H5NH2, ^-CH3C6H4NH2 and 0-CH3C6H4NH2, 
the disubstituted derivative Mn(CO)3L2X was obtained. Kinetic studies show that the rates of reaction depend neither on 
the nature of L nor its concentration. The rates decrease with increasing atomic number of X and also decrease slightly with 
increasing polarity of the solvent. The reactions are assigned a dissociation mechanism. The infrared absorption wave 
numbers of the carbonyl groups of the products are reported. 


