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for nonpolar liquids. Explanations of vapor-liquid 
changes in terms of P M may be directly tested by com
parison with high-pressure experiments. 

This viewpoint unifies the theoretical explanations 
of vapor, liquid, and high-pressure molecular prop
erties. It also lends more general importance to high-
pressure studies because molecules under high pressure 
are not in an unusual state. The high-pressure state 
is common to most chemical systems.77 

(77) NOTE ADDED IN PROOF. It is recognized that eq 7-10 are very 
approximate. For example, the change in overlap in (10) might be 
better approximated by Roothaan's formulas (C. C. J. Roothaan, J. 
Chem. Phys., 19, 1445 (1951)); but, since the exact structures of a com
plex are unknown, it is thought that the simple calculations serve to 
illustrate the correct direction and approximate magnitude of CT spec-

A series of investigations currently underway in our 
laboratories concerns the properties of the metal 

ion complexes of Schiff bases, particularly with their 
role in duplicating enzymatic reactions.2 It was ob
served in our studies that the rates of formation of 
these complexes from the dissociated ligands lie in a 
range that is tractable for ordinary measurement. 
In order to fully understand the role of metal ions in 
catalyzing the reactions observed in nonenzymatic 
systems, it is necessary to have knowledge of the factors 
involved in their formation and dissociation. Further
more, carbonyl addition reactions have been of interest 
to chemists for many years,3 but relatively little is 
known regarding the kinetic effects of metal ions on 
these systems although their mediating effect on Schiff 
base formation is well recognized.4-6 Thompson and 
Busch6 have suggested that the metal ion in these sys
tems can function as either a "kinetic template" or an 
"equilibrium template." 

An earlier study by Nunez and Eichhorn7 on the 
kinetics of formation of salicylideneglycinatonickel(II) 

(1) Paper VI in this series; paper V, D. L. Leussingand N. Hug, Anal. 
Chem., 38, 1388 (1966). This work was supported by the National 
Science Foundation, GP 1627. C. K. S. held an undergraduate research 
fellowship sponsored by The Ohio State University. 

(2) D. E. Metzler, M. Ikawa, and E. E. Snell, J. Am. Chem. Soc., 76, 
648 (1954). 

(3) For recent discussions see, W. P. Jencks, Progr. Phys. Org. Chem., 
2, 63 (1964); R. B. Martin, J. Phys. Chem., 68, 1369 (1964). 

(4) H. Schiff, Ann. Chem. Pharm., 150, 193 (1869). 
(5) P. Krumholz, J. Am. Chem. Soc, 75, 2163 (1953). 
(6) M. C. Thompson and D. H. Busch, ibid., 86, 213 (1964). 
(7) L. J. Nunez and G. L. Eichhorn, ibid., 84, 901 (1962). 
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tral changes. Since this article was submitted, a similar explanation of 
gas-liquid CT spectra has been received from J. Prochorow and A. 
Tramer, / . Chem. Phys., 44, 4545 (1966). The spectral results given by 
Prochorow and Tramer are in excellent agreement with the treatment 
here in terms of PM. However, it is not necessary to postulate a quasi-
crystalline solvent cage since high internal compression is obtained from 
the assumption of an unstructured liquid. Calculations correlating CT 
frequencies with PM have been completed and will be published soon. 

in dioxane-water mixtures suggested that metal ions 
slow the rate of formation of the Schiff base. Faster 
rates of formation were observed when the metal 
ion was added to a premixed solution of salicylaldehyde 
and sodium glycinate than when one of these ligands 
was added to a solution containing the metal ion and 
the other ligand. In these latter experiments, evidence 
for a two-step mechanism was found. It was postu
lated that the intermediate is a ternary (mixed) complex 
in which the ligands are independently bound, SMG 
(S - = salicylaldehyde anion, G~ = glycinate anion). 
This mechanism would fall into the "kinetic template" 
category. 

Salicylaldehyde and glycinate form a stable proton-
ated Schiff base, SGH",8'9 similar to that formed in 
amino acid-pyridoxal10 systems, and the faster rate of 
equilibration observed with the premixed ligands may 
merely indicate the fast proton displacement from al
ready formed Schiff base. 

M 2 + + SGH- — > • MSG + H + 

Furthermore, no attempt was made to control the pH 
of the solutions in the earlier work7 and the release 
of a proton when the Schiff base complex is formed 
obscures an interpretation of the reaction mechanism: 
carbonyl addition reactions show either proton or 
general acid catalysis,3 and the released proton competes 

(8) D. Heinert and A. E. Martell, ibid., 85, 183 (1963). 
(9) K. Bai, unpublished results in these laboratories. 
(10) D. E. Metzler, J. Am. Chem. Soc, 79, 485 (1957). 

Kinetics of Formation of N-Pyruvylideneglycinatozinc(II) 

D. L. Leussing and C. K. Stanfield 

Contribution from the Department of Chemistry, The Ohio State University, 
Columbus, Ohio 43210. Received July 25,1966 

Abstract: N-Pyruvylideneglycinatozinc(II) is formed through two major pathways in the range pH 4.5-6.0. In one 
of these paths the rate-determining step appears to be the proton-catalyzed addition of glycinate to pyruvate followed 
by the splitting out of water from the carbinolamine. In the other path, zinc(II) ions appear to stabilize the car-
binolamine through coordination. However, dehydration of this complex is effected through proton catalysis. 
In this system, the metal ions serve the role of stabilizing intermediates and products by forming complexes, but are 
much less effective than protons in influencing those reactions which are facilitated by a change of the charge distri
bution within the reactant molecules. 
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with the metal ion for glycinate thereby displacing 
the equilibrium position. 

Earlier11 it had been found in these laboratories 
that solutions of zinc(II), pyruvate (P -), and glycinate 
form the species ZnPG, ZnPG2

-, and ZnP2G2
2-. 

Proton magnetic resonance confirmed the presence of 
the azomethine linkage in these complexes.12 In the 
present investigation the kinetics of formation of 
ZnPG were examined using a pH-Stat method. Spec-
trophotometric measurements were made to give an 
independent check of the rate constants obtained. The 
results provide further information regarding an im
portant class of reactions. 

Experimental Section 
A Radiometer pH-Stat equipped with an ABU-I autoburet and a 

scale expander was used. Solutions containing known amounts of 
zinc chloride and pyruvic acid were freshly made up prior to each 
run. Most of the solutions also contained 0.50 M KCl, but in 
some experiments a medium of 0.10 M KCl was employed. An 
aliquot (usually 5.00 ml) was placed in a titration cell thermostated 
at 25°. The pH-Stat was set to the desired pH and the reaction 
was initiated. A standard sodium glycinate solution was intro
duced into the reaction medium from the autoburet. The volume 
of sodium glycinate added was recorded as a function of time. 

The reaction proceeded in two distinct phases. The first phase 
consisted of the rapid neutralization of the pyruvic acid to give 
pyruvate ions and dipolar glycine molecule. It was necessary to 
have a known concentration of neutral glycine present so the pH 
values could be interpreted in terms of the concentration of free 
glycinate ions. The amount of glycine present was varied in some 
experiments by partially preneutralizing the pyruvic acid with 
standard NaOH. Simple pyruvate and glycinate complexes were 
also formed during this initial stage. The formation of these com
plexes may be considered complete in the few seconds required for 
the titrant to bring the solution to the predetermined value of pH.13 

The second phase of the reaction was observable after the reaction 
pH was attained by the solution. A slower rate of sodium gly
cinate addition signified the formation of the Schiff base complex. 
As the glycinate concentration decreased through the formation 
of ZnPG, the pH of the solution decreased. Additional reagent 
was added from the autoburet to restore the pH to the desired value. 
The solution pH fluctuated by about ±0.01 pH unit around a mean 
value. The reaction was followed to completion and the equi
librium pH of the solution was accurately determined. 

Rate data were obtained in the pH range 4.5-6.0. Below this 
lower limit the free energy of reaction is unfavorable and the ex
tent of complex formation is too slight to give accurate rate data. 
This was found to be the situation even at pH 4.5 when low Zn(II) 
levels were employed. The upper pH limit arises from the ex
tensive initial formation of zinc(II)-glycinate complexes which 
serve as a reservoir for glycinate. The imine complex forms using 
glycinate furnished by the decomposition of the simple complexes 
rather than requiring an external source. This observation does 
not imply a particular reaction mechanism since the same effect 
would be observed whether pyruvate reacted directly with a gly-
cinatozinc complex or the zinc complex first dissociated and the 
liberated glycinate reacted via another path. Even at pH 6.0 the 
decrease in sensitivity of the measured rate of addition to the actual 
reaction rate produced more scatter in the data than was observed 
at lower pH values. 

The total glycinate level was varied from 0.04 to 0.10 M, total 
zinc was varied from 0.0085 to 0.13 M, and the range of total 
pyruvate was 0.009 to 0.060 M. Complex formation together with 
pH variation yielded the following concentration ranges for the 
free species: Zn2+, 0.0035 to 0.096 M; P~, 0.0079 to 0.042 M; 
G", 2.5 X 10"' to 8.35 X IO"6 M. 

Calculations 
The reaction rate was calculated from the slope, 

du/d/, of the volume-time curve at the onset of the 
(11) D. L. Leussing, and D. C. Schulz, / . Am. Chem. Soc, 86, 4846 

(1964). 
(12) D. L. Leussing and C. K. Stanfield, ibid., 86, 2806 (1964). 
(13) M. Eigen and R. G. Wilkins, "Mechanisms of Inorganic Reac

tions," Advances in Chemistry Series, No. 49, American Chemical 
Society, Washington, D. C, 1965, p 55. 

Figure 1. Experimental volume-time curve: (G)i0t = 0.0509 M, 
(Zn)104 = 0.04894 M, (P) tot = 0.01625 M, (H)t„t = 0.0411 M, Zn2+ 

= 0.0356 M, P - = 0.0095 M, G~ = 2.49 X 10"6 M. 

second phase (t = 0). An example of an experimental 
volume-time curve and the calculation of dv/dt is 
shown in Figure 1. 

In order to obtain the rate of formation of ZnPG, 
d(ZnPG)/dr, and to determine the kinetic rate law, it 
is necessary to know the concentrations of all the 
species which are present at the onset of the second 
phase. 

Mass balance of the known total concentrations and 
application of equilibrium relationships allow the 
following equations to be written 

(Zn) tot = (Zn2+)[1 + /3oi(G-) + 0O2(G-)2 + 

0O3(G
-)3 + 01O(P-) + /32„(P-)2] + (ZnPG) 

(P)tot = 
'(H+) 

+ 1 (P-) + 0lo(Zn2+)(P-) + 

202„(Zn2+)(P-)2 + (ZnPG) 

(H)tot = (H+) - (OH-) + ( H 1 ( P ~ } + 
K^ 

2(H+)2 (H+) 
L-^laG-^aG ^2aG_ 

(G -) 

(G)tot = 
(H+)2

 + ( H 1 ) + ! 
(G-) + ^laG-^aG ^2aG 

0ol(Zn2+)(G-) + 20O2(Zn2+)(G-)2 + 

3/S03(Zn 2+)(G-)3 + (ZnPG) 

/ 7 D^x n a ( Z n P j G j ) 
(ZnPG),=o = 0; 0i;- = / 7 „ 2 + V D _ w r , _ v (Zn^)(P -)KG -V 

for the reaction 

Zn2 + + iP- + jGf — * • ZnPjG,-2-«+'> 

/3oi = 7.6 X 10* 0O2 = 1.02 X 109 /3o3 = 1 X 1011 

fro = 18.1 /320 = 96.3 

^ a 4.1 X 10 - 3 

^iaG = 3.5 X 1O-3 K,0 = 2.0 X 10-
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Figure 2. Rate of ZnPG formation as a function of free Zn2H 

concentration. 

The pH is known at each point so only the first 
three of these equations are required to calculate the 
equilibrium values of Zn2+, P - , and G - . Solutions 
were obtained using the Newton-Raphson method. 

A check on the consistency of each reaction system 
was made by using the fourth equation to calculate a 
value of (G) t ot , which then was compared with the ob
served value. Considering the uncertainties in cal
culating exact equilibrium concentrations, the agree
ment between observed and calculated values of (G) t ot 
was good for most points (<rr = 2 to 5 %). A tendency 
for the observed values to be greater than those cal
culated may have arisen partially from a lag in the 
pH-Stat. The autoburet tended to overshoot and not 
stop the infusion of titrant exactly when the nominal 
pH had been reached at the end of the first phase. 
Attempts to interpret the high values in terms of the 
rapid formation of Z n P G in a form where the ligands 
are independently bound was not successful: widely 
varying values of the apparent formation of this postu
lated species resulted. 

Owing to the formation of the simple glycinato-
zinc(II) complexes and their function as a source of 
glycinate, values of d(ZnPG)/d? cannot be obtained 
directly from the observed values of dv/dt except in 
the low p H range. The four mass balance equations 
written above must be differentiated to give 

d(Zn)t 

dt 
= [1 + MG-) + MG")2 + MG-) 3 + 

n d(Zn2+) 

fto(P-) + MP-)2] -^f2 + 

(Zn 2 + ) [ ^ i + 2 W G - ) + 3 / 3 O 3 ( G - ) 2 ] - ^ + 

d(P-) d(ZnPG) 
(Zn 2+XAo + 2 M P - ) ] - ^ + dt 

d(P) t, 
dz L-^ap 

+ 1 
dCPO 

d? + [/UP") + 

HrZn2+) d(P-) 
2 M P - ) 2 ] 2 ^ - + (Zn2+)[/310 + 4 M P - ) ] - ^ - + 

d(ZnPG) 

d? 

d(H) t 

dt 

d(G)tot 
dt 

(H + ) d(P-) 

Kap dt 

(H + ) 2 

+ 
' 2 (H + ) 2 (H+)-

,A ' l aG-^aG - ^ a G . 

d(G- ) 

dt 

(H+) 
. ^ l a G - ^ a G ^ a G 

+ 1 dt + 
d(Zn2 +) 

[ M G " ) + 2/302(G-)2 + 3 / 3 0 3 ( G - ) 3 ] - ^ - ' + 

(Zn2+)[/3oi + 4 M G - ) + 9/3o8 ( G ~ ) 2 ] - j p + 

d(ZnPG) 

dt 

These four equations are linear in the four unknowns 
d(Zn2^)/dr, d(P-)/d/, d(G~)/dr, and d ( Z n P G ) / d t The 
values of d(Zn) to t/d?, d(P) t o t/d/, and d(H) t o t /d/ are 
small and arise from the dilution of the solution by 
the titrant. The value of d(G) t o t /d/ is related to 
dv/dt by 

d(G)tot 
dt 

CG ~ (GXotdu 
V dt 

CG is the concentration of sodium glycinate in the 
titrant, and V is the total volume of the solution (the 
initial volume plus titrant added in the first phase). 

Solving simultaneously using the values of Zn 2 + , 
P - , G - , and H + calculated previously yields the values 
of the derivatives. 

Results 

Inspection of the data indicated that within the 
scatter of the points, the rate of formation of ZnPG is 
first order in each of (H + ) , (P"), and (G") . The quan
tity [d(ZnPG)/d?]/(H+)(P-)(G-) plotted vs. (Zn 2 +) caused 
all the points with the possible exception of those at 
p H 6.0 to fall along one curve. This plot is shown in 
Figure 2. The scatter primarily arises from the un
certainties in evaluating (Zn 2 - ) , (G") , and (P - ) and the 
carry-over of these uncertainties into the values com
puted for d(ZnPG)/d/. 

In Figure 2 it is seen that the points extrapolate to 
a finite value on the ordinate. This indicates that a 
major path exists which is independent of (Zn 2 +) . 
The zinc ions, while not kinetically active along this 
path, trap the reaction product to provide a favorable 
free energy. The increase in the rate with increasing 
(Zn 2 +) shows that a parallel Zn(II) active path also 
exists. The downward curvature toward an upper 
limiting rate indicates that this second path involves 
more than one step and at high (Zn 2 +) levels, a (Zn 2 +) 
independent step becomes rate-determining. 

A reaction sequence which is consistent with these 
observations and which also incorporates the essential 
features proposed for Schiff base formation in the 
absence of metal ions3 is 

P- + G- + H+ = ^ : PGHoarb 
k-i 

PGHcarb + Zn2+ ^=±: ZnPGcarb + H+ 

rapid 

PGHc„b —>• PG2- + H+ + H2O 

PG2" + Zn2+ — > ZnPG 
rapid 

ZnPGcarb + H+ —V ZnPG + H+ + H2O 
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Total 
Zn(II), 

M 

0.0475 
0.0475 
0.0380 

Total 
NaG, 

M 

0.0099 
0.0099 
0.0148 

(GH), 
M 

0.10 
0.07 
0.05 

(Zn'+), 
M 

0.038 
0.038 
0.023 

(G-) X 
106, 
M 

3.5 
3.5 
8.4 

pH 

5.28 
5.46 
6.08 

k' 

0.0026 
0.0022 
0.0019 

&'pH 

0.0028 
0.0018 
0.0009 

The species subscripted by carb represent the carbinol-
amine form3 of the pyruvate-glycinate addition product. 

Applying the steady-state approximation to the 
carbinolamine intermediates yields the rate expres
sion 

d(ZnPG) 
= k, 

kzK 
+ (Zn2+) 

fc-i + kj 

_ k3K 
+ (Zn2+) 

(H+)(P-)(G-) 

Fitting the points in Figure 2 (except those at pH 6.0) 
to this expression yields the least-squares values 

kx = 3 .3 X 1008 mole- 2 I r 2 sec"1 

k2/kiK= 0 .027SmOIeI.-1 

(*-i + k2)/k3K = 0.106 mole I r 1 

The solid line in Figure 2 represents the theoretical 
curve calculated using these results. 

Equilibrium data reported in the literature yield 
supporting evidence that, in the pH and (Zn2 +) range 
employed here, conversion of the intermediate carbinol
amine from the protonated form, PGHearb, to the com
plex, ZnPGcarb, may occur. Iminodiacetate, "O2C-
CH 2 NHCH 2 CO 2 - , is analogous to the proposed inter
mediate. - O 2 C C H 2 N H C H ( O H ) ( C H 3 ) C O 2 - (= 
For I D A 2 " 

PG, carb ")• 

IDA=- + H+ : 

IDA2- + Zn2+ = 

; IDAH- log Arm = 9.12 

: IDAZn log Kiz„ = 7.03 l 

The reaction constant for the exchange of a proton by 
Zn2+ 

Zn2^ + IDAH- IDAZn + H+ 

is calculated from these values to be 8 X 1O-3. The 
log of the ratio (IDAZn+)/(IDAH~) for various values 
of Zn2+ and pH is presented in Figure 3, where it is 
seen that under the range of pH values and Zn 2 + 

concentrations employed, this ratio lies within about 
an order of magnitude, and on both sides, of unity. 

The effect of - O H and Me substitution will certainly 
cause the pKa value of the carbinolamine to differ from 
that of IDA2~, but since only a bonding is involved, it 
is expected that the formation constant of ZnPGcarb 
will differ by a similar factor from that of IDAZn. 
Thus, the exchange constant, K, likely will not differ 
greatly from I D A 2 - to PG c a r b

2 - . A distribution simi
lar to that presented in Figure 3 should prevail in the 
pyruvate-glycinate system. 

(14) S. Chaberek and A. E. Martell, J. Am. Chem. Soc, 74, 5052 
(1952). 

If the concentration of the intermediate carbinol
amine is very low, those metal ion steps which have 
been postulated to be rapid will also add to the rate-
determining processes. The present data, however, 
are not sufficiently precise to cast light on this point. 

+ 2.0 — 

+ 1.0-

Log 
/ Z n I D A \ 
V l D A H " / 

-1.0 

-

'"^\^ 

s* L^" 

' ^ \ y ^ y -

-

I 
-3.00 -2.00 

Log(Zn<f) 
,00 

Figure 3. Ratio of complexed to protonated form of a model 
ligand under the conditions described in Table I. IDA2- =» 
iminodiacetate. 

It is significant that the dehydration of ZnPG c a r b 

requires proton catalysis. This suggests that, in the 
pH range investigated here at least, the metal ion is 
much less effective in inducing electron rearrangements 
within the organic moiety than is the proton. 

Spectrophotometric Determination of Rate of Pyruvate 
Reaction. Pyruvate ion shows an absorption maximum 
at 315 my (e 25). The absorption of the Schiff base 
at this wavelength is much less intense so it is possible 
to directly determine the rate of disappearance of 
pyruvate in solutions of zinc glycinate. Pyruvate was 
added to a premixed solution containing an excess of 
zinc(II) and glycinate ions. The absorbance of the 
solution in 10.0-cm cells was monitored at 315 m/x. 
The pseudo-first-order rate constant for the disap
pearance of pyruvate was calculated from the absorb
ance changes 

- d ( P - ) / d f = fc'spec(P-) 

According to the mechanism postulated from the pH-
Stat measurements 

d(ZnPG) 

d/ 
d ( P - ) 

d; * ' P H ( P - ) 

where 

k' PH kJLkJcliK + (Zn2+)]/ 
[(fc-i + k2)jk3K + (Zn 2+)](H+)(G-) 

The results given in Table I show that satisfactory 
agreement is obtained between the observed values 
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of fc'Spec and those calculated for k'pH with the excep
tion of the pH 6.0 experiments. It appears from this 
discrepancy and also from the tendency for the pH 
6.0 points in Figure 2 to lie at high values that an 
additional path becomes important as neutrality is 
approached. 

The zinc ion most reasonably enters into reaction as 
shown in the following microscopic scheme which is 
based on the present rate data, the currently ac
cepted mechanism for carbonyl addition reactions,313 

and the coordination behavior of Zn(II). 

"O2CCH2NH2 

O 

CH3CCO2" 

O C H
3 / H , 

,c-c 
•H 
XH 2 

0 - C . 

CH, 

,c-c, 
O NH+ " 

Zn XCH2 
\ I 
0 - C ^ 

O 
3T 

- C - O -

NH2 

I 
R 

0, CH3 

c - c - 0 H 

Zn CH2 

Zn CH2 

\ / 

HE 

- C - O - H 

NHo 

- C - O , 

KlĤ * 
1 
R 

V 

II 
CH, 

Z n * t - H + C 
I! + 
NH 

CH2 

"O7C 

(15) T. C. Bruice and S. Benkovic, "Biorganic Mechanisms," Vol. 2, 
W. A. Benjamin, Inc., New York, N. Y., 1966. 

The protonated carbinolamine I first formed may 
undergo dehydration in the manner normally observed 
in the absence of metal ions to give the unstable im-
monium ion II. II readily undergoes a proton dis
placement reaction with Zn2+ and is trapped as the 
stable product III. Alternately I may react with 
Zn2+ by losing a proton giving the carbinolamine com
plex IV. IV then undergoes dehydration through a 
proton-catalyzed sequence ultimately yielding III. 
Proton catalysis in this alternate path requires the 
breaking of a metal ion-nitrogen bond. However, 
the bicoordinated intermediate V can undergo a rapid 
deprotonation to yield tricoordinated III. Owing to 
the high lability of zinc complexes, any deleterious effect 
from metal-ligand bond breaking is likely to be small 
compared to the beneficial effect accrued by increas
ing the total carbinolamine concentration available 
for reaction. 

At least under the somewhat acidic conditions pre
vailing in this study, Zn2+ ions do not act as a "kinetic 
template"6 in the sense that the free ligands are first 
gathered independently by the metal ion to form a 
mixed complex and held in close proximity until con
densation occurs. Rather the proton is the effective 
catalyst in both reaction steps, addition and dehydra
tion. The role of the metal ion is to provide a sta
bilizing influence for the easily dissociated intermediate 
carbinolamine and imine product. The metal ion 
appears to serve a function in the pyruvate-glycinate 
reaction system similar to the role played in convert
ing the bisbenzthiazolines to the Schiff base form,16 

through its influence on the free energy of reaction. 

(16) H. Jadamus, Q. Fernando, and H. Freiser, J. Am. Chem. Soc, 
86, 3056(1964). 

Evidence for a Linear Relation between /Snll!.CHl 

of Trimethyltin Chloride Complexes1 
and the AH, 

Theodore F. Bolles and Russell S. Drago 

Contribution from the William A. Noyes Laboratory, University of Illinois, 
Urbana, Illinois. Received July 11,1966 

Abstract: The tin-proton coupling constants of trimethyltin chloride adducts have been measured and are linearly 
related to the enthalpies of formation of the complexes. Having established the relationship, it was then employed 
to obtain enthalpies of systems that are difficult to measure directly. Trimethyltin chloride is found to react more 
strongly with oxygen or nitrogen donors than with sulfur or phosphorus donors. A model describing the structure 
of the complexes is proposed which is based on an interpretation of the tin-proton coupling constant in terms of 
the Fermi contact mechanism and evidence of steric interactions in the adducts. The heat of formation of the tri
methyltin iodide-DMA complex was also measured. 

Triorganotin halides show a marked tendency to 
form 1:1 addition compounds with Lewis bases. 

These adducts appear to be approximately trigonal 
bipyramidal in solution2 as well as in the solid state3 

(1) Abstracted in part from the Ph.D. thesis of T. F. Bolles, Univer
sity of Illinois, Urbana, 111. 

(2) N. A. Matwiyoffand R. S. Drago, Inorg. Chem., 3, 337 (1964). 
There are also many other examples which support an analogous five-
coordinate structure for triorganotin compounds; e.g., see R. C. Poller, 
J. Organometal. Chem. (London), 3, 321 (1965), and references therein. 

with the basic structure 
Cl 

R-Sn 

(3) R. Hulme, / . Chem. Soc, 1524 (1963); I. R. Beattie, G. P. Mc
Quillan, and R. Hulme, Chem. Ind. (London), 1429 (1962). 
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