THE PREPARATIONS OF MN2=METHYLDIETHYLENETRIAMINE
AND ITS PLATINUM (II) COMPLEX

THESIS

Presented to the Graduate Council of
Southwest Texas State University
in Partisl Fulfillment of

the Requirements

For the Degree of

MASTER OF ARTS

By

Mary Jane Harned, BeSa
(Austin, Texas)

San Marcos, Texas

May, 1970



ACKNOWLEDGMENTS

v

The writer wishes to express her thanks to
Dr. Willls A. Cude; Jr.y, Assoclate Professor of Chemistry,
Southwest Texas State Unlversity, San Marcosy Texas, for
the suggestion of this research problem and hls
agslstance and guldance throughout this investligation.
Thanks are also due to Dr. Archie 0. Parks, Professor
of Chemistry, and Dr. Henry N. McEwen, Assoclate
Professor of Mathematlicsy, for their review of this
theslse

The writer also wlshes to express thanks to her
husbandy Wayne, for hils heip and understanding

throughout this problem.
Mary Jane Harned

San Marcos, Texas

May, 1970 )

iid



TABLE OF CONTENTS

Chapter
I. INTHODUCTION AND RELATED WORK
II. EXPERIMENTAL METHODS o s o o

A. Preparation of Platinum (II) Iodide,

P“tlz@HzO a @

L4 ] 9 L4

L] L N L .

-4

*

Ammonium Hexachloroplauinate (IV)Q

- H%)thCl .« o

um Tetrachloroplatinate (II),

(N )oPtCl . .
Plat?ﬁu% (II§

° . L]

Iodide, PtI,e

0 o

Bs Preparation of N ~methy1diethylene--

triamine,

Potassium P%éhglimide

KCgH,
ined H2012N

Bis= (2~ chloroethyl)~am1ne,

Bis-(2»phthalimidoethyl)—amine,
Hl s ‘s
Bis= ?2 Zhéhallmidoethyl)m

methylamine,

[ ] ]

N2wmethyldiethylene%gigm%ne

Trihydrochloride,

szmethyldiethylenetr

Hy Cl N
gamine,

*

e,

L)

Ld

L

°

Co Preparaéiog of Iodo(Nz—methyldlethyleneu

triamine)platinum (II)
PtC5H15I2N3 e © e & 0

III, RESULTS AND DISCUSSION o o o o
I v (4] S UMMARY ] ® L ) 9 @ [ ] o [ [ L ] ®
SELECTED BIBLIOGRAPHY o o o &

.
i

Iodide,

L] ° @ L

©

L]

&

°

Page

1k
16
28

31



CHAPTER I

INTRODUCTION AND RELATED WORK

Certaln ligands have been recognlzed as exhibitingv
directive effects in the substitution reactions,of square
planar complexes of metal 1onsol * Of these compounds, the
most stable are those in which platinum (II) 13 tﬁe metal

ione2

Substituents which most strongly direct’substiu
tution trans to themselves have partially filled 7 orbitals.
The hydride ion, H", has no Y orbitals; however, it strongly
directs substitution-in the trans-position thus indicating
that factors other then 1 bonding are also important. The
trans-effect associated with chlorine is weak because the

3d orbltals have rather high energles, The trans-effects
for coordinated ammonla and water are weaker than that for
chlorine. The impbrtance of 1 bonding is shown in these
square metal complexes by\thg influence of one coordination

ligand upon the lablility of another ligand in the same

coordination complexe3 As mentioned previously, well known

1y, V. Quagliano and L, Schubert, Chem, Bevse., 50,
201 (1952).

2F., Basolo and R. G, Pearson, "Mechanisms of
Inorganlc Reactions," 1958, Chapter 4,

3C. S. G. Phillips and R. J. Pe Willlams, "Inorganic
Chemistry,® Vol. II, 1966, p. 442, ‘



is the fact that certaln ligands favor rapld substitution
of other ligands which are in a trang-position relative
to them., Also, the rate of increase ls relatively
independent of the nature of the entering ligand. The
relative order of coordinated ligands ln thelr decreasing
trans-labilizing influence in platinum (II) compounds iss
H™>CN™2Cp Hy#2 CO2CH3#NO~SC (NHp ) ¥PR3> NOp > I~
>SCN#>Brf>Clﬁ>pyridine>RNquNHj>OHﬁ>Hgo

A different order is observed for platinum (IV) and other
metalse

Palmer and Basolo have shown that the trans-effect
should influence ligand bonds other than the metal-ligand
bondou They recognized that for square complexes of metal
ions, the rates of hydrogen exchange of metal amlnes
increase with a decrease ln the charge of the catlon,.
However, they observed two rates of exchange for lons of
the general formula [Pt(dien)X]*, where dlen = diethylene-
triamine and X = ligands with a single negative charge,
Plots of the data therefore lndlcated nonequlvalent
hydrogens. The rate curve for the more rapld exchange
corresponded to roughly 20% of the hydrogens. Of the

five amine hydrogens in diethylenetriaminey, the unique

by, Ww. Palmer and F. Basolo, Jo Phys. Chem., 64,
778 (1960},
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hydrogen is apparently that one bonded to the nitrogen
trans to the ligaﬁd X. BSlnce the secondary amine with
its slngle hydrogen 1s located ftrans to the ligand X in
the [Pt(dien)X]* complex, Palmer and Basolo interpreted
the results as an example of the trans-effect. The
rates of exchange of [Pt(dien)xJ* decrease in the order
as follows:
SCN™>I™>NOp=>> Br=>Cl-~

This 1s essentially théisame order as for‘the decregsing
trans-effect of these X groups.

The physical evidence suggests that bonds on a
coordinated atom are affected as a consequence of
the changes in the central metal lon-coordinated atom
bond when the ligand X, located trans to the coordinated
atom, ls changed. Palmer and Basolo proposed'a secondary
trans-effect, but the basis for thils proposal was data
which were obtained indirectly and were then subjected
to further mathematicsl analysis. Watt and Cude apparently
confirmed the exlstence of this secondary trans-effect in

platinum (II) comblexes.5 They used a direct chemical

5G‘o We Watt and We A CU-d.e, :Z_:_ Am, Chem, SocC. 2_0_,
6382 (1968),




method in the deprotonation of the [Pt(dien)X]™ ions
and subsequent methylation of [Pt(dien-H)X]; where
dien-H = diethylenétriamine from which a proton has
been removed and X = I7; SCN”; and NO2 . The methylation
of the deprétonated species proceeded at differing
rates which indicated that the order of the base sﬁrength
of the deprotonated specles for the ligand X was as
followss$
I=>SCN™>NOo ™

Watt and Klett had predidted(thaﬁ the deprotonation site
of [Pt(dien-H)X] could be found by use of infrared spectra
after the compounds had been 1solafed.6 However, Watt and
Cude found that the infrared spectra of the deprotonated
speciles could not ultimately indicate where déprotonation
occurred. They emplirically made asslignments previously
made for [Pd(dien)I]I because there was almost a 1l:l corre=-
lation between the specﬁra of the Pt and Pd complexese7

Comparison of thé spectra of [Pt(dien)I]I and
[Pt(dien-H)I] suggested that deprotonatlon occurred on

the center nitrogen of diethylenetriamine. However,

6G. W, Watt and D. S. Klett, Spectrochim. Acta, 20,
1053 (1964).

?1b1d.




"because the NHp stretching bands in the deprotonated
specles were'bfoad and 1ll-defined in nature, the

absence of the NH stretching band could not be confirmed.
Also, the absorption band attributable to out-of-plane
deformation for the NH group found in the spectrum of
[Pt(dien)I]? could have been obscured in the spectrum

of [Pt(dien~H)I] by the broadening of a CH, vibrating

band., In an effort to locate the deprotonation site,
[Pt(dien-H)I] was treated with methyl lodide which
produced [Pt(n-mdien)I]I, where n-mdien = methyldiethylene=-
trlamine in which no speciflcation is made as to the
nitrogen to which the methyl group is bonded. However,

the infrared spectrum of [Pt(n-mdlen)I]I did not clearly
indicate the position of the methyl group. They further
attempted to identify the deprotonation site by synthe-
slzing EPt(lnmdien)I]I, where l-mdlen = methyldiethylene-
triasmine with the methyl group attached to the first
nitrogen, by an independent method and then comparing

the infrared spectra of [Pt(l-mdien)I]I and [Pt(n-mdien)IT]I,
The infrared spectra of [Pt(l-mdien)I]I and [Pt(n-mdien)I]I
had noticeably different features. Therefore, they were l
led to the conclusion that the compound produced by the
depfotonation of EPt(d;en)I]+ and the methylation of



[Pt(dien-H)I] was [Pt(2-mdien)I]I, where 2-mdien = methyl-
diethylenetrlamine with the methyl group aittached to the
second nitrogen.

Because of the/desirability of proving more conclu-
sively that the compound which Watt and Cude prepared
by the dep;otonation of [?t(dlen)f]* and the methylation
of [Pt{dien~H)I] was [Pt(2-mdien)I]I, it became of
Interest to attempt the synthesis of [Pt(2-mdien)I]I
by a known method. A promising method to accomplish
this end was to employ the Gabriel synthesis of a
primary amine which was used by Mann to prepare Nznmethylm
diethylenetriamine as a f'irst step.8 The subsequent
synthesis of [Pt(2-mdien)IjI would be done by a method
similar to that used by Watt and Cude to produce
EPt(dien)I]Io9 Inasmuch as the route employed by Mann
produced only N2~methyldiethylenetriamine, the reagonable
conclusion was made that the platinum (II) complex thus
made could be only [Pt(2-mdien)I]I. This would allowithe
ldentificetion of properties of [Pt(2-mdien)I]I by

infrared spectra and by other analytical data,

8F. G. Menn, J. Chem, Soc., 461 (1934).

9Ge We Watt and W. A. Cude, Inorganic Chemlstry, 7,
335 (1968).




CHAPTER II

EXPERIMENTAL METHODS

As Preparation of Platinum (II) Iodide, PtIp*Hp0

Ammonium Hexachloroplatinate (IV), gmgﬂzth016.--

A 5.0-g. éample of platinum was dissolved in hbt agua
regla. The dark-red solution was héated at 90° until

the brown fumes of the nitrate and reduced forms of
nitrogen were removed énd droplets on the cover glass
changed from yellow to colorless. The solutlon -was
cooled to about 5% and a 50% excess of asmmonium chloride
was added giving a bright yellow precipitate of ammonium
hexachloroplatinate (IV). The product was separated with
a fritted glass filter and washed with three 20-ml,
portions of water. The product was air-dried for 24 hours
at room temperature. The yleld of ammonium hexachloro-

platinéte (IV) was 11.0 g. or 96.6% based on platinum,

Ammonium Tetrachloroplatinate (II), (NHj, ) PECLy, 0~

The procedure followed for the preparation of ammonium

tetrachloroplatinate (II) was a proven method.l A

suspenslion was made by the addition of 11.0 g. of

lNe G. Kluchnikov and R. N. Savel'eva, Z. Neorgan.
Knim., 1, 2764 (1956).



(NHu)thCls toj250 ml:; of water. A stoichiometric

amount (1.3 g.) of hydrazine dihydrochloride, NpH, °2HCI,
was added to the suspension; and these ingredients were
stirred at room temperature for one hour. After this
period, the components had changed to a dark-red solution
with a small amount of the yellow precipitate of ammonium
hexachloroplatinate (IV) still unreacted. The mixture
was then stirred at ?Oo for two hours and was changed to
a homogeneous solution with a dark-red color., After
cooling to 5°, it was filtered; and a very small amount
of metalllc platimum was found, showing that the reaction
was not quantitative., The literature indicated that the
reaction 1s exacty howevery; the metal found was undoubtedly
due to a small excess of hydrazine dihydrochloride in the

initial reaction mixture.

Platinum (II) Iodide, PtIpeH,0.--The solution
containing dissolved ammonium tetrachloroplatinate (II)
was heated to about 90°, and an excess of potassium
lodide was added with stirring. The black precipitate
immediately formed was platinum (II) iodide and was
dried overnight in an oven at 110°. The yield of
platinum (II) iodide was 9.32 g.

Throughout this synthesis, all residues and washings

were saved;,and the platinum was recovered. Ashless



filter baper was used in all filtratlions except for the
filtration of ammonium hexachloroplatinate (IV) when

a fritted glass crucible was used. After the dried
ammonium hexacﬁloréplafinate (IV) had been removed,
water was allowed to drip through the filter removing

all platinum resldues.
Be Preparation of Nz-methyldiethylenetriamine, C5H15N3

Potassium Phthalimide, KCgH)NOo,.--The procedure

followed for the preparation of potassium phthalimide

was a proven method.2

A 90-g. portion of phthalimilde

énd 1800 mi. of absolute alcohol were placed in a beaker,
and the mixture was boiled on a steam bath for 30‘minubés.

A solution of potaésium hydroxide was prepared by dissolving
68.72 g. of the solid in 70 mi. of water and then adding

210 ml. of absolute alcohol. The hot solution of
phthalimide and alcohol was decanted from any solid into

one half of the potassium hydroxide solution. A precipitate
of potassium phthalimide resulted,which separated imme-
diately. The mixfure contalining the potassium phthalimide

was cooled to room temperature by use of an lce bath and

25, He Blatt, "Organic Syntheses,® Collective Vol. I,
1941, pe 119,
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was stirred continuously. The precipitate was then
filtered with suction being used as an aid. Another

90 g of phthalimide was added to the filtrate, and the
entire procedure was repeated. During filtration, part
of the first crop of potassium phthalimlde was removed
from the funnel; and the second crop was then filtered
in the same funnel with the same piece of filter paper.
After filtration, the two crops of potassium phthalimide
were placed in the funnel and washed with 500 ml, of
acetone to remove any unchanged phthalimlide, The
éotassium phthalimide was alr-dried. The yield of
potassium phthalimide was 146.6 g. or 79.1% based on
phthaliﬁide.

Big=(2~chlorcethyl )-amine, CLHQCloN.--The procedure

followed for the preparation of bis=(2-chloroethyl)-
amine and the subsequent preparation of Nz-methyldiethylene~
triamine was a given method.3 y

A 100-g. portion of powdered bis=(2«-chloroethyl)-
amlne hydrochloride and 160 ml. of 20% potassium hydroxide
solution were added successively to 50 g. of ice,

Bis~(2=-chloroethyl)-amine rapidly separated. The amine

3P, G. Mann, J. Chem. Soc., 461 (1934).




11
was extracted in ether and was dried with potassium
hydroxide pellets. The oily bis=(2~chloroethyl)=-amine
wags recovered by bubbling dry nitrogen through the ether
solution. The yield of bis=-(2~chloroethyl)=-amine was
56,01 g. or 70,4% based on bis-(2-chloroethyl)-amine

A

hydrochloride.

Big=(2-phthalimldoethyl )-amine, ooy olgOy -~

A 56.01-g, portion of bis=(2~-chloroethyl)-amine was
slowly and thoroughly mixed with 146.6 g. of potassium
phthalimide.\ The mixture was pressed into a round-
bottomed flask and was heated. At about 145°, a
vigorous exothermic reaction took placej and the temper-
ature quickly rose to 200°, The contents of the flask
were well stirred, and the temperature returned to

150° within 20 minutes. The flask was then heated at
145-150° for one hour. The product formed a solid

mass after being heated for 20 minutes. After the product
had been cooled, it was powdered and thoroughly washed
with watery and the washed product was driedlovernight
in an oven at 110°., The amine was recrystallized three
times from about 3 l. of boiling alcahol. The yield

of pure bis=(2-phthalimidoethyl)-amine was 11l.4 g. or
7.96% based on bis-(2-chloroethyl)-amine,
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I

Eis-(Z-phthalimidoethyl)-methylamine, 091H19N30“.~;

Silver oxide, Agy0, was prepared by the action of sodium
hydroxide on silver nitrate. Both 6 g. of silver oxide
and 3.55 ml. of methyl iodide, CH3I, were added in turn

to a suspension of 11l.4 g. of powdered bis~(2~-phthalimido-
ethyl)=-amine in 713 ml. of hot acetone. The mixture

was bolled under reflux for three hours. Before cooling,
it was flltered; and the acetone was removed by distillation.
After the acetone had evaporated and the residue cooled,
the product was a brittle solid. This crude material

was powdered and extracted with a small quantity of
boiling alcohol., After recrystallization from alcohol,
the extract of bis-(2-phthalimidoethyl )-methylamine
deposited crystals which were pale in color. The yield

of bis=(2-phthalimidoethyl)-methylamine was 0.3 g. or -

3% based on bis-(2-phthalimidoethyl)-amine.,

g?-methyldiethylenetriamine TIrihydrochloride,

CSHggclgN;.--A mixture of 0.29 g. of bis-(2-phthalimido-
ethyl)-methylamine,’17 ml., of concentrated hydrochloric
acid, and 7 ml. of water was boiled under reflux for

two hours. The clear red solution was cooled causling
phthalic acid to crystallize., The phthallc acld was

separated by filtration, and the flltrate was evaporated



on a2 steam bath to a very small volume. The remaining
flltrate was cooled and stlrred. An almost solid mass
was formed which was redlssolved in hot conoentrated
hydrochloric acld. This solution, which contained the
szmethyldiethylenetriamine trihydrochloride, was cooled;
and a very small quantity of the trihydrochloride and
phthalic acid crystallized. Theée crystals were ‘
separated by filtration, énd the cold filltered solution
was treated dropwlse with alcohol. A fine emulsion
separated which was converted into a flne crystalline
product by stirring. After more alcohol had been added,
the trihydrochloride crystallized. The Nz-methyldiethylene-'
triamine t;ihydrochloride was separated by filtration

and was washed with 5 ml, of absolute alcohol and(5 ml.

of ether in turn., The pale-pink crystalline trihydro-
chloride was air-dried. The yield of Ni-methyldiethylene-
triamine trihydrochloride was 0.3 g. or 172% based on
big=(2~-phthalimidoethyl )-methylamine, The N°-methyl-
diethylenetriemine trlhydrochloride was found to have

a composition of 27.1% carbon, 7.91% hydrogen, and

16.1% nitrogen. This analysis was performed by Schwarzkopf
Microanalytical Laboratory, Woodslde, New York. The
Nz-methyldiethylenetriamine trihydrochloride was

calculated to have 26.2% carbon, 8.01% hydrogen, and

18.5% nitrogen.
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Nz-methyldiethylenetriamine, CgHy ggo~=Both 0.3 g.

of powdered N2-methyldiethylenetriamine trihydrochloride
eand 1.5 ml, of 20% potassium hydroxide solution were
added”sucéessively to 5 g« of ice. Llquid Nz-methyl-
diethylenetriamine immedliately separated. The amine

was extracted in ether and was dried with potassium
hydroxide pellets. The oily Nz-methyldiethylenétriamine
was recovered by bubbling dry nitrogen through the ether
solution. The yleld of Nz-methyldiethylenetriamine

was 0.156 g. or 100% based on N2-methyldiethylenetrismine
trihydrochloride,

N

Ce Preparation of Iodo(Nz-methyldiethylenetriamine)-
platinum (II) Iodide, PtC5H15IZN3

The preparation of iodo(N2-methyldiethylenetriamine)-
platinum (II) lodide was done by a synthesis similar to
that used by Watt and Cude in the preparation of
[Pt(dien)I]I. ¥

A thick paste was made by adding a small amount of
-water to 1.0 go of platinum (II) iodide. A 0.156-g.

portion of Nz-methyldiethylenetriamine was added dropwise

4G, W. Watt and W. A. Cude, Inorganic Chemistry, 7,
335 (1968).
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with stirring to the platinum (II) iodide paste. The
mixture was allowed to bake to dryness on a steam bath
overnight. To extract tye [Pt(z-mdien)I]I, the dark

gray product was placed in a beaker containing 500 ml.

of water and was heated at 90° for one hour. The

solution was filtered; and the platinum (II) iodide,

which was collected as a residue, was processed to recover
the platinum metal. The clear red filtrate was evaporated
by directing a stream of alr over the solution. This
produced a yileld of bright-yellow crystals of [Pt(2-mdien)I]I
which amounted to 0.6 g. or 80% based on N2-methyldiethylene-

triamine,



CHAPTER III
RESULTS AND DISCUSSION

The purpose of this research was to prove conclu-
slvely by a chemical reactlion that the secondary trans=-
effect did occur in the work done by Watt and Cude.1
They had proposed that the compound synthesized by the
deprotonation of [Pt(dieﬁ)l]+ and the subsequent methyl-
ation of [Pt(dien-H)IJ] was [Pt(2-mdien)I]I. However,
they had suggested thls on the basls that the infrared ‘
spectra of [Pt(l-mdien)I]I and their proposed [Pt(2-mdien)I]I
were unlike.

The synthesis of [Pt(2-mdien)I]I was attempted and
acconplished. The compound was prepared by a two-gtep
processy, each step of which has been described previously.
In the following discussion, the preparations of the
individual compounds in each step will be gliveni and the
preparation will be followed by the appropriate resction.

The flrst and longest step was the preparation
of Nz-methyldlethylenetriamine with a procedure described

by Mann being usedo2 His method was based on the Gabriel

1
Ge We Watt and W. A. Cude, J, « Chem. SocC, 0
6382 (1968 ). » Lo Ao » 2

2P, G. Mann, J. Chem. Soc., 461 (1934),

16
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synthesis of a pure primary amine, which is a well-known
method.3 There has also been a recent review of the
various methods which utilize the Gabriel synthesis of
a pure primary amine.u In the synthesis by Mann, the
bis~(2=-chlorcethyl)=-amine hydrochloride of unknown
purify was the starting compound; and 1t was allowed

to react with a 20% solution of potassium hydroxide.

ClCHZCHZNHCHQCHQCl + KOH ——

H
Cl

bis=-(2=chloroethyl)=-  potassium hydroxide
amine hydrochloride

ClCH,CH,NHCH,CH,C1l + H,0 + KCl

bis=(2-chloroethyl)-
amlne )
Potasslium phthalimide was synthesized by a known method
and was prepared by treating phthalimide with an alcoholic

solutlon of potassium hydroxide.5

3R, T. Morrison and R. M. Boyd, "Organic Chemistry,"
2nd edo’ 1966’ Do 916.

4M. Se Gibson and R. W. Bradshaw, Angewandte Chemie,
.Z’ 919 (1968 ) .

5a. H. Blatt, "Organic Syntheses," Collective Vol. I,
1941, p. 119.
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'

,C\ alcoholic . ’C\
ﬁ/NH + KOH — - /NK + HZO
o \ Z

phthalimide alcoholic potassium
potassium hydroxlde phthalimide

The free blg-(2-chloroethyl)-amine was treated with éhe
potassium phthalimide. The bis-(2-phthalimidoethyl)-
amine was formed by this reaction in a noticeably low
yYield. This reaction was very exothermic and hard to
control, and it has been recommended that thls procedure
be revised or a completely different brocedure be used
in future research. No alternate procedure has been
proposed because the search for an improved syntﬁetic

procedure was beyond the scope of thls investigation.
0
I

-C
N\
ClCHp CHpNHCH,CHpCL  + @ CNK ——

~C

I

0
bis-(2-chloroethyl)- potassium
amine phthalimide

C

C\ /C'~ .
\C/NCHQCHQEHCHZCHZN\C + KCl

|

0 0
ble={(2=phthalimidoethyl J-amine
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The bis-(2-phthalimidoethyl )~amine was treated with silver
oxide and methyl lodide in bolling acetone. The product
of bls=(2=phthalimidoethyl)-methylamine was also in a
very low yield, and again revision of thls procedure or
the use of a completely different procedure has been

recommended.,

i i
C

' :NCHZCHZ}\}HCHzCHZN:; \ +  Ag0 +  CHI ——>
~C A 5
|

I
0 0

bis=(2-phthalimidoethyl )~amine silver methyl
oxide lodide
0 0
I CHy ﬂ
~Cy | G
| NGB CHNCHZ CEp N + Agl + CHy0E
] 0

bis~(2-phthalimidoethyl)-
methylamine

The bise(2-phthalimidoethyl)-methylamine was heated with
hydrochloric acid, which caused rapld hydrolysis to occur.
The very high yleld of N2—methyldiethylenetriamine
trihydrochloride based on bls-(2-phthalimidoethyl)-

methylamine suggested the presence of impurities in the
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product. The impure sample of Nzwmethyldiethylenetriamine
trihydrochloride was analyzed for carbon, hydrogen, and
nitrogen. Further pﬁrification of the compound Was)not
attenpted because only a small amount was produced. Mann'
stated that the Nz-methyldiethylenetriamine trihydrochlori@e
which he prepared was in the form of colorless leaflets
while the same material prepared in this laboratory was

in the form of very pale-pink leaflets. This difference
in calor likewise suggested the presence of impurities,

The extent of the impurities‘was indicated by the difference
between the calculated elemental percentages and those
found, both of which were stated above in Chapter II,.

The difference was tolerable in hydrogen, but it was

barely acceptable in carbon and unsatisfactory in nitrogen.
The elemental analysis indicated that the impurities in
the sample were primarily due to substances of high
nitrogen content. A positive ldentification of the
impurities was not attempted. However, the Nz-methylu
diethylenetriamine trihydrochloride may have partially
decomposed, forming a secondary amine and a compound

such as ammonium chlorilde whiéh would have accounted

for the high nitrogen content.
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I ”CH3

! 1
\NCHZCHZNCHZCHZ ‘ + OH0  —
~¢7

bis=(2-phthalimidoethyl)= ~ hydrochloric water

methylamine acld
CH.
-COOH | 3
+ NH,CH,CH,NCH,CH,NH
\COOH qu H2 20' H2 HZM 2
H B H
Ccl Ccl Ccl
phthalic Ne-methyldiethylene~-
acid triamine
trihydrochloride

The free Nz-methyldiethylenetriamine was formed by treating
Nzwmethyldiethylenetriamine trihydrochloride with a 20%
solution of potassium hydroxide, This yield was 100%
based on the trihydrochloride. Since an analysis indicated
that the N°-methyldiethylenetriamine trihydrochloride was
slightly impure, it was assumed that the ether used in

the separatlon of Nz-methyldiethylenetriamine from the

agqueous solution was not completely evaporated.
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CH3 )
§H20820H2§CH20H2§H2 + KOH —
H H H
Ccl Cl cl

N2 -methyldiethylene-  potassium
triamine hydroxide
trihydrochloride

7
§H20H20H2§CH20H2§H2 + KCl + H,0
N2wmethyldiethylene= -
triamine
Platinum (II) iodide was treated with Nz-methyl-
diethylenetriemine. Platinum (II) iodide was producedv
as previously described.6 vIn this method, platinum metal
was dissolved in aqua regia. After this solution had
cooled, an excess of ammonium chloride was added; and
the bright«yellow precipitate of gmmonium hexachloro-

platinate (IV) was formed,

Pt + 4 Nocl + 2 NHyCl —_—
platinum aqua ammonium

regia chloride

(NHy ),PtClg  + 2 N,0,

ammonium
hexachloroplatinate (IV)

6G, W. Watt and W. A. Cude, Inorganic Chemistry, 7,
335 (1968). '
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The dried ammonium hexachloroplatinate (IV) was suspended

in water and was treated with hydrazine dlhydrochloride.

2 (NHy),PtCly | +  NoH*2HClL —
ammonium hydrazine
hexachloroplatinate (IV) dihydrochloride
2 (NHu)thC% + \6 HCl  + N,
ammonium )
tetrachloroplatinate (II)
The ammonium tetrachloroplatinate (II) was formed and
was allowed to react with potassium iodide to form the
black precipitate of platinum (II) iodide.
(Iqﬂu)sz014 | + 2 KI + B0
ammonium potassium- water
tetrachloroplatinate (II) iodide
PtI,°H,0 + 2NECL + 2 kal

platinum (II)
lodide

The reaction of platinum (II) iodide and Nz-methjldiethjlene~
triamine produced [Pt(2-mdien)I]I.



NH,, CHp CH, NCHp CH,NH, ——

PtI,eH,0 + ,

Nz-methyldiethylene-
triamine

platinum (II)
lodlde

CH3

o
CHp |CH2
HS CH
ac Pt 2'1\1112

HoN

I

[Pt (2-mdien)I]I

The platinum (II) complex of Nz-methyldiethylene-
triamine was syntheslized twice, Thié synthesls was
also a known method given by Watt and Cude whilch they
used in their syntheses of [Pt(dien)I]I and related
compounds.7 The infrared spectra of samples from each
of the syntheses of [Pt(2-mdien)I]I were identical,
However, the infrared spectrum indicated an impure
cémpound which most llkely contalined decomposition

1

products. There were significant peaks at 3400 cm.™,

1540 cm.'l, and 1390 c:m."l while the infrared spectrum
of the proposed [Pt(2-mdien)I]I synthesized by Watt
an¢ Cude had a greater number of pesks with different

wavenumbers.,

7Ibid,
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The pﬁrification of the platinum (II) complex of
N2-methyldiethylenetriamine was considered. However,
there was evidence that the platinum (II) complex was
unstable. When the recrystallization of [ft(Z-mdien)I]I
was attempted; the complex decomposed producing platinum (II)
lodide, PtI,*H,0. The following method was used in the
attempted recrystallization of the platinum (II) complgx.
The gray solid, which was produced by heating the paste
containing platinum (II) ilodide and Nz-methyldiethylene-
triamine on a steam bath, was placed in a lgrge amount
of water, heated on a steam bath, and stirred continuouslye..
At this point, the unreacted platinum (II) iodide was
removed by filtration leaving a clear red flltrate containing
no sclid particles. The filtrate was placed on the steam
bath in order to evaporate the flltrate snd to produce
crystals of [Pt(2-mdien)I]I. Within three hours,4black
particles of platinum (II) iodide appeared in the filtrate.
This indicated that the yleld of the platinum (II) complex
may have been greatly reduced when the paste contalning
platinum (II) lodlde and Nz-methyld1ethy1enetr1amine was
heated. There was no way to be sure of decomposition
during\this heating or of fallure of reaction in the

first step of this preparation. Since there was an
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indication that tﬁe compound was heat senslitive, thé
platinum (II) iodide was removed by filtration; and the
filtrate was evaporated by directing a stream of ‘air

over the liquid.

Since there was evidence that the platinum (II)
complex of Nz-methyldiethylenetr@amine was heat sensltive,
then the complex synthesized by Watt and Cude in their
deprotonation work was probably [Pt(l—mdien)ljl.s Since
there are five available hydrogens on the platinum (II)
complex of dlethylenetrliamine, then the deprotonation
could have occurred at one of five slites. However, there
are nonequivalent hydrogens on this complex, one hydrogen
being in the secondary amino group located trans to the
ligand I and the other four equlvalent hydrogens being
in the two primary amino groups. Therefore, the methylation
of the deprotonated specieé could have produced a mixture
of the two compounds, [Pt(l-mdien)I]I and [Pt(2-mdien)I]I, -
If no secondary trans-effect occurred, then 80% of the
mixture was [Pt(l-mdien)IJI; and 20% of the mixture was
[Pt (2~mdien)I]I. However, if there was a secondary
trangs-effect, the éomposition of the mixture was not

known. Watt and Cude belleved that the secondary trans-

8Ge We Watt and W. A. Cud.e, ._J_.,:_ Am., Chem, SOCs, 29_,
6382 (1968).




~

I4
effect ocqurred and that the sole compound produced was

[Pt(2-mdien)I]I. Their proposal that [Pt(2-mdien)I]I
was the only compound produced was suggested by the
fact that the infrared spectrum of thelr proposed
[Pt(é-mdien)I]I and theﬂinfrare& spectrum of the
[Pt(l-mdien)I]I which they produced from commercially
prepared Nl-methyld1ethy1enetriamine trihydrochloride
were not identical. If the deprotonation work produced
a mixture of [Pt(l-mdien)I]I and [Pt(2-mdien)I]I, then
" the [Pt(2-mdien)I}I evidently did not surviveubeéause

of 1ts sensitivity to heat and perhaps its ability to

27
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decompose upon standing. The discovery of these properties

was the single most important finding made during the

course of this research. This fact adequately explained

why purlfication of the product produced by deprotonation

led to a compound having an infrared spectrum identical

to that of [Pt(l-mdien)I]I rather than that which had been

expected.9

9W. A. Cude, Unpublished Work (1968).



CHAPTER IV
SUMMARY

The secondar& trans~effect which was reported by
Watt and Cude apparently was not complete.l Palmer and
Basgolo had regorted results which suggested thast the
secondary trans-effect was observable not only in the
metal-ligand bondé~but also in the bonding of atoms
attached to a coordinated ligand atom.2 w;tt and Cude
attempted to provide direct chemical evidence’that a
secondary Eggggreffect did extend beyond the metal-ligand
atom bond to atoms attached to the coordinated\ligand
atom. They synthesized [Pt(dien)I]+, an ion of the same
type used by Palmer and Basolo, which was treated with
NHQ' in liquia ammonia solution in an attempt to\determine
if selective deprotonation could occur.. They then
methylated the deprotonated species, [Pt(dien-H)I],
with methyl iodide and produced EPt(n-hdien)I]I,, Watt
and Cude could not positively identify their product

by use of an infrared spectrum because of thelr inability

lG. We Watt and W. A. Cude, J, Am. Chem., Soc., 90,
6382 (1968), :

2
Je We Palmer and F. Basolo, J., Phys. Chem,, 64,
778 (1960). \ —_—
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to determine the position of the methyl group by indirect
methods. They syhthesiéed [Pt(l-mdien)I]I from commercially
prepared N'-methyldiethylenetriamine trihydrochloride and
compared the infraped‘spectra of [Pt(n-mdien)I]I and
[Pt(1-mdien)I]lI. Because the spectra ﬁere not identical,
they concluded that they had prepared [Pt(2-mdien)I]I
in their deprotonation work and thst there was an observable
secondary trans-effect.

Purther research has proven that Waﬁt and Cude
apparently did not isolate [Pt(2-mdien)I]I because of
its high inétability‘and also becsuse of the possibility
that a mixture of [Pt(l-mdien)I]I and [Pt(Z2-mdien)I]I
actually existed in the deprotonation work. The work
of Palmer and Basolo also showed that there was a great

possibility of producing.a mixture of [Pt(l-mdien)I]I
and [Pt(Z-md;en)I]i with the structures as follows-

[Pt(1l-mdien)I]I

¢

H CH
l [ 3
ow Sm. CH/NE
p%’zl CHy, 9%’2‘%h%
HN Pt NH, H,N Pt NH,
CH3 ’ l
L I i L 1 -

[Pt(2-mdien)I}I
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The analysis of N2nmethyldiethylenetriamine
trihydrochloride for carbon, hydrocen, and nitrogen
presented a good indication thét the compound was
actually prepared. The deviations found were tolerated
because the Ne-methyldiethylenetriamine trihydrochloride
was impure when subnmitted for analysis, and purification
wouid have resulted in too little yleld to analyze or
no yield whatsoever. The complex, [Pt(2-mdien)I]I,

2

was formed when the relatively pure N -methyldlethylene-

triamine was treated with platinum (II) iodide.
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