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Transition Metal-Carbon Bonds. Part 49." The Action of Amines on
cis-[PtCl,(PPr3)(Cs;H,)]: Crystal Structures of the Complexes

[PtCI(PPrn,){C(=CH,)CH,NHBu*}] (Four-membered Ring) and
[Pt,Cl,(PPro5),{C(=CH,)CH,NHMe},] (Eight-membered Ring) t

By John R. Briggs, Christopher Crocker, Walter S. McDonald," and Bernard L. Shaw.” School of
Chemistry, The University, Leeds LS2 9JT

Addition of NR;(R = Me or Et) to the allene complex cis-[PtCl,(PPr;) (C;H,)] rapidly gives the zwitterionic
alkenyl complexes [PtCl,(PPr%;) {C(=CH,)CH,NR;}]. Addition of NH,Bu* to the allene complex at or below
~20° C gives an analogous complex, viz. [PtCl,(PPr,) {C(=CH,) CH,NH,But}], but this with base, i.e. an excess of

— T |
NH,Bu or preferably Na[OPr'], immediately cyclizes to give [PtCI(PPr";) {C(=CH;)CH,NHBu'}] (5) the crystal
structure of which has been determined and shown to contain a four-membered ring. Treatment of the allene

[}
complex with an excess of methylamine gives [Pt,CIz(PPr“s)z{(il(=CHz)CHzr'\lHMe}a] (6a) the crystal structure of
which has also been determined and shown to contain an eight-membered ring. Benzylamine gives an analogous
complex. Proton, 31P, and '?5Pt n.m.r. data are given and discussed, as are i.r. data. Crystals of (5) are mono-
clinic, space group C2/c, with a = 19.653(3), b = 11.538(2), c = 18.785(2) A, 8 = 107.10(1)°, and Z = 8;
R = 0.036 for 2 300 independent reflections. The complex (6a) is monoclinic, space group P2,/n, with a =
11.315(3), b = 13.782(2), ¢ = 11.385(3) A, B = 100.76(2)°, and Z = 2; R = 0.032 for 2 083 independent

reflections.

STUDIES of attack by nucleophiles on olefins co-ordinated
to platinum(u) go back over 70 years.*? In such
reactions the nucleophile and the platinum atom
effectively add across the double bond in a ¢rans fashion,
i.c. the nucleophilic attack is exot With the closely
related palladium(11) complexes addition or elimination
of nucleophiles normally also occurs specifically in a
trans fashion, although the oxidative hydrolysis of
ethylene (Wacker process) is usually considered to be a
cts addition.® In the past few years there have been
several studies of the attack by amines on olefin-
platinum(11) complexes. Early work was mainly with
chelating diolefins to give chelated aminoalkylmono-
olefin—platinum(11) complexes which were readily iso-
lated.® Products from amine attack on co-ordinated
mono-olefins are less stable 19 and, for example, Al-Najjar
and Green '! have measured the stabilities of a series of

zwitterionic adducts of the type frans-atnCH,CH,Pt-
Cly(am), where am = a primary, secondary, or tertiary
amine, with respect to dissociation to free amine and the
ethylene complex trans-[PtCl,(C,H,)(am)]. It has also
been reported '2 that attack of dimethylamine on cis-
[PtCl,(C,H,)(PPh,)] gives complex (1) containing a four-
membered ring; other complexes containing four-
membered rings but with ligands other than phosphines
have since been reported.}® The 1,1-dimethylallene
complex cis-{ PtCly(PPh,) (CH,=C=CMe,)] is attacked by
primary, secondary, or tertiary amines (am) to give
adducts of the type (2),4 but further attack by nitrogen
on platinum to give a ring complex (e.g. a four-membered

t Chloro(1l-mcthylene-2-t-butylaminoethyl-C’N)(tri-n-propyl-
phosphine)platinum(i1r) and frans-bis-p-(1-methylene-2-methyl-

aminoethyl!-C’N)-bis{chloro(tri-n-propylphosphine)platinum(ir)]
respectively.

ring) was not observed. In a more recent paper® it
has been reported that the action of poorly basic
aromatic primary amines, ¢.g. 4-nitroaniline, on cis-
| PtCl,(PPh,)(CH,=C=CMe,)] gives only an enamine
complex (3).

We have now studied the products formed by attack
of some aliphatic amines on the allene complex cis-
[PtCly(PPrn,)(CH,=C=CH,)]. This allene complex is

(IZHz—--rl\lMez (l:l
CHZ—Tt——-Ct R'RZR3NCH,C —Pt —Cl
PPh, Me, 03
(1) (2)
Pri H
\/ Ct
¢
[|[——Pt —ct

C
/\  PPh,

RNH H

(3) R=aryl

stable in solution?! in contrast with cis-[PtCly(PPhg)-
(CHy=C=CH,)] which was reported to be unstable in
solution.’* We hoped to study the regiospecificity of
the amine attack on the co-ordinated allene and also the
possibility of ring formation through further co-ordin-
ation of the amine to the platinum to give either a four-
membered ring (mononuclear complex) or an eight-
membered ring (binuclear complex). There was also
the further possibility of reactions of the second double
bond including prototopic shifts, addition reactions, efc.
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RESULTS AND DISCUSSION

Addition of trimethyl- or triethyl-amine to a dichloro-
methane solution of the allene complex cis-[PtCly-
(PPrn;)(C4H,)) rapidly gave the zwitterionic alkenyl
complexes (4a) and (4b) respectively in good yield.
These adducts are stable in the solid state but decompose
after a few hours in solution at room temperature.
Microanalytical and i.r. data are given in Table 1 and
3P, 19%5Pt and 'H n.m.r. data in Tables 2 and 3 respect-
ively. There was no evidence for attack of the amine
on the central carbon atom of the allene, 7.e. attack

cl
R'R?R3NCH,C —Pt ——l

CH, PPr"y
(4a)R'=RZ=R3=Me
(4b)R'=RZ=RI=Ft

(4c) R'=But, R?=R3:zH
(4d) R'=Me, R2=R3=H

occurred regiospecifically on the terminal (methylenc)
carbon. The complexes are thus analogous to those
formed by nucleophilic attack of secondary or tertiary
amines on the 1,1-dimethylallene complex cis-[PtCl,-
(PPhg)(CH,=C=CMe,)], viz. type (2). For our products
(4a) and (4b) the low values of v(Pt—Cl) in the i.r. spectra
(Table 1) indicate retention of the cis-dichloro-con-
figuration and this is confirmed by the high value of
17(PtP) (>4 300 Hz, Table 2). An alkyl group cis to
a phosphine produces a large increase in 1 J(PtP) relative
to most other ligands.1® In the 'H n.m.r. spectrum of

J.C.S. Dalton

(4b) have large disparate values of 3J(PtH); the larger
coupling (ca. 120 Hz) is clearly the frans coupling and
the smaller (ca. 60 Hz) the cis coupling.1?%18

The previous workers attempted to add primary amines
to cis-[PtCly(PPhg)(CH,=C=CMe,)] but were unable to
characterize the products.* We have identified the
products formed by treating cis-[PtCly(PPro,)(CH,)]
with t-butyl-, methyl-, or benzyl-amine. Addition of
NH,But (1 mol per platinum atom) to a dichloromethane
solution of the allene complex at room temperature gave
a mixture consisting of unchanged allene complex and
two products, A and B, characterized by 3P n.m.r,
spectroscopy. However, addition of 1 mol of NH,Bu*
to cis-[PtCl,(PPr=,)(C;H,)] at —20 °C gave a single
product (adduct) A, identified as the zwitterion (4c)
(characterizing data in the Tables). Treatment of this
adduct with an excess of NH,But gave incomplete con-
version of this zwitterion (4c) into the previously ob-
served second species B, identified from its 3P n.m.r,
parameters. However, addition of 1 mo! of sodium
propan-2-oxide to the adduct (4c) caused complete
conversion into B which is conveniently prepared from

CH, —NHBU!
¢ —Pt —cl
74
CHy PP,
(5)

the allene complex cis-|PtCly(PPrg)(C3H,) | by addition
of 1 mol NH,But followed by 1 mol Na[OPri] at ca.
—20 °C. This product is mononuclear (Table 1) and
on the basis of microanalytical and n.m.r. data (Tables)

TABLE 1

Analytical (%: calculated values in parentheses) and i.r. (cm™) data

Analyses
Complex T H N M.p. (0,/°C) = v(C=C) v(N—H)  v(Pt=Cl)
cis-[PtCly(PPry){C(=CH,)CH,NMe,}] 34.0 6.35 2.70 120—130 1575 254,
(34.3) (6.50) (2.65) 277
cis-[PtCly(PPra,) (C(=CH,)CH,NEt,}] 38.25 7.00 2.40 105—110 1 550 260,
(38.1) (7.10) (2.45) 287
cis-[PtCly(PPro,){C(=CH,)CH,NH,BuY}] 35.45 6.65 2.35 145148 1587 {2 42()} 255,
(35.65) (6.75) (2.60) 2 625 275
Iy T ]
[PtCL{PPr2,){C(=CH,)CH,NHBuY] » 38.3 6.90 2.80 141—145 1 600 3 200 260
(38.2) (7.00) (2.80)
| T
[Pt,Cl,(PPr2,),(C(=CH,)CH,NHMe},] ¢ 33.7 6.25 3.00 198—203 1 582 3 180 280
(33.9) (6.35) (3.05)
f T
[Pt,Cly(PPra,),{(C(=CH,)CH,NH (CH,Ph)},] ¢ 42.5 6.05 2.60 170° 1 582 3 180 f
(42.5) (6.20) (2.60)

¢ With decomposition. ¢ Molecular weight, M 508 (503).
/ Not identified in spectrum.

(4a) the methylene protons of the alkenyl moicty are
isochronous down to —60 °C, implying free rotation
about the platinum-—carbon bond. This contrasts with
the dimethylallene adducts (2} where hindered rotation
was indicated by inequivalence of the methylene protons
even at +85 °C.1¥ The two vinylic protons of (4a) or

< M 908 (922).

4 AT 1082 (1 074). ¢ Decomposed without melting.

was tentatively formulated as the four-membered ring
chelate (5). This formulation has been confirmed by a
single-crystal structural determination, see below. In
the zwitterionic adduct (4c) the chlorine frans to phos-
phorus will be labile and the amine nitrogen readily
displaces it in the presence of base which removes an
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NH, proton. Analysis of the TH n.m.r. spectrum of (5)
was facilitated by the addition of D,O which replaces the
NH proton with deuterium over several hours. The
13C n.mur. spectrum of the cyclized product (5) is con-
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presence of a base (i.e. NH,Me) attacked a similar
molecule such that the nitrogen of one molecule displaced
the chlorine trans to tri-n-propylphosphine in a second
molecule, giving eventually the binuclear complex (6a)

TABLE 2

Phosphorus-31 and 7t n.m.r. parameters

Complex
cis-[PtCl,(PPr}{C(=CH,)CH,NMe,]} «
cis-[PtCI, (PProg){C(=CH,) CH,NEt }] 4
cis-[PtCl, (PPrn ){C(=CH, )CH NH,BRut}] ¢
(PtCI(PPro,)(C(=CH,)CH,NHBuY] «

| 1
[Pt,Cly(PPrhy)fC(=CH,) CH,NHMe},] ¢
|
[Pt,Cly(PPrm,)o{C(=CH,) CH,NH(CH,Ph)},] ¢

4 In p.p.m. to high frequency of HPO,.
¢ In (CD,),CO

4 In p.p.m. to hi

sistent with the assigned structure. The ¥C n.m.r.
parameters (3/p.p.m., J/Hz) are as follows:

C=CH, s 116.0  2/(PC) 2 1J(PtC) 838
C=CH, 51053 9J(PC) 3 ¥(PC) 83
NCH, 364.0  3J(PC) 4  J(PtC) 104
C(CH,), §56.6 3)(PC) <1 2J(PtC) 12
C(CH,), 327.9  4J(PC) 1 ¥J(PLC) 16
PCH, 8257  UJ(PC) 37  ?J(DPtC) 46
PCH,CH, 5183 */(PC) 1 3J(PtC) 35
PCH,CH,CH, 35157 3J(PC) 156 +/(PtC) 0

Thus complex (5) is related to (1), formed by treatment
of cis-[PtCly(C,H,)(PPhy)] with dimethylamine.l? As
mentioned above, it has recently been shown that such
cyclization is not unique to phosphine complexes 13 but
as yet no crystal structure has been reported for this
type of complex.

In view of the tendency for t-butylamine and dimethyl-
amine to give four-membered ring chelates (5) and (1)
respectively, we studied the action of the much less
sterically demanding amine, methylamine, on the allene
complex cis-| PtCly(PPrg)(C;H,)].  With 1 mol of methyl-
amine per platinum, mixtures were formed, but treatment

3(D) o 17(PtP)/Hz $(195pt) +
3.0 4307
—44 4334 642
—0.9 4512
—~3.5 4153 829
—4.0 3774 420
—47 3 833

gh frequency of E(39Pt) — 21.4 MHz., ¢ In CD,Cl,. 4In CDCl,,

containing an eight-membered ring. Whilst some of the
'H n.m.r. parameters for the eight-membered ring
complex (6a) are similar to those of the four-membered
ring complex (5a) (Table 3), most of the 'H chemical
shifts are significantly different and the value of 1/(PtP)

is lower. These differences are presumably consequent
CH,
PrisP —CHy— N
r - l
3 \ / 2 \ /C
Pt
/ \
N —CH, —C PPrhy
RH f
CH,
(6a) R =Me

(6b) R =CH,Ph

on the differences in steric strain and hybridization

betwcen the four- and the eight-membered rings.
Another parameter which might be expected to show

the effect of ring strain is the %Pt chemical shift.

TABLE 3

Hydrogen-1

n.m.r. parameters ¢
Coupling constants (J/Hz)

C=CH, CCH,N _— .
~—ar—w NH NR H'Ht H'H? H!'H*H®*H® H*H* H'H* H*H®* H*‘H* PtH'* PtH*® PtH®* PtH* PtH®
Complex S(H') 8(H?) 3(H®) S(H*) S(H®) &(H®)
cis-[PtCl,(PPrng){C(=CH,)CH,NMe,}] b 6.02  5.55 3.72 3.40 21 «1 0 116.7 63.0 8.8
cis-{ PtCly(PPro){C(=CH,)CH,NEt,}] ¢ 6.05 5.60 3.71 3730 1y <1 v 121.0  63.7 4.5
1.39
cis- TPtCl,(PPrng){LFCH )(.HzNHiBuf)] ¢ 598 5.16 3.61 7.98 1.51 1.2 ca. 1 5 128 62.2 50.4 <5
[Pt(‘l(PPrn,)(C :CH )CH,NHBut)] 4.74 443 471 446 38 1.04 <1 1.8 1.8 22 22 15 7.5 6.9 173.7 90.4 72 3 e
[Pt.;(-lz(PPrn,)“((,( (,H,)LH,NHMe)g ef 5.84 5.08 410 315 450 2.77 15 0 15 0 1.5 120 119 ca.l 1287 691 847¢ 649 ¢
a Phosphine resonances have been omitted. 5 In CD,Cl,. ¢InCDCl,. dIn (CDy)yCO. e Coupling not identified in spectrum.  f J(PtH®) 30.1; J(PH?) ca. 0.5; J(PH?)

ca.0; J(PH%) ca. 1; J{PH%) 10; J{PH?®)ca.5; J(PH®) 2.9 Hz.
of a dichloromethane solution of the allene complex with
an excess of methylamine at —30 °C gave an immediate
precipitate of [NH;Me]Cl and a colourless crystalline
complev, formulated on the basis of microanalytical and
molecular-weight measurements (in solution) as a bi-
nuclear species [Pt,Cly(PPrm,),(CgH gN,y)]. It seemed
most likely that a zwitterionic intermediate (4d) in the

For the other complexcs all couplings to 3'P were <1 Hz.

7 Only one set of WSy satellites xdennﬁed

We,19:20 and others,?! have found that in platinum and
rhodium complexes the effect of a four-membered ring
is to shift the metal resonance to high frequency, and
here we find that the 195Pt shift of (5) is 409 p.p.m. higher
than that of (6a) (see Table 2). It is interesting to note
that the reported 95Pt chemical shift of the *N isotopo-
mer of (1) 12 (635 p.p.m. on our scale) is midway between
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the two.* This may reflect a greater degree of ring
strain in complex (5), which contains an sp2-hybridized
carbon atom, than in (1) where the carbon is sp3. [The
fact that the phosphinesin (1) and (5) are different should
have little effect on the value of §(Pt).22]

In view of these differences in n.m.r. parameters there
was some doubt about our formulation and therefore the
crystal structure of the eight-membered ring complex
(6a) was determined and is discussed below. Although
the binuclear nature of (6a) was established beyond doubt
by osmometric measurements in solution (Table 1),
and by single-crystal X-ray diffraction, its mass spectrum
showed no peaks higher than m/e 463, corresponding to a
mononuclear species [PtCl(PPr)(C,HgN)]. Since the
formulation of the product obtained by treating cis-
[PtCly(CoH,) (PPhy)] with dimethylamine as a mono-
nuclear species (1) with a four-membered ring was
dependent on the molecular-weight determination, solely
by mass spectrometry,!? we have repeated the prepar-
ation. We find that the molecular weight of the product
in chloroform solution as determined osmometrically
also shows it to be mononuclear and we therefore agree
with the formulation as a four-membered ring chelate (1).

We have also treated cis-[PtCly(PPro)(C;H,)] with
benzylamine. The product [Pt,Cly(PProg)(CoqHy Ny)] is

FicureE 1 Molecular structure of

[PtCI(PProy) {C(=CH,)CH,NHBuY] (5)

formulated as an eight-membered-ring chelate complex
(6b) on the basis of microanalytical, molecular-weight,
and 'H and 3P n.m.r. data (Tables). Overlapping of the
methylene resonances precluded a full analysis of the
TH n.m.r. spectrum, although the vinylic protons were
readily identified at 8 5.69 and 4.22. Treatment of cis-
[PtCly(PPrny)(C4H,)) with dimethylamine, however, gave
a mixture of products which were very soluble and
which we could not separate.

Crystal Structures of [PtCI(PPray) {C(=CH,)CH,NHBut}]
(8) and [Pt,Cly(PPrny),(CeH,N,)] (62).—The structures
of (5) and (6a) were determined by X-ray diffrac-
tion, and are shown with the atom numbering in
Figures 1 and 2. The t-butylamine derivative (5) is

* We obtained a value of 659 p.p.m. for complex (1) in CDCI,
solution.

J.C.S. Dalton

confirmed to be mononuclear with a four-membered ring,
while the binuclear methylamine derivative (6a) has a
centrosymmetric eight-membered ring of chair con-
formation. Selected bond lengths and angles are given

FIGURE 2 Molecular structure of

[Bt,Cly(PProg) (C(=CH,) CH,NHMe},] (6a)

in Table 4. While the Pt-P and Pt-Cl bond lengths
show close agreement between the two structures, the
Pt-N and Pt-C bonds appear significantly different.
Since these are the bonds involved in the four- and eight-
membered rings, these differences may be associated
with strain in the small ring, although it is not obvious

TABLE 4

Bond lengths (A) and angles (°) with estimated
standard deviations in parentheses

t-Butylamine Methylamine

derivative derivative
Pt—N 2.179(9) 2.132(6)
Pt—C(2) 1.975(11) 2.011(8)
Pt—P 2.217(3) 2.220(2)
Pt—Cl 2.406(3) 2.400(2)
N—C(}) 1.494(15) 1.488(12)
C(1)—C(2) 1.553(17) 1.496(11)
N—C(4) 1.475(13) 1.488(12)
C(2)-C(3) 1.336(16) 1.322(14)
P-C(5) 1.831(10) 1.833(9)
P—-C(8) 1.817(9) 1.832(8)
P-C(11) 1.828(13) 1.836(11)
P-Pt—Cl 95.6(1) 89.3(1)
P-Pt—C(2) 96.6(3) 95.1(2)
N—-Pt—Cl 98.8(2) 89.7(2)
N-Pt—C(2) 69.0(4) 85.9(3)
Pt—N—-C(1) 91.5(7) 114.1(5)
N—C(1)—C(2) 101.4(9) 111.5(6)
C(1)—C(2)-Pt 97.9(7) 120.7(5)

why an elongation of the Pt—-N bond and a compression
of the Pt-C bond should occur in the small ring. Alter-
natively, the lengthening of the Pt-N bond may be due
to non-bonded repulsion between the metal and the
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t-butyl group, with Pt-C bond shortening by a similar
amount in compensation.

The difference in behaviour of dimethyl- or t-butyl-
amine, on the one hand, which give four-membered ring
chelates, and methyl- or benzyl-amine, on the other,
which give eight-membered ring binuclear chelates, can
be considered as an example of the Thorpe-Ingold
effect.? Thorpe and Ingold found that a gem-dimethyl
group was particularly effective in promoting small
carbocyclic ring formation and Ingold # in 1921 pointed
out that all naturally occurring three- and four-membered
rings which were known at that time carried a gem-
dimethyl group, ¢.e. the effect manifests itself in nature.
Other sterically demanding groups such as t-butyl also
have a pronounced effect on the tendency to ring close.
The Thorpe-Ingold effect has been reviewed.® It also
seems likely that with a t-butylamine adduct of type
(4c) the nitrogen would be very sterically hindered and
attack on the platinum of a second molecule would be
difficult, whereas with the methylamine analogue (4d),
for which steric hindrance would be less, attack on a
second platinum to give (6a) can occur.

EXPERIMENTAL

The general techniques used were the same as in other
recent papers from this laboratory.?2> The 'H, *'P-{*H}, and
1BC-{'H} n.m.r. spectra were recorded with a JEOL FX100Q
spectrometer using an internal deuterium lock. Except
where stated otherwise, measurements were made at
ambient temperature (ca. 296 K). Platinum-195 chemical
shifts were determined on a JEOIL FX90Q spectrometer.

The Trimethylamine Adduct (4a).—Trimethylamine
(0.015 3 g, 0.260 mmol) in dichloromethane (0.15 ¢cm?) was
added to a solution of sis-[PtCly(PPr#,;)(C;H,)] (0.121 g,
0.260 mmol) in dichloromethane (5 cm?®). Removal of most
of the solvent under reduced pressure gave the required
product as white plates (0.124 g, 919). The triethylamine
adduct (4b) was prepared similarly. Yield 879%,.

The t-Butylamine Adduct (4c¢).—t-Butylamine (0.026 g,
0.356 mmmol) was added to a solution of the allene complex
(0.166 g, 0.356 mmol) in dichloromethane (5 cm?®) at —20 “C.
The solvent was removed under reduced pressure and the
residual yellow oil was extracted with diethyl ether. The
insoluble residue was recrystallized from dichloromethane—
diethyl ether to give the required product as white prisms
(0.062 g, 329,).

[PtCl(PPrn ){C(-—CH )CH NHBu"}] (5).—t-Butylamine
(0.024 g, 0.329 mmol) was added to a solution of the allene
complex (0.150 g, 0.322 mmol) in dichloromethane (5 cm?)
at ca. —78 °C followed by a solution of sodium propan-2-
oxide (0.32 mmol) in propan-2-ol (¢ca. 3 cm?®). The solvent
was removed under reduced pressure and the residual brown
oil washed with water. The residue was dried {(vacuum),
washed with pentane, and recrystallized from diethyl ether
atca. —25°C. Therequired product was obtained as white
prisms (0.093 g, 57%).

[Pt,Cl,(PPrvy),(CgHgN,)] (6a).—Methylamine (ca. 0.4 g,
ca. 1.3 mmol) was added to a solution of the allene complex
(0.112 g, 0.24 mmol) in dichloromethane (5 cm?) at —30 °C.
This gave an immediate precipitate of methylamine hydro-
chloride. The solvent was removed under reduced pressure
and the resultant residue washed with water, dried (under
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vacuum), and recrystallized from dichloromethane-light
petroleum (b.p. 60—80 °C) at ca. —30 °C. This gave the
required product as colourless prisms (0.093 g, 849,). The
complex [Pt,ClL(PPrv,),(CyoH,,N,)]  (6b) was prepared
similarly as colourless prisms. Yield 649,.

Crystal Data.—(a) {-Butylamine derivative. C H,;Cl-
NPPt, M = 502.98, Monoclinic, a = 19.653(3), b =
11.538(2), ¢ = 18.785(2) A, p = 107.10(1)°, U — 4 071(1)
A3, D, =1.629, Z—=8, D,= 1641 g cm? F(000) =
1 984, space group C2/¢, Mo-K, radiation, graphite mono-
chromatized, » = 0.710 69 A, u(Mo-K,) = 71.67 cm™.

(b) Methylamine derivative. C, HgCl,N,P,Pt,, M =
921.8, Monoclinic, a = 11.315(3), & = 13.782(2), ¢ =
11.385(3) A, 8 = 100.76(2)°, U = 1744.2(6) A3, Z = 2,

TABLE 5

Atomic co-ordinates with estimated standard deviations
in parentheses

Atom X y z
(a) t-Butylamine derivative (5)
Pt 0.104 20(2) 0.067 64(3) 0.312 49(2)

P 0.160 02(14) —0.079 72(21) 0.278 48(15)
cl 0.132 66(15) 0.206 73(25) 0.230 19(16)
N 0.045 4(4) 0.180 8(7) 0.366 2(4)
cQy 0.034 6(7) 0.084 4(10) 0.414 9(7)
C(2) 0.068 5(5) —0.019 2(9) 0.384 8(5)
c(3) 0.066 0(6) —0.126 1(10) 0.411 2(6)
C(4) 0.073 4(5) 0.288 5(10) 0.406 6(5)
C(5) 0.098 7(5) —1.196 4(9) 0.235 0(5)
C(6) 0.133 4(7) —0.307 5(12) 0.218 3(7)
c(7) 0.076 7(8) —0.398 0(12) 0.182 7(8)
C(8) 0.225 5(6) —0.147 2(9) 0.356 5(5)
C(9) 0.280 8(7) —0.060 2(10) 0.403 1(7)
C(10) 0.333 4(7) —0.127 5(12) 0.466 7(7)
c(11) 0.213 5(5) —0.048 9(9) 0.215 8(6)
c(12) 0.169 4(6) —0.031 6(11) 0.133 2(7)
C(13) 0.215 7(7) 0.011 3(12) 0.086 8(7)
C(14) 0.071 3(6) 0.383 9(11) 0.348 3(7)
C(15) 0.153 4(8) 0.272 8(11) 0.455 4(7)
C(16) 0.027 8(7) 0.324 8(12) 0.458 2(7)
(b) Methylamine derivative (6a)
Pt 0.033 57(2) 0.112 92(2) 0.124 05(3)
P —0.023 64(20) 0.267 22(15) 0.111 66(20)
Cl 0.235 16(20) 0.164 04(17) 0.204 79(22)
N —0.090 9(6) 0.034 6(5) —0.141 1(6)
c(1) —0.183 2(8) 0.060 1(6) —0.068 8(8
C(2) —0.131 6(7) 0.059 3(6) 0.062 1(7)
C(3) —0.197 5(9) 0.018 9(8) 0.133 2(10)
C(4) —0.132 0(9) 0.062 8(7) —0.268 4(9)
C(5) 0.011 4(8) 0.328 7(7) 0.256 7(8)
c(6) —0.064 6(10) 0.293 1(8) 0.347 3(10)
c(7) —0.020 6(13) 0.336 1(10) 0.473 2(13)
C(8) —0.183 6(7) 0.292 4(6) 0.057 7(7)
C(9) —0.219 9(9) 0.400 1(7) 0.064 8(9)
C(10) —0.358 2(10) 0.409 6(8) 0.034 4(11)
c(11) 0.057 8(9) 0.338 5(7) 0.016 1(9)
c(12) 0.051 4(9) 0.286 6(8) —0.106 6(9)
Cc(13) 0.119 7(14) 0.348 4(12) —0.185 0(14)
D, = 1755 g cm™3, F(000) = 896, space group F2,/=,
~ 0.71069 A, u(Mo-K,) = 83.58 cm™*,

Structuve Deteymination.—Cell dimensions for each com-
pound were determined by least-squares treatment of the
diffractometer setting angles of 15 reflections with 35 <
26 << 40°. Intensities of all independent reflections with
4 < 20 < 45° were measured in the »—20 scan mode using
scan speeds ranging according to intensity between 3.9 and
29.3° min™. The structure analyses used only those
reflections having I > 3¢([), i.e. 2 300 for (a) and 2 083 for
(b), while 404 for (a) and 219 for (b) were below this threshold
and were excluded as ‘ unobserved.” They were corrected
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for Lorentz, polarization, and transmission factors; the
A* values were 4.11—6.86 for (a) and 2.88—10.24 for (b).

After solution of the structures by Patterson and electron-
density syntheses, full-matrix least-squares refinement with
anisotropic temperature factors for Pt, P, and Cl and
isotropic temperature factors for other non-hydrogen atoms
converged at R == 0.036, R’ = 0.035 for (a) and R = 0.032,
R’ = 0.049 for (b).

Atomic scattering factors were taken from ref. 26 and
weights were derived from the modified variances ¢%J) =
6.2(f) + (0.031)%, o, being the variance obtained from
counting statistics. The atomic co-ordinates with their
estimated standard deviations are given in Table 5. Ob-
served and calculated structure factors and thermal para-
meters are listed in Supplementary Publication No. SUP
22961 (30 pp.).*

We thank the S.R.C. for support, Johnson Matthey Ltd.
for the generous loan of platinum salts, and Dr. R. J.
Goodfellow for the platinum-195 n.m.r. spectra.
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* lFor details see Notices to Authors No. 7, J.C.S. Dalton, 1979,
Index issue.

REFERENCES

1 Part 48, J. R. Briggs, C. Crocker, W. S. McDonald, and B. L.
Shaw, J. Chem. Soc., Dalton Trans., 1981, 121.

2 K. A. Hofmann and J. von Narbutt, Ber., 1908, 41, 1625.

3 J. Chatt, L. M. Vallarino, and L. M. Venanzi, J. Chem. Soc.,
1957, 2496.

4 W. A. Whitla, H. M. Powell, and I.. M. Venanzi, Chem. Com-
mun., 1966, 310.

5 B. L. Shaw and N. I. Tucker, ‘ Organo-Transition Metal

J.C.S. Dalton

Compounds and Related Aspects of Homogeneous Catalysis,’
Pergamon, Oxford, 1973.

8 U. Belluco, ‘ Organometallic and Coordination Chemistry of
Platinum,’” Academic Press, New York, 1974.

7 F. R. Hartley, * The Chemistry of Platinum and Palladium,’
Applied Science Publishers, London, 1973.

8 P. M. Henry, Acc. Chem. Res., 1973, 16.

? R. Palumbo, A. De Renzi, A. Panunzi, and G. Paiaro, J. Am.
Chem. Soc., 1969, 91, 3874.

10 A, Panunzi, A. De Renzi, R. Palumbo, and G. Paiaro, J.
Am. Chem. Soc., 1969, 91, 3879.

1L [, M. Al-Najjar and M. Green, J. Chem. Soc., Dalton Trans.,
1979, 1651.

12 [. M. Al-Najjar, M. Green, S. J. S. Kerrison, and P. J. Sadler,
J. Chem. Soc., Chem. Commun., 1979, 311.

1 1. M. Al-Najjar, M. Green, J. K. K. Sarhan, 1. M. Ismail, and
P. J. Sadler, Inorg. Chim. Acta, 1980, 44, L187.

14 A. De Renzi, B. Di Blasio, A. Panunzi, C. Pedone, and A.
Vitagliano, J. Chem. Soc., Dalton Traus., 1978, 1392.

15 A. De Renzi, P. Ganis, A. Panunzi, A. Vitagliano, and G.
Valle, J. Am. Chem. Soc., 1980, 102, 1722.

1 P H. Allen and A, Pidcock, J. Chem. Soc. (A), 1968, 2700.

17 B. E. Mann, B. L. Shaw, and N. I. Tucker, Chem. Commun.,
1970, 1333.

8 B, L. Mann, B. L. Shaw, and N. H. Tucker, J. Chem. Soc.
(1), 1971, 2667.

1% C. Crocker, R. J. Errington, B. Markham, C. J. Moulton,
K. J. Odell, and B. L. Shaw, J. Am. Chemn. Soc., 1980, 102, 4373.

20 A. R. H. Bottomley, C. Crocker, and B. L.. Shaw, unpublished
work.

i S, Hietkamp, D. J. Stufkens, and K. Vrieze, J. Organomet.
Chem., 1979, 169, 107.

22 P, L. Goggin, R. J. Goodfellow, S. R. Haddock, B. F. Taylor,
and 1. R. H. Marshall, J. Chem. Soc., Dalton Trans., 1976, 459.

28 B. Capon and S. P. McManus, ‘' Neighbouring Group Par-
ticipation,” Plenum, New York and London, 1976, vol. 1 and refs.
therein.

24 C. K. Ingold, J. Chem. Soc., 1921, p. 951.

25 H. D. Empsall, E. M. Hyde, and B. L.. Shaw, J. Chem. Soc.,
Dalton Trans., 1975, 1690.

28 ‘ Tnternational Tables for X-Ray Crystallography,” Kynoch
Press, Birmingham, 1974, vol. 4.


http://dx.doi.org/10.1039/DT9810000575



