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Abstract

Reaction of (EtO),P(S)NH, with Ph,P(S)CI in the presence of NaH gives (EtO),P(S)NHP(S)Ph, (1) which has been complexed
with Zn, Pd and Pt in Zn [(EtO),P(S)NP(S)Ph,], 2 Pd[(EtO),P(S)NP(S)Ph,], 3 Pt[(EtO),P(S)NP(S)Ph,], 4 and [Pt(PMe;),{(EtO),
P(S)NP(S)Ph,}]"BPh; 5.°'P NMR studies suggest that 3 and 4 are formed as cis/trans mixtures. The X-ray structure of 1 reveals it
to be a H-bonded dimer in the solid state, whilst the structures of 3-5 contain MS,P,N rings in varying non-planar (chair, boat)

geometries. © 1999 Elsevier Science Ltd. All rights reserved.

Keywords.: Diethoxy-diphenyl-dithioimidodiphosphinate; Coordination chemistry; Ring conformations

1. Introduction

There is considerable interest in the coordination
chemistry of Ph,P(SYNHP(S)Ph, [1-9]. We and others
have noted interesting behaviour in the ring con-
formations of MS,P,N species. Notably less work has
been reported on the chemistry of the alkyl analogues
R,P(S)NHP(S)R, with the exception of some studies on
Me,P(S)NHP(S)Me, [10] and Pr,P(SYNHP(S)Pr, [11].
Some work on unsymmetrical species such as
Ph,P(O)NHP(Se)Ph, has been described [12] and recently
there was a report on the synthesis of Me,P(S)NHP(S)Ph,
and its cobalt complex [13]. We have also studied imido-
diphosphinates but with varying electronic rather than
steric effects, and this latter paper prompts us to report
on the synthesis and some coordination chemistry of
mixed ethoxy/phenyl substituted dithiomidophos-
phinate. Here we report the synthesis of
(EtO),P(S)YNHP(S)Ph, (1) together with four examples of
its’ coordination complexes. The new compounds have

* Corresponding author.

been characterised spectroscopically and in four cases by
single crystal X-ray studies.

2. Experimental

2.1 General

Unless stated otherwise, all reactions were performed
under an atmosphere of oxygen-free nitrogen using stan-
dard Schlenk procedures. All glassware was oven dried
at 100°C or flame dried under vacuum before use.

All solvents and reagents were purchased from
Aldrich, BDH or Fisons and used as received. In addition
toluene, thf, Et,O and petroleum ether (60-80) were distilled
from sodium-benzophenone under nitrogen, and CH,Cl,
from CaH,. CDCl; (99+ atom % D) was as supplied.

3P (36.2,101.25, 161.97 MHz) were recorded on JEOL
FX90Q, Bruker AC250 or Bruker DPX400 spec-
trometers. Chemical shifts are reported relative to 85%
H;PO,. Infra-red spectra were recorded as KBr discs and
dichloromethane solutions in Csl cells on a PE System
2000 spectrometer. Raman spectra were recorded on a
PE System 2000 with a diode pumped Nd/YAG laser.
Microanalyses were carried out by the respective micro-
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analytical services of Loughborough University and
Zeneca Specialties Research Centre. FAB + ve mass spec-
tra were recorded by the EPSRC mass spectrometry ser-
vice at Swansea and the mass spectrometry service at the
Zeneca Specialties Research Centre.

2.2. Syntheses

Ph,P(S)Cl1 was formed by refluxing diphenyl-
chlorophosphine (12.30 g, 10.0ml, 0.053 mol) with sulfur
(1.70 g, 0.053 mol) overnight in toluene (30 ml) under N,.
The solvent was evaporated off to give a clear oil (13.31 g;
J'P- {'"H} NMR (CDCly): 6 79.4 ppm).

Ph,P(S)NH, was formed by bubbling ammonia gas
through a solution of Ph,P(S)CI (4.00 g, 15.84 mmol) in
ether (100 ml) for 20 minutes. After filtering the reaction
mixture through celite, the filtrate was evaporated to
dryness giving a white solid (3.62¢g; *'P-{'H} NMR
(CDCls): 6 59.7 ppm).

(EtO),P(S)NH, was formed by bubbling ammonia gas
through a solution of diethylchlorothiophosphate
(24.00g, 20.0ml, 0.127mol) in ether (100ml) for 20
minutes. After filtering the reaction mixture through
celite, the filtrate was evaporated to dryness to give a
clear oil (21.36 g; *'P-{'"H} NMR (CDCl;): é 74.2 ppm).

2.2.1. (EtO),P(SYNHP(S)Ph, 1

Under anhydrous conditions, sodium hydride (60%
dispersion in paraffin oil 1.69 g, 0.042mol) was slowly
added to a solution of (EtO),P(S)NH, (2.38 g, 0.014 mol)
in thf (30 ml) at 0°C. The mixture was allowed to warm
to room temperature and stirred for 30 minutes, then
Ph,P(S)C1(3.53 g, 0.014 mol) was added dropwise at 0°C.
After addition was complete the mixture was warmed to
room temperature and then refluxed overnight. After
cooling, methanol (5 ml) was added dropwise to destroy
any excess sodium hydride. The volume of the thf was
then reduced by half under vacuum and 2M aqueous HCl
(50ml) was added, producing a cloudy white mixture
which was washed with dichloromethane (3 x 20 ml). The
dichloromethane was dried over MgSO, then evaporated
to dryness to give a white solid 1 which was recrystallised
from dichloromethane and hexane (4.22g, 0.011 mol,
78.3% yield, mp62°C). Microanalysis calculated for
C,H,;NO,P,S,: C49.9; H5.5; N 3.6%. Observed: C 49.8;
H5.4; N 3.6%. *'P-{'"H} NMR (CDCly): 6(P,) 63.6(d)
[P(OEL),], §(P,) 53.3(d) [PPh,] ppm. 2J (*'P,-*'Py) 22.0 Hz.
FTIR (dichloromethane solution, Csl plates at 100 mic-
rons): v (N-H) 3331 cm~"'; (KBr disc): v (N-H) 3200, § (N—
H) 1298; v (PNP) 976, 768; v (PO) 1190, v (PS) 646, 634 cm ™",

2.2.2. Zn|[(EtO),P(S)NP(S)Ph,], 2

A solution of 1 (0.100 g, 0.260 mmol), KO'Bu (0.029 g,
0.260mmol) and ZnCl, (0.018g, 0.132mmol) in thf
(20 ml) was refluxed for 1 hour. On cooling the mixture
was evaporated to dryness and dichloromethane added.

The mixture was then filtered and the filtrate evaporated
to dryness yielding a colourless oil. Microanalysis cal-
culated for C;,H,,O,P,S,Zn: C 46.1; H 4.8; N 3.4%.
Observed: C 49.3; H 6.1; N 3.1%. FTIR (KBr disc): v
(PNP) 1239, 764; v (PS) 552, 541; 6 (NPS) 416 cm~'. FAB
+ve MS: mjz 833 corresponds to {Zn[(EtO),
P(S)NP(S)Ph,],} .

2.2.3. Pd[(EtO),P(S)NP(S)Ph,], 3

Pd(cod)Cl, (0.050 g, 0.175 mmol) was added to a solu-
tion of 1 (0.135g, 0.351 mmol) and KO'Bu (0.039¢,
0.348 mmol) in thf (20 ml) and refluxed for 1 hour. The
reaction changed colour from yellow to red/orange. On
cooling the mixture was evaporated to dryness and
dichloromethane added. The mixture was filtered and the
filtrate evaporated to dryness. Crystals of 37 were grown
from dichloromethane and hexane (0.145g, 0.166 mml,
94.7% yield). Microanalysis calculated for C;H,N,
O,P,S,Pd: C 43.9; H 4.6; N 3.2%. Observed: C 43.6; H
4.6; N 2.8%. FTIR (KBr disc): v (PNP) 1206, 773; v (PS)
563, 555; v (NPS) 420cm™".

2.2.4. Pi{(EtO),P(S)NP(S)Ph,], 4

Pt(cod)Cl, (0.050 g, 0.134 mmol) was added to a solu-
tion of 1 (0.103g, 0.267mmol) and KO'Bu (0.030 g,
0.267 mmol) in thf (20 ml) and refluxed for 1 hour. The
reaction changed colour from clear to yellow. On cooling
the mixture was evaporated to dryness and dichlo-
romethane added. The mixture was then filtered and the
filtrate evaporated to dryness. Crystals of 4 were grown
from dichloromethane and hexane (0.118 g, 0.123 mmol,
94.4% yield). Microanalysis calculated for C;,H,N,
o,P,S,Pt: C 39.9; H 4.2; N 2.9%. Observed: C 41.2; H
3.9; N 3.0%. FTIR (KBr disc): v (PNP) 1255, 1203; v
(PS) 576, 542; v (NPS) 426 cm .

2.2.5. [Pt(PMes),{(EtO),P(S)NP(S)Ph,}]* BPh; 5

Pt(PMe;),Cl, (0.060g, 0.144mmol) and NaBPh,
(0.049 g, 0.143mmol) were added to a solution of 1
(0.055¢g, 0.143 mmol) and KO'Bu (0.016 g, 0.143 mmol)
in thf (30ml) and refluxed for 1 hour. On cooling the
mixture was evaporated to dryness and washed with
methanol (2 x 5ml). A white solid was filtered off and
crystallised from acetone (0.114g, 0.109 mmol, 75.6%
yield). Microanalysis calculated for C4,HsP,O,S,BNPt:
C52.6;H5.6;N1.3%. Observed: C 52.2; H5.6; N 1.1%.
FTIR (KBr disc): v (PNP) 1267, 1206, 784; v (PS) 570,
539cm™".

2.3. Crystallography

Details of crystallographic parameters are summarised
in Table 1. Crystals were mounted on quartz fibres using
araldite. Data were collected using Cu—Ko radiation and
w scans at room temperature with a Rigaku AFC7S
diffractometer. Intensities were corrected for Lorentz-



D.C. Cupertino et al. | Polyhedron 18 (1999) 311-319 313

polarisation and for absorption. All non-H atoms were
refined anisotropically in all cases. The positions of the
C-H hydrogen atoms were idealised whilst the N-H
atoms were allowed to refine isotropically. Refinements
were by full matrix least squares based on F using teXsan
[14] The weighting scheme is as previously reported [12].

3. Results and discussion

The synthesis of 1 was based upon a literature prep-
aration for compounds with mixed substituent groups
[15] eq. (1). The amine and halide are ‘clipped’ together
with sodium hydride in thf. Excess NaH gave the cleanest
products and better yields. Although the reaction may,
in principle, be performed using Ph,(S)NH, and (EtO),P-
(S)Cl we found that it proceeded in better yield and more
cleanly using (EtO),P(S)NH,. The salt was then pro-
tonated with dilute hydrochloric acid giving the neutral
ligand as an oil which was recrystallised from the mini-
mum of dichloromethane and petroleum ether giving
colourless crystals (70-80% yields) pure by elemental
analyses. Characteristic bands [10] were observed

H,N
2 ~p(OEt),

Cl
Ph,P” ;
S

I
S

—_—

Nat

in the FTIR, v (NH) ca 3200, (NH) 1298, v (PO) 1190,
v (PNP) 976, 768 and v (PS) 646, 634cm™' though v
(NH) could not be confidently assigned. The *'P NMR
spectrum of 1 (CDCl,, Table 2) is of the AX type. The
phosphorus centre with ethoxy substituents appears
around 64 ppm as opposed to 53 ppm for the phenyl
substituted phosphorus with 2J('P-*'P) coupling of
22.0 Hz in reasonable agreement for disulfur compounds
of this type. Solid state *'P NMR for 1 revealed a doublet
as expected (63.5, 52.6 ppm, “J{*'P-*'P} =22Hz) for the
two inequivalent phosphorus environments.

By X-ray crystallography 1 exists as a cisoid (w.r.t the
P—=S bonds) dimer in the solid state (Table 3, Fig. al),
the phosphorus with the phenyl substituents being pen-
dant thus reducing any steric crowding. The SP ... PS
torsion angle is 87.0° which is comparable to the cisoid
iPrzP(S)NHP(S)PiPOr2 [79°1 [11]. The P(1)-S(1) bond
length at 1.937(1) A is considerably longer than the pen-
dant P(2)-S(2) bond length of 1.920(2) as a consequence
of S(1) being involved in S ... H-N hydrogen-bonding.
The P-N bond lengths and the P-N-P bond angle
[129.9(2)°] are normal (Fig. 2).

Zn[(EtO),P(S)NP(S)Ph,], (2) was obtained by refluxing
zinc chloride with two molar equivalents of KO'Bu and

v
3NaH  (BO2P7 PPy oy
[l [ ——»

1. Similarly, Pd[(EtO),P(S)NP(S)Ph,], (3) and Pt[(EtO),
P(S)NP(S)Ph,], (4) were obtained from reactions with
M(cod)Cl, as red and yellow solids respectively. In
addition one equivalent of 1, KO'Bu and NaBPh, were
refluxed with PtCl,(PMe;), in thf to yield Pt(PMe;),[(Et
0),P(S)Ph,]+ BPhy (5, 76% yield). All of the complexes
gave reasonable elemental analyses and the FAB +ve
mass spectra revealed the expected parent ions. Charac-
teristic bands were observed in the FTIR. High frequency
shifts in the v(PNP) vibration from around 950 in the free
ligand to 1239-1255cm™" are observed upon complex-
ation, whilst the v(PS) vibration shifts from 646 to 552—
576 cm~'—all of these changes reflect the changes in bond
order within the ligand due to the delocalisation of the
negative charge. The *'P NMR spectrum (Table 2) of 2
is of the typical AX type. However in 3 and 4 two AX
spectra were observed, in each case the chemical shifts
were very similar as was the coupling Table 2 and this is
most likely due to the presence of the cis and trans
isomers. Alternatively, the crystal structure of 4 suggests
(vide infra) that there is very little energy difference
between the two PtS,P,N ring conformations in the solid
state and the two spectra may be due to different ring

H
|

N
(EtO)zlfl’/ _ \ﬁth
S

(M

conformations in solution. However, calculations [12]
suggest the energy difference between ring conformations
is too low for this to be a realistic possibility at room
temperature. Unfortunately no platinum satellites could
be confidently resolved or assigned for any of the spectra.
3 was studied by variable temperature *'P NMR (d°-
DMSO). The two AX type spectra observed for 3 were
partially resolved in d®>-DMSO at 298 K whilst at 338 K
the signals coalesced (Fig. 3).

The X-Ray structure of 3 reveals (Table 4, Fig. 3) it to
be a typical square planar complex with the MS,P,N ring
adopting a distorted boat formation. Interestingly the
Pd-S(1) bond at 2.325(1)1& is shorter than the Pd—S(2)
bond, whereas the S(1)-P(1) bond at 2.207(1) A is longer
than the S(2)-P(2) bond, and the P(1)-N(1) bond is
slightly [0.028 A] longer than the P(2)-N(1) bond of
1.566(3) A. One could speculate that the electron with-
drawing effect of the ethoxy substituents causes the S(2)—
P(2) and P(2)-N(1) bonds to be slightly shorter. The Pd—
S—P bond angles are 101.09(5) and 110.08(5)° and the S—
P—N angles are 116.7(1) and 117.4(1)° whilst the P-N-P
angleis 125.1(2)° as expected for a square planar distorted
boat type structure [11].

In contrast to 3 in 4 (Fig. 4), one MS,P,N ring adopts
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Table 2

Chemical shifts and 2J'P-*'P) coupling constants in *'P NMR (CDCl;) for (EtO),P(SYNHP(S)Ph, and
MI[(EtO),P(S)NHP(S)Ph,], (M =Zn, Pd, Pt): P, denotes the ethoxy and P, denotes the phenyl substituted phos-

phorus atoms

o/ppm 2JC'P-*'P)/Hz
P, P, [P;-P,]
(EtO),P(S)NP(S)Ph, 1 63.6 53.3 22.0
Zn[(EtO),P(S)NP(S)Ph,], 2 46.9 36.3 26.4
Pd[(EtO),P(S)NP(S)Ph,], 3 50.5 40.5 50.4 40.9 27.5 26.7
Pt[(EtO),P(S)NP(S)Ph,], 4 44.2 37.8 44.1 38.3 25.6 25.3

Selected bond lengths (A) and angles (°) for (EtO),P(S) NHP(S)Ph,

1

(EtO),P(S) NHP(S)Ph,

S(1)-P(1) 1.937(1)

S(2)-P(2) 1.920(2)

P(1)-N(1) 1.681(3)

P(2)-N(1) 1.667(3)
S(1)-P(1)-N(1) 116.3(1)
S(2)-P(2)-N(1) 112.9(1)
P(1)-N(1)-P(2) 129.9(2)

S-P..P-S(2) 87.0

N(1)-H(1n) 1.063(2)

P1*
b —;\ O\\Osé)
0)
Q Hin \
S2* “\ ‘\\ S2

Fig. 1. Crystal structure of (EtO),P(S)NHP(S)Ph, 1 showing the H-

bonded dimer.

a distorted boat conformation and the other MS,P,N
ring adopts a chair formation, so both known con-
formations of the MS,P,N ring for are observed in the
same compound. Comparing values for the boat and
chair conformations in the molecule Table 4, the only
significant bond length difference is between the P-N
bonds where the P(2)-N(1) length is 0.1 A less than P(1)-
N(1) in the boat conformation whereas the P-N bonds
are very nearly equal for the chair part of the molecule.
The most characteristic difference between the two con-
formations is in the bond angles. The M—S-P angles for
the boat conformation are 105-112° as opposed to 100—
102° for the chair conformation. The S—P—N angles are
all very similar at 116-120° in contrast to the S—-M-S
angles which differ quite greatly between all three rings
in 3 and 4. The M—S-P angles are slightly smaller for 3
at 101-110° compared to 105-112° for 4.

The P NMR of 5 reveals an ABCD type spectrum
(Fig. 5, Table 5, the values given in Table 5 were checked
using an NMR simulation program) with *JC'P-*'P)
couplings which was not observed for {Pt(PMe;),[N-
(‘Pr,PS).]} *. Py, Py and P all give well resolved doublets
of triplets, though the platinum satellites were partially
obscured for P, and Py. Cis *J{*'P-*'P) coupling was
found to be of equal magnitude to trans’J{*'P-*'P) coup-
ling for P, and Pg. Despite the partial overlap of the
triplets in the Py, signal seven peaks are observed and the
difference between the *J{*'Pp-""Py) trans and the *J{*'Py-
31P,) cis coupling constants is apparent. It is interesting
to note the difference of 8 Hz between the *J(*'P,-'""Pt)
and 2J(*'PA-'""Pt) coupling constants as a consequence of
the different electronic effects of the substituent groups
on P, and Py. This effect could also be explained by the
Pt-S-P bond angles (Pt-S-P, 108.1°, Pt-S-Py 97.3°).
Given that a larger angle may imply a greater proportion
of s character in the hybridised sulfur, this greater pro-
portion of s character is likely to increase the magnitude
of the platinum-phosphorus coupling [16].

In the structure of the square planar bis(tri-
methylyphosphine)platinum complex 5 (Fig. 6, Table 6)
the PtS,P,N ring shows attributes that have been
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d°* DMSO, 298 K

Iiusesvppianlmp Mot/ wliacteqiaheetrprsde A usdipandh e o\ttt snondaangactndfitens

d®* DMSO, 318K

MNWM)\NW\‘M o

S

d® DMSO, 338 K
WWWM”WW‘\‘ ""“f-“"“ﬁ\""(\‘ mﬂvx;,wm«r‘\nww_wm'WWMWMWMMAAAWW\(Mw‘M‘

Fig. 2. *'P-{'H} VT NMR spectra (36.2 MHz) of Pd[(EtO),P(S)NP(S)Ph,],.

Table 4
Selected bond lengths (A) and angles (°) for M[(EtO),P(S)NHP(S)Ph,], (M = Pd3, Pt 4)

3 4

Boat Boat Chair
M-S(1) 2.3250(9) 2.338(4) M-S(3) 2.330(4)
M-S(2) 2.345(1) 2.330(4) M-S(4) 2.339(4)
S(1)-P(1) 2.027(1) 2.028(6) S(3)-P(3) 2.207(5)
S(2)-P(2) 2.011(1) 2.008(6) S(4)-P(4) 2.008(6)
P(1)-N(1) 1.594(3) 1.60(1) P(3)-N(2) 1.60(1)
P(2)-N(1) 1.566(3) 1.49(2) P(4)-N(2) 1.57(1)
S(1)-M-S(2) 81.66(3) 100.4(1) S(3)-M-S(4) 92.8(1)
M-S(1)-P(1) 110.08(5) 105.2(2) M-S(3)-P(3) 101.8(2)
M-S(2)-P(2) 101.09(5) 111.9(2) M-S(4)-P(4) 99.5(2)
S(1)-P(1)-N(1) 116.7(1) 116.1(6) S(3)-P(3)-N(2) 116.4(5)
S(2)-P(2)-N(1) 117.4(1) 118.1(6) S(4)-P(4)-N(2) 119.9(5)

P(1)-N(1)-P(2) 125.1(2) 127.8(9) P(3)-N(2)-P(4) 125.1(7)
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Fig. 3. Crystal structure of Pd[(EtO),P(S)NP(S)Ph,], 3.

Table 5
*'P NMR parameters for {Pt(PMe;),[(EtO),P(S)NP(S)Ph,]} * BPh;

Q /7°
02

-7

\ @)
J/ppm [J(P-P)]/Hz [J(P-Pt)]/Hz
o1 C’O N1 ‘ ,O P, Py Pc Py Pt
(-
O\C( ~ N PYG\ P, 459 - 65.4
P2 P1.JS d Q P, 343 258 - 575
/ \ P. —19.8 79 99 - 31043
39 > @ 4 P, —18.0 79 99 218 - 3062.7
o a S (OEv),
N \ Pt1 () Me; PD\+/S—PA\
Pt
NV z /N p
C-? MC3PC S—_ B

/J P.

/o

o
N

P3 ¢

Pso N2

J 4

\ AS

Cnd

Fig. 4. Crystal structure of Pt[(EtO),P(S)NP(S)Ph,], 4.

observed in square planar ‘chair’, ‘boat’ and tetrahedral
complexes. The Pt—S bond lengths differ from each other
by 0.02 A and are 0.03-0.05 A longer than those in 4. The
difference in Pt—S—P angles is significant, Pt—S(1)-P(1) at
97.3(1)° is consistent with a ‘chair’ type conformation
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Fig. 5. *'P-{'"H}NMR spectrum (161.97 MHz) of Pt(PMe,),[(EtO),P(S)NP(S)Ph,]} *BPh; .
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Table 6
Selected bond lengths (A) and angles (°) for {Pt(PMe,),[(EtO),
P(S)NP(S)Ph,]}BPh, 5

Bond lengths Bond angles

Pt-S(1) 2.371(3) S(1)-Pt-S(2) 88.7(1)
Pt-S(2) 2.395(3) Pt-S(1)-P(1) 97.3(1)
PP(3) 2.264(3) Pt-S(2)-P(2) 108.1(2)
Pt-P(4) 2.276(3) S()-P(1)-N(1)  116.4(4)
S(-P(1)  2.026(4) SQ)-PQ)-N(1)  120.1(4)
S(2-P(2)  1.987(5) P()-N(1)-PQ2)  132.0(6)
P(1)-N(I)  1.608(9) S(1)-Pt-P(4) 90.9(1)
PQ)-N(1)  1.522(10) S(2)-Pt-P(3) 86.4(1)

P(3)-Pt-P(4) 94.6(1)

for the PtS,P,N ring whereas the Pt—S(2)-P(2) angle of
108.1(2)° implies a ‘boat’ type conformation. Fur-
thermore the large angles of S(2)-P(2)-N(1) at 120.1(4)°
and P(1)-N(1)-P(2) at 132.0(6)° are more consistent with
a tetrahedral ‘boat’ type MS,P,N ring conformation
rather than any sort of square planar complex. In this
case the PtS,P,N ring can only be described as
puckered.
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