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Selected platinum(ll) and palladium(ll) complexes react with 4-(difluorophosphino)-2,5-dimeth{l2 352
diazaphosphole ) to form the expected XM(LF), complexes. In some cases, redox processes yield stable,
solid, M(LF), complexes; thus Pd(cod)QWith LF gave a mixture of the Pdand Pd complexes whereas Pt-
(cod)Ch gave only the Pt(LRCl, complex. With limited IF, (cod)Pt(Me)Cl gave the expectedjkPt(Me)Cl
complex, but when the reaction was carried out with excessPl! was reduced to Ptto form the PY(LF),
complex. This complex was structurally characterized. Crystal data;fbt,gFsNgO-PgPt: tetragonal,_lam (No.

121),a = 11.961(2) A,c = 15.034(3) AV = 2150.8(6) R, Z = 2. Final indices: GOF= 1.299 F2 > —30-

(Fod)] and R; = 0.0381, WR, = 0.1180 (forF,?2 > 20(F¢?)) andR; = 0.0395, wR, = 0.1188 for all data. The
structure around the Patom was revealed as a slightly squashed tetrahedron surrounded by four phospho-
lylphosphine ligands coordinated through the exocyclic phosphine. Fhe Bistance is 2.237(3) A. The PdiL
analogue was also isolated in pure form from the reactiorf @fith Pd(dbay. The related 4-(bis(dimethylamino))-
2,5-dimethyl-H-1,2,3,%-diazaphosphole () displaced cod from M(cod)&(M = Pd, Pt) to give only the (t),-

MCIl, complexes (M= Pd and Pt) with no evidence for reduction of the metal center. The larger steric bulk of
LN is presumably also the reason this ligand forms the trans complex instead of the cis complexes which were
formed by LF from the same precursors in analogous reactions. The reactiohwith (cod)Pt(Me)Cl produced

only cis-(LN),Pt(Me)CI; there was no evidence of reduction tBiRtcontrast to the behavior of"LWith LF, the
stereochemistry of the final product was the same as that of the starting material. The third ligand,
4-(bis(trifluoroethoxy)phosphino)-2,5-dimethyH21,2,3:2-diazaphosphole @) gave the expected platinum cis
complex (L°),MClI, from the (cod)MC} precursor, but palladium rearranged during the complexation reaction to
form the trans complex. Again, no evidence for reduction of either Pt or Pd was observediwith L

Introduction two potential phosphorus(lll) centers in the ligand, our previous

results showed that the exocyclic P(Ill) was the exclusively

preferred coordination site. Some coordination activity at the

o? endocyclic site of the simple parent phosphole has previously

been demonstrated, particularly toward Pt cerftéisp it was

ggé interest to examine in detail the complexation reactions of
ome of our phosphinophosphole ligands (Chart 1) with these

We have previously described a set of diazaphospholylphos-
phine ligands which have been prepared with a variety of
substituents on the exocyclic phosphine cehtand we have
explored the oxidatichand some complexatiéi chemistry of
selected members of the series. These ligands have the advanta

of offering both dicoordinate and tricoordinate phosphorus(lil) X ) . .
centers so it was of interest to explore the coordination chemistry metals: The literature of phqspk;mg complexes of platinum is
of this system. The exocyclic phosphine substituents which we gxtensweﬁ, but fluorophosph|_n?§ Ilgan_ds and phosphdié

can access span a range from the very electronegative quorine“gandS have much more limited chemistry.
through a variety of amino and alkoxo groups thereby “tuning” Experimental Section

both the basicity and the bulk of the phosphine cehter. All experimental manipulations were performed under an atmosphere

Although, at first glance, the d.lazaphOSph0|e substituent itself of dry argon using standard Schlenk techniques. Deuterated solvents,
appears to possess substantial bulk, we show here Pt(0) or

Pd(0) centers can accommodate up to four of the (difluoro- (4) kraaijkamp, J. G.; van Koten, G.; Vrieze, K.; Grove, D. M.; Klop, E.
phosphino)phosphole ligands. Elsewhere, we have also found  A.; Spek, A. L.; Schmidpeter, AJ. Organomet. Chenl983 256,

fitad i i ; (o3 ; ; 375-389.
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Heterobifunctional Diazaphospholylphosphines

Chart 1. Diazaphospholylphosphine Ligands

° NP pE, P P(NMey),
1 2
/N Me

~
Me‘N\
P= ™ P(OCH,CFa),

3

CDCl; and CCly, were distilled over FD;0 and stored over molecular

sieves under argon before use. All other solvents were dried and freshly

distilled prior to use. Diethyl ether was distilled from soditm
benzophenone, hexane from sodium, and acetonitrile frg®agRand
stored over Cakd Nuclear magnetic resonance spectra were recorded
on Bruker WH-200 and WH-400 spectrometers using the deuterium
signal of the solvent as both the reference and the signal lock.
Respective operating frequencies witle= 200.133 and 400.135 MHz,
13C = 50.323 and 100.614 MHZ!P = 81.015 (Table 1) and 161.977
MHz, and *F = 188.313 (Table 1), and 376.503 MHz. External
standards fot*C and'H were SiMe and for3P 85% HPO,. For 1%,
CFCk was used as solvent, internal reference, and internal lock. Positive
shifts lie downfield in all cases. NMR spectra were simulated using
the Briker software PANI® or gNMR ! Chemical ionization (ClI)

mass spectra were recorded using an AElI MS50 spectrometer exciting

with ammonia at 16 eV. Low-resolution mass spectra (electron im-
pact, El) were recorded at 16 or 70 eV on an AElI MS50 spectrom-
eter. Elemental analyses were performed by the Microanalytical Ser-
vices Laboratory at the University of Alberta. Melting points were
determined on samples in sealed melting point capillaries and are
uncorrected.

The ligands 4-(difluorophosphino)-2,5-dimethy,2,3:%-diaza-
phosphole 1), 3-(bis(dimethylamino)phosphino)-2,5-dimethyt2
1,2,3?-diazaphosphole?], and 4-(bis(2,2,2-trifluoroethoxy)phosphino)-
2,5-dimethyl-H-1,2,3?-diazaphosphole3] were derived from 4-(di-
chlorophosphino)-2,5-dimethyl-21,2,32-diazaphospholé=*4 and pre-
pared as described elsewhérEhe metal complexes Pt(cod)¢P Pt-
(cod)(Me)CI¢ Pd(cod)C,r” Pdy(dbay CHCL, 8 [Pt(PEE)Cly],,*%2°and
[Pd(PES$)CI,],?* were prepared according to literature procedures.

Preparations. cis-Pt(1),Cl, (4). A solution of phospholel (0.10
mL, 0.72 mmol) in 10 mL of dichloromethane was added dropwise at
room temperature (22C) to a solution of Pt(cod)¢I(1.350 g, 0.36
mmol) in 15 mL of dichloromethane and stirred for 4 h. The solution
was concentrated te'5 mL, and hexane was added until the solution
became slightly turbid. The solution was stored-at0 °C overnight
to give 4 as an off-white powder (0.196 g, 86.3%), mp 1Z9 (dec).
Anal. Calcd for GH1,ClL.FsN4PsPt: C, 15.25; H, 1.92; Cl 11.25; N,
8.89. Found: C, 15.11; H, 1.96; Cl 11.50; N, 8.81. MS (FAB?2):

630 (M, 7%). IR data (CkCl, cast, cm%): v(P—F) 852 (s), 793 (s).
NMR data (CDC}) are as follows.3'P{*H}: P(@?) o 271.21 (d,

(10) Parameter Adjustment in NMR by Iteration Calculation (PANIC),
Briker Instrument Co., Karlshe, Germany.

(11) gNMR (4.0): Budzelaar, G. M. Cherwell Scientific Publishing:
Oxford, U.K., 1997.

(12) Luber, J.; Schmidpeter, A. Chem. Soc., Chem. Comm876 887—
888.

(13) Luber, J.; Schmidpeter, AAngew. Chem., Int. Ed. Engl97§ 15,
111-112.

(14) Weinmaier, J. H.; Luber, J.; Schmidpeter, A.; PohiABgew. Chem.,
Int. Ed. Engl.1979 18, 412-413.

(15) Drew, D.; Doyle, J. RInorg. Synth.199Q 28, 346-347.

(16) Clark, H. C.; Manzer, L. EJ. Organomet. Chenll973 59, 411~
428.

(17) Drew, D.; Doyle, J. RInorg. Synth.199Q 28, 348-349.

(18) Ukai, T.; Kawazura, H.; Ishii, Y.; Bonnet, J. J.; lbers, J. &A.
Organomet. Cheml974 65, 253-266.

(19) Baratta, W.; Pregosin, P. Biorg. Chim. Actal993 209 85-87.

(20) Chatt, J.; Venanzi, L. MJ. Chem. Socl955 2787.

(21) Chatt, J.; Venanzi, L. MJ. Chem. Socl957, 2351.
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2Jpp 158 Hz), P¢*) 6 159.29 (dt, Pt sat3Jep 158 Hz,'J,4r 1184 Hz,
Jppt 5064 Hz). 1H: G-CH3 6 2.48 (s), P¢)—N—-CH; 6 3.96 (d,
3)y2py 8 Hz). BC{H}: C—CHs 6 15.49 (s), P§)—N—CH; 0 44.92
(d, 23,2pc 17 HZz), P-C—P 6 148.63 (d,"Jy2pc 34.7 Hz), N-C—CHs 6
155.01 (s).2%F: & —39.42 (dd, Pt sat2Jep 190 Hz,J,%F 1130 Hz,
3ngp;: 12 HZ)

Mixture of cis-Pd(1).Cl (5) and Pd(1) (6). A solution of phosphole
1 (0.25 mL, 1.8 mmol) in 10 mL of dichloromethane was added
dropwise at room temperature (22) to a solution of Pd(cod)€(0.257
g, 0.90 mmol) in 15 mL of dichloromethane and stirred4c togive
a mixture of two complexe& and6. NMR data (CDCJ) are as follows.
Pd(Il) (5): SP{'H} P(¢?) o0 268.88 (d,?Jpr 158 Hz), P¢*) 6 144.33
(dt (broad),2Jpp 158 Hz,*J,%r 1184 Hz);*%F 6 —39.42 (d) y%r 1184
Hz, 2J,%¢ 15 Hz). Pd(0) 6): P(0?) 6 257.9 (d,2Jpp 118 Hz), P¢*) 0
201.2 (dt (broad)2Jpp 118 Hz,J,4r ~1160 Hz);1°F ¢ —57.57 (dd,
broadened?J,2pr 15 Hz, 1J,%r ~ 1160 Hz).

Pure Pd(1), (6). To a solution of Pg(dba)-CHCI; (0.137 g, 0.15
mmol) in 15 mL of dichloromethane was added dropwise a solution
of phospholel (0.1 mL, 0.72 mmol) in 10 mL of dichloromethane at
room temperature (22C) and stirred for 4 h. The solution was
concentrated te-5 mL, and hexane was added until the solution became
slightly turbid. The solution was stored a#10 °C overnight to gives
as a maroon powder (0.116 g, 92.7%), mp 2C5(dec). Anal. Calcd
for CieH24FsNgPsPd: C, 23.03; H, 2.90; N, 13.43. Found: C, 23.23;
H, 2.95; N, 13.42. MS (FABm2): 838 (M, 4%). IR data (CkCl,
cast, cm?): v(P—F) 833 (s), 778 (s). NMR data (CDglkre as follows.
SIP{*H}: P(0?) o 257.88 (d,2Jpp 118 Hz), P§*) 6 201.2 (dt (broad),
2Jpp 118 Hz,%J,%E ~1160 Hz).!H: C—CHj3 0 2.48 (s), P§?)—N—CHgz
0 3.97 (d,3J,2pn 8.0 Hz).13C{1H}: C—CHs; 6 15.46 (s), P§?)—N—
CH3 6 44.88 (d,?Jy2pc 18.6 Hz), P-C—P 6 146.96 (d,J,2pc 37 Hz),
N—C—CH; 6 155.84 (s)°F: ¢ —57.57 (dd, broadened),2e 15 Hz,
L4 ~1160 Hz).

Preparation of Pt(1), (9). To a solution of Pt(cod)CIMe (0.127 g,
0.36 mmol) in 15 mL of dichloromethane was added dropwise a solution
of phospholel (0.25 mL, 1.8 mmol) in 10 mL of dichloromethane at
room temperature (22C) and stirred for 4 h. The solution was
concentrated te-5 mL, and hexane was added until the solution became
slightly turbid. The solution was stored a0 °C overnight to yield
9 as orange crystals (0.208 g, 62.7% based on Pt), mgC3&nal.
Calcd for GeH24FsNsPsPt: C, 20.81; H, 2.62; N, 12.14. Found: C,
20.65; H, 2.68; N, 12.26. MS (FABW2): 924 (M+ 1, 25%). IR data
(CH,CI; cast, cmi%): »(P—F) 832 (s), 771 (s). NMR data (CD4}lare
as follows.31P{1H}: P(0?) & 267.88 (d,2Jpp 159 Hz), P§*) 0 164.90
(dt (broad), Pt sat2Jpp nr 1Jpr 1130 Hz,%Jpp: 5050 Hz).'H: C—CHj3
0 2.47 (s), P§%)—N—CH3 6 3.99 (d,3J,2pn 8.0 Hz).B°C{*H}: C—CHjs
0 15.49 (s), P§)—N—CHs 6 44.88 (d 2J,2c 16 Hz), P-C—P ¢ 148.35
(d, *Js2pc 30 Hz), N~C—CHs 6 154.23 (s).!%F: & —46.7 (d, broad,
1Jp;: 1128 HZ).

When less than 2 equiv dfwere used in this reaction, tR&{*H}
NMR spectrum (Figure 1) showed a signal for one of the Pt coordi-
natedo* phosphorus centers at 135.6 pphieé: 6089 Hz) while the
other Pt coordinated* resonance was observed at 186.61 ppipe(
2511 Hz). Both signals were readily assigned to the expected complex,
Pt(1).CIMe (7).

trans-Pt(PEt3)Clx(1) (10).A solution of phospholé (0.05 mL, 0.72
mmol) in 10 mL of dichloromethane was added dropwise at room
temperature (22C) to a solution of [Pt(PE}Cl]. (0.138 g, 0.18 mmol)
in 15 mL of dichloromethane and stirred for 4 h. The solution was
concentrated te-5 mL, and hexane was added until the solution became
slightly turbid. The solution was stored a#0 °C overnight to give
10 as an off-white powder, (0.089 g, 86.3%), mp 122 (dec). Anal.
Calcd for GoH1CLF:N.PsPt: C, 21.21; H, 3.74; Cl 12.52; N, 4.95.
Found: C, 21.35; H, 3.72; CI, 12.62; N, 4.91. MS (FARB/z): 566
(M, 7%). IR data (CHCI, cast, cn%): v(P—F) 842 (s), 790 (s). NMR
data (CDCY) are as follows3'P{*H}: P(0?) 6 265.81 (d2Jpp155 Hz),
P@% 6 124.32 (ddt, Pt sat?Jep 155 Hz,Jy%r 1115 Hz,2J,4ppe; 18
Hz, J,%p: 5445 Hz), PEL 6 18.40 (d, Pt sat2Jpp 18 Hz, 1Jpp: 3190
HZ). 1H: C—CH3 0 2.48 (S), P(Tz)—N—CH3 0 3.97 (d,3JpH 8.0 HZ).
BC{H}: C—CHgz 0 15.49 (s), P§)—N—CHs & 44.88 (d,?Js2%ec 15
Hz), P-C—P 6 148.35 (d Xy2pc 31 Hz), N-C—CHs 6 154.48 (d2y2pc
3 Hz,2J,4pc 18 Hz).%F: ¢ —43.02 (dd2J,2pr 15 Hz,1J,4pr 1115 Hz).
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Table 1. 3P{'H} and%F NMR Data for Pt and Pd Complexes of 4-(Disubstituted phosphino)-2,5-dimeithill-2 3-diazaphospholé$

complex no. 0(0%P) (ppm) 0(0*P) (ppm) 2Jpp (HZ2) o(F) (ppm) 1J,%pr (HZ) 3J,2pr (HZ)
cis-Pt(1).Cl, 4 271.2% 159.29 150 —36.13 1130
cis-Pd().Cl, 5 268.88 144.33 158 —39.42 1184 nr
Pd(l) 6 258.90 188.90 116 —43.24 1131 nr
Pt(1)4 9 267.88 164.90 159 —43.02 1130 nr
transPt(1)(PEt)Cl, 10 265.8F 124.32 155 —43.02 1115 15
trans-Pd()(PE%)Cl, 11 266.05 160.23 150 —38.31 1125 13
trans-Pt(2),Cl 12 249.69 80.63 57
trans-Pd@).Cl, 13 249.72 86.94 51¢i
trans-Pt(2).ClMe 14 267.88 75.2F 53¢
trans-Pd@).Cl, 15 256.43 131.22 51¢i
cis-Pt(3).Cl> 16 249.69 80.63 58

2 Chemical shifts) in ppm in CDC} with respect to 85% EPOs.  In CDCls. © Doublet. Doublet of triplets. Second order. Doublet of doublet
of doublets.9 Doublet of doublet of triplets? Doublet of doublet of of doublet of doubletsDoublet of doubletsl. |2,2p,% + “Jo2p.%p|.

Figure 1. ORTEP! representation of the molecular structure of
tetrakis(difluord 2,5-dimethyl-H-1,2,3:>-diazaphosphol-4-yphosphine)-

trans-Pd(2),Cl (13). A solution of phosphol@ (0.25 mL, 1.2 mmol)
in 10 mL of dichloromethane was added dropwise at room temperature
(22 °C) to a solution of Pd(cod)€(0.171 g, 0.60 mmol) in 15 mL of
dichloromethane and stirred for 4 h. The solution was concentrated to
~5 mL, and hexane was added until the solution became slightly turbid.
The solution was stored at40 °C overnight to givel3 as light yellow
crystals (0.260 g, 67.6%), mp 18€ (dec). Anal. Calcd for GHse
CloNgPsPd: C, 29.95; H, 5.65; Cl 11.05; N, 17.46. Found: C, 29.92;
H, 5.72; CI 11.35; N, 17.49. MS (FABWz2): 641 (M+ 1, 5%). NMR
data (CDCJ) are as follows3P{H}: P(0?) 6 249.72 (t,|2Js2ps% +
4~ngpgzp" 51 HZ), P()'4) 0 86.91 (t,|2J02p04p + 4\]gng4p" 51 HZ) 1H:
C—CH3 6 2.43 (dd,*Jpn 0.9 Hz), P¢?)—N—CH3 6 4.03 (d,3J,2pp 12.2
Hz), PE@*)—N—CHs3 6 2.68 (d,3J, 7.8 Hz).13C{1H}: C—CH3 6 14.37
(s), PG?)—N—CHs 6 41.88 (d,?J,2pc 18 Hz), P-C—P 6 143.45 (dd,
2J,2pc 5 Hz, 2,%pc 14 Hz), N-C—CHs 6 156.72 (s).

trans-PtMeClI(2), (14). A solution of phosphole€ (0.25 mL, 1.2
mmol) in 10 mL of dichloromethane was added dropwise at room

platinum(0) ©). Non-hydrogen atoms are represented by Gaussian .temperature (22C) to a solution of Pt(cod)CIMe (0.117 g, 0.30 mmol)

ellipsoids at the 20% probability level. Hydrogen atoms are shown with
arbitrarily small thermal parameters.

trans-Pd(PEt;)Cl(1) (11).A solution of phospholé (0.05 mL, 0.36
mmol) in 10 mL of dichloromethane was added dropwise at room
temperature (22C) to a solution of [Pd(PE)Cl;], (0.216 g, 0.36 mmol)
in 15 mL of dichloromethane and stirred for 4 h. The solution was
concentrated te-5 mL, and hexane was added until the solution became
slightly turbid. The solution was stored &40 °C overnight to give
11 as a yellowish powder (0.269 g, 78.3%), mp 1’I1 (dec). Anal.
Calcd for GoH21ClLF:No,PsPd: C, 25.15; H, 4.43; Cl 14.85; N, 5.87.
Found: C, 25.11; H, 4.56; Cl 14.99; N, 5.78. MS (FABZ): 479 (M
+ 1, 9%). IR data (CkLCl; cast, cm?): »(P—F) 849 (s), 788 (s). NMR
data (CDC)) are as follows3'P{'H}: P(0?) 6 266.05 (d2Jpp 153 Hz),
P(e%) 6 160.23 (dt, broad®Jpp 153 Hz,Wpr ~1125 Hz), PE$ O 42.62
(s). 'H: C—CH3 0 2.48 (s), P§2)—N—CHz 6 3.97 (d,3Jpn 8.0 Hz).
BC{H}: C—CH3 0 15.61 (s), P§9)—N—CH3; 6 44.88 (d,?Js2ec 18
Hz), P-C—P ¢ 148.35 (d,"J,2rc 30 Hz), N~C—CHs 6 152.53 (d,
ZJOZP(; 4 Hz, 2\](74pc 12 HZ) 9F: ¢ —38.31 (dd,ngzpF 15 Hz, 1.],,4p|:
~1125 Hz).

trans-Pt(2).Cly, (12).A solution of phosphol@ (0.25 mL, 1.2 mmol)

in 15 mL of dichloromethane and stirred for 4 h. The solution was
concentrated te-5 mL, and hexane was added until the solution became
slightly turbid. The solution was stored &40 °C overnight to give
14 as a light yellow powder (0.194 g, 77.6%), mp 1%5 (dec). Anal.
Calcd for G7H3CINgP4Pt: C, 28.76; H, 5.54; Cl 4.99; N, 15.78.
Found: C, 28.60; H, 5.59; Cl 4.35; N, 15.86. MS (FABz): 711 (M
+ 1, 5%). NMR data (CDG) are as follows3'P{1H}: P(¢?) 6 248.29
(t, |2\]L12PgAP + 4ngp04p| 53 HZ), PéA) 075.21 (t Pt Sat.l,z\]gng“P + 4\]d2PgAP|
53 Hz,%J%pt 3351 Hz).*H: C—CH3 6 2.34 (dd,*Jpn 0.9 Hz), P§?)—
N—CH3 6 4.03 (d,33,%n 12.2 Hz), PG*~N—CHz 6 2.74 (d,2J,% 7.6
Hz). 13C{H}: C—CHs; 6 14.37 (s), P§)—N—CHs 6 41.78 (d,2),2c
17 Hz), P-C—P ¢ 144.53 (dd2Jy2pc 4 Hz,%Jy%c 13 Hz), N-C—CH;
0 156.72 (s)19%Pt: 6 354.40 (ttq,*Js%rpt 3351 Hz,3J,2ppt 50 HZ, 2Jpn
82 Hz).

trans-PdCl,(3), (15). A solution of phosphol& (0.193 g, 0.57 mmol)
in 10 mL of dichloromethane was added dropwise at room temperature
(22 °C) to a solution of Pd(cod)€[(0.081 g, 0.28 mmol) in 15 mL of
dichloromethane and stirred for 4 h. The solution was reduced3to
mL, and 10 mL of hexanes was added. The solution was stored
overnight at room temperature during which tidfeformed as a yellow
powder (1.889 g, 78.3%), mp 16& (dec). Anal. Calcd for GHzo-

in 10 mL of dichloromethane was added dropwise at room temperature Clz2F12NsOsP4Pd: C, 22.31; H, 2.34; CI, 8.23, N, 6.50. Found: C, 22.12;

(22 °C) to a solution of Pt(cod)@l(0.225 g, 0.60 mmol) in 15 mL of

H, 2.30; ClI, 8.42, N, 6.62. MS (FAB1/2): 861 (M, 5%). NMR data

dichloromethane and stirred for 4 h. The solution was concentrated to (CDCk) are as follows?'P{*H}: P(0?) 6 256.43 (1", ["dse + *Jo2mstp|

~5 mL, and hexane was added until the solution became slightly turbid.

The solution was stored at40 °C overnight to givel2 as an off-
white powder (0.344 g, 78.6%), mp 19193 °C (dec). Calcd for
CieHzeCloNgPsPt: C, 26.31; H, 4.97; Cl 9.71; N, 15.34. Found: C,
26.51; H, 5.09; Cl 9.75; N, 15.37. MS (FABYZ): 730 (M+ 1, 11%).
NMR data (CDCY) are as follows3P{1H}: P(0?) 6 249.69 (t,/2),2ps%
+ 4\]gng4p‘ 57 HZ), P@A) 0 80.63 (dt, Pt Saﬂ.ngng4p + 4ngpg4p| 57 Hz,
et 2918 Hz).'H: C—CH3 0 2.43 (dd, 4y 0.9 Hz), P6?)—N—
CH3 6 4.02 (d,%Jpn 12.2 Hz), P¢*)—N—CH3 6 2.76 (d,2J,%pn 7.2 HZ).
BC{H}: C—CH30 14.73 (s), P§9)—N—CH3 6 41.92 (d,2Jpc 18 Hz),
P—C—P 6 148.45 (dd2J,2pc 4 Hz,2J,%¢c 14 Hz), N-C—CHjz 6 156.27
(). 19Pt: 6 179.04 (t,%J,%pp: 2918 Hz).

51 Hz), P 6 131.22 (“t", |Xs2%p + *Js2pe%p| 51 Hz).2H: C—CH3 6
2.60 (s), P§?)—N—CHj3 6 4.06 (d,?Jy2pn 5.2 Hz) PG*)—N—0O—CH; 6
4.6-4.3 (m (broad))*3C{*H}: C—CH3; 6 15.49 (s), P§©)—N—CH3 0
44.36 (d,2J,2pc 18 Hz), P-C—P ¢ 148.62 (dd}J,2pc 57 Hz,1J,%c 35
HZ), N—C_CH3 0 156.48 (dd,z.]uzpc 5 HZ, ZJ{74PC 17 HZ), O_CHZ_
CFs, 0 63.32 (dg,2Jpc 8 Hz,?Jcr 36 Hz), O-CH,—CF5 6 123.52, (dq,
3Jpc 6 Hz, Wcr 278 Hz),2J,2pc 5 Hz). 1F: & —74.50 (s).

cis-PtCly(3). (16). A solution of phosphol& (0.151 g, 0.44 mmol)
in 10 mL of dichloromethane was added dropwise at room temperature
(22 °C) to a solution of Pt(cod)@l(0.083 g, 0.22 mmol) in 15 mL of
dichloromethane and stirred for 4 h. The solution was concentrated to
~5 mL, and hexane was added until the solution became slightly turbid.
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Scheme 1. Reaction ofl with Pt(cod)C}
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The solution was stored at40 °C overnight to givel6 as an off-
white powder (0.162 g, 77.6%), mp 17Z (dec). Anal. Calcd for

Ci6H20ClF12N4O4PsPE: C, 20.22; H, 2.12; Cl 7.46, N, 5.90. Found:

C, 20.35; H, 2.25; Cl 7.35; N, 6.01. MS (FABy2): 951 (M + 1,
13%). NMR data (CDG) are as follows3'P{'H}: P(¢?) 6 256.78 (d,
2Jop58 Hz,), P6%) 6 104.37 (d, Pt sat2Jpp58 Hz, Jpp 4811 Hz).H:
C—CHs 6 2.65 (dd,“Jpy 0.9 Hz), P62 —N—CHs 6 4.09 (d,3],20n 8.4
Hz), PE*~N—O—CH; ¢ 4.6-4.4 (m (broad)).3C{*H}: C—CHs 6
14.53 (s), P§)—N—CHs 6 41.36 (d,2J20¢c 18 Hz), P-C—P 6 144.65
(dd, 23,2pc 59 Hz,2J,%pc 45 Hz), N-C—CH; 6 156.72 (dd2Jy2pc 5 Hz,
ZJ,,APC 18 HZ), O_CHZ—CF;;, o) 6333, (dq,z\]pc 8 HZ, ZJCF 36 HZ),
O—CH,—CF; 6 123.46 (dq3Jcp 6 Hz, XJcr 279 HZz),2J,2pc 5 HZz). 1F:
6 —74.52 ().

Results and Discussion

Complexation and Reduction Chemistry of 4-(Difluoro-
phosphino)-2,5-dimethyl-H-1,2,32-diazaphosphole (1)When
1 was combined with Pt(cod)glsmooth displacement of the
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Scheme 2. Reaction ofl with Pd(cod)C}
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upfield shift of the resonance relative to the free ligand, and in
addition, a very large phosphordplatinum one-bond coupling
constant Jppt = 5064 Hz) is observed indicating that the
exocyclic phosphine is bound to Pt. In the compl&lp was
larger (150 Hz) andJprwas smaller (1125 Hz) than the values
displayed by the free ligand. THéppivalue in this complex is
much larger than the typical range of 2368600 Hz generally
observed focis-PtCh(PRs), complexeg? and indeed there are
not many platinum complexes which haldp;values greater
than 5000 HZ426 Notably, the Pt phosphole complexes also
display largetJpp; coupling constant$®

The % NMR chemical shift signal for the fluorine atoms
was centered at-35.86 ppm and showed coupling to both
phosphorus centerdJpr = 12 Hz, 1Jpr = 1125 Hz). These
values are typical for such complexes and are not much altered
from the free ligand.

The reaction ofl. with Pd(cod)C} was much more complex.

cyclooctadienyl ligand occurred to vyield the disubstituted cis- The initial yellow solution of the palladium precursor changed

complex Pt0).Cl, (4) (Scheme 1). Althoughl offers an

first to pale yellow and then, over a period of 1 h, a deep maroon

appropriate bite angle between two donor centers that couldsolution formed. Thé'P{*H} NMR spectrum of this maroon
lead to bimetallic bridged structures similar for example to the Solution showed that there was a mixture of two species, one

dimers formed by dppm with P£2 the NMR spectra of the
reaction product did not reveal any species of this type.

In previous work® with related simple diazaphosphole

ligands, monomeric and dimeric'Ptomplexes were formed

being the expected palladium(ll) complesis-Pd(1).Cl, (5).
The other was the reduced palladium(0) complex,1Rd(6)
(Scheme 2).

The 31P{1H} NMR spectrum of thisis-Pd(1),Cl, complex

without replacement of the original phosphine ligands. Only (5) was a typical AMX spin pattern. The*P{*H} NMR
the dimer bridges were cleaved by the phospholes indicating "€sonance for the exo-phosphorus centeb iappeared as a
that the dicoordinate phosphorus center is a very weak base. doublet of triplets and showed an upfield shift (to 144.33 ppm)

Also, in those cases, Pivas not reduce8 P precursors gave,
with the diazaphosphole, a series oflRtcomplexes in which

while the signal for thes?P center (a doublet) was shifted
downfield to 267.88 ppm and was broadened. The val@éppf

the initially coordinated phosphines were replaced by only one (158 Hz) increased relative to the starting phosphin@he

or two phospholes; complete replacement of the phosphines_one'bond p_hosphorus fluor_lne coupling constant had also
present on the metal precutsor complex was not achievedincreased slightly (1184 Hz) in the complex relative to the free
suggesting again that the phospholes are not strongly basidigand. Thel®F NMR chemical shift signal was centered at

ligands?
The3!P{1H} NMR spectrum o# was characteristic of ais-
diphosphine complex of IPtCoordination through the exocyclic

—36.42 ppm, and again both phosphorus centers were coupled
to the fluorine $J,%p = 15 Hz, 1Jpr = 1182 Hz).

Verkade, J. G.; Mosbo, J. A., Phosphorus-31 NMR Spectroscopy

: o (23)
phosphine was indicated by the fact that there was only a small in Stereochemical Analysi¥erkade, J. G., Quin, L. D. Eds.; VCH

downfield shift of theag?P resonance (271.21 ppm) and no Pt

Publishers, Inc.: Deerfield Beach, FL, 1987; Vol. 8, pp 4253.

satellites were associated with this signal. The exocyclic (24) Heaton, B. T. D. Philos. Thesis, University of Sussex, Brighton, 1967.

phosphorus center (159.3 ppm) in the complex displays a Iarge(zs)

(22) Puddephatt, R. £hem. Soc. Rs. 1982 99.

Chatt, J.; Mason, R.; Meek, D. \W. Am. Chem. So&975 97, 3826-
3827.

(26) Anderson, G. K.; Cross, R. J.; Manojlovic-Muir, L.; Muir, K. W.;
Solomon, T.J. Organomet. Chenl979 170, 385-397.
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Scheme 3. Reactions of the Ethylphosphine Chloro Dimers
of Pd and Pt withl. (M = Pt (10), M = Pd(11))
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Phosphorus NMR signals arising from both the endo- and
the exo-phosphorus centers in the Pd(0) comp&appeared
much broader than those for the analogou$ &amplex5, but
no free phosphole signal was observed in contrast to behavior
of previously investigated Pd; complexes of aryl- and
alkylphosphined’ These broad signals were not sharpened by
cooling the3P{1H} NMR sample to—75 °C in either of the
Pd or the Pd cases so it does not appear that there is a facile
ligand exchange. Attempts to crystallize either of these pal-
ladium complexes resulted only in a maroon oil; thus, complexes
5 and 6 were not separated from this mixture.

An authentic sample of the pure Pcbmplex Pd{), (6) was
easily obtained however as a wine-red powder from the reaction
of Pdy(dba)y-CHCl; with 4 equiv of 1. The3P{IH} NMR of a
solution of pures showed the same broadened signal previously
observed in the mixed product. The doublet of triplets for the

exo-phosphorus center (202.45 ppm) and the broadened doublef’

for the o?P center (261.17 ppm) confirm the assignments derived
from the mixture. Changes in chemical shifts and coupling con-
stants similar to those dispayed by the Pt system were observed

It also is notable that the reaction of Pt(cod)®ith 1 showed
no evidence for reduction of the metal whereas reaction of Pd-
(cod)Ch with 1 gave a reduced product. We show below that
reduction of Pt to P complex occurs under different condi-
tions.

The phospholylphosphinkreacted with the bridged dimers
[M(PEt;)Cl3]2 (M = Pt or Pd) (Scheme 3) to yield theans
phosphine complexes of the metals with two different coordi-
nated phosphines. In these reactions, the only process is cleava
of the Cl bridge; the original phosphines are not displaced. These
reactions are parallel to those described with the simple
phospholé except that in this previous study the dicoordinate
phosphole center acted as the coordination site, there being n
exo-cyclic phosphorus in that case. ThrensM(PEt)(1)Cl»

(10, M = Pt; 11, M = Pd), each of which contain a coordinated
exo-cyclic phosphorus of the diazaphospholylphosphitians-
disposed to BP, were obtained in good yield. THéP{1H}
NMR spectrum of the platinum complex again showed that
coordination to the Pt had occurred through the exo-cyclic
phosphine center and that two phosphine centers were attache
to the metal. In the platinum complexO, the exo-cyclic
phosphorus center signal of ligantl was shifted upfield
approximately 85 ppm (to 124.32 ppm) whereas ihe
phosphorus resonance shifted upfield by only 10 ppm (to 265.81
ppm) relative to the free ligand. In contrast, the resonance signal
for the PE$ ligand was shifted by 10 ppm downfield (to 18.4
ppm) relative to that found in the starting platinum complex.
There was a large increase in the two-b@3B—o*P coupling

(27) Clark, H. C.; Itoh, K.Inorg. Chem.1971, 10, 1707-1711.

i
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constant (155 Hz) and a decreaséXpfto 1115 Hz. Again the
LJpprcoupling between Pt and the coordinatdtdd? 1 was large
(5445 Hz) which also confirmed that the exo-cyclic phosphorus
center ofl was the coordinate link. Coupling between Pt and
the phosphorus of PEtvas also easily identified, but the value
had decreased to 3190 Hz, smaller than the value of 3845 Hz
in the parent complex. Also observed was a moderate (18 Hz)
2Jp(pEy COUpling between the two coordinated phosphine centers
in the complex. The opposite trend of the—® coupling
constants displayed by the two ligands in the trans complex is
consistent with the fact that both trans ligands of square planar
complexes are competing for the same metabubitals; if one

is a stronger acceptor, it steals away interaction from its trans
counterpart and the weaker platintiphosphorus interaction

is reflected in a decreased coupling constant. In contrast cis
ligands do not compete for the same electron density and both
ligands can maximize their PP coupling constants. When
metal-halogen bonds are involved, the smalcomponent in
these bonds also offers minimal competition for back-bonding
with platinum; thus, the platinumphosphorus interactions can
be enhanced.

The 1% NMR signals of the platinum complex0 were
centered at-38.21 ppm and showed coupling to both phos-
phorus centers of the diazaphospholylphosphfdgsg = 15
Hz, WJpr = 1115 Hz). The values are typical for Fftuoro-
phosphine complexes.

The pattern of thé'P{*H} NMR spectrum and the phospho-
rus shift values of the palladium complés were very similar
to those of the analogous Pt compléX) The NMR signals
were also slightly broader than usual. The magnitudes of the
pfield NMR shifts for the exo-cyclic phosphorus signal of 49
ppm (to 160.23 ppm) and for the’P of 10 ppm (to 266.05
ppm) were parallel to those displayed by the Pt analogue. The
phosphorus chemical shift for the BHigand (at 42.62 ppm)
femained relatively unchanged relative to the value observed
for the starting material. Th&l,2pp value also increased (150
Hz) relative to the free ligand as was observed with the plati-
num complex. In contrast to th&P{1H} NMR spectrum of
Pt(PES$)(1)Cl, (10), phosphorusphosphorus coupling be-
tweenl and PE} (3Jppgy) Was not observed possibly due to the
breadth of the resonance which would prevent the resolution
of a small coupling. Thé%F NMR of 11 gave a fluorine signal
at —35.78 ppm which was a doublet of doublets due to coupling
th both phosphorus centers of the diazaphospholylphos-
phine {Jpr = 1125 Hz,3Jpg = 13 Hz). There was little change
in the 1Jpg value in the complex relative to that of the free

0ohosphine.

The reaction of Pt(cod)CIMe witl gave, ultimately, an
unexpected reductiveslimination reaction product, ®1)4 (9),
isolated from the reaction mixture as an orange crystalline solid.
Complex9 also showed slightly broag’® NMR spectra, but
no evidence for free phosphole was observed in contrast to the
typical behavior of Pt(0) complexes of organophosph#idhe

P NMR spectrum oB was characterized by a large value of
Jppt (5050 Hz) and by an increasédep (159 Hz) coupling.
The signal for theo? phosphole center was shifted slightly
upfield, and the directJpr coupling was reduced (1130 Hz)
relative to the free ligand.

When less than 2 equiv df was used relative to Pt(cod)-
CIMe, an intermediate complex B}¢CIMe (7) was observed,
identified in solution by NMR parameters. This complex could
not be isolated; attempts to isolate the intermediate resulted only
in the crystallization 08, so structural characterization of this
interesting species could not be achieved. i®§H} NMR
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Scheme 4. Pathways for the Reaction afwith
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also occurs in the case of the reaction to form1pkl, which
could imply the improbable reductive elimination oflwe

can suggest that the reaction proceeds through an initial base
coordination of another 1 mol of phosphine to form a five
coordinate Pt complex @b), which may then undergo a
reductive elimination of chloromethane to produce a tricoordi-
nate intermediate. This species then readily adds a fourth
phosphine. More likely, however, is a redox process on the five
coordinate Pt center which transfers the elements of MeCl to
phosphorus thereby forming a phosphorane of the type
(phosphole)PEMe)CI which is eliminated. The resultant tri-
coordinate Pt intermediate is stabilized and crystallized with
another 1 mol of phosphine as previously suggested. The
analogous process in the Pd case would be the reasonable
formation of a phosphorane of the type (phosphole{®fby

the abstraction of the two chlorides from the analogous five
coordinate Pd intermediate. Precedent for the formation of the
halogene-phosphorane exists in neat reaction systé&hisjt

we were not able to identify any phosphorane species. It is

TN\

possible that these species were decomposed by subsequent

Me-N

P /
Y

N Me Me
a J L 8b
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aMeCl may be liberated by direct reductive elimination or through
the formation of the phosphorane representdMg)Cl].

spectrum of7 identified one complexed* phosphorus center
at 135.6 ppmJpp:6089 Hz), while the othes* resonance was
observed at 186.61 ppriJpp 2511 Hz). The difference in these

two resonance signals for the exo-phosphorus centers can b

attributed to the greater trans-influeA€ef the methyl group
(a ligand with minimalz-acceptor properties) relative to the
chloride?® This strong covalent bond induces a large matal
component in the trans bond which will be weakeA®@he
chemical shift for the resonance for théP center in this
complex7 remained the same throughout with only a slight
broadening of the peak (265 ppm) illustrating that this center
is insulated from the electronic effects at the metal.

Possible pathways for the formation 6fare outlined in

reactions or by the solvent used. Further work on these
interesting systems would clearly be warranted.

The reductive elimination process leadingbtm our system
resembles the elimination of biphenyl from (pheal)-
(fluorophosphing)complexes reported previouslyPresumably,
the more common reduction reaction of platinum phosphine
complexes involves reduction of platinum from thé to the
+2 oxidation state rather than from'Ro P£.31 Direct reduction
of Pt' to PP complexes with fluorinated phosphines is however
known and has been exploited previous#g?Also, it has long
been known that known that phosphorus trifluoride osRH;
(neat) react with platinum(ll) chloride complexes at elevated
temperatures with reduction of platinum to givé(Bhosphine)
complexes$:3° The other product was the chlorofluorophospho-
rane30 These results and also our results from other systeims
suggest clearly that the ligating characted.a$ very similar to
that of PR and phosphites. It is therefore not ultimately
surprising that Ptcan be reduced to Pthut the facility of the
reduction reaction displayed Hyis notable. The fact that the
ligand appears to be free of large steric constraints and that
products are potentially solid crystalline products suggests that
1 may be a very useful fluorophosphine ligand.

Complex9 was structurally characterized, and it transpires
&hat this complex represents one of the very few homoleptic
PL4 complexes to be structurally characterized in the solid
state and the first to be fully reporté#in total however, not
many complexes of the Pitsystem have been structurally
characterize@34-36 Most contain, in general, bidentate chelating
ligands or a mix of monodentate and bidentate phospii&s,
and so the structures obtained may suffer from geometrical
constraints imposed by the chelating ligand or, alternatively,

(30) Nixon, J. F.; Sexton, M. DJ. Chem. Soc. A97Q 321-323.

Scheme 4. The reaction begins with the simple substitution of (31) van der Boom, M. E.; Kraatz, H.-B.; Ben-David, Y.; Milstein, ID.

the cod ligand with two phospholylphosphines to fofnsSeveral

different subsequent pathways can be proposed, for example,(?’z)

reductive elimination of MeCl to yield the tricoordinate complex
8awhich then binds an additional phosphine to crystallize the
finally isolated complex. Alternatively, since we were unable
to observe MeCl (and in view of the fact that a similar reduction

(28) Appleton, T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re 1973
10, 335-422.

(29) Nixon, J. F.; Pidcock, A., I\nnual Reiew of NMR Spectroscopy
Mooney, E. F., Ed.; Academic Press: New York, 1969; Vol. 2, pp
345-422.

Chem. Soc., Chem. Commui996 2167-2168.

Heuer, L.; Jones, P. G.; Schmutzler, R.; Schomburgleéiv. J. Chem.

1990 14, 891-900.

(33) A summarized reportGhem. Abs1986 104, 101226z) [Kuz'mina,
L. G.; Struchkov, Y. T.; Ukhin, L. Y.; Dolgopoulos, N. AKoord.
Khim. 1985 11, 1694-1700 (Russian)] indicates that the complex
Pt[(PCCPhy]4 has been structurally characterized and is isostructural
with the Pd complex. PtP lengths and angles were not given.

(34) Albano, V. G.; Basso Ricci, G. M.; Bellon, P. Inorg. Chem1969
8,2109-2115. (Preliminary Communication: Albano, V. G.; Bellon,
P. L.; Sansoni, MJ. Chem. Soc., Chem. Comma&f869 899-901.)

(35) Mason, R.; Williams, G. AAust. J. Chem1981, 34, 471-477.

(36) Asker, K. A.; Hitchcock, P. B.; Moulding, R. P.; Seddon, K.Iforg.
Chem.199Q 29, 4146-4148.
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Table 2. Crystallographic Experimental Details for

Mikoluk et al.

Table 3. Selected Interatomic Distances and Angles for

A. Crystal Data

formula
fw
cryst dimens (mm)
cryst system
space group
unit cell param3
a(h)
c(A)
V (A3)
A

Pcalcd (g Cn'ra)
w (mm?)

B. Data Collection and Refinement Conditions

diffractometer

radiation ¢ (A))
monochromator

temp €C)

scan type

data collcn 2 limit (deg)
tot. data collcd

independent reflctns

no. of observns (NO)
structure solution method
refinement method

abs corr method

range of abs corr factors
data/restraints/params
goodness-of-fitH)

Tetrakis(difluord 2,5-dimethyl-2-1,2,3?>-diazaphosphol-4-y+

GaHoaFsN=O,PsPt phosphine)platinum(0)9)
959.31 Distances (A)

0.3% 0.26x 0.26 Pt-P(1) 2.237(3) N(1)N(2) 1.380(15)
tetragonal P(1)-F 1.565(6) N(1)-C(2) 1.33(2)
142m (No. 121) P(1)-C(1) 1.70(2) N(2)-C(3) 1.42(2)

P(2-N(2) 1.689(15) c(1¥c(2) 1.45(2)
11.961(2) P(2)-C(1) 1.72(2) C(2y-C(4) 1.50(2)
15.034(3)
2150.8(6) Angles (deg)
> P(1)—Pt-P(1) 117.1(8)  P(DIN(2)-C(3)  127.9(12)
1481 P(1P—PtP(1) 105.1(2)  N(I¥N@2)-C(3) 116.2(15)
3619 PtP(1)-F 116.8(2) P(I}C(1)-P(2)  122.9(10)
Pt—P(1)-C(1) 121.2(6)  P(C(1)-C(2)  131.5(14)
_ F—P(1-)F 94.4(5)  P(2XC(1)-C(2)  105.6(13)

Enraf-Nonius CAD4 F—P(1)-C(1) 101.7(4)  N(I¥C(2-C(1)  119.1(15)
MoKa (0.71073) N@)-P@2-C(1)  91.7(8)  N(1}C(2)-C(4) 113.7(14)

incident-beam, graphite crystal N(2)-N(1)—C(2) 107.6(15) c(Bc(2)-c(4) 127.1(5)
;529 P(2-N(2)—-C(2)  115.9(11)

50.0 interactions two pairs of F atoms may be responsible for the

4256(14<h<14,-14<
k<14,-17<1<17)
1021
1009 = 20(F?))
direct methods (SHELXS)86
full-matrix least-squares on
F2 (SHELXL-93%
DIFABS
1.150.815
10H,1 = —30(FA)]/0/61
1.299 F¢? = —30(F?)]

“squashing”. As it sits in the unit cell the complex displays
perfect & symmetry. There are no unusual intermolecular
contacts between molecules in the unit cell. The phosphole rings
are planar, and the nitrogen in the 2-position is also planar (the
sum of the angles about this nitrogen is 360 he P(2>-N(2)-

N(1) angle (115.9(1%) is slightly wider than that of the
phosphole itself (113°. The N(2-P(2)-C(1) angle, 91.7-
(8)°, is larger than that observed for the phosphole (90%
The P(2)-N(2) bond distance of 1.689(15) A suggests some

final Rindice® multiple bond character when compared to the normally
Fo? > 20(Fo?) R, = 0.0381, vk, = 0.1180 accepted PN single bond value (1.77 A); however, it is not
all data R, = 0.0395, viR, = 0.1188 as short as a typical+N double bond (1.64 A). The FP—F

Iar%(e)lset ?éﬁAPE)ak and 1.570 and-1.160 bond angle is 94.4(8) while the P-F bond distance at 1.565-

(6) A is slightly longer than that which we observed for

2 Obtained from least squares refinement of 24 reflections with?18.0 - 4-(difluorof p-cyanotetrafluorophenyiminophosphorano)-2,5-
< ||26t‘< 26'7’&: Programls (‘;Ok: Cgﬁrafﬁm?égh Olze_r?(ﬁ%” higdtdata dimethyl-H-1,2,3,%-diazaphosphofebut is similar to that found
collection were those supplied by Enraf-Noniti§heldrick, G. MActa . . . X
Crystallogr. 1990 A46, 467.¢ Sheldrick, G. M. SHELXL-93. Program [0F the complex Cyc'°pzem.ad'enylb"éP'A"(d'ﬂuo.r ophosphino)-
for crystal structure determination. University of Bogen, Germany, 2,5-dimethyl-H-1,2,3,*-diazaphosphole rhodium(l), (CpRh-
1993. Refinement of,2 for all reflections (all of these havinge? < (1)2).3
—30(Fo?)). WeightedR-factors wR, and all goodnesses of ftare based Complexation Reactions of 4-(Bis(dimethylamino)phos-
on F,% conventionalR-factorsR; are based o, with F, set to zero phino)-2,5-dimethyl-2H-1,2,%2-diazaphosphole (2)The reac-
for negativef. The observed criterion di? > 20(F7) is used only _ tion of 2 with M(cod)Cl, (M = Pd, PY) resulted in the simple
or calculatingR; and is not relevant to the choice of reflections for : : :
refinementR-factors based oR,? are statistically about twice as large Tsplacement of the cyclooctadienyl Ilga{]d to giveYiClz (M
as those based oF,, and R-factors based on all data will be even — Pt (12), Pd (3)). In each case, thgp{ H} NMR spectrum
larger.® Walker, N.; Stuart, DActa Crystallogr1983 A39, 158-166. showed a pattern of a deceptively simple second order “triplet”
fS=[SwW(Fo? — FA(n — p)]*2 (n = number of datap = number of pattern which is characteristic of the trans-substituted square
parameters variedy = [0*(F¢?) + (0.076%)?] %, whereP = [Max(F?, planar diphosphine complexes. Phosphorus chemical shifts were

very similar; the exocyclic phosphine (which is the likely

binding point) was found at 80.59 ppm f&@f and 86.94 ppm

0) + 2FA)/3). IRy = Y ||Fol — IFcll/Y|Fol; WR? = [SW(Fs? — F)%
ZW( |:04)] 12,

. . ... for 13 The chemical shift for the endocyclic phosphorus centers
suffer reduced symmetry because of the difference in the ligating \ o re found at 248.88 ppm fdr2 and at 249.63 ppm fot3.

character within the collection of monodentate ligahB=lated The major line separations in each sectiBipotp + 4Jo2ps'p|)

(o g
complexes such as Pt.(%)‘!s.o were not structurally charac- were 57 Hz 12) and 51 Hz 13), respectively. The one-bond
terized because of their volatility. The structure of PtjRRlso phosphorus platinum coupling constant ia2 (1pp; = 2918

a very volatile species, Wgs twice determined by electron Hz) clearly indicated the binding point in this complex, but the

diffraction some years agﬁa - value is notably much smaller than that observed in the platinum
Complex9 crystalh_zed in the space groupizm (see Tables complexes with as discussed above. TH&Pt NMR spectrum

2 and 3). The solld_-state structure revealed the expectedOf 12 gave a chemical shift of 179.04 ppm.

tetraheqlral Ptcenter, illustrated in Figure 1. The angles about The reaction of2 with Pt(cod)CIMe produced only the

the platinum, P(lA'}Pt_P(.l) and.P(.lB-)'Pt—P(l)., are 111.71- complex PtR),CIMe (14) with no suggestion of reduction to

(8) and 105.1(2), respectively, indicating a slightly squashed £ as was observed with. The 3P{H} NMR signal for the

tetrahedron abou_t the Pt. The phosphole Ii_gands are displace oordinated exo-phosphorus center at 75.21 ppm appeared as a

about the center in a very symmetrical environment, and small single deceptively simple triple€ 2% + 4J.2p0% = 53 Hz)

suggesting that the exo-phosphorus centers are equivalent and

that the product complex is therefore the trans isomer. Were

the cis isomer formed, as was the case in the reaction lyith

(37) Marriott, J. C.; Salthouse, J. A.; Ware, M. J.; Freeman, J.Mhem.
Soc., Chem. Commut97Q 595-596.
(38) Ritz, C. L.; Bartell, L. SJ. Mol. Struct.1976 31, 73-76.
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the two coordinated phosphorus centers should have showndifluoro analoguel, but the reduction chemistry is different,

different shifts (as for7 for example) and also the twhlppy being essentially nonexistent under the reaction conditions.

values would be different as a result of the trans-influence. The

195t NMR spectrum ofl4 showed an AD,MX 3 spin system Summary

in which the platinum is coupled to both phosphorus atoidis(

= 3554 Hz,3Jpp; = 50 Hz) as well as to the protons of the

methyl group which is directly bound to Pgp = 83 Hz),

thus giving rise to a splitting pattern of a triplet of triplets of

quartets which is consistent with the trans structure.
Complexation Reactions of 4-((2,2,2-Trifluoroethoxy)-

phosphino)-2,5-dimethyl-2H-1,2,35?-diazaphosphole (3)The

fluorinated alkoxy-substituted diazaphospholylphosplihas

a more basic exocyclic phosphine center than that but it is

less basic than the amino derivatieThis substituent is often

The reaction coordination chemistry of the 4-phosphinodi-
azaphosphole system toward platinum and palladium is quite
extensive and complex as a result of the subtle interplay between
the properties of the ligands and the metal precursors. For
example the difluorophosphine shows a tencency to reduce
divalent metal centers to Mwhereas the bis(dimethylamino)
and bis(trifluoroethoxy) derivatives do not. The reduced metal
complexes M{), (M = Pd, Pt) could be obtained by means of
spontaneous reduction processes; however, different precursors
usegl in phosphorus chemistry to stabili;e a high coordin.ation \r’é%rj c;%qlgg?()i fg(r)ulil’g E)F;d(f%?gq)g(;orbs t ;gggg%?i)zgysr){oifz:reof
environmeri’ so we might expect the ligand to behave in a precursor. The initial product of the reactionlofvith Pt(cod)-

fashlon similar tol. Furthe_rmore, _thls_ alkoxyphosphine center CIMe was the disubstitued complex BtCIMe which however
is not as bulky as the amino derivative. For these reasons and

because nucleophilic alkvl phosohites have been used to reduc could not be isolated as crystallization induced reduction. The
045). y' pnosp ) %1P{ 1H} NMR spectrum for Pt(),CIMe showed a resonance
metal centerd?4!it was of interest to explore reactions 8f

ith Pt and Pd Th ladi d plati for each of the exo-phosphorus centers with different values
wi an Precursors. € patladium and plalinum ¢, e gne-hond phosphoruglatinum coupling constant
complexes MB).Cl, (15 M = Pd; 16, M = Pt) were easily . . . .

thesized f 2 Zth ,I' d ,d t'h tive M(cod)Cl consistent with the trans-influence of the methyl and the chloride
S¥QC f;ézrg NE)OE . de?\cclag?onr re?jn ct'or? oﬁﬁﬁgrwst or(ICD d ) as substituents in the square planar platinum metal center. The
pb urv q :rhélp \i:_| NMR tlrJ r':1 fth IPd mpleg5 WaS tacility with which reduction of Pt occurred withl suggests
ohse g ) AA)EX'} . sptec u ho te' i co fpet ' that this ligand may provide some interesting parallels and
showed an 7/ SpIn system characteristic ot a rans- oy ncements of a chemistry similar togR#th a much less
structure, but in contrast, the platinum analoglL&, did not S
- . volatile ligand.

show any second-order NMR behavior suggesting 1i6tas E thouah th bstituti tionsiofend t d
a cis structure. This is the only case in this suite of reactions 'thveT ougn the suts Hﬁon ;eac 'Orr]'s . ; 0 ptrocee
wherein the final product stereochemistry is different for the without rearrangement ot the Stereochemisiygavetrans
Pd and the Pt complexes of the same ligand derived from theM(z)Zx2 complexes for all cases investigated perhaps because
same generic metal precursor. The line separafdied, s + of the steric bulk at phosphorus in this ligand. The stereochem-
43,26,%) for 15 was 51 Hz. In16 the 2Jpp value is directly istry of comp!exation for the triquoroethoxy_derivati\aewas
observable at 58 Hz showing that an increase in this coupling unusual forming a trans Pd Complex bgt a cis Pt complex from
from 25 Hz in the free ligan@® to ca. 58 Hz has occurred on analogous M(cod)Q!precqrsors |Ilustrat|_ng, perhaps, the SUthPT
complex formation. In each complex of ligaBdhe 3P NMR nature of the relationship between ligand and metal steric

signals for the two-coordinate phosphorus center were Shmedcompo_nents. Neithe2 nor 3 showed any F’“’Pef‘s"y for
downfield by only small amounts. The exo-phosphorus centers reduction of the metal centers under conditions similar to those
were shifted upfield by substantial amounts consistent with whereinl produced reduced products.

expectation ;Jpon exocyplic phosphine coordination. The large Acknowledgment. We thank the Natural Sciences and
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16 conflrr_ns that th_e exocyclic phosphlne_ is the binding site. ¢ Alperta for support.

The relative magnitudes of the NMR shifts and the general

behavior of this trifluoroethoxy ligand indicates a ligand Supporting Information Available: Tables of crystallographic

character similar to alkoxyphosphines and also to that of the details, complete atomic coordinates ahdalues, distances and angles,
and anisotropic displacement parameters. This material is available free
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