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Syntheses and1P NMR Studies of Transition Metal Complexes Containing

Derivatives of Dioxaphospholane and Dioxaphosphorinane
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A sintese de varios complexos de Pt(ll), Pt(0) e Pd(ll) com 2-cloro-1,3,2-dioxafosfolana, 2-fluoro-
1,3,2-dioxafosfolana, 2-cloro-4,5-benzo-1,3,2-dioxafosfolana, 2-fluoro-4,5-benzo-1,3,2-dioxafosfolana,
2-cloro-1,3,2-dioxafosforinana e 2-fluoro-1,3,2-dioxafosforinana é descrita. Estudos de 8ivi{tdle
destes complexos revelam alguns aspectos inexplorados em relacdo as constantes de dd(RiRnento
0s quais chamam a atencéo para o conceito de acidos e bases duros e macios. Este trabalho mostra também
as diferencas espectroscépicas de RMRUEEH} entre isbmerosis etrans

The syntheses of various complexes of Pt(ll), Pt(0) and Pd(ll) with 2-chloro-1,3,2-dioxaphos-
pholane, 2-fluoro-1,3,2-dioxaphospholane, 2-chloro-4,5-benzo-1,3,2-dioxaphospholane, 2-fluoro-4,5-
benzo-1,3,2-dioxaphospholane, 2-chloro-1,3,2-dioxaphosphorinane, 2-fluoro-1,3,2-dioxaphosphorinane
are reported1P{1H} NMR studies of these complexes reveals some aspects still unexplored in terms of
the magnitude of the coupling constdd¢BtP), which brings light to the soft and hard acid-base concept.
This work also shows tH8P{1H} nmr spectroscopic differences betwetandtransisomers.

Keywords: 31P NMR spectroscopy, acid-base hard and soft concept, dioxaphospholane
and dioxaphosphorinane

Introduction Recent reports of the new facile preparation methods of
dioxaphospholane derivativeand their ruthenium (11)

A variety of complexes containing phosphorus complexe8 prompted us to report some new platinum
ligands have been reported over the past years and thend palladium complexes.
interest on their chemistry is growing due to their pos-  The ligands GH,0,PCl 1, C,H,O,PF 2, CsH,0,PCl
sible catalytic activity. Our main interests have been to3, CsH,O,PF 4, C3HgO,PCI 5 and GHO,PF 6 used to
prepare new complexes containing unusual phosphorugrepare the platinum(0), platinum(ll) and palladium(Il) com-
ligands and investigate their chemical properties by theplexes, herein reported, are as follow.
use of NMR spectroscopy.

The reactivity of dioxaphospholane and related Q @[O\P_X Q
compounds towards several organic compounds is well CO/P_X g <: F=
documented. As a result of those studies several appli-
cations for this class of compound have been found. X
Some examples are the use of dioxaphospholanes in X
the development of specific imunoassays for the detec- . )
tion of pesticided, polymerisation reactiofg, syn-  Results and Discussion
theses of naturally ocuring lipilsand to analyse la-
bile hydrogens functional on coal materfalslowever
fgw publications dealing with corTlpIexat.ion of Complexes [Pt(PP,(CsH,0,PC)] 7, [Pt(PPh),
dioxaphospholanes have appeared in the I'terat“re(C3H602PCI)] 8 and [Pt(PP).,(CsHgO,PF)] 9 have been
obtained by treatment of [Pt(PR5(C,H )], in toluene, with
e-mail: robson@apolo.qui.ufmg.br ligands3, 5 and6 respectively, at @C.
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s eg ot [PICIPEE)(CeHaOPCN] 12, [PICH(PEE)(CeH40,PF)] 13
PhaP;P::I_ % LEA % and [PtCH(PEL)(C3HgO,PCl)] 14, respectively.
! §XzF e _cl SN NP

Pt 5 Pt g Pt
o
Et3P/X> P \ Et3P/X> P EteP” \P/
N o) AP\o A%

The3P{1H} NMR spectra of the three complexes show

a similar pattern of lines, which consists of anXBpin X=cl 10 X=cl12 14
X=F 11 X=F 13
system (A,B =31P, 100%; X =199Pt, 33.8%) for the two
first compounds and of an ARY spin system (A,B 1P, The 31P{1H} NMR studies of complexe40 — 14

100%; X =199Pt, 33.8%; Y =19, 100%;) for the latter. showed that they possesigarrangement around the plati-
Complexes’ and8 show a triplet with the platinum satel-  num centre since the values tbe 2J(P,Pg) coupling
lites atd 60 andd 38, respectively, relative tg,Rvhereas constants lie between 23 and 41 Hz and those féi(fPe)
Pg is seen as a doublet with the platinum satellités2at are typical for this kind of complex&s
and & 27. A doublet of triplet a® 113 and a doublet of Some of these complexed46, 11 and13— have been
doublets ad 16 with the platinum satellites are observed obtained as a mixture of two conformasindb, as con-
in the31P{1H} NMR spectrum oB. These results suggest  firmed by the¥lP{1H} NMR spectra, which consist of two
a trigonal planar geometry around the platinum centre and sub spectra with the pattern of lines corresponding to an
due to the fact that both PPligands are equivalent in the  ABX spin system (A, B 21P, 100%; X =9t 33,8%). In
31p{1H} NMR spectra it can be said that either the chloro most of the spectra some lines, corresponding to one of the
atom at the dioxaphospholane ligand lies on a perpen- conformers, are superimposed to the ones of the other con-
dicular plane to the one containing the Pt atom and the former. This is exemplified bthe 31P{IH} NMR spec-
two PPh or there is a rapid rotation around the Pt-diox- trum of 10 in which the signal corresponding tg Bp-
aphospholane bond. Identical conclusion has been reachedpears as a “false tripleifistead of two doublets. However,
about a similar platinum(0) complex, [Pt(RPHIR,C=P- two doublets, in the Pregion of the spectrum, are easily
N(R)-PR)P. The31P{'H} NMR data are shown inTable 1.  assigned. As little difference is seen in #e{1H} NMR

It is interesting to compare the coupling constants data for both conformers andb of 10, 11 and12, their
LJ(PtR,) for complexe8 and9. As would be expected, the ~ formation can be understood as a result of the coexistence
PtP, coupling constant if is larger than ir8, reflecting of two conformers for the free ligaridsl2 as depicted in
the increase of s character on the Pt-P bond, caused by theScheme 1. In this case, the metal fragment [RREL)]
presence of the more electronegative fluorine, bonded can be bonded through the phosphorus lone pair in an
through the R, in the first compledl. The31P{1H} NMR axial or equatorial position (Scheme 2).
studies also suggest an increase in the magnitude of
LJ(PtP,) on changing the group bonded to the oxygen 0 ¢
atomin the phosphoru.s from -GEBH,CH,- to 1,2-ber.120. n(HC)//\\O;/P\CI n(Hc)/;\og*’b
A very small change is observedtire 1JP,F coupling
constant of the ligané (1304 Hz) upon coordination to
platinum(0) to form comple® (vide Table 1). Along
range3J(PgF) coupling constant is also observed in the
31p{1H} NMR spectrum o®.

axial equatorial
n=0orl

Scheme 1.
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{HO 0 WHCT O SN
Treatment of [BCl,(PE%),], in CH,Cl, at room tempera- axial equatorial

ture, with the ligand& —5 yields the square planar complexes n=oor1
[PtCI(PEL)(C,H40,PCI)] 10, [PtCL(PEL)(C,H,O,PF)] 11, Scheme 2.

Table 1. 31P{1H} NMR data for complexe§ — 9 (J in Hz)

Complexes o O J(PtR,) LJ(PtR) 2J(P,Pg) 1J(P,F) 3J(PgF)

7 61 22 5420 2584 24 — —
8 38 27 4856 2831 21 — —
9 113 16 6603 3487 68 1194 68
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Table 2. 31P{1H} NMR data for the platinum(ll) complexes {n Hz)

Complexes O ds 1J(PtR,) J(PtR;) 2J(P,Ps) J(PLF) 3J(P;F)
10 a 83 21 5789 2184 27 — —

b 84 22 5789 2250 27 — —

11 a 110 58 3860 5600 41 556 27

b 110 51 3860 5600 41 556 27

12 61 22 5420 2584 24 — —

13 a 125 73 4000 5490 35 590 26

b 110 73 3680 5490 35 590 26

14 125 73 5750 3330 23 — —

The 31P{1H} NMR spectra of complexe$l and 13 between the bonding orbitals of the metal and phosphorus

show a decrease in th&PF)coupling constants (556 and  nuclei, even if the s character in the phosphorus lone pair
590 Hz, respectively) compared to those found for the free is increased. In fact, a less soft metal might simply not
ligands (1302 and 1171 Hz, respectively). This large de- react with a ligand in which the s character of the phos-
crease in thetJ(PF)coupling constants, upon complex-  phorus lone pair has been increased.

ation, suggests a fluxional behaviour involving a change

between the fluorine bonded through the phosphorus atom Syntheses and characterisation of palladium(ll) complexes

with the chlorine bonded through the platinum atom. It is
interesting to note that an additional long rarfgéPF)
coupling constant has also been observed for both com-
plexes and its value is ~26 Hz. Due to the srA¥IPP)
coupling constants measured in #@{H} NMR spec-

tra, acis arrangement around the platinum centre can be
suggested for both complexes. PAe{1H} NMR data for

Treatment of the dimeric complex [&i,(PEL),], in
CH.CI, at room temperature, with ligantis3 and4 affords
the square planar complexes [PHEREL)(C,H,O,PCI)] 15,
[PACL(PEL)(CgH,O,PCI)]16 and [PAC)(PEL)(CgH,O,PF)]
17, respectively, as depicted bellow.

all the Pt(Il) complexes, herein reported, have been com- EtaP\BPI/CI EtSP\BPt/Cl
piled in Table 2. o \J CI/X>P/Oj©
Unlike for platinum(0) complexes, a change of chlo- A A%

rine for fluorine on the phosphorus of the dioxaphospholane

does not produce an increase in tB@tP,) coupling con- ° XZF 17

stant. ThelJ(PtP,) observed for the chlorodiophos-

pholane complexed1 and 13 are in fact considerably Very simple3P{1H} NMRspectra have been obtained
larger than those found for their analogues with the for complexesl5—17. Patterns of lines corresponding to
fluorodioxaphospholanekd and 12 (vide Table 2). Simi- AB or ABX spin systems (A, B &P, 100%; X 29, 100%)

lar results, though with smaller differences between the are observed for complexes derived from chloro ligands
coupling constants, have been obtained by Nixon and co- 15and16, and for that derived from the fluoro ligaid,
workers3 for complexes of the type [RhCI¢Phy) respectively. Similarly to the platinum(ll) complexes,
(n1-XP,=CR))], i.e.1J(RhP,) =264 Hzwhen X =Cland  palladium(ll) complexes are also formed as a mixture of
258 Hz when X = F. These results can be understood in two conformers andb (videTable 3), with the exception
terms of the hard and soft acid-base cordejtt seems to the fluoro derivative, which might be due to the small
that the fluoro ligand2 and 4 are a lot softer than size of fluorine, compared to chlorine.
platinum(ll). Then, complexekl and13 can be regarded
as a pair of hard acid-soft base, and in this case they will be Table 3. 3'P{*H} NMR data for the palladium(ll) complexes

. . . (J in Hz).
less stable than their analogues with the chloro ligands, com-

plexesl0and12. One would therefore expect the Rtdond Complexes % N(PuPa) PP
length to be longer in complexé4 and13than in the ana- 15 a 108 45 216 -

. . b 107 44 216 —
logues10and 12 Longer bond lengths in a soft acid-hard 16 a 117 30 614 —
base pair than in soft acid-not so hard base pair have been b 98 30 614 —
evidenced, very recdnt by Durig and co-workers. The 7 118 50 20 1377
B-P bond length in the }BPF; pair is 1.836A, whereas in
H4BPH; it is 1.943A. So, if the bond lengths are longer, It is interesting that the chloro derivative ligantls

thelJ(MP) must be smaller because of the smaller contact and 3 yield trans complexesl5 and 16, as shown by the
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2J(PAPg) coupling constants measuredtie 31P{1H}
NMR spectra (Table 3), whereasdigd4 affords complex

17 with cis configuration around the metallic cerife
Again, an explanation in terms of the combined sizes of

palladium atom and the halogen bonded through the phos-

phorus can be given. Since platinum is bigger than palla-
dium, it allows &is configuration of the phosphorus ligand,
showing a betteransinfluence of the chlorine ligand. In
the palladium complexeks and16 it seems that the ma-
jor role is played by the steric hindrance of the chlorine in
the dioxaphospholane. On the other handirtmesinflu-

ence of the chlorine is evidenced by the formationa$ a
complexl7because fluorine is smaller. T%JQPAPB) cou-

pling constants (Table 3) are in accordance with the data
found in the literatur®10

Conclusions

The 31P{1H} NMR results for the platinum(0) com-
plexes show that changing the dioxaphospholane P
bonded chlorine for fluorine leads to an increase in the s

character of the phosphorus lone-pair and, as a conse-
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1,3,2-dioxaphospholang, 2-fluoro-4,5-benzo-1,3,2-diox-
aphospholand and 2-fluoro-1,3,2-dioxaphosphorinaée
have been prepared by treatmenf.o8 and5 with Sbh,
respectively®. The [Pt(PP),(C,H,)]; [Pt,Cl,(PEL),] and
[PACI,(PEL),] were prepared by the published meth-
odg'7.18

Synthesis of (2-chloro-4,5-benzo-1,3,2-dioxaphospholane)bis
(triphenylphosphane)platinum(@)

To a solution of3 (0.15 g, 0.84 mmoal), in dichlo-
romethane (10 mL), a solution of [Pt(RRHC,H,)] (0.63 g,
0.84 mmol), also in dichloromethane (20 mL), was added
at room temperature. The mixture was keept under stirring
for 24 h and the solvent was pumped till dry and the oil
obtained was washed with toluene (8 x 10 mL) to yield a
cream powder (0.27 g, 37%). Found: C, 56.00; H, 3.65.
Calc. for G,H3,P;0,CIPt: C, 56.28; H, 3.80%.

Synthesis of (2-chloro-1,3,2-dioxaphosphorinane)bis(triphenyl-
phosphane)platinum(8)

A solution of5 (0.03 g, 0.20 mmol) in toluene (20 mL)

guence, to a increase in the Pt-P coupling constant. On thewas added dropwise, at ice temperature, to a solution of

other handtJ(PtP) coupling constants of platinum(ll) com-
plexes tend to decrease upon changing the chlorine for
fluorine, thus revealing a relationship between the Pearson
soft and hard acid-base concept and Pt-P coupling con-
stantsAlthough a larger number of systems would need to
be studied, the present work is a good starting point and
dioxaphospholane and dioxaphosphorinane derivatives
are good systems for the study of this relationship.

Experimental

All reactions were carried out either under dry
dinitrogen in Schlenk tubes or by use of high-vacuum
techniques. Glassware was flame-dried in vacuum and sol-
vents were dried, freshly distilled under dinitrogen, and

degassed prior to use. The NMR spectra were recorded on

a Bruker DRX400 spectrometer at 400.13 MHZfoand
161.98 MHz foB1P. All chemical shift data werecorded
at 2%C and are quoted in ppm, with positive values to
high frequency of the indicated reference (external 85%
H4PQ, for 31P and SiMg for 1H) and corrected with re-
spect to the appropriate deuterium frequency. Coupling
constants are quoted in Hertz.
2-chloro-1,3,2-dioxaphospholang 2-chloro-4,5-
benzo-1,3,2-dioxaphospholadeand 2-chloro-1,3,2-diox-
aphosphorinanghave been prepared from the correspond-
ing diol with PC}, following methods described in the lit-
eraturé. The corresponding fluoro derivatives, 2-fluoro-

[P(C,H ) (PPhy),] (0.09 g, 0.20 mmol) in toluene (15 mL).
After stirring for 24 h, the solvent was pumped off till dry
to yield a yellow powder (0.07 g, 41%). Found: C, 55.31;
H, 4.38. Calc. for ggH3aP;0,CIPt: C, 54.45; H, 4.20%.

Synthesis of (2-fluoro-1,3,2-dioxaphosphorinane)bis(triphenyl-
phosphane)platinum(Q)

To a solution of [Pt(PP),(C,H 4] (0.15 g, 0.35 mmol)

in toluene (10 mL), at ice temperature, was added a solu-
tion of6 (0.04 g, 0.35 mmol), also in toluene (10 mL). The
mixture was kept under stirring, at ice temperature, for 2 h
and for further 22 h at room temperature. After complete
evaporation of the solvent, a green solid was obtained
(0.12 g, 45%). Found: C, 56.00; H, 4.25. Calc. for
C3gH36P30,FPt: C, 56.18; H, 4.32%.

Synthesis of cis-dichloro(2-chloro-1,3,2-dioxaphospholane)
platinum(ll) 10

To a solution of (0.07 g, 0.56 mmol) in dichloromethane
(10 mL) a solution of [BCI,(PEL),] (0.22 g, 0.28 mmol) in
dichloromethane (20 mL), at ice temperature. The mixture
was stirred for 2 h at ice temperature and for 46 h at room
temperature. The oil obtained was washed with n-hexane (8 x
10 mL) to yield a yellow powder. (0.25 g, 89%). Found:
C, 19.02; H, 3.90. Calc. for 8,»,0,ClsPt: C, 18.80;

H, 3.72%;H NMR (CDCly): §1.15- 1.19 (m, 9H; 3C)
02.16-2.18 (m, 6H, 3C§) 63.73 - 3.75 (m, 4H, 2CHl
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Synthesis of cis-dichloro(2-fluoro-1,3,2-dioxaphospholane) dropwise, at ice temperature. The mixture was stirred for
platinum(ll) 11 2h atice temperature and for further 22 h at room tempera-
) ture. Upon evaporation of the solvent, an oil was obtained

To a toluene solution o2 (0.04 g, 0.35 mmol), ;4 \yashed with hexane (8 x 6 mL) to yield a yellow solid.

[Pt,Cl,(PE%),] (0.13 g, 0.17 mmol), in toluene (5 mL), (0.30 g, 64%). Found: C, 22.00: H, 4.3. Calc. for
was added and the mixture was stirred for 24 h to yield a ] )
y CgH1gP,0,ClsPd: C, 22.75; H, 4.5%.

yellow powder which was filtered and washed with n-hex-

ane (8 x 10 mL). (0.09 g, 48%). Found: C, 19.35; H, 3.88. gynthesis of trans-dichloro(2-chloro-4,5-benzo-1,3,2-dioxaphos-

Synthesis of cis-dichloro(2-chloro-4,5-benzo-1,3,2-dioxaphos- To a solution of3 (0.07 g, 0.42 mmol) in dichlo-
pholane)platinum(IljL2 romethane (10 mL) a solution of [l ,(PEt),] (0.12 g,
0.21 mmol), also in dichloromethane (20 mL), was added
) dropwise, at ice temperature. The mixture was stirred for 2 h
romethane (10 mL) _a solution of j&l,(PEg),] (0.16g, at ice temperature and for further 22 h at room temperature.
0.21mmol), also in dichloromethane (20 mL), was added, ;4 evaporation of the solvent, an oil was obtained and
at ice temperature. The mixture was kept under stirring for washed with hexane (8x6mL) to yield a yellow solid. (0.16 g,

2 h atice temperature and for further 46 h at room tempera- 84%). Found: C, 27.98; H, 3.20. Calc. foy8, 2,0,Cl5Pd:
ture. After this time the solvent was pumped off till dryness = »g 19: 4 3.46%6 27192727

and the oil obtained was washed with hexane (8 x 6 mL) to

yield a yellow powder. (0.2 g, 91%). Found: C, 20.95;  gynthesis of cis-dichloro(2-fiuoro-4,5-benzo-1,3,2-dioxaphos-

H, 2.80. Calc. for ¢,H,oP,0,Cl1Pt: C, 21.65; H, 2.86%; pholane)palladium(IlL7

1H NMR (CDCl): §1.06 — 1.18 (m, 9H, 3C} 61.84 —

1.97 (m, 6H, 3Ck) §7.00 — 7.18 (m, 4H, 4CH). To a solution of (0.06 g, 0.40 mmol) in dichloromethane

(10 mL) a solution of [PsCl,(PEL),] (0.12 g, 0.20 mmol),
Synthesis of cis-dichloro(2-fluoro-4,5-benzo-1,3,2-dioxaphos- also in dichloromethane (20 mL), was added dropwise, at ice
pholane)platinum(liiL3 temperature. The mixture was stirred for 2 h at ice tempera-
] ] ture and for further 22 h at room temperature. Upon evapora-

A solution of [PLCI,(PEg),] (0.33 g, 0.43 mmol) in o of the solvent, an oil was obtained and washed with

toluene (40 mL) was added dropwise to a toluene solution . oo (8 x 6 mL) to yield a yellow solid. (0.10g, 60%).

of 4(0.14 g, 0.86 mmol). The mixture was stirred for 24 h £\ 1. = 26 98- H.3.02.Calc. for GH; P50,ClaPd: C
and the product was obtained as a yellow powder after 57 011y 39794 219 27273 '

filtration. (0.27 g, 57%). Found: C, 23.01; H, 2.78. Calc.
for C;5H;1gP,O,CLFPt: C, 22.55; H, 2.98%.

To a solution of3 (0.07 g, 0.42 mmol) in dichlo-
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