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Reactions of phosphoramidites based on (—)-ephedrine and {(1.5)-endo}-(—)-bomeol
with the complexes M(COD)CI; (M is Pd or Pt, and COD is cycloocta-1,5-diene) were
studied. The formation of cis and frens complexes of the general formulas MClL; and
MzCl%(u‘Cl)zL was observed. The structures of the resuiting compounds were established by

le,l

C, and 1®5Pt NMR and IR spectroscopy and by plasma desorption mass spectrometry.
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The structures of the products of the reaction of the
Pi(COD)Cl, complex (COD is cycloocta-1,5-diene) with
phosphines in the molar ratio L/M = | depend mainly
on the spatial structure of the ligand. The coordination
of ligands with a small Tolman cone angle! results in
PtCl,L, complexes, and half of the initial complex
Pt(COD)C}, remains unconsumed. If the cone angle is
165—170°, dimeric complexes PtyCly(1-Cl);L; are ob-
tained.2-3 The most sterically hindered phosphines, such
as P(0-C4H Me), (the cone angle is 194°) and P(C¢H3-
2,6-Me,); (the cone angle is 212°), do not react with
PH{COD)CI,; at ail even upon prolonged boiling in CHCl,.

In the present work, we studied the coordination of
chiral phosphoramidites la,b with the complexes
M(COD)CY, (M = Pd or Pt) in the molar ratios L/M =
1 and 2.

Results and Discussion

Ligands 1a and 1b were synthesized by the reactions
of i-ephedrine and [(1.5)-endo}-(—)-borneol, respectively,

with P(NEt,);. Ligand 1a exists as a mixture of diastere-
omers, which are manifested in the 3'P NMR spectrum
as single signals at & 132.7 and 145.3 with relative
intensities of 97.5 and 2.5%, respectively, which is typi-
cal of analogous phosphacyclanes based on ephedrine.?
However, the minor stereoisomer has not been observed
previously.S

The coordination reactions of compounds la,b were
carried out in a solution of CHCI; at room temperature.
The reactions of 1a with M(COD)CI, (M = Pd or Pt)
taken in a L/M molar ratio of | or 2 afforded a mixture
of cis and trans palladium compliexes (2a) and only cis
platinum complex (3a) of the general formula MCLL,,
respectively. Thus the 3P NMR spectrum of 3a in
CDCl, has two pseudotriplets at 8 70.7 with Upp =
5546 Hz (89%) and at & 53.5 with 'Jpp = 5439 Hz
(11%), which correspond to the two sterecisomers of the
complex. The observed value of the 31P—1!95Pt spin-spin
coupling constant is typical of coordinated phosphor-
amidites with the cis configuration of chloride ligands.%’
The coordination of two phosphorus ligands to the
platinum atom is evidenced by the 9Pt NMR spec-
trum, which shows a triplet at § —3802 with Wpp, =
5535 Hz. The P NMR spectrum of complex 2a in
CDCl; is more complicated because of the presence of a
mixture of frans and cis isomers. The major form is
characterized by the following parameters: 3 100.5 and
98.1 for trans-PdCl,L, (68%) and cis-PdCLL, (20%),
respectively. The minor form is characterized by the
following parameters: 3 91.1 (3%) and 76.0 (3%). The
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ratio of the cis and trans isomers of 2a depends on the
polarity of the solvent. The 3'P NMR spectrum of a
solution of Za in DMSO-d¢ has signals at & 105.5 and
101.8 (for the major form). The portion of the cis
complex was 35%. The assignment of the signals was
made with consideration of the results of the previous
study® (based on data on a large number of complexes,
the authors have demonstrated that frans isomers of
phosphite complexes of palladium and platinum are
characterized by larger downfield chemical shifts than
those of cis isomers). Note that in the case of complex-
ation of ligand la, the portion of the minor diastercomer
was increased both for platinum and palladium.

When the reaction of la,b was carried out with an
equimolar amount of M(COD)CI,, half of the initial
complex remained unconsumed. This also follows from
the fact that the 13C NMR spectra of the resulting
solutions have signals with equal intensities, which cor-
respond to the carbon atoms of Pd(COD)Cl, (at 8 117.0
and 31.0)% or PL{COD)(1, (at 3 100.4 (lJc'p‘ =152 Hz)
and 30.8)! and COD (at & 128.4 and 27.8). Only when
an additional molar equivalent of ligand 1a was added,
did the signals of the complexes Pd(COD)Cl, and
Pt{(COD)Cl, completely disappear. Therefore, the char-
acteristic features of complexation of la with
Pd(COD)Cl, and Pt(COD)Cl, can be represented by
Scheme 1.

Scheme 1

M(COD)CI, + L —» 1/2 ML,Cl, + 1/2 M(CODJCl, + 1/2 COD
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L = 1a, M = Pd (cis-2a); Pt (3a)

The !3C NMR spectral data of complexes 2a and 3a
in comparison with the data for ligand la are given in
Table 1.

The IR spectral studies (the v(M~—Cl) region} of
powders of complexes 2a and 3a confirmed!! the cis
configuration of the chloride ligands in 3a (v = 306 and
283 cm™!) and the presence of a mixture of the frans
and cis isomers of 2a (v = 360, 304, and 283 cm™!). The
data of plasma desorption mass spectrometry are consis-
tent with the suggested structures of compounds 2a and
3a. In the mass spectra of both complexes, intense peaks
of [M—CI|* ions are observed, which is typicall? of
many chloride complexes of palladium and platinum.

The reactions of ligand 1b with the complexes
M(COD)CI, taken in a molar ratio L/M = 2 proceeded
analogously to the reactions of 1a to give compounds of
the general formula MClLL,. Complex 2b exists as a
mixture of trans and cis isomers in a ratio of 9 : 1 (6p
99.7 and 98.1, respectively; CDCl;). The portion of the
trans complex is larger in the case of 2b than in the case
of 2a, which is, apparently, associated with greater steric
hindrances in ligand 1b. In a benzene solution, the
concentration of the ¢is complex decreased virtually to
zero, and only the trans isomer was observed (5p 101.7
(C¢Dg); v(Pd—CI) 356 cm™! (CgHg)). Platinum complex
3b is the cis isomer, as follows from the data of 3!'P and
195pt NMR spectroscopy in CDCly: 2 pseudotriplet at 8p
70.1 (Mpp = 5607 Hz) and a triplet at &p —4114
(l.[?l'p = 5598 Hz)}, respectively. The results of far-IR
spectroscopic studies of powders of 2b and 3b confirm the
trans configuration of the chloride ligands in PdCl,L; and
their cis arrangement in PtCl,L, (W(Pd—Cl) 354 cm™},
and v(Pt—Cl) 314 and 291 cm™!). The mass spectrum of
complex 3b, as in the cases of 2a and 3a, has an intense
peak of an [M~—CI]* ion.

The reaction of ligand 1b with an equimolar amount
of M(COD)Cl, gave products other than complexes 2b
and 3b (Scheme 2).

Thus after addition of ligand 1b to Pd(COD)CI, in
CDCl;, the 3'P NMR spectrum of the solution shows a
singlet at § 68.6, and the long-wavelength region of the
IR spectrum has three absorption bands at v(Pd—Cl)
356, 298, and 256 cm~! (the ratio of intensities was
10 : 4 : 8), which unambiguously indicates that the
resulting complex (4b) containing the bridging chloride
ligands has the binuclear structure.}3—16 The 3C NMR

Table 1. Data of 13C NMR spectroscopy for compounds la, 2a, and 3a

Compound _Solvent 8¢ (M p/Hz)
* POCH PNCH PNCH;3 CHCH; NCH, CH,CH; Ph
1a CDCh 81.9 59.3 29.1 13.5 38.1 1S.1 125.6; 126.8;
J =10.2) (7 =2L.1) =357 127.8; 139.5
2a DOMSO-d, 799 60.1 339 135 389 13.2 125.1; 127.3;
127.9; 137.¢
3a CcDC, 80.5 61.9 341 14.4 394 137 1254, 127.4;

128.1; 137.0
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spectral data for complexes 2b and 4b are given in
Table 2. Note that in 2b and 4b the signals for the
carbon atoms of the OCH and NCH, groups adjacent to
the phosphorus atom undergo downfield coordination
shifts, while the resonance signals for the other atoms
remain virtually unchanged compared to the ligand.!?
Thus, the structure of complex 4b is described by the
formula trans-Pd,Cly(p-Cl),L,.

The reaction of 1b with the platinum complex pro-
ceeded analogously. The 3P NMR spectrum of a solu-
tion of 5b in CDCI, that was obtained after addition of
1b to P{COD)ClI, has a pseudotriplet at 8 51.6 ('Jp py
4830 Hz). The doublet signal in the %Pt NMR spec-
trum (6 —3730, ljp'p‘ 4830 Hz) is indicative of the
coordination of one phosphorus atom to the platinum
atom. Based on the published data,3 the formula
cis-Pt,Cly(u-Cl), L, may be assigned to complex Sh. The
3C NMR spectrum of the reaction solution in which
signals for the free cycloocta-1,5-diene are observed
indicates that the cyclooctadiene ligand is displaced in
the complexation with the phosphorus ligand. The
13C NMR spectra of complexes 5b and 4b are virtually
identical (see Table 2). We failed to isolate individual
compounds 4b and 5b from solutions because they un-

derwent isomerization and disproportionation. In par-
ticular, the 3'P NMR spectrum of a solution of the
resulting powder in CDCIl; has resonance signals at
8 32.6 (Jp p = 5851 Hz) and 92.7 ("Jp p, = 3704 Hz)
in addition to the above-mentioned signal for compound
5b. When the values of the spin-spin coupling constants
and the chemical shifts are taken into account, the
above-mentioned resonance signals correspond to the
trans-PtyCly(u-Cl),L; and trans-PtCl,L, complexes, re-
spectively. These signals also appeared upon storage (or
more rapidly upon heating) of a solution of 5b formed
in situ. The formation of these complicated mixtures of
complexes is not surprising. Analogous processes that
occurred in the reactions of some phosphines with
Pt(COD)Cl, have been reported previousiy.3

Therefore, the character of the products of the reac-
tions of cyclooctadiene complexes of palladium and
platinum with phosphoramidites taken in equimolar ra-
tios depends substantially on steric factors. The coordi-
nation of bulky ligands afforded labile dimeric com-
plexes containing chloride bridges, which are, appar-
ently, intermediates in reactions carried out in the molar
ratio L/M = 2. It was noted that the steric factor of the
ligand favors the frans orientation of the chloride ligands
in PdCl,L,. The dependence on the nature of the metal
atom is also evident: frans-PdChL,; and cis-PtCl,L,
were predominantly formed. The ratio of the cis and
trans isomers of PACl,L; is also affected by the polarity
of the solvent, namely, the portion of the cis isomer
increases in more polar solvents.

Experimental

The IR spectra were recorded on a Specord M-80 instru-
ment as Nujol mulls between Csl plates and as solutions in
CHCl; and CgHg in polyethylene cells. The 3P NMR spectra
were recorded on Bruker MSL-300 and Bruker AC-200 instru-
ments operating at 121.4 and 81.0 MHz, respectively, relative
to a 85% H4PO, solution in D,0 as the external standard. The
3C NMR spectra were obtained on the same instruments
operating at 75.5 and 50.3 MHz, respectively, relative to
Me,Si. The !95Pt NMR spectra were recorded on a Bruker
MSL-300 instrument (64.5 MHz) relative to a 1M H,PiClg
solution in D,0. The plasma desorption mass spectra were
measured on a MSVKh time-of-flight mass spectrometer with
ionization by nuclear fragments of californium-252.

Table 2. Data of 3C NMR spectroscopy for compounds 2b, 4b, and 5b (CDCly)

Compo- 3c (2Jc p/H2)
und C() C(2) C(}) C{4) C(5) C(6) (N C(8) C(9) C(10) CH, CHj
i 50.1 82.7; 37.9, 45.2 282 267 47.5 18.9; 19.9 13.9; 404 14.9
81.9 37.2 18.8 13.8
4b 501 86.6 37.4,; 450 28.1 26.7; 47.5; 19.0; 19.8 13.9; 42.2 149
(J =55 373 6 474 188 137 (=83
85.0
(J =9.7)
Sb 497 856 36.8 44.7 279 206.2 473 8.5 1935 12.6 41.2 145
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All reactions were carried out under an atmosphere of dry
argon. The solvenis were dehydrated according to known
procedures!® and stored over 3 A and 4 A molecular sieves in
the dark. Ligands Ia,b and P(NEt,;)y were distilled immedi-
ately before use. The initial complexes Pd(COD)Cl, and
Pt(COD)Cl, were prepared according to known procedures!$20
and dried immediately before the synthesis (at 50 °C and
0.8 Torr for 1 h).

Ligand ta. A mixture of /-ephedrine (3.305 g, 0.02 mol)
and P(NEt,); (4.947 g, 0.02 mol) was heated to 120 °C under
argon with continuous stirring and kept at this temperature for
1 h. The reaction mixture was evacuated (2 Torr) at 100 °C for
30 min and then at §0 °C and | Torr for 30 min to completely
remove HNEt,. The product obtained was distilled. B.p. 120—
125 °C (0.8 Torr). The vield was 64%. The data of {H NMR
spectroscopy and elemental analysis agree with the published
data on the synthesis of 1a based on ephedrine hydrochloride.5
The 3P NMR spectra were discussed above. The parameters of
the 13C NMR spectrum are given in Table 1.

Synthesis of ligand 1b and its spectral characteristics were
reported previously.17

Complexes of palladium and platiaum. Complexes 22 and
3a were prepared according to the following general procedure.
A sotution of ligand 1a (0.533 g, 0.002 mol) in CHCI; (10 mL)
was added dropwise to a solution of the cyclooctadiene com-
plex of the corresponding metal (0.001 mol; 0.285 g of
Pd(COD)Cl; or 0.374 g <f Pt(COD)Cly) in CHCl; (10 mL).
The resulting solution was stirred for 1 h and concentrated to
~2 mL in vacuo. The complex was precipitated with a hexa-
ne—ether mixture (2 : 1, v/v). The precipitate that formed
was thoroughly washed three times with ether to completely
remove cycloocta-1,5-diene, separated by centrifugation, and
dried in air and in vacuo (1 Torr).

Bis(2-diethylamipo-3,4-direethyl-5-phenyl-1,3,2-0xaza-
phospholidine)palladium dichloride (2a), m.p. 9798 °C. The
yield was 89.2%. Yellow powder. Found (%): C, 47.64; H, 6.45;
Cl, 10.19. C28H46Cl2N402P2Pd. Calculated (%) C, 47.37;
H, 6.53; Cl, 9.99. MS, m/z (I (%)): 674 [M—CI]* (63), 639
[M=2 ClJ* (16), 408 [PALCI}Y (20), 373 {PdL]* (25), 267
LI (53).

Bis(2-diethylamino-3,4-dimethyl-5-phenyl-1,3,2-o0xaza-
phospholidine)-cis-platinum dichloride (3a), m.p. 214—216 °C
(decomp.). The yield was 91.7%. White powder. Found (%):
C, 41.90; H, 6.03; CI, 8.65. CygHCl;N4O,PPt. Calcu-
lated (%): C, 42.11; H, 5.81; Cl, 8.88. MS, m/z (I (%)):
799 [M]* (9}, 763 [M—CI}* (75), 728 [M—2 Cl}* (39), 267
(Li* @b.

Complexes 2b and 3b are soluble in organic solvents, and
therefore, they could be prepared according to the following
general procedure. A solution of ligand 1b (0.409 g, 1 mmol)
in CHCl; (10 ml) was added dropwise to a solution of the
cyclooctadiene complex of the corresponding metal (0.5 mmol;
0.143 g of Pd(COD)CI; or 0.187 g of Pt(COD)Cl;) in CHCl;
(16 mL). The resulting solution was sticred for 1 h, concen-
trated to dryness in vacuo, and dried at 60 °C and 0.8 Torr for
2 h. The complexes were obtained in quantitative yields.

Bis(dibornyl diethylphosphoramidite)palladium dichloride
(2b), mp. 139—141 °C. Pale-yellow, powder. Found (%):
C, 58.15; H, 9.12; Cl, 6.96. C45HggCi;N,04P,Pd. Calculated
(%): C, 57.86; H, 890; Cl, 7.12.

Bis(dibornyl diethylphosphoramidite)-cis-platinum dichlo-
ride (3b), m.p. 93—~95 °C. White powder. Found (%): C, 52.97;
H, 7.89; CI, 6.77. CgHggCiloN,O4P4Pt. Calculated (%):
C, 53.13; H, 8.17; Cl, 6.53. MS, m/z (14 (%)): 1084 [M]*
(8), 1045 [M—CHJ* (31), 1013 {M~2 C1}* {19).

Complexes 4b and Sb were investigated without isolation.
The specimens suitable for NMR studies were prepared as
follows. A solution of the corresponding ligand (0.2 mmol) in
CDCl; (1.5 mL) was slowly added dropwise to a solution of
the corresponding cyclooctadiene complex (0.2 mmol; 57.1 mg
of PA(COD)CI; or 74.8 mg of P{COD)Cly) in CDCI; (1.5 mL)
with intense stirring. Then the solutions of the complexes were
transferred into NMR tubes, and the spectra were recorded.
Then an additional amount of the ligand (0.2 mmol) was
added with stirring, and the NMR spectra were recorded again.
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