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Synthesis of new acyclic aminophosphites and their chelate complexes
with rhodium(1) and palladium{n)
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New acyelic aminophosphites (RO),POCH,CH,NMe, (PN) (R= Et, P+, or adamanty!)
characterized by various steric requirements of the phosphorus center were synthesized. The
reactions of the aminophosphites with Pd(COD)Cl, (COD is 1,5-cyclooctadiene) and
[Rh(CO),Cl]; afforded the stable chelate mononuclear complexes PdCI,(PN)
and RhCICO(PN}, respectively. The structures of the resuiting compounds were established
by TH, 1*C, and 3'P NMR and IR spectroscopy, X-ray diffraction analysis, laser and plasma
desorption mass spectrometry, X-ray photoelectron spectroscopy, and sedimentation
analysis.
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P,N-Bidentare ligands, which are derivatives of phos-
phorous acid, viz., aminophosphites and aminophos-
phoramidites, are synthetically available compounds sta-
ble to oxidative destruction. Their phosphorus centers
have a pronounced r-acceptor character. Owing to these
facts, these compounds are convenient and attractive
ligands in the coordination chemistry of platinum met-
als.!—5 Recently, the successive use of these systems in
enantioselective catalytic reactions of allylic substitu-
tion®7 and conjugated addition® have been reported. At
the same time, all the above-mentioned compounds
contain a cyclic {generally, phospholane) phosphorus
center. Only several acyclic aminophosphites, viz.,
derivatives of N, N-dimethylaminoethanoi®10
{RO),POCH,CH,;NMe, (R = Ph, bornyl, menthyl, or
cholesteryl) and quinine!! (RO);PQuinine (R = CgH;,
or CygHiy), which were used in the synthesis
of paliadium(i1) and rhodium{i) complexes, are
known. Let wus also mention the potentially
P,.N-bidentate (PriQ),PN(CH;)CH,CH,;NMe,!? and
{(Me0),POCHCH>C(Me))NHC(Me,)CH,!3 ligands.

Results and Discussion

New acyclic aminophosphites were synthesized ac-
cording to the following general scheme:

/N
HO NMe,
~HX

(RO),PX RO—/P\O/\/N Me,
RO

1a—c
X=ClLR=Ad(a); X=NEfh, R=Pr'(b); X =Cl, R=Et{c)

Generally, phosphorylation of N N, N’-trimethyl-
ethylenediamine is performed with the use of phospho-
rochloridite (Pri0),PCL2 We attempted to use phos-
phoramidite (PriO),PNEt, for this purpose. However,
this attempt was not quite successful because the corre-
sponding phosphoramidite (AdO},PNEty (Ad is ada-
mantyl) exhibits weak phosphorylating activity and ~20%
of this compound remained unconsumed even after
refluxing of the reaction mixture in toluene for 4 h

In the present work, we report the synthesis of new
representatives of acyclic aminophosphites, which differ
substantially from the viewpoint of the steric require-
ments of the phosphorus center, and the results of
studies of their coordination to palladium(it) and
rhodium{1). Chlorocarbony! rhodium(i) complexes con-
taining alkyl substituents in the acyclic phosphite center
were synthesized for the first time.

{according to a procedure analogous to tHe synthesis of
1b), a substantial amount of admixtures being formed
along with compound 1a. Because of this, we synthe-
sized la according 10 another procedure, viz., through
the corresponding phosphorochloridite (AdO),PCl pre-
pared in siru. This approach allowed us to obviate the
need for the isolation of this labile phosphorylating
agent; however, in this case {AdO);P was aiso formed as
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a by-product. This by-product can be separated only by
double fractional distillation. Aminophosphite le was
prepared with the use of (Et0),PCILH

The complexation with aminophosphites la—e af-
forded stable mononuclear chelate compounds 2a—c¢
and 3a.b.

(RO),POCH,CH,NMe,

+Pd(COD)CI, +0.5[Rh(CO),Cl],

ta—c /~CO0  -CON\ 1a,b
- U\Pd/Cl i co Rh/c.
>P7 “NMe, >P7 “NMe,
RO | - RO | -
O @]
23—c¢ 3a,b

The data of 3'P NMR and IR spectroscopy (Tables |
and 2, respectively) are in good agreement with the
suggested structures of the complexes. Thus the pres-
ence of the Pd—P bond in compounds 2a—c is con-
firmed by substantial coordination shifts Adp observed in
the range from § —60.4 to —68.0. The &p values in the
region & 62—78 are charactenistic of six-membered pal-
ladium chelates with acyclic aminophosphites.?1% Note
that. unlike the NMR spectra of aminophosphine
palladium(n) cis-dichloride complexes, the spectra of
the corresponding aminophosphite complexes have reg-
ular upfield coordination shifts Adp because the m-ac-
ceptor character of the phosphorus center is responsible
for shiclding of the phosphorus nucleus. In the long-
wavelength regions of the IR spectra of compounds 2a—
¢, two v{Pd—C1) absorption bands with equal intensities
are observed. These bands correspond to the cis config-
uration of the Cl~ ligands and to different trans effects
of the phosphorus and nitrogen centers. The spin-spin
coupling constants 'J(P.Rh) and the v(CO) bands (see
Tables | and 2, respectively) for compounds 3a,b are
characteristic of the cis orientation of the phosphorus
and nitrogen atoms at the rhodium atom and of the
rrans-carbonyl tigand and the amino group (sce Ref. 4
and references cited therein).

The data of '*C NMR spectroscopy (Table 3) agree
well with the strucCtures suggested for chelate complexes
2a—c and 3a,b. A comparison of the spectral parameters
of the free and coordinated aminophosphites revealed
substantial downfield coordination shifts of the signals
for the carbon atoms at the phosphorus (AS¢ 5—12} and
nitrogen (A5 3—9) donor centers. Analogous regulan-
ties are also observed in the 'H NMR spectra (Table 4).
For example, the downfield shift Ady of the resonance
signats for the protons of the methyl groups at the
nitrogen atom are 0.4—0.8 ppm. Note also the pro-
nounced homology of the 'H and °C NMR spectral
characteristics (see Tables 3 and 4, respectively) of

Table 1. Y'P NMR spectra {5, J/Hz) of compounds la—c.
2a—c, and 3a.b

Compound Solvent dp ASp* Yo rh
1a coCl, 1295 — —
1h CDCL 1388 — -
Ic cDCl, 1393 — —
DMF-d; 138.8 - —
2a CcDCL 615 680  —
b CDCl; 749 -639  —
DMF-d; 769  — -
2c DMFE-d; 784 —-604 —
3a CDCYy 1139  —156 266.3
3b CcDCl, 271 122 261.7
Me,CO 127.5 — 260.2

* Adp = 3p (complexy - Sp (ligand).

Table 2. IR spectra (v/cm™ ') of complexes 2a—c and 3a.b

Compound v(M--C}H v(CO)
(conditions of measurements of the spectrum

2a 340, 284 (Nujol) —

344, 278 (CHCY) —
2b 137, 285 (Nujol) —

342, 284 (CHCly) —
2c 338, 284 (Nujol) —
3a 300 (Nujob) 2000 (KBr), 2014 (CHCly)
3b 286 (Nujol) 2000 (KBr). 2022 (CHCly)

compounds 2a—c and 3a,b. which is attributed to the
similarity of their chelate structures.

Much attention was given to the determination of the
molecular weights of the new complex campounds. We
chose rhodium complexes 3a,b for the mass-spectro-
metric analysis because we have observed intensc re-
combining ions for cis-dichloride palladium(i} com-
plexes with aminophosphites and aminophosphorami-
dites many times. These ions substantially hinder the
interpretation of the results (even when "mild” methods
of mass spectrometry, viz., field and plasma desorption
and fast-atom bombardment (FAB). are used).>? On
the whoie, the results of mass spectrometry of com-
pounds 3a,b do not contradict their structures. Thus the
mass spectrum of compound 3a (plasma desorption
(PD) method) has the following signals, m/z (1o (%)):
360 [M — CO[" (3), 524 [M — CI — COJ™ (8). 392 |L —
2 Me + HiY (10), 133 [adamantyl]™ (45), 72
fCH-CH,NMe,]™ (100), 38 {CH,;NMe,]™ (33): in the
laser desorption (LD) mass spectrum: 523 [M — CO —
Cl — H|™ (100). 389 {L — 2 Me — 2 H}" (4D). An
analogous situation is also typical of compound 3b (LD
mass Spectrum, m/z (1 (%)): 368 [M — CI}* (16), 340
M=Cl~COI" (2,297 (M-Cl - CO ~ Prij* (20).
152 (L — 2 Pri + H]* (4). 72 [CH,CH,NMes]™ (100).
58 {CH,NMe,1" (40)). However, the PD mass spectrum
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Tabte 3. 'C NMR spectra (4. Je p/Hz) of compounds 1a--e. 2a—c, and 3a,b

Molecutar 1a 2a 3a Ib 2b 3b lc 2c
fragment CDCl, DMF-d,
Cont L 75.03 87.23 §2.92
CI=89) (=133 (U =11y
OCH, 39.72 64.29 64.38 39.74 64.61 63.26 61.60 68.17
(*J = 3.6) (/=69 (=67 (1 =4.9) (1 =6.3) 12 =7.38) (=43 (J=21
CH.N 36.40 61.72 61.40 58.77 62.07 61.85 59.30 67.80
=32 (J=49 GJ=32 =32 Ci=435 =107 (Ci=45)
NMe, 13.60 52.55 1893 45.66 52.59 48.99 3711 56.21
OCCH, 44.72 44,19 4452
OF =84 G3F = 3.6} (J =4
CH, 33.86 35.53 35.5%
CH 30.83 31.26 30.835
co 186.0 185.50
‘]‘I(T.Rll =738 (IJQRh = 71.0.
Jep = 2000 ep = 209
OCH 66.31 77.44 70.4
(3 = 15.4) (3 = 4.1)
CH;, 24.38 23.72 23.80 18.32 20.0
('J = 4.0); (3= 3.0) (4 =320 GS=47 'S =6.7)
24.33 23.46 23.70
(3J = 3.6) (=38 (*J = 49)
OCH,CH, 61.80 63.80
27 =11 (2= 2.0)
Table 4. 'H NMR spectra (8. J/Hz. CDCly) of compounds 1b,e, 2b,c, and 3b
Molecular {ragment th 2h 3b le 2¢
OCH 4.3 m 312 m 4.89 m
Cayp =589 Clp =98 My p= 104
OCH. 384 g 112 dt 412 dt 386 m 4.19 dt
("= 6.4, CJ = 4.0 (3= 4.0: V=62 (3J = 4.1;
e = 6.8 Uyp = 18.4) e = 18.0) Uyp =14 Uyp =179
CH,N 248t 276 ¢ (bD) 2.69 m (br) 249 ¢ 2.80 dt
=69 (= 4.0) (=62 (J =414
U = 3D
NMe, 222 298 s 2.64 35 2.23s 302
CH, .22 d 1.37 d 131t 1.23 1 .38t
(3/=12) 7 =60) (3J = 6.0; Gr=7.0 (3 =17.0)
1.20 d 1.3t d =44
(/= 1.t () =6.4)
OCH-CH; 384 m 443 m
=711 GBS =70

of compound 3b contains signals of heavier ions: 772
PM-CH (). 751 2 M - 2COI" (D, 717 (2 M —
2 CO — Cl + HI|* (3) Apparently, these ions were
formed as a result of gas-phase reactions proceeding
under conditions of mass spectrometry. Thus the [2 M —
Cl]* peak can appear duc to an interaction between the
M molecule and the [M — Cl¥ ion, as was demonstrat-
ed by the FAB mass spectrum of the [RhL(CO)CI|
chelate complex. where L is the pyridylphosphine P.N-
bidentate ligand.?S This fact is further evidence that the

results of mass spectrometry of complexes with P,N-bi-
dentate ligands should be interpreted with caution.

For this reason, solutions of complexes 2a—c and
3a,b were studied by sedimentation analysis. which con-
firmed a mononuclear character of these compounds
(Table 5) because the determined M, values and the
calcutated M, values coincide to within the experimen-
tal error (£7%). The curves of the equilibrium sedimen-
tation distribution are typical of monodisperse com-
pounds and indicate that admixtures with other melecu-
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Table 5. Results of sedimentation analysis of complexes 2a—e
and 3a,b

Com- Molecular weight d9/A
pound M* M, | i
experiment caleulation

2a 396 (DMF) 399 0.4 (DMF; 114
2b 441 (DAMP 414 0.8 (DMF) 9.2
2¢ 33 (DMF) 387 8.8 (DMF) 9.4
3a 632 (DMSQ) 588 3.4 (DMSOY 119
3b 404 9.2 (acetone) 9.7

“ 4 is the diameter of the sphere in which the molecule can be
inscribed; 1. according (0 the results of the deternmnation of
the diffusion coefficient: 11, according to the resuits of calcula-
tons by the MM?2 method.

» The solvent is given in parentheses.

tar weights. for example, dimers. are absent. The only
exception is complex 3b for which sedimentation was
not equilibrated during the standard time of the run
(2—4 h) whatever solvent was used (DMSO, DMF. or
acetone). In addition, the diameters of the spheres in
which the molecules can be inscribed were determined
for all compiexes by measuring the diffusion coeificients
(sce Table 3). The obtained ¢stimates of the partcle
sizes agree wel) with the resulis of caleulations of the
equilibrium geometry of the complex molecules by the
MM?2 method!® (only in the case of complex 3a. the
error was larger than 10%). In the case of compound 2c.
this estimate (9.182 A) agrees also with the results of
X-ray diffraction analysis (sce below). This convincing
agreement has also been mentioned previousty.? which
indicates. in our opinion. that the above-mentioned
approach to the determination of the degree of nucle-
ation of metal complexes is sufficiently reliable.

Complexes 2a—c and 3a,b are characterized by high
stability in organic media, including coordinatively ac-
tive media. This is evidenced by the fact that the 3'P
NMR spectral characteristics obtained in the studies of
freshly prepared solutions arc identical to those of solu-
tions stored over a long period. For example, the sip
NMR spectrum of a solution of compound 2¢ in DMF-
d- stored for 4 days has the same singlet at §p 76 9.

Compound 2c¢ was studied by X-ray photoelectron
spectroscopy. The determined bond energies ( £,,,,.4/¢V)
are as follows: Pd (3d5/2). 336.8. P (2p). 132.2: Cl (2p),
197.9 and. 198.9; and N (Is), 398.8. These values are
rather typical of dichloride paffadium(u} complexes, 17
including those with aminophosphites and aminophos-
phoramidites. '8 Note the presence of two maxima in the
curve of the Ci 2p bond energy due to the asymmetry of
the bond lengths in the PdCl, fragment.?

The structure of complex 2¢ was conclusively estab-
fished by X-ray diffraction analysis (Fig. 1). Analysis of
the bond lengths and bond angles (Table 6) demonstrat-
ed that these values are close to the cerresponding
parameters in the Cl,Pd(B10),POCH,CH,;NMe, com-
plex (Bl is bormyl) studied prcviously." The PA{1)—Ci(2)

bond length (2.380{2) A) is larger than the Pd(1)—CI{ 1}
bond length (2.294(2) A). This is attnbutable to the
stronger frans ¢ffect of the P atom compared to that of
the N atom. The results of calculations of the Pd—Cl
bond lengths (2.40} and 2.313 A) according to the
Badger equation based on the v(Pd—Cl) vibration fre-
guencies i the IR spectrum of compound 2¢ (see Table 2)
agree well with the data of X-ray diffraction study. The
deviauon of the calculated values from the structural
data (0.02 A) is numerically equal 10 the average value
of the absolute errors.'® The Pd(1)—P(1) distance
(2.194¢2)y A) is smaller than the known corresponding
bond lengths in dichloride patladium complexes with
P.N-bidentate lizands that form six-membered metallo-
cveles (2.208—2.241 A: see Ref. 9 and references cited
therein) and is shightly larger than the shortest known
Pd(1)—P(l) bond length (2.189(1) A} in the
Cl,Pd[(BIO),POCH,;CH,NMe,] complex,? which re-
flects the pronounced z-acceptor nature of the phos-
phite center.

Table 6. Principal bond lenaths () and bond angles () in
the structure of 2c¢

Bond df A Angle w/deg
PdeD—N() 2.120(6) N(H)—Pd(hH—P(1y  93.0(2)
Pd{ 1 —P(1) 2.194(2) N(DH—Pd(1)—Cltl)y 179.1(2)
PdiY—Cli)  2.294(2) P(1)—Pd{1)—Cl(l) 84.29¢(3)
Pd(1—CHl2) 2.380(2) N{1)—Pd(1)—Cl(2) 9192y
P(1)—0O(2) 1.535(8) P —Pd(1)—Cl(2) 172.51(8)
P{1)—0(3) 1.560¢7) CH{D)—Pd(1)—Cl(2) 88.82(%)
P —O(Y) 1.569¢61 O2)—P(H O3 10045
O2)—-P(1)=0(  101.0(3)
O—P(H—0¢l)  106.3(4)
O(ND—P(H—Pd(1) 118.903)
O(3)—P(1)—Pd(1y 111403
O(h)—P{1y—Pdtt) 116.7(3)
C(8)—~N(H)—Pd(1) 106.%7)
C()—=N{1)—=Pd() 116.3(5)
C(Ty—N{D—Pd(1) 1065.36)

J YA C(6)
C(8) e Q\C(S) 0
[P S

C(G;\)@“‘/

Fig. 1. Overail view of molecule 2¢. S
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The palladium atom is characterized by the planar-
square configuration. The six-membered metallocycle
adopts a boat conformation with the C(l) and C(2)
atoms deviating from the mean plane by 0.46 A and
0.31 A, respectively.

In conclusion, note that the parameters of the phos-
phorus centers in compounds la—c differ substantially.
As an example we refer 1o the resufts of calculation of
the steric requirements of the phosphorus atom per-
formed by the semiempirical quantum-mechanical AM 1
method!? with the use of the procedure for the determi-
nation of the cone angle?%: 1a (177°), 1b (138°), and ic
¢1187). However, all these acvclic aminophosphites form
chelate rhodium(i) and paltadiumis) complexes of the
same 1ype.

Experimental

The IR spectra were recorded on Specord M-80 and Nicolet
750 tnstruments in CHCH; and in Nujot muils in polyethylene
cells and between Csl piates as well as in KBr pellets. The P
NMR spectra were measured on a Bruker AMX-400 instrument
operating at 16198 MHz and on a Bruker AC-200 instrument
operating at 81.0 MHz refatve 10 83% H:PO, as the external
standard. The '3C NMR specira were recorded on a Bruker
AMX- 400 instrument operating at 100.61 MHz relative to CDCl,
(5¢ 76.91). The TH NMR spectra were measured on the same
instrument operating at 400.13 MHz relative to Me,Si. Plasma
desorption (PD)Y mass spectrometry was performed on an MS-
VKh time-of-flight mass spectrometer with ionization by nu-
clear fragments of 2¥2C{. Laser desorption (LD) mass spectrom-
ctry was carried out on a Thermobiocanalysis Vision 2000 instru-
ment by the matrix-free 1onrization method with the use of an
UV laser (337 nm). The electron impact (El) mass spectra were
recorded on a Vanan MAT 311 instrument with direct intro-
duction of the sample. The data of sedimentation analysis and
the results of measurements of the diffusion coefficients were
obtained on an MOM 3180 anaiytical ultracentrifuge with the
Philpot--Swensson optics in two-compartment and boundary-
forming cells according to known procedures.? The data of
X-ruy photoelectron spectroscopy were obtained on a Kratos
XSAM 8§00 spectrometer; calibration against Ag (line at
§4.0 eV), the charging of the sample was taken into account
(285.0 eV); the accuracy of the determined maximum of the
spectral line was 0.1 eV,

X-ray dilfraction study of a single crvstal of compound 2¢
(CyHoCHLNO:PPd) was carried out at 153 K on an automated
four-circle Siemens P3 diffractometer (Mo-Ko radiation, graph-
ite monochromator. 6/2¢0 scanning techaigue, 20 < 60%). The
crystals are monoclinic, at 1537K:"g = 6.006(1). b = 9.835(2).
c = 126352y A, B = 98.39(2)°. ¥ = T38.0(3) Ad oy
1.739 ¢ cm™, u = 17.20 mm™'. HO00) = 388, M = 386.52.
space group Po. Z = 2. A total of 3350 independent retlections
were measured of which 3497 reflections were used in the
structure refinement.

The structure was refined by the full-matrix least-squares
method in the anisolropic-isotropic approximation based on
F2. The positions of the hydrogen atoms were calculated
veometrically. Analysis of the difference Fourier syntheses re-
vealed additional peaks in the region of the ethyl group at the
O(3) atom. These peaks were attributed to the disorder of the
terminal atom.

The final R factors were as follows: wR, = 0.1320. GOF =
0.946 using all 3497 measured reflections (R} = 0.0485 using
2187 reflections with [ > 26(H based on F). All calculations
were carried out on an {BM PC/AT computer with the use of
the SHELXTL PLUS program package {version 35).

All reactions were performed under an atmosphere of dry
argon. The solvents were dried according to known proce-
dures?! and stored over 3 A and 4 A molecular sieves. The
phosphorylating reagents were distilled immediately betore
use. NV, N-Dimethylaminoethano! was twice distilled over KOH
and then over a small amount of LiAlH, immediately before
use. Adamant-i{-ol (Merck) was sublimed in vacuo (1 Torn
immediately before use. The initial Pd(COD)CI, and
[RI(CO),Cl5] complexes were prepared according to known
procedures 22.23

Di(adamant-1-yl) .V, N-diethylphosphoramidite. Adaman-
tan-1-ol (3214 g 0.034 mol) and P(NEt.}; (4.236 g, 0.017
mol) were dissolved in toluene (20 mL). The resulting solution
was heated to boiling with intense stirring and retluxed for 3 h.
Then the solvent was distilled off (together with HNEt) to
approximately one-hatf of the initial volume and the remain-
mg solution was concentrated in vacuo (40 Torr). The resulting
product was evacuated (10 Torr) at 80 °C for 0.5 h and
distilled. B.p. 218—220 °C (0.8 Torr), an 1.4634. The vield
was 4473 g (637%). A viscous colorless liquid. Found (%): C.
71.27; HO10.03: N 3500 P, 7.8). Co H NO,P. Calculated
(%) C. 71.08, H. 9.94: N, 3.45; P, 7.64. °'P NMR (CDCly),
3:129.3. 13C NMR (CDCly). 8: 73.64 (d, Cyyae. 2 = 9.0 Hz):
44.62 (d. OCCH,, *J = 8.5 Hz); 37.19 (d. NCH., ¥ =
217 Hz) 36.0 (s, CH») 30.71 (s, CH): 14.68 (d. NCH,CH;,
3= 3.6 Hz).

Diisopropyl N..V-diethylphosphoramidite. A solution of
Ci:PNEt; (7.337 g. 0.042 mol) in benzene (30 mb) was stowly
added dropwise with intense stirring and cooling to 0 °C to a
solution of PrOH (5.04 g, 0.084 mol) and NEt: (8.484 g,
0.084 o) in the same solvent (1530 mL). Then the reaction
mixture was heated to boiling and cooled. EtyN - HCJ that
precipitated was filtered off, and the benzene was evaporated
in vacuo (30 Torr). The resulting product was distilled. B.p.
67—68 °C (10 Torr), np? 1.4269. The vield was 6.0 g (65%).
A nonviscous colorless liquid. Found (%): C, 54.17; H. 10.62;
N, 6.23; P, 1412, C | 3H(NO,P. Calculated (%): C, 54.28: H,
10.93; N, 6.33: P, 14.00. /P NMR (CDCl;). & 1449,
I*C NMR (CDCly). §: 66.02 (d. OCH, ¥/ = 17.9 Hz); 37.01
(d. NCH», 3/ = 20.9 Hz); 24.20 (d, OCHCH;, 3/ = 4.8 Hz);
24.16 (d. OCHCH;, 3J = 4.5 H2): 14.79 (d, NCH,CH,.
3/ =31 Ho).

Di(adamant-1-yl) 2-(/V, N-dimethylamino)ethyl phosphite
(1a). A solution of adamant-1-ol (4.354 g, 0.0286 mol) and
NEr; (2.388 g, 0.0286 mol) in benzene (100 mL) was slowly
added dropwise with intense stirring and cooling to 0 °C to a
solution of PCl; (1.966 g, 0.0143 mol) in the same solvent
(30 mL). Then the reaction mixture was stirred at 25 °C for
th ond BN - HC) that precipitated was filtered off. A solu-
tion of N, N-dimethylaminoethano! (1.273 2. 0.0143 mol) and
NEty (1.444 2, 0.0143 mol) in benzene (30 mL) was added
dropwise with intense sticring and cooling to 0 °C 1o the
resulting filtrate over 0.5 h. Then the reaction mixture was
heated to boiling and cooled. Et;N - HCI that precipitated was
filtered off, and the benzene was evaporated in vacuoe
(40 Torr). The resulting product was evacuated (10 Torr) at
80 °C for 0.5 h and twice distilled in vacuo to remove (AdO);P
that formed as a by-product, the fraction with the b.p. 210—
220 °C and then the fraction with the b.p. 217218 °C
(0.8 Torr) being taken: np™® 1.4678. The vield was 2.227 g
(37%). A viscous colorless liguid. Found (%): C. 68.11: H.
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9.77, NL 3300 P T.27 CoyHygNOsP. Caleutated (%) CL 68.33:
H. 9.56: N, 3.32: P, 7.35. MS (EL 70 eV). m/z (L (%)) 405
M = Me — H]* (4), 390 [M — 2 Me ~ H|* (10), 286 |M —
AdY (1D, 270 1M ~ ADO}T (63), 132 |[AJOH| ™ i19). 135 [Ad]™
(100, 72 JCH,LCH-NMe, ™ (73), 38 [CH,y;NMe.|™ (60).

Diisopropyl 2-(V,/V-dimethylamino)ethyl phosphite (1b).
N, N-Dimethylethanotamine (1.0 2. 0011 mol) and
(PriO),PNED; (2,51 ¢. 8.011 mob were dissolved in toluene (20
mL). The resulting solution was heated to boiling with intense
stirring and then refluxed for 3 h. Thexn the solvent was distilled
off (together with HNEt;) to approximately one-half of the
initial volume and the remaining solution was concentrated /n
vacuo (30 Torr). The residue was dissolved in hexane (10 mL),
the solution was filtered. and the hexane was evaporated in
vacuo (30 Torry. The resulting product was evacuated (20 Torr)
at 25 °C for 0.5 h and distilled. B.p. 102—103 *C
(10 Torr). np™" 1.4290. The yield was 1.5 g (30%). A colotless
nonviscous liquid. Found (%): C, 30.31: H, 10.26: N, 6.21: P,
12.84. CjyHyNO:P. Caleulated (%) C. 30.62; H. 10,19 N,
5.90; P.13.05 MS (EL 70 V), m/g (g (%)) 237 {MIT (),
194 {M — PP} (1) 151 IM — 2 Pr™ (9), 135 [M — OPr —
Pei]™ (24y. 106 [PAOPOLY (77), 72 [CHLCH,NMes] " (15), 38
ICHZNI\JC:]- (100).

Diethy!l 2-(N,.V-dimethylamino)ethyl phosphite (Ic). A so-
jution of A N-dimethyliminoethanol (3.204 ¢, 0.036 mol) and
Et-N (3.636 g. 0.036 mol) in Et,0 (20 mL) was slowly added
dropwise with intense stirming and cooling 1o 0 *C t0 a solution
of (EtO):PCI (5.636 g, 0.036 mol) in ELO (70 mbl). The
reaction mixture was stirred at 23 *C for 1 h and kepr for 12 h.
Then EtyN - HCI was filtered off, Et;OQ was evaporated inr vacuo
(40 Torr). and the resulting product was distilled. B.p. 61—62
*C (1 Torr). np?® 1.4316. The vield was 3.336 g (47%). A
colortess nonviscous liquid. Found (%): C, 46.00; H, 9.47; N,
6.75: P. 15.02. C¢H1pNO;P. Calculated (%1 C. 43.93: H. 9.63,
N. 6.69: P, 1480 MS (EL 70 eVy. m/2 (1, (%)) 208 [M —
HEY (L, 194 M — Me]™ (1), 180 M — Etfr (4. 32
M — 2 B o+ HJT (12). 72 [CH,CH,NMes|™ (26), 38
ICH,NMe,|™ (100).

Synthesis of palladium complexes 2a—c (general proce-
dure). A solution of the corresponding ligand (9.001 mol) in
CH-CYl> (10 mlL) was slowly added dropwise with intense
stirring to a solution of PA(CODA I, (.00t mol) in CH,Cly
(10 mL) at 25 °C. The reaction mixture was stirred for | h and
concentraled i vacuo (4) Tort) to 2 mi.. The complex was
precipitated with an ether/hexane mixture (1 : | by volume).
The precipitate that formed was carefully washed three times
with ether unul 1,3-cvelooctadiene was completely removed.
The precipitate was separated by centrifugation and then dried
in air and in vacuo (4 Torr).

cis-{Di(adamant- 1-yl) [2-(V, N-dimethylamino)ethyl] phos-
phite- P, N}palladium dichloride (2a). M.p. 118—120 *C. The
vield was 37%. A light-yetlow powder. Found (%): C, 48.0: H,
6.97: N. 2.10: P. 5.21. Cy,H_4CI;NO:PPd. Caleulated (%): C,
48.13; H. 6.73: N. 2.34; P 5.17.

cis-{Diisopropyl [2-(N,N-dimethylamino)ethy!] phos-
phite- P, Vipalladium dichloride (2b). M.p. 160—161 °C. The
vield was 90%. A vellow powder. Found (%): C. 29.0: H, 6.12;
N. 3P 762 CoH 2 CLINO- PP, Caleulated (95): C. 28.97.
H, 5.83: N, 3.38. P, 7.47.

cis-{Diethyl [2-(N,N-dimethylamino)ethyl] phosphite- P, V}-
palladium dichloride (2¢). M.p. 135—136 *C. The yield was 79%.
A vellow powder. Single crystals for X-ray diffraction study were
prepared by slow evaporation of a solution of 2e in CHCls.
Found (%) C. 25011 H. 5.32; N. 356 P. 804

CyH,yCHLNOPPA. Calculated (%) C, 24.86; H. 5.220 N, 3.62;
P. 8.01.

Rhodium complexes 3a.b were synthesized according to the
procedure for the preparation of complexes 2a—e with the use
of a solution of {Rh(CO),Cl], (0.001 mol) in CH,Cl,
(20 mbL) and a solution of the corresponding ligand
(0.002 mol) in CH,Cl> (20 mL).

{Di(adamant-1-¥1} [2-(V,N-dimethylamino)ethyl] phos-
phite- P. ¥}carbonylrhodium chioride (3a). M.p. 143—149 *C.
The yield was 88%. A light-yellow powder. Found (%). C.
51.22: H, 7.00; N. 2.31: P. 3.35. CysH;(CINO4PRA. Calculat-
ed (%) C, 31.07; H. 6.86: N, 2.38; P. 3.27.

{Diisopropyl [2-(V, N-dimethylamino)ethyl] phosphite- P, V}-
carbonylrhodium chloride (3b). M.p. 74—75 °C. The yield was
83%. A brown powder. Found (%) C, 32.82: H. 6.05: N, 3.25:
P. 7.72. C; H,,CINOPRh. Calculated (%): C, 32,73, H,
3.99; N. 3.47: P, 7.67.
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