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New acyclic aminophosphites (RO)2POCH2CH2NMe2 (PN) (R = Et. Pr'. or adamantyl) 
characterized by various steric requirements of the phosphorus center were synthesized. The 
reacnons of [he aminophosphites with Pd(COD)CI 2 (COD is 1.5-cyclooctadiene) and 
[Rh(CO)~C1]_~ afforded the stable chelate mononuclear complexes PdCI2(PN) 
and RhCICO(PN}. respectively. The structures of the resulting compounds were established 
by ~H, ~3C. and 31p 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 tigands, 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 ,z-acceptor character. Owing to these 
facts, these compounds are convenient and attractive 
ligands in the coordination chemistry of platinum met- 
als. I -5 Recently, the successive use of these systems m 
enantioselective catalytic reactions of allylic substitu- 
tion 6-7 and conjugated addition s 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-d imethy laminoe thano l  9,1° 
(RO)~_POCH2CH2NMe.~ (R = Ph, bornyl, menthyl, or 
chotesteryl) and quinine II (RO):zPQuinine (R = C oH2l 
or CI6H33), which were used in the synthesis 
of pal ladium(tl)  and rhodium(t)  complexes,  are 
known. Let us atso ment ion  tile potential ly 
P.N-bidentate (PriOIxPN(CH3)CH2CH_~NMe2 l~ and 

Results and Discussion 

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

aO NMe 2 ~ R O . ~ p . ~ . O ~ J N  Me 2 
(RO)2PX -HX ~ RO 

I a - - c  

X = C I . R = A d ( a ) ; X = N E t 2 ,  R = P r ' ( b ) ; X  = C I . R = E t ( c )  

Generally, phosphorylation of N.N ' .N ' - t r ime thy l -  
ethylcnediamine is performed with the use of phospho- 
rochloridite (PriO)2PCI. 12 We attempted to use phos- 
phoramidite (PrtO)_TPNEt2 for this purpose. However. 
this attempt was not quite successful because the corre- 
sponding phosphoramidite (AdO)2PNEt 2 (Ad is ada- 
mantyl) exhibits weak phosphorytating activity and -20% 
of this compound remained unconsumed even after 

(MeO)2POCHCH~C(Me~NHC(Me2)CH2 t3 ligands, refluxing of the reaction mixture in toluene for 4 h 

representatives of acyclic ammophosphites~ which differ 
substantially from the viewpoint of the steric require- 
ments of the phosphorus center, and the results of 
studies of their coordinat ion to palladium(J[) and 
rhodium(J). Chlorocarbonyl rhodium(0 complexes con- 
taining alky/substituents in the acyclic phosphite center 
were synthesized for the first time. 

lb), a substantial amount of admixtures being formed 
along with compound ia. Because of  this, we synthe- 
sized ia according to another procedure, viz., through 
the corresponding phosphorochloridite (AdO)2PCt pre- 
pared in sJtu. This approach allowed us to obviate the 
need for the isolation of this labile phosphorylating 
agent; however, in this case (AdO)3P was also formed as 

Translated from lzvestiya akademii Nauk. Seriya Khimicheskaya, No. 3. pp. 530--535, March. 2000. 

1066-5285/00/4903-0533 $25.00 © 2000 Kluwer Academic/Plenum Publishers 



534 Russ. Chem. BulL. I /ol.  49, ,,'Vo. 3, ,~,larch. 2000 Gavr i lov  et al. 

a by-product .  This  by-produc t  can be separated only by 
double  fractional disti l lation. Aminophosphi te  lc  was 
prepared with the use o f  (EIOI-,PCI. t4 

The complexat ion with aminophosphites la - -e  af- 
fi)rded stable mnnonuclear chelate compounds 2a--c 
and 3a.b. 

(RO)2POCH2CH2NMe 2 

+Pal(COD}C< 
la ~,/-COO 

5[Rh(CO):CI] 2 
,b 

CIx /CI  CO,, /CI 
RQ.. Pd x RO Rh 

/ P ~  N Me.., x . -. 

;.vJ o ' . . . J  " 

2 a - - c  3 a , b  

The data of31P N M R  and IR spectroscopy {Tables I 
and 2, respectively) are in good agreement with the 
suggested structures o f  the complexes,  Thus the pres- 
ence  of  the P d - - P  bond in compounds  2a - -e  is con-  
f irmed by substantial coo rd ina t ion  shifts s observed in 
the range from <3 - 6 0 . 4  to - 6 8 . 0 .  Tile 6p values m the 
region {5 62--78 are charac ter i s t ic  o f  s ix-membered pal- 
ladium chelates with acycl ic  aminophosphi tes  '},10 Note  
that .  unl ike the N M R  spect ra  of  a m i n o p h o s p h i n e  
pa l ladium(n)  cis-dichloride complexes ,  the spectra of  
tile cor responding  a m m o p h o s p h i t e  complexes have reg- 
ular upfield coord ina t ion  shifts Adp because the =-ac-  
cep to r  charac ter  o f  the phosphorus  center  is responsible 
for s h i e l d i n g o f t h e p h o s p h o r u s  nucleus. In the long- 
wavelength  regions of  the [R spectra of  compounds  2 a ~  
c, two v ( P d - - C I ) a b s o r p t i o n  bands with equal intensities 
are observed. These  bands cor respond to the cis config-  
urat ion o f  the C I -  ligands and to different trans effects 
o f  the phosphorus  and n i t rogen centers. The spin-spin 
coupl ing  constants  IJ(P, Rh) and the v(CO) bands (see 
Tables  I and 2, respectively) for compounds  3a,b are 
character is t ic  o f  the cis or i en ta t ion  of  tile phosphorus 
and ni trogen a toms at the rhodium atom and of  the 
trans-carbonyl ligand and the  amino  group (see Ref. 4 
and references cited therein) .  

The data o f  13C N M R  spectroscopy (Table 3) agree 
we l t  wilt1 the s t ruc tures  suggested foi  chelate Complexes 
2 a ~ e  and 3a,b. A compar i son  o f  the spectral parameters 
o f  tile free and coord ina ted  aminophosphi tes  revealed 
substantial  downfield coo rd ina t ion  shifts of  the signals 
for the carbon a toms at the phosphorus  {2u5 c 5 - - t 2 )  and 
ni t rogen (.\8 c 3- -9)  dono r  centers ,  Analogous regt, lan-  
ties are also observed in the fH N M R  spectra (Table 4). 
For  example ,  the downfie ld  shift Ai5 a of  the resonance 
signals for the protons o f  the methyl groups at the 
ni t rogen a tom are 0 .4- -0 .8  ppm. Note also the pro-  
nounced  homology  of  the tH and 13C N M R  spectral 
character is t ics  (see Tables  3 and 4, respectively) of  

Table 1. 3tp NMR spectra (;3, J,iHz) of compounds la--e ,  
2a--c, and 3a,b 

Compound Solvent 5p A6p* IJP.Rh 

la CDCI 3 129.5 --- -- 

ib CDCI 3 138.~ . . . .  

Ic CDCI 3 1393 -- --  
DMF-d7 138.8 - -  - -  

2a CDCI, 6t.5 -68.0 -- 

2b CDCI;, 74.9 -63.9 --  
DMF-d7 76.9 -- -- 

2c DMF-d? 78.4 -60.4 --  

3a CDC13 113.9 -15.6 266.8 

3b CDCI; 127.1 -12.2 261.7 
Me/CO 127.5 -- 260.2 

" 2uSp = (Sp (complex) -- ,5p (ligand}. 

Table 2. IR spectra (v/cm -~ } of complexes Za--c and 3a.b 

Compound v(M--CI) v(CO 

(conditions of measurements of the spectruml 

2a 341), 284 (Nujol) -- 
344. 278 tCHCI~) 

2b 337. 285 (Nuiol) -- 
342. 284 ~CHCI 3) 

2c 338, 284 (Nujol) -- 
3a 300 (Nujol) 2000 (KBr), 2014 {CHCI 3} 

3b 286 {Nujol) 2000 {KBr). 2022 (C[ |CI 3} 

compounds  2a--c  and 3a,b, which is a t t r ibuted  to the 
similarity of  their  chela te  structures. 

Much at tention was given to the de t e rmina t ion  o f  the 
molecular  weights o f  the new complex c o m p o u n d s .  We 
chose rhodium complexes  3a,b for the mass - spec t ro -  
metric analysis because we have observed in tense  re- 
combining ions for cis-dichloride pa l l admm(n)  c o m -  
plexes with ammophosph i t e s  and a m i n o p h o s p h o r a m i -  
dries many t i m e s  These  ions substantially h inder  the 
interpretation o f  the results (even when "mild"  me thods  
of  mass spectrometry_, vi=., field and plasma desorp t ion  
and fast-atom b o m b a r d m e n t  (FAB),  are used),  z,9 On 
the whole,  the results o f  mass s p e c t r o m e t w  o f  c o m -  
pounds 3a,b do not contradic t  their structures.  Thus  tile 
m a ~  spei!{runi Of c o m p o u n d  3 a  (plasma desorp t ion  
(PD) method)  has the following signals, m/z  (/tel (%)):  
560 [M - CO]* (3), 524 [M - CI - CO] + (8), 392 [L - 
2 Me + HI ~- ( I 0 ) ,  135 [ a d a m a n t y l l  + (45) ,  72 
[CH3CH,NMe2V-  (100), 58 {CH2NMe2] + (35): in the 
laser desorption (LD)  mass spectrum: 523 [M - C O  - 
CI - HI + (100), 389 [L - 2 Me - 2 H1 ~ (41). An 
analogous situation is also typical o f  c o m p o u n d  31} {LD 
mass spectrum, m/z  (lrel (93)): 368 [M - CI] § (16), 340 
[M - C1 - COl  + (2), 297 [M - C1 - C O  - Pr~] "- (20), 
152 [ L -  2 Pr i + HI + (4), 72 [CH2CH2NMe2]  + {100}. 
58 {CH2NMe z] ~ (40)). However ,  the PD mass spec t rum 
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Table 3. I 'C  N M R  ~,pectra (6. Jg .p / f tz )  of  compounds t a - -e .  2a--c ,  and 3a,b 

M o l e c u l a  r I a 2a 3a I b 26  36 

t-r:lgmen! CDCI 3 

Ic 2c 

D M F - d ,  

C,,,a ~ 75.03 8723 82.92 
{2j = K9) ( 2 j =  13.3) (2 j= li.95 

OCH~ 59.72 6,l.29 64.58 
{2j = 3.6) {2j = 6 9) (2. /= 6.7~ 

CH ,N 56.4t) 6 t.72 61.40 
12j = 3.2) (3j = 4.4) 

NMe,  45.60 52.55 48.93 

OCCH 2 44.72 44.19 44.52 
{ ;Y = 8.45 (:',t ~ 4.6) (3d = 4.2) 

CH ~ 35.,";6 35.53 35.55 

CH 30.83 3126 30.85 

CO 186.0 
(I/C.Rh = 73.8: 
2Jc.P = 20 3) 

OC It 

C t t ;  

O(s 3 

59.74 64.61 65 20 61.60 68. t 7 
(2j = 4.5) (2j = 6.5) (2,I = 7.8} (2j = 4.35 (2j = 2.1) 

5877 62.07 61.85 59.30 67.80 
(3j = 5.2) (3j = 32) (3j = 4.5) (3J = 10.7) (3j = 4.5) 

45.66 52.59 4899 47. I I 56.21 

185.50 
(IJC.g!~ = 71.0. 
2Jc p = 20.9) 

66.31 77.44 70.4 
( s J =  15.45 {2j = 4.1) 

24.38 23.72 23.80 
(~J = 4.0); (3j = 3.6) 13J = 3.21 

24.33 23.46 23.70 
( ;J  = 3.6) (~J = 5.8) (3d .= 4.9) 

18.32 
{'J = 4..7) 

61.80 
~2j = 11.0") 

20.0 
<3J = 6.7) 

68.80 
(2j = 2.0) 

Table 4. i l l  NMR spectra (& J/Hz. CDCI3) of compounds l b , c ,  2b ,e ,  and 36 

Molecular  [iagmcnl Ib 26 36 Ir 2c 

OCH 4.34 in 5 12 m 4.89 in 
{~JIq.P = S.8) (3Jti p = 9..~) (3JH. P = 10.4) 

O C H ,  3.g4 q 4 12 dt 4.12 dt 3.86 m 4.19 dt 
(~'d = 6.4:  (~d = 4.0: ( 3 j  = 4.0: {3j = 6.2: (3j  = 4.1; 

"~JlI.P = ().8) ?JH.P = 184) 3dli.P = 18.0) 3JH. p = 7.4) 3JH. P = 17.9) 

C H i N  2.48 t 2.76 ~ {br) 2.69 m (bf) 2.49 t 2.,'-;0 dt 
(3j = 6.45 {;d = 4.0) (~J = 6.2) (3j = 4.1: 

4JH. P = 3.1) 

NNIe~ 2.22 s 2.98 s 2.64 s 2.23 s 302 s 

CH~ 1.22 d 1.37 d 1.31 t 1.23 t 1.38 t 
(3 j= 1.2) (-~J= 6.0) ( 3 J =  6.0: ( 3 j =  7.1) ( 3 J =  7.0) 

1.20 d 131 d 3 j =  4.4) 
(3j = 1.6) (-"J = 6.4} 

OCt_!zCH3 3.84 m 4.43 m 
{3j = 7.1) (3j = 7.0} 

o f  c o m p o t m d  36 c o n t a i n s  s igna l s  o f  h e a v i e r  ions: 772 
[2 M - C t I "  (10) .  751 [2 M -- 2 C O l  + ( 7 1 , 7 1 7  [2 M - 
2 C O  - CI + HI + (3), A p p a r e n t l y ,  t h e s e  ious were  
f o r m e d  as a r e s u h  o f  g : l s -phase  r e a c t i o n s  p r o c e e d i n g  
u n d e r  c o n d i t i o n s  o f  mass  s p e c t r o m e t D ' .  T h u s  the  [2 M - 
CI] ~ peak  c a n  a p p e a r  due  to an i n t e r a c t i o n  b e t w e e n  the  
M m o l e c u l e  a n d  tile [M - CI] ~ i on ,  as was  d e m o n s t r a t -  
ed by the  F A B  mass  s p e c t r u m  o f  the  [ R h L { C O i C I I  
che l a t e  c o m p l e x ,  w h e r e  L is t he  p y r i d y l p h o s p h i n e  P , N -  
b i d e n t a t e  l igand .  Is  Th is  thct is f u r t h e r  e v i d e n c e  that  t h e  

resu l t s  o f  mass  s p e c t r o m e t r y  o f  c o m p l e x e s  wi th  P , N - b i -  
d e n t a t e  l igands  shou ld  be i n t e r p r e t e d  wi th  c a u t i o n .  

F o r  th i s  reason ,  s o l u t i o n s  o f  c o m p l e x e s  ?-a--e  a n d  
3 a , b  ~ e r e  s tud ied  by s e d i m e n t a t i o n  analys is ,  w h i c h  c o n -  
f i r m e d  a m o n o n u c l e a r  c h a r a c t e r  o f  these  c o m p o u n d s  
( 'Fable  5) because  the d e t e r m i n e d  M z va lues  and  t h e  
c a l c u l a t e d  M,. values  c o i n c i d e  to wi th in  t he  e x p e r i m e n -  
tal e r r o r  !+-7%). The  curves  o f  the  e q u i l i b r i u m  s e d i m e n -  
t a t i o n  d i s t r i bu t ion  are typ ica l  o f  m o n o d i s p e r s e  c o m -  

p o u n d s  a n d  ind ica te  that  a d m i x t u r e s  wi th  o t h e r  m o l e c u -  
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Table 5. Results of sedimentation analysis of complexes 2a--e  
and 3a,b 

Corn- Molect, lar weight da/A 

pound M Z ~ M, I II 
experiment calculation 

2a 596 (DMF} 5q9 t0.4 tDMF} 1t.4 
2b 441 (DMF) ,$14 9.8 (DMF) 92 
2e 385 (DMF> 387 88 (DMF) 9.4 
3a 632 (DMSO) 588 13.4(DMSO) 11.9 
3b -- 404 9.2 (acetone) 9.7 

':d is the diameter o([he sphere in which the molecule can be 
inscribed: I. according lo the resuks of the determination of 
)he diffusion coelficient: I1, according t ( )  the results of calcula- 
Hons b~ the MM2 metimd 
/>The sol',enl is given in parentheses. 

lar weights, for example, dimers_ are absent. The only 
exception is complex 3b for which sedimentation was 
not equilibrated during the qandard time of the run 
{2--4 h) whatever solvent was used (DMSO, DMF, or 
acetone). In add i t ion ,  the diameters of the spheres in 
which tile molecules can be inscribed were determined 
for all complexes by me-~suring the difti)sion coefficients 
(see Table 5j. The obtained estimates of the particle 
sizes agree well with the results of calculations of the 
equilibrium geomctw of the complex molecules b_v the 
MM2 method l~ (only in the case of complex 3a, the 
error was larger than 10%1. In the case of compound 2c. 
this estimate (9.182 A) agrees also with the results of 
X-ray diffraction analysis (see below). This convincing 
agreement has also been mentioned previously, '~ 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--r  and 3a,b are characterized by high 
stability m organic media, including coordinatively ac- 
twe media. This is evidenced by the fact that the ;)P 
NMR spectral characteristics obtained in the studies of 
freshly prepared solutions are identical to those of solu- 
t ionss to redovera  long period. For example, tl~e 3Jp 
NMR spectrum of a solution of compound 2c in DMF- 
d 7 stored lbr 4 days has the same single( at 8p 76 9. 

Compound 2c was studied by X-ray photoelectron 
spectroscopy. Tim determined bond energies (E~,m,jeV} 
are as follows: Pd (3d5/2), 336.8: P (2p). 132.2; CI (2p), 
1_97.9 and 198.9; and N ( I s ) ,  398.8. These values are 
rather typical of dichloride palladium(n) complexes, 17 
including those with aminophosphites and aminophos- 
phoramidites. 18 Note the presence of two maxima in the 
cur,,.e of the CI 2p bond energy due to the asymmetry of 
the bond lengths in the PdCI 2 fragment, z 

The structure of complex 2e was conclusively estab- 
lished by X-ray diffraction analysis (Fig. I). Analysis of 
the bond lengths and bond angles (Table 6) demonstrat- 
ed that these values are close to the corresponding 
parameters in the CI2Pd(BIO)2POCH2CH2NMe2 com- 
plex (BI is bomyl)  studied previously. 9 The Pd(t)--Ct(2)  

bond length (2.380(2) A) is larger than the Pd(t)--CI{I ) 
bond length (2.294(2) At. This is attributable to the 
stronger trans effect of the P atom compared to that of 
tile N atom. The results of calculations of tile Pd--CI 
bond lengths (2.40t and 2.313:4,) according to the 
Badger equation based on the v(Pd--CI) vibration fre- 
quencies in the IN spectrum ofcom~,)und 2c (see Table 2) 
agree well with the data of X-ray diffraction study. The 
deviation of the calculated values from the structural 
data (0.02 A) is numerically equal to the average value 
of the absolute errors. 19 The P d ( l ) - - P t l )  distance 
(2.194(2) A) is smaller than the known corresponding 
bond lengths in dichloride palladium complexes with 
P,N-bidentate ligands that fo,'m six-mcmbered metatlo- 
cycles (2.208--2.241 ..~,: see Ref. 9 and references cited 
therein) and is slightly larger than the shortest known 
P d ( I I - - P ( I )  bond length (2.189(I) A) in the 
CI2PdI(BIO)2POCH2CH2NMe2] complex, 9 which re- 
flects the pronotmced :r-acceptor nature of the phos- 
pbite center. 

Table 6. Principal bond lengths (d) and bond angIes ({~)) in 
the structure of 2c 

Bond d/A Angle ,.a/deg 

Pal( 1)- N(1) 2.120(6) N(I)--Pd(1)--P{I) 95.0(2) 
Pd( I )--P(1) 2.194(2) N(1)--Pd( I )--Ct(1) 179.1(2) 
Pd{I)--CI(I) 2.294(2) P{ I)--Pd(I)--CI(1) 84.29(8) 
Pd( 1 ).--C1(2) 2.38012} N(I )--Pd(I)--CI(2) 91.9(2) 
P( I )--O(2) 1.538{8'7 P( l)--Pd(I)--CI(2) 172.5t(8} 
P(I)--O(3) 1.560(7) CI( l)--Pd(I)--C1(2) 88.82(8) 
P(I)--O(I) 1.569(6) O(2)--P(1)--O(3) 100.'a(5) 

O(2)-P(I)--O()) 101.0(4) 
O(3)--P( 1)--0~ 1) 106,5(4) 
O(2)--P{ l)--Pd(I) 118.9(3) 
O(3)--P( I )--Pd(() t I 1.4(3) 
O(I)--P(I)--Pd()) I I6.7(3} 
C(g)--N( 1)--Pd(I } 106.5)(7) 
C(2J--N(I)--Pd( I } 116.5(5~ 
C(7)--N(t)--Pd(~) 105.4(~) 

%,J 2 
Ct7) C1(2) Ch'l) 

%- (3) 
- . f  % C(6, 

Fig. i .  Overa|~ view of motecute 2r C~'6')'r 
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T h e  p a l l a d i u m  a t o m  is c h a r a c t e r i z e d  by the  p l a n a r -  

s q u a r e  c o n f i g u r a t i o n .  T h e  s i x - m e m b e r e d  m e t a l l o c y c l e  

adopts a boa t  conformat ion with the C( I )  and C(2)  
atoms deviating f rom the mean plane b.v 0.46 A and 
0.31 A,. respectively. 

In conclusion, note that the parameters of  the phos- 
phorus centers in compounds ia - - r  differ substantially. 
As an example we refer to the results o f  calculat ion o f  
the steric requirements of  the phosphorus atom per- 
formed by the semiempir ical  quantum-mechanical A M  I 
method v~ wi th the use of  the procedure Ibr the de te rmi -  
nat ion o f  the  c o n e  angle~'~ l a  (177'D, lb (13~;~), a n d  l c  

(118~) .  H o w e v e r ,  all t h e s e  acycl ic  a m i n o p h o s p h i t e s  f o r m  

c h e l a t e  r h o d i u m ( I )  a n d  pa l lad ium(~l )  c o m p l e x e s  o f  t h e  

s a m e  type.  

Experimental 

Tile IR spectra were recorded on Specord M-80 and Nicolet  
750 inst ruments  m CHCI~ and m Nujol mulls in polyethylene 
cells and between Csl  plates as we[l as in KBr pellets. The  31p 
N M R  spectra were measured on a Broker AM X-400 ins t rument  
operat ing at t61.98 MHz and on a Broker \ C - 2 0 0  ins t rument  
operat ing at 81.0 NIHz relative to 85% I-I:~PO 4 as the external  
s tandard.  The I:'C N M R  spectra were recorded on a Bruker 
AMX-400  instrument operating at 10061 MHz relative to C D C I  3 
(8 c 76.911. The IH N M R  spectra were measured on the same 
ins t rument  operating at 401113 MHz relative to MeaSi. P lasma 
desorpt ion (PL)t mass spectrometry was perfi)rmed on an MS-  
VKh time-otZflight mass spectrometer with ionization by nu-  
cleqr fragments of  252Cf. Laser desorption (LD) mass ,spectrom- 
etry was carried out  on a Thermobioanalysia Vision 2000 inst ru-  
men t  by the matr ix-free ionization method with the us,: o f  an  
UV laser (337 nm'k The electron impact (El) mass spectra were 
recorded on a Varian MAT 311 instrument with direct in t ro-  
duc t ion  of  tile sample.  The data of sedimentat ion analysis and  
the results of measuremen t s  of  the diffusion coefficients were 
obta ined on an M O M  3180 analytical uttmcentrifiige with the  
Ph i lpo t - -Swensson  optics in two-conlpartmcnt and b o u n d a r y -  
forming cells according to known procedures. '~ -['he data o f  
X-ray photoelectron spectroscopy were obtained on a K m t o s  
XSAM 800 spec t romete r ;  calibration against Ag (l ine at 
84.11 eV), tile charging of  the sample v, as taken into a c c o u n t  
t285.0 eVl; the accuracy o f  tile determined maximum of" the 
spectral  line was 50.1 e V  

X-ray diffraction study of  a single crystal of  c o m p o u n d  2c 
(C:,,H20CI2NO3PPd) was carried (;.tit at [53 K on an a u t o m a t e d  
four-circle Siemens P3 diffractometer (Me-Kt~ radiation, g raph-  
ite monochroma to r .  0/20 scanning technique,  20 < 60~ - the  
cr~,kia[s aft5 ihohodlinic,  fit 153K:-~ ~- 6.006t1), b = 9.835(2),  
c = 12.635t2~ ..'k, 17, ~ ~8.59~2j ~ V = 738.0(3) ,.~, dca k = 
1.739 g c m - ; ,  u = f7.20 mm -I .  /'~000t = 388, M = 3 8 6 5 2 .  
space group Pc, Z = 2. A total of 3550 independent ref lect ions 
were measured of  which 3497 reflections were used in the  
s t ruc ture  refinement.  

The  structure was relined hv tile full-matrix leas t -squares  
me thod  in the anisotropic-isotropic approximation based on  
F 2. The  positions o f  the hydrogen a toms were ca lcula ted  
geometrically.  Analysis of  the difference Fourier syntheses  re- 
vealed additional peaks in the region of  the ethyl group at the  
0 ( 3 )  a tom. These peaks were attributed to the disorder o f  the 
ternliua] stein.  

The final R factors were as follows: wR, = 0.1320. GOF = 
0046  using all 3497 measured  reflections (R I ~ 0.0485 using 
2187 reflections with / > 2a(/'~ based on F), All calculat ions 
were carried out on an f g M  PC/AT computer  with the use of  
the SHELXTL PLUS program package ~'version 5). 

All reactions were peril-wined under an a tmosphe re  o f  dry 
argon. The solvents were dried according to known proce- 
dures "--I and stored over 3 A and 4 A molecular  sieves. The 
phosphorTlating reagents  were distilled immedia te ly  befi?re 
use. N .N-Dimethy laminoe thano l  was twice distilled over KOH 
and then over a small  a m o u n t  of  LiAIH 4 immedia te ly  before 
use. A d a m a n t - t - e l  (Merck)  was sublimed in vacuo (t Torr) 
immedia t e ly  be lbre  use. The  initial P d ( C O D ) C I  2 and  
[Rh(CO)2CI2] complexes  were prepared according to known 
procedures.Z2, 2-3 

Di(adamant-l-yl) N,N-diethylphosphoramidite. Adaman-  
t an - l - e l  (5.214 g, 0.034 tool) and P(NEt:)  3 (4.236 g, 0.017 
reel) were dissolved in toluene (20 mL). The result ing solution 
was heated to boiling with intense stirring and relluxed for 3 h. 
Then  the solvent was distilled off (together with HNEt  2) to 
approximately one -ha l f  o f  the initial volume and the remain-  
ing solution was concent ra ted  in vacuo (40 Torr).  Tile resulting 
product was evacuated (10 Torr) at 80 ~ for 0.5 h and 
distilled. B.p. 218--220 ::C (0.8 Tort), nD20 1.4634. The yield 
was 4.475 g (65%). A viscous colorless liquid. Found  (%): C, 
71.27: H, 10.03; N. 3.50; P. 7.81. C2aH41)NO2P. Calculated 
(%1: C. 71.08; H. 9 . 9 4  N, 3.45; P, 7.64. 31p N M R  (CDCI3), 
8: 129.8. :3C N M R  (CDCI3),  8:73.01 (d, Cou:,, 2j = 9.0 Hzl: 
44.62 (d, O C C H  2, 3j = 8.5 Hz); 37.19 (d, N C H  2, 2j = 
21.7 Hz): 36.0 (s, CH2):  30.71 (s, CHI:  14.68 (d. N C H 2 C H  3, 
; J  = 3.6 Hz). 

Diisopropyl N,N-diethylphosphoramidite. A solut ion o f  
C h P N E h  t7.337 g. 0.042 rooD in benzene 130 mL)  was slowly 
added dropwise with intense stirring and cooling to 0 ~ to a 
solution of PPOH (5.04 g, 0.084 moll and NEt3 (8.484 g, 
0.084 rood in the same solvent (150 ink). Then  the reaction 
mixture was heated to boiling and cooled, E t 3 N - H C I  that 
precipitated was filtered off, and the benzene was evaporated 
in vacuo (40 Tort) .  The  resulting product was distilled. B.p. 
67--68 ~ (10 Torr),  nu  2~ 1.4269. The yield was 6.0 g (65%L 
A nonviscous colorless liquid. Found (%): C, 54.17; H, 10.62: 
N, 6,25; P, 14.12. Cmtt2.~NO2P. Calculated (%): C,  54.28; H, 
10.93; N, 6.33: P, 14.00. 31p N M R  (CDCI3) ,  8: 144.9. 
f;C NMR (CDCI3). ,5:66.02 (d, OCH,  2j = 17.9 Hz); 37.01 
(d. NCH~, :J  = 20.9 Hz); 24.20 (d, OCHC'H 3, 3j = 4.8 I lzk 
24.16 (d, O C H C H  3, 3j  = 4.5 Hz): 14.79 (d, NCH2C_H,,, 
3j = 3.1 Hz). 

Di(adamant-l-yl) 2-(N,N-dimethylamino)ethyl phosphite 
( l a ) .  A solution of  a d a m a o t - l - o l  (4.354 g, 0.0286 mol) and 
NEt 3 (2,888 g, 0.0286 mol) in benzene 1100 mL)  was slowly 
added dropwise with intense stirring and cooling to 0 ~ to a 
solution of PCI) (I .966 g. 0 .0t43 reel) in the same solvent 
(50 t a l k  Then the reaction mixture was stirred at 25 ~ for 
| h -and E-taN- HCI t-hat precipitated was filtered off. A solu~ 
tion of  N.N-dimethylaminoetbanol (I.273 g, 0.0143 reel) and 
NEt;  (I.444 g, 0.0143 mot) in benzene (30 mL)  was added 
drop~,ise with intense stirring and cooling to 0 ~ to the 
resuhing filtrate over 0.5 h. Then  the reaction mixture  was 
heated to boiling and cooled.  Et3N - HCI that precipi ta ted was 
filtered off, and  the  b e n z e n e  was evapo ra t ed  in vacuo 
(40 TorrL The resulting product  was evacuated (10 Tort)  at 
80 "C for 0.5 h and twice distilled in vacuo to remove  (AdO)3P 
that formed as a by-produc t ,  tile fraction with the b.p. 210--  
220 ~ and then the fraction with the b.p. 217- -218  ~C 
(0.8 Torr) being taken: no2~ 1.4678. The yield was 2.227 g 
(37%). A viscous colorless liquid. Found (%): C,  68 .J I ;  H. 
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9.77; N. 3.30: P. 7.27 C24H.mNO~P Calcutated (%): C, 68.3~: 
H. 9.56: N, 3..._, P, 7.35. 5,IS IEI, 70 e'v), m/.: (lrr (%)): 405 
i \ l  - Me - HI ~- r 390 [M - 2 Me - HI + ~10t, 280 [NI - 
,-~dl ~ (I 1}, 270 IM - AdOJ + {65~, 152 IAdOHI" ~19), f35 lad] + 
{ I00). 72 ICH_,CFI:NMe2i* (73), 53 ICH_,NMe:] ~ r 

Diisopropyi 2-(N,N-dimethylaminolethyl phosphite lib).  
,V,N-Dimethyle[hanolamine 11 (.I g. 0.0ll moll and 
fPr~O),PNEQ (25t  g, 0.011 mot) were dissolved in toiuene (20 
mL). -the resulting solution was heated to boiling wkh inlense 
stirring and then refluxed for 3 h. Then the solvent was distilled 
off (togelher with HNEt,) to approximately one-half of the 
initial volume and the remaining solution was concentrated in 
vacuo (40 Torr). The residue ~as dissolved in hexane (10 mLl ,  
the solution was filtered, and tile hexane was evaporated in 
vacua (4(1 Tort). the resulting product was evacuated {20 Torr) 
al 25 :C for 0.5 h and distilled. B.p 102--103 :~C 
(I0 Torr). no::" 1.4290. The yield was 1.3 g !50%1. A colorless 
nonviscous liquid. Found (%): C, 50.31: H, 10.26: N, 6.21: P, 
12.84. CmHeaNO3P. Calculated t%): C, 50.62; H. 10.19: N, 
590: P, 13.05 MS (El .  70eV) .  m/zll.,~.t (%)): 237 [ M [ *  ~l}, 
194 [NI - Pr:l ~ (1). 151 I \ l  - 2 Prq ~ !%, 135 [M - OPP -- 
Pr'l" (24t, 106 [PdOPOl" t77), 72 [CH_,CH:,NMe21 ~ (t5;, 58 
I C H_,N Mc_,l- (100). 

Oiethyl 2-(N,N-dimethylamino)ethyl phosphite (lc).  A so- 
lution of ,~,.N-dimethylanainoeflmnol (Y204 g, 0.036 nlol) and 
Et ~N (Y636 g. !) 036 moll in Et_,O (20 mL) was slowly added 
dropwise with intense stirring and cooling to 0 ~C to a solution 
of (EtO)zPCI (5.636 g, 0.036 rood in Et,O (70 mL). File 
reaction mixture was stirred at 25 ~ for l h and kept Ibr 12 h. 
Then Et3N - HCI was filtered of/, Et,O was evaporated it: vocuo 
~40 Torr). and the resulling prnducl was distilled B.p. 61--62 
"C (I Tort). nD 2~ 1.4316. Tile yield was 3.536 g (47%,). A 
colorless nonviscous liquid. Found (%): C, 46 ()0: H, 9.47: N, 
6.75: P. 15.02. CsH20NO3P. Calculated (%i: C. 45.93: H. 9.63; 
N, 6.69; P. 14.80. MS (El. 70 eV}. nl/Z (/rei (%)): 208 [M - 
HI"  ( l l ,  194 [NI - Mcl  ~ ( I ) ,  Is0 [M - Etl '  {4}. 152 
IM - 2 El + HI + (12). 72 ICH2CH2NMe:I ~ (26), 58 
ICH 2N Me2]" { I00), 

Synthesis {If palladium complexes 2a--c (general proce- 
dure). A solution of the corresp{mdino, lieand {0.0(}1 tool} in 
CIGCI, (10 roLl was slowly added dropwise with intense 
stirr ing to a solution of  Pd(COD~Ci 2 (0.00t mol) in CH,C12 
(10 mL) at 25 'C. rile reaction mixture was stirred for 1 h and 
concentrated in vacuo (40 Ton) to 2 mL. The complex was 
precipitated with an ether/hexane mixture ~' ' I by volume). 
The precipitate thai formed was carefully ~ashed tllree times 
with ether until 1,5-cyclooctadiene was completely removed. 
Tim precipitate was separated by centrifugation and then dried 
in air and m vaeuo ~ I Torr). 

cis-{ Di(adamant- I -y l )  [2-(N,N-dimethylamino)ethyl] phos- 
phite-P,N}pailadium dichloride (2a). Mp. 1t8--120 ~ The 
yield was 87%. A light-yellow powder. Found (%}: C, 48.0: t-t, 
697: N, 2.10: P, 5.21. C24H,mCIzNO~PPd Calculated (%): C, 
48.13: H. 6.73: N. 2.34; P, 5.17. 

cis-{ Diisopropyl [2-(N,N-dime/hylamino)ethyl] phos- 
phite-P,N}palladium dichloride (2b). M.p. 160--161 ~ The 
yield was 90%. A yellow powder. Found (%): C, 29.02 H, 6.12; 
N. 3. I11 P. 7.62. CIoH24CI2NO3PPd. Calculated t%): C, 28.97; 
H, 5.83: N, 3.38: P, 7.47. 

c/s-{Dielhyl [2-(N,N-dimethylamino)ethyl] phosphile-P,N}- 
palladium dichloride (2c). M.p. 155--156 ~C. The yietd was 79%. 
A yel low l.~}wder. Single crystals for X-my diffraction study were 
prepared by slow evaporation of a solution of 2e in CHCI 3. 
Found (%}: C, 25,01: H, 5.32: N. Y56: P. 8.04. 

C~H,oCt2NO3PPd. Calculated (%): C, 24.$6; H, 5.22; N, 3.62: 
P. 8.0t. 

Rhodium complexes 3a,b were synthesized according to the 
procedure for the preparation of complexes 2a--c with the use 
of a solution of IRhiCO)2CII2 (0.001 moll in CH,CI 2 
(20 mL) and a solution of  [he corresponding ligand 
(I).002 tool) in CI-I,CI 2 (20 mL).  

{Di(adamant-l-yl) [2-(N,N-dimethylamino)ethyl] phos- 
phite-P.:~,]carbonylrhodium chloride (3a). M.p. 148-- 149 "C. 
Tile yield was 88% A light-yellow powder Found (%): C, 
51.22: H, 7.00: N, 2.31 P. 5 3 5  C25H,mCINOaPRh_ Calculat- 
ed (%): C, 51.07: H. 6.86: N, 2.38; P. 5.27. 

{Diisopropyl [2-(,,~;N-dimethylamino)ethyl] phosphite-P,N}- 
carbonylrhodium chloride (3b). M.p. 74--75 ~ The yield was 
83%. A brown powder. Found (%): C, 32.82: H, 6.05: N, 3.25: 
P. 7.72. C~IH,4CINOaPRh. Calculated I%): C. 32.73; I1.. 
5.99: N. 3.47" P, 7.67. 
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