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Abstract 

The cationic palladium(It) complex containing ortho~ metallated ( R)-I-[ 14dimcthylanmm)ethyl]benzene and ( 1 a, 4a,  5a(S),  7R)o[5- 
(diphenylphosphino)-2,3-dime|hy-7ophenyl-7ophosphabicych¢~ 2.2.1]]°hept-2-ene was prepared by both the coordination of the diphos- 
phine to the organopalladium unit and by the asymmetric Diels~AIder reaction between I-phenylo3.4-dimethylphosphole and 
diphenylvinylphosphinc using the orgamq~alladium unit as the reac6on l~romotel', Compound C~H,oCINO,~P2Pd ( - - ) -2,  with [ a  [o 
--39,0 (c ~ I:(k CHCI~k ct),stalli~es in the monoclinic space group P2~. with a = 10.538(4). b = 16.031(5), c =  10.709(4) A. 

= I(X).2iX3), V = 1781(i) A ~, Z ~" 2, D,. = 1.41 [I¢2111"' ~ g ( C k l  K,, ) ~: 60.5 cm ~, I;'((X~))= 776. The structure refinement converged 
to RI ~ 0,033, wR a = 0,081 for 291)5 independent ohserved reflection.,; [I ~;;.I > 4~r~l/;]~1), 20 ~ 126"] and 387 parameters. The absolute 
xte~ochemistry of the phosphorus and the three carbon .~tereogenic centres m the diphosphme ligand were assigned |tnanlbiguously by 
b~ih an Rofactor test [ R '  ~:~ 0.033, R ~ ,~ 0.054] and the Flack p l l r a n l e l e r  [.~ ' : . . . .  0.02(2), ~ = + I.O2(2)]. © 1997 Elsevier Science S.A. 

gcvu'mdx: Palladmm(ll); Chmd dipht~phme', Ab,,olu|e ,;|clcochemi~;|ry: Cry~tal ~;truciurc 

I. Inirodoetion 

In !9~M we reporlcd thai the dich!oro~,bridged palla,~ 
dium complex c~mtaining the configurationally homogco 
n e o u s  o r t h o o m e t a l l a t e d  I o[I o (d ime thy lo  
amino)ethyl]naphthalene ligand is capable of promoting 
the asymmetric Diels~Alder waction between I o.phenylo 
3.4-dimethylphosphole and diphenylvinylphosphinc 
(Scheme I) [lj. Both enantiomeric forms of the corre- 
sponding rigid P-chirai diphosphine were obtained enan- 
tiospecificaily as air-sensitive oils in high yields by 
using the appropriate forms of the naphthyh|mine auxil- 
iary. Unfortunately. the absolute configurations of these 
new diphosphines were not assigned in our first report 
due to the fact that we could not produce single crystals 
of the iulermediate palladium template complexes that 
cont :;q the chirai naphthylamine auxiliary and the 
diphosphine ligand for Xoray structural analysis. Alo 
though these complexes arc chemically stable and can 
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be readily crystallized from most ~;olven| system, thc,~e 
crystals generally grow as hollow lube~ and suffer from 
prol~lems of rapid desolvaiion, Very recently, we exlabo 
lished that simple t l~l ROESY NMR expertmenl~ can 
used to assign the absolute stereoehemistry of these 
template cornplexe.~ in solution [2], This NMR techo 
nique utilizes the unique stereochemical features of the 
ortho-memllated i o[ I o(dimethylamino)ethyl]naphthalene 
palladium unit as the internal reference, According to 
this solution NMR study, the diphosphine ligand ( + )ol, 
which was produced when the R-naphthylamine auxil° 
iary was used. was assigned the R absolute configurao 
lion at the bridgedohead l~hosphorus stercogenic centre. 

2. Results and discussion 

In order to consolidate the above ilighly convenient 
and yet relatively new NMR assignment, we ha~ e rc,;oo 
ordinated the diphosphine (+)ol In file analogous paila° 
diuin c()mplex containing the onhoometailated (R)° I ollo 
(dirnethyla,nino)ethyl]benzene (Scheme 2). In comra~t 
to it,~; naphthylamine analogue, the resulting perchlorate 



62 S. Seluaramam et al. / Journal of Organomemllic Chemisto' 542 (I 997) 61-65 

~ 1 ~ -  !~ Cat. OIh02 ~ M e ~ , f f  
..... = _ _:::::: ..... - _._ PPh2 

I. HCI Me-"-- 
÷ 2. KCN 

~PCli=O.12 (+).4 

e l ,  I 

Scheme I. 

salt. ( - ) - 2 .  was crystallized from acetone-diethyl ether 
as highly stable clear prisms which were suitable for the 
conventional absolute stereochemical determination via 
single crystal X-ray analysis. 

The X-ray analysis of ( - )-2 fully suppo~s the stere- 
ochemical assignments derived from the t H ROESY 
NMR experiments [4]. The molecular structure is de- 
picted in Fig. 1. while ~lected bond lengths and angles 
are listed in Table I. The structural analys|:~ confirms 
the absolute stereochemistries at the five chird centres 
C(7), P(12), C(19). C(22) and C(23) to be R. S, S. S 
and R respectively. The apparent inversion of configu- 
ration that l~es place at the phosphorus stereogenic 
centtes when the diphosphine is c~rdinated to the 
metal is mealy a con~oence of the Cahn~Ingold~Pre° 
log (CIP) ~uence rules [3] The c~rdina|:ion geomemy 
is distoflted sqo~re planar wilh angles at palladium 
r~nging ~tween 80,~3) to I(~t~2) and 17~.0(2) to 

0.5 

(-)-3 

i (+)-I 
. . . .  

ii AgCIO 4 

Scheme 2. 

v 

(-)-2 

173.5(2) °, with the bite angles of both of the ~ve-mem- 
bered chelate rings being acute. There is a distinct 
tetrahedral distortion of the geome~y at palladium, the 
ligand coordination planes being twisted by ca. 10 ° with 
respect to each other. The most marked feature of the 
palladium coordination is a 0. I ,~ difference in the two 
Pd-P bond lengths, with the bond trans to carbon being 
2.358(2) A whilst that trans to nitrogen is 2.259(2) A. 
This difference is accompanied by a suorprising length- 
ening of the Pd-C bond to 2.059(8) A, cf. a typical 
value of ca. !.98 ,~ in related naphthylamine complexes 
[4]. The five-membered diphosphine chelate ring adopts 
a folded, 6 conformation. 

Despite the known preponderance for coordinated 
benzylamines to adopt both axial and equatorial confor- 
mations tbr the C(7) methyl group [5], here, only an 
axial geometry is observed. This is equivalent to obser- 
vations for analogous, coordinated, naphthylamine 
Sl~Cies [6], 

It should be noted, however, that the cationic como 
plex ( .... )°2 can also I~ pwpa~d dit~c|ly from the 

0(4) 

C(31( 

C(IOI 

Ct3~1 
C~36~ 

c~ 

IPd 

C ~  

C~H~ 

C~151 

C(25~ 

Fig, !, The X-r~y crystal structure of the ca0on in ( - )-2. ,showing the R, S, S, S and R stereochemis|nes al d~e C(7), !~12), C(19), C(22) and 
C(;~3) c e n t s  ~s~l iv~ly (,SO~ p~bahility ellipsoids), 
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Table ! 
Selected bond lengths (A) and angles ((leg) for ( - )-2 

Pd-C(I)  2.O59(8) Pal-N(8) 2.152(6) 
Pal-P( ! 2) 2.358(2) Pd-l~27) 2.259(2) 
P(12)-C(18) 1.796(5) P(12)-C(19) !.842(9) 
F'(12)-C(22) I .,~.A(7 ) P(27)-C(23) ! .825(8) 
C{20)-C(21 ) 1.325(I 3) C(23)-C(24) 1.572(I 1) 
P(! 2)-Pd-!~27) 82.5(i) N(8)-Pd-P(12) 100.9(2) 
N(8)-Pd-P(27) ! 73.5(2) C(I)-Pd-N(8) 80.9(3) 
(2(I)-Pd-F(I 2) 172.9(2) (2(I)-Pd-P(27) 96.4(2) 
C(19)-P(12)-C(22) 80.9(4) C(19)-P(12)-Pd 118,7(3) 
C(22)-P(i 2)-Pd 107.1(3) C(18)-~12)-Pd 121.8(2) 
C(23)-P(27)-Pd 105.5(3) C(33)-P(27)-Pd 120.1(2) 
C(39)-P(27)-Pd ! 13.1(2) C(33)-P(27)-C(39) 108.1(3) 
C(23)-C(22)-P(12~ 91.1(5) C(24)-C(19)-P(12) 99.1(6) 
C(20)-C(19)-P(12) 102.9(6) C(21)-C(22)-P(12) 104,9(6) 

M~ 

(-M 

Me 

Me~/,~.  pd/OCl03 

~ Ph 
(-)-S 

. ~ P - -  Ph 

Scheme 3. 

(-)-:~ 

parallel palladium promoted asymmetric Diels-Alder 
reaction, as illustrated in Scheme 3, using (R)-benzyl- 
amine as the chiral auxiliary [9]. Thus the reaction 
between the dimeric species ( - ) - 3  and diphenylphos- 
phine gave the chloro complex ( - ) - 4  61.8% isolated 
yield. The relatively strong chloro donor was subse- 
quenlly replaced by a weakly bonded ligand [4] by the 
trealment of the neutral complex with silver perchlorate 
in dichioromethane. In all routine syntheses, the highly 
reactive perchlomto complex ( - ) - 5  was not isolated 
and the dichlommethane solution containing the cationic 
complex was used directly for the Diels-Alder reaction 

with dimethylphosphole. The cycloaddition reaction was 
completed in 3 h at room temperature to give the 
optically pure complex ( - ) - 2  in 75% isolated yield. 

It should be noted that in our earlier studies when the 
more expensive (R)-naphthylamine was used as the 
chiral auxiliary for the asymmetric synthesis of ( - ) - 2 ,  
very similar yields, enantiomeric purities and reaction 
conditions were observed. Therefore, for the ~ynthesis 
of the diphosphine ligand (+)-1,  (R)-benzylarnine is 
perhaps a more economical choice. However, the 
naphthylamine and the benzylamine palladium com- 
plexes show drastic differences in more steficially de- 
manding processes. For example, while the naphth- 

Tabl¢ '2 
(?ryslallosraphic dala for ( ...... )=,2 

Form.la 
Mol¢c~|lal' w~ighl 
Crys!al sysielll 
Sp~¢e 8u.q~ 
.(A) 
~,(A) 
c(A) 
- (des) 

(deg) 
? (deg) 
T (K) 
v (.~') 
Z 
D~,a,. (g cm " ~ ) 
F(IX}O) 
Crystal size (ram ~) 
Total observed dill~l 
Total unique data 
No. of data used An refinemenl 
No. of refined parametcls 
a, A (ca) 
/~0 ¢|11 
hkl limiis 

wR 2 b 

lc , . . . . ,  N V~ I~dl IO0~ I 
754,48 
i n o l R ~  lilliL~ 
i '2, 

10,534(4) 

16,031(5) 

10,709{4} 
90 
100.20(3) 
90 
293(2) 

1780.5( I I ) 
2 
1.407 
776 
0.20 x 0.13 x 0. ! 2 
31o0 
3077 
2905 
387 

i .54178 
6(}.49 
o.o 12-12, - 18=.16, ~° 12-12 
(}.033 
0.081 

tW = o r  ~(r ,~)  + ( , a ' )  2 + i,!, 
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yhmine complex promotes the analogous asymmetric 
Diels-Atder reaction between DMPP and phenyl- 
divinylphosphine efficiently to give the corresponding 
enantiomerically pure diphosphine that contains two 
phosphorus and three carbon stereogenic centres in 70% 
isolated yield [7], similar reactions involving the benzy- 
lamine complex do not produce any isolable product. 
Furthermore, the benzylamine complex decomposes in 

stereochemically demanding processes but its 
naphthylamine counterpart remains intact throughout 
the reaction sequences. Hence. due to the superior 
stability [8] and the predictable stereochemistry [9], we 
routinely u~ the naphthylamine complex in our labora- 
tory, 

3. Experimental details 

3. !. General 

Reactions involving air-sensitive compounds were 
performed under a positive pressure of purified nitro° 
gen. NMR spectra were recorded at 25°(2 on Brucker 
ACF 300 and AMX 500 spectrometers. Optical rota- 
tions were measured on the specified solutions in a 1 
dm cell at 25°C with a Perkin-Elmer model 341 po- 
larimeter. Elemental analyses were pertbrmed by the 
microanalytical Laboratory of the Dep~ment of Chemo 
intry at the National University of Singapore. The Chary 
tiomerically pure |bnn of his(/~och!olo)bi{( R)ol o[ I o(dio 
m e t h y ! a m i n o ) e t ! ! y ! ] o 2 o n a p h t h a l e n y l o C . N  ] 
dipa!ladium(i!) dich!ommethane so!vale ( ~-)-3 wa~ pi'e~, 
pared as previously described [10], 

3.2. Preparatiml t~[ the chh,w ,'mnl)h~..t" I .... Io4 

A mixture of diphenylvinylphosphine (2.2 g) and 
( ~ )=3 (3,0 g) in dichlommethane ( 2 ~  mL) was stirred 
at n~m tem~ratur¢ until all the reaction promoter had 
dissolved (ca. i h). The solvent was removed tTom the 
reaction mixture and the residue was recrystallized from 
ethanolonohcxane mixture. I'omfing Mautiful yellow 
prisms (3.1 g, 61,8% yield):~ mp I(M~I05~C;, [t~]~ 
~-49,1 ° tc 1,1, CHe la ) .  P NMR ( C ~ I ~ )  6 25,0(s); 
tH NMR (CI~I~) 8 135 (d, 3H, t,lt'ti t ~6.5 H~. 
CHMe), 2.75 (d, 3H, ~Ji,lt ~ 3.1 Hz, NMe), 2.83 (d, 
3H. ~J i,. ~ 2.1 Hz, NMe), 3.81 (qn, i l t ,  :lJi.lt i ~'tJl.,li 
6.4 Hz, CHMe), 5.2g:5.42 (m, I H, cis-~Cll) ,  5.g6-. 
6, ! 3 (m, 1H, transoPCCH), 6,40-6,44 Ira, 1 H, I~, H ), 
6,80-7,80 (In, 14H, aromatics), Anal, Found: C. 57.4; 
H, 5,4; N, 2,8, C,,aH~CINPPd, Calcd,: C, 57,4; H, 5,4; 
N, 2.8. 

3~3, Pre~lmt#o~l of chfrai ~,,#de,~ ¢~o Jo2 !'i. the 
Di¢lso=Ahier itpp~mch 

A solution of ( - ) 4  ( !,0 g) hi dichloromethane ( lot) 
mL) was ~lirred for 2 h in the p~sence of a solution of 

silver perchiorate (0.4 g) in water (1 mL) to give the 
perchlorato complex. The colourless organic layer, after 
the removal of AgC! and dried (MgSO4), was treated 
with DMPP (0.37 g) at room temperature for 3 h. The 
crude product was crystallized from acetone-diethyl 
ether in 75% yield; mp 136-138°C (dec); [a  ]o -39 .0  
(c = 1.0, CHCI3); alp NMR (202 MHz, CDCI 3) 
52.30 (d, 3jpp = 43.9 Hz), 117.05 (d, 3jpp = 43.9 Hz); 

Table 3 
Final coordinates and equivalent isotropic themlal parameters of the 
nonhydrogen atoms for compound ( - )-2 

Atom x v - I0 ~ U,.,~ Occu- 
pancy 

Pd 0.752t~ ! ) 0.299/,~ ! ) 0.4765{ ! ) 48( I ) 
C( I ) 0.7 i0~7) 0.2380~5) 0.6334(7) 51{2) 
C{2) {).7218(8) 0,1558(6) 0,~83(9) 62(2} 
C(3) 0.6752(9) 0,1261(7) 0.7744(10) 78(3) 
C(4) 0.6170(9) 0.1805(8) 0,84~L~10) 79(3) 
C(5) 0.6280(9) t).2613(7) 0.8141(9) 73{3) 
C(b) 0.6490(6) 0.2914(8) 0.7063(6) 55{2) 
C(7) 0.6339(9) 0,38{~6) 0,~)93(8) 08(2) 
N(8) 0.M09(6) 0.3844(4) 0.5256(6) 58(2) 
C(9) 0.7563(12) 0.42~}{8) 0.7289(!1) 102(4) 
C{ I0) 0.4785(8) 0,352117) 0.4787(8) 79(3) 
C{ll) 0.6173(I0) 0.4715{6) 0.479 5{9) 82(3) 
P(12) 0.7857(2) 0.3567(I) 0,2818(2) 5311) 
0 1 3 )  0,5410(5) 0,3532(3) 0,1493(5) 64(2) 
C(14) 0,432814) 0.3838(4i 0,0691(6) 790) 
C(15) 0,4387{6) (k4~X~.l) 0,0084(6) 8f~3) 

C( | 7) OX~)~XS) OA74~X3) 0. IOta(X6) ?3{3) 
C(18) O,(~551(4) 0.3987(]) O. 1~87(5) 5¢~(2) 

C(20) O>~5,~(K) -o-101¢~(?) O1.~87(X) (~7(2) 

¢"(22) o,~o~(7) 02777(5) 0,2oj~(7) 5J(2) 

C(2,4) 1,033o(8) 0,3517(¢d (k3552{~) o0(2) 
C{25) IJ)218{ll) (k4(~7~I)) O3)758{11) IO~¢(4) 
C(2tO 0,945~O~) (),2~;14{~) -=O,OI4.4(8) 841,t) 
i~27) O,91 ~5(2) O,2141X 1 ) 0°4458(2) 48tl) 
C(28) 1,1769(5) 0,18"78{4) 0,5392(4) 7()~2) 
C(29) 1.284t~4) O,178114) O,634¢95) ?2(3) 
(~30) i .2704(4) 0,182~5) fl,7~|2(5) 72(3) 
C~31) I, |497(5) O |9~5(5) 0,7923(4) 8814) 
¢~,~2) I,(~12"~(4) 0,20~2(5) 0.¢~970(5) 78(~) 
C(3:~) |,O5~,;(4) 0,2023~4) 0,5704(4) 52(2) 
C04) 0,~4I)7{4) O,(M(¢~4) 0,3804(~) ¢,8t2) 
O35) O,g(~)J(~) - 0,0305(3) 0,3,~50~(~) 8213) 
C(3(~) O,78641eO ~o O,O4711t3) O,298710) 8(X:~) 

(~38) 0,729444) O,ff',~2i 3) 0,35,t115) 5~2) 
G39) 0,1~13t5) 0.1117(:~) 0,38~)4{5) 53(2) 
Clt4 ! ) 0,3054t2) O, 1752{2) 0,200212) 72( ! ) 
(~4i)  O,4087~i2) (t, t372tlO) O278~14) 148(7) 0.67 
O~42) O,!l~H(IO) O,12L)4(7) O,2055{17) 133(~) 0,(¢~ 
~ 4 3 )  0,288~(12) 0,25~4((~) 02527(12) S,t(3) 0,67 
O144) O,~77(1~) O, I ~;20~82 O,O757(9) 141(b) O.(~7 
0t41 °) 0AI54tl9) 0,17°15(li0 0.1M)1(24) 110(9) 0.33 
l;~42') 1),2531123) 02558{I t) t),1~J76(232 87(10} 0,33 
~_~4Y) 0,214t)121) 0.12(XX!4) 0.1292(23) I~ ( !0 )  0.33 
O~44") 0.3482(29) O.l~t~lg)  0,3207(18} |47(15) 0.33 

/ ~  =~ I t 3  of | ~  Irm:e of the onhogonalized U. 
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IH NMR (500 MHz, CDCI~) 6 1.40 (3H, s, C=CMe), 
!.73 (3H, s, C=CMe), 1.81 (. H, d, CHMe, Ja~ = 6.4 
Hz), 1.88 (IH, m, Hb~,jo), 2.37 (IH, dd, H6¢,~, "Jaa = 
13.2 Hz, "#PH -- 24.1 'Hz), 2.52 (3H, d, NMe'~ :~/pn = 1.4 
Hz), 2.55 (3H, dd, NMe, "lgi~ n ='l,/r>. n = 3.6 Hz), 2.79 
(IH, s, H4), 3.08 (IH, ddd, Hs, ~Jrm ="JPn--8 .6  Hz, 
3Jp, n = 41.0 Hz), 3.59 (IH, qn~ CHMe, 3Jnn - - 4 J p H  -" 

6.4 Hz), 3.71 (IH, m, Hi), 6.56-8.23 (19H aromatics). 
Anal.  Found:  C, 57.5; H, 5.1; N, 1.9. 
C~H4oCINO4P~Pd. Calc.: C, 57.3; H, 5.3; N, 1.9. 

3.4. Preparation of ( - ) -2  cia the coordination ap- 
proach 

served reflections [IFt~[ > 4o'(lF~d), 20_< 12C] and 387 
parameters. The absolute stereochemistry was deter- 
mined unambiguously by both the R-factor test [ R += 
0.033, R - =  0.054] and the Rack parameter [x+= 
0.02(2), x - =  + 1.02(2)]. 
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A fresh sample of (+)-1 (0. 1 g) in dichloromeihane 
(20 mL) was stirred with a solution of ( - )-3 (0. I g) in 
dichloromethane (20 mL). The resulting chloride salt 
was subsequently treated with stoichoimetric amount of 
silver perchlorate to give ( - ) - 2  as its perchlorate salt. 
The physical properties of this material were identical to 
that obtained from the Diels-Alder synthesis. 

3.5. X-ray slructutv determination of ( - ) -2  

Crystal data and details on refinenient are presented 
in Table 2. Final coordinates and equivalent isotropic 
thermal parameters are given in Table 3. A clear prism 
of dimensions 0.20 x O. 13 × 0.12 mm was used. 3077 
independent reflection,,, were measured on a Siemens 
P4/l%'~ dilTractometer with Cu K,, radiation (graphite 
monoclmmullor) using tooscans. The structure was 
solved by dil~ct methods and all the inltior occupancy 
aouohydrogcn altnlls (disordered perchlorate) were reo 
fined lulisotropically usiilg full,o!nairix leastosquares 
IJli,i~etl on i,': with l ibsorplioii ¢orr¢¢lcd data lo give 
RI ~" 0.033, wR~ ~+ (}.081 tbr 2905 independelll oho 
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