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Abrbwt-Compkxes of the typr of [Pd&L,] have been pepared by the reu%n of ks.(+aUylpalkd&- 
&A&) with phosphorous acid disubsmuted ethers; tbcir structure b been studied by fft- and NYR- 
spectroscopy and x-lay analysis. The coapkxcs have a duoeric cclltro-symmetric suUcturc which is usual for 
bivalent pdadium compounds with 8 slightly distorted Ilrt-square coordirbxtbn of lbe central itom. l&e 
compounds are active catdysls for by-lion of unsaturated compound-s. Complexes of bipbosphitu of rugus 
cm impart asymmetry in hydrogenation of pro&al substrates. 

The study of compkxes of transition metals with 
trivalent phosphorus derivatives is of interest due to 
their structure, reactivity and catalytic propertics in 
numerous reactions.’ Complexes of transition wtals 
with hydrophosphorylic compounds containing trivaknt 
phosphorus in one of their tautomeric forms are much 
kss studied.‘.’ It was the object of our paper to study the 
synthesis, structure and catalytic properties of palladium 
complexes with the most popular hydrophosphoryl 
compoumisdisubstitutcd esters of phosphorous acid. 

(1) 

The starting compound for the preparation of the 
complexes is bis-(n-allylpalladiumchloride) which has 
been used by many authors in syntheses of asymmetric 
complexes containing amine, arsine and stibinc ligands.’ 
Also described are examples of the utilizatkn of bis_(a- 
allylpalladiumchloride) in the synthesis of compkxcs I 
with various compounds of trivalent phosphorus of the 
PX, type.’ Palladium complexes of a uew type have 
been obtained with yields 85-9046 by reaction of bis_(n- 
allylpaRadiumchloride) with dialkyl or diary1 phosphitcs. 
la this case the reaction changes its direction obviously 
due to the presence of a mobik hydrogen atom in 
phosphite. This atom ensures elimination of a-ally1 from 
the complex sphere in the form of propcae which has 

been identifkd by GLC. In this version of the reaction 
the palladium system retains chlorine bridges: 

Vbis is a full account of the Iwo pfehminary wmmudatkma 
(i) (aOkl Acad Nauk USSR 233.870 (1977) and (ii) (LbU. Acad 
Nod USSR 2!U. 1389 (1960). 

Compkxes with dialkyl or diary1 phosphites have been 
prepared by reaction of ligands with bis-fn-allyl- 
palladiumchloride) at a molar ratio of the reagents of 4: I 
in absohtte bcnzcne. 

The synthesis of binuckar compkxes such as If can be 
also effected by transesterifkation of the ligand inside 
ti coordination sphere of the complcxcs. The reaction 
proceeds uader mild conditions with substantially quan- 
titative yield of the final product. For example: 
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We have also demonstrated the possibility of produc- 
ing palladium complexes on the basis of cyclic phos- 
phitcs. As the latter geometrically isomeric IJ-butyknc 
phosphites have been selected.” 

Taking into consideration a considerable conformation 
stability, one could assume that upon the reaction of cir- 
and Irons-1.3-butykne phosphites with &_(a-allyl- 
palladiumchkridc) stcrcoisomerically norkquivaknt 
complexes would be formed. The complex with phos- 
phite cir-isonkr should have axial orientation of the 
metal, while the complex with trons-isomer-equatorial: 

cir - troll - 

This assumption has been proven experimentally. Both 
complexes have bun prepared by rcactiqg cis- aml 
trunr-butykncphosphites with bis~n-aUylpalladium- 
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chloride) at a molar ratio of the reagents of 4:l and 
isolated as two individual compounds differing by their 
physico-chcmical properties. 

Extending our studies onto P-H compounds derived 
from sugars we have obtained CrystaIIinc complexes of 
type II by reacting bis_(n-allylpalladiumchloride) with 
aIkylgIycophosphites.+ 

C6 

From the data of IR-spectroscopy it follows that ab 
sorption bands at 465,445cm-’ corresponding to a II- 
aIIyl group are absent in the spectra of the complexes. 
AIso absent are absorption maxima corresponding to a 
P-H bond (2430; 970cm ‘). 

The presence of a wide band at 3440 cm”’ corresponds 
to the stetching modes of the associated OH group. On 
the other hand. the presence of an absorption band at 
275 cm-’ points to the presence of a paIladium&orine 
bond.’ 

Whik continuing the study of palladium complexes 
with phospborylatcd sugars, we have studied paIIadium 
compounds (la) with individual cycbbiphosphites of 
carbohydrates. By reaction of bis-(n-allylpalladium- 

Physicochcmical characteristics of complexes of type 
II are given in Table I. The identity of the resulting 
compounds was proven by TL,C and NMR “P methods. 
Their structure has been established on the basis of 
spectral investigations, elemental analysis and cry- 
oscopy. NMR “P spectra of the products are singlets 
with the chemical shift of 6&76ppm. This points to the 
absence of a P-H bond and equivaknce of both organs. 
phosphorus Iigands. The complex formation is accom- 
panied by a shift of the signaI towards a lower field. i.e. 
by dcshielding of the nuckus of the phosphorus on 
account of a strong &bonding with the palladium atom. 

+We have prepsred alkylglyco&osp4i1es by um.tstcri8cP~ 
of the simpksl dia&ylpt~~phitcr with urbobydrale derivatives.’ 

tThc synthesis is discclosed in 20. 

chloride) with 3scyclophosphitcs of l2- 
isopropylidene(cyclohexylidene)_a-pxylofuranoset yel- 
low crystaIline compounds soluble in benzene. dioxane. 
chloroform and DMPA have been obtained. 
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Tabk 4. Comparison of some geometric parameters of pahdium compkxes with phosphite 
ligndx 

No. C~pouad o...o.A P4.A Pd-P. A Litetature 
_- 

h PdP~MC~H,OhPWH)! 2.386(1 I) I.4%8, 2.226t3) rhispxpcr 
l.522(8) 2.2w3) 

m PdASCNM(Ph,POhHI~ 2.4210 I.SM(6) _ 
I .549I6) 

4 

lc Pb(prS,PMeM’h,PObHl 2.4iymo) l.unl4, 2.264(4) 5 

Cafalytic properlies 
Compounds of palladium with organophospborus 

ligandr. during recent years, have been shown lo be 
stabk and selective hydrogenation catalysts.*’ 

Compkxes of type 11 are active cataIysls for hydro- 
genation of nitrobenzute and u11salttr~~ed organk com- 
pou& after treatment with sodium borohydride in an 
atmosphere of air or oxygen. It has been shown that 
okfines with a terminal double bond are hydrogenated 
slowly, whii oklines with the double bond in an inner 
position. as well as cyclic okftncs are not reduced. 
Acetykac hydrocarbons are hydrogenated at high rates. 
TIE products of hydrogenation of acetylenes with the 
inner position of the triple bond are the corresponding 
oleflncs. LXcne hydrocarbons add OIK mole of hydrogen 
at a high rate. Hydrogenation proceeds sclectivdy: only 
ok&s are detected in the products (Table 5). It shouId 
be noted that the size of the hydrocarbon radical in 
ligands only slightly affects the efficiency of catalysts- 
with increasing site of the radical the mean rate of 
hydrogenation steadily decreases. It is also of interest 
that tbc ligand stereochemistry has an effect on the 
catalytic activity of palladium compkxcs: complexes 
barA on isomcric I ,3-butylene phosphites have different 
catalytic activity. 

During recent years complexes with chiraI liga&. 
mainly phosphine ones.” have been used in catalysis of 

hydrogenation of pro&A substrates. Complexes based 
on aIkyIgIycophosphites catalyze hydrogenation of such 
substrates as dimcthyIitaconate itaconic acid, etc., but 
the optical yield of these reactions does IK)I exceed 1%. 
Regarding the prcsencc of equal amounts of two dias- 
tereomen in aIkyIgIycaphosphite as lbc reason for the 
low optical yield, we have decided to obtain a catalytic 
system based on compounds formed in the interaction of 
diastercomeric phosphites and optically active a-pheny- 
kthylamine: 
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Tabk 5. Catalytic properties of compkx 2 (see Table I) Hydrogenation conditions. 
W. wlvent*thanol 

substrate 

Hexeae-I 

Hexyne-I 

Nonyne4 
lsoprr~ 

Nitrobenz.eDc 

Catalytic propertks 

v,. 
;z, (mUmin) 

IS 45 

I05 

I9 4 

64 

26 3 
29 4 

64 

43 5 

Catalyzate 
Reaction composition 
products (%I 

bexallc 6.5 
IXXCWI 41.4 
bexelx-2 52.1 
IxxaIu 9.4 
hexerbe-I 36.0 
bexeoe-2 34.6 
tuxelu-I 40.0 
bexeBe.2 60.0 
bexane 7.0 
hCXClX-I 3s.o 
bexeu-2 58.0 
BmmXle.4 loo 

~tbybuteoC-I 27.0 
2-methyRlwne- I 33.0 
2-methytbuteae-2 40.0 

tit= 4.3 
MYfbut=-l 21s 
2-muhy%uteae-I 21.9 
2-wllyltwae-2 46.3 

u&lx 100 
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Take 6. Asymrklty-producing effect of palladium compkxcs with sugar hipksphitu (see Take I) 

CaIalytic PopcrIbs 

Q!p?$l 
V, . 

Compkx SubsIrate Hydrogenation product 1%) tmhmin) fZ 

8 dimeIhyliIaconate dimethyl-2-rrtcthyl- 
succinale 23 IO 12 

ilaconic acid 2-mcrhykuccinb 
Ed IS.4 13 15 

cilraconic 2-mcthylsuccinic 
acid k.l 10s II I5 

o-acolylamirb- a-acctylpknyl- 
cinnamic acid alanme 1.1 2 I)00 

II itrconic acid 2-arcIhylruccinic 
acid 27.0 5 26 

I2 iIacc& acid 2-meIhykuccinic 
acid 10.0 3 40 

The system (III) has been used in hydrogenation of 
prochiral compounds (Tabk 6). The best results are 
obtained in the case of using individual stereoisomers of 
cyclophosphites of I,?-aIkylidenexylofuranoses (L). In 
these compounds the phosphors fragment is just as 
asymmetric as the sugar one which offers advantages 
over the above-mentioned non-cyclic phosphites. Pal- 
ladium complexes based on these compounds showed a 
Rood asymmetry-inducing capacity in hydrogenation of 
prochiral substrates (Table 6). II should be noted that the 
nature of the 1.2~alkylidene fragment provides a marked 
influence on the optical yield. Thus, in hydrogenation of 
itaconic acid on the 1.2~isopropylidene derivative of 
cyclophosphite the optical yield is 27%. while on the 
I,!-cyclohexylidene derivative it is equal to 10%. The 
fact that we have noted can probably be cxplainod by 
different selectivity of the precatalytic adsorption of the 
substrate on the catalyst. 

EXPWMeMAL 

NMR “P spccIra were recorded on a HX-90 E “Brukcr” 
insIrumcn1 relative IO 85% phosphoric acid IR-spcc~ra were 
taken on a UR.3 insIrurnen1 in a thin layer, IahkIs or vaseline 
oil within ok range of 36C&25Ocm ‘. Specific rotation were 
determined on a spcctropolarirmta “Spcc~ropol-I” in CU~CIICS of 
0.1 dm. Gas-liquid chrornabgzxphic analysis were carried oul on 
inslrurknIs “Carlo Erha” and I.ChM-(IMD. deIccIor- 
ka1harorklcr. carrier-gas-helium. M mllmin. 

Tk lattice pararncIers and inrenritics of 3944 independent 
rekcIions were measured on an automaric 4-&k diffrac- 
lomcler “Syntex P2,” tMoK.-ndiakn. graphite monoch- 
romalor. 0120 scanning. 20‘. 5%) al room tempcrakre. CrysIalr 
of 2 are monoclinic. a1 !?“c a - 8.556(2). 6 = 200.71W3), c = 
9.6fi6tl) A. g - 92 64(l)‘. d,, = 1.619g/cm’. V - 1711.5 A.’ L - 2. 
space groupc P!,/a. The sIrucIure was solved by the heavy-aIom 
melhod and refined in Ik anisorropic full-matrix lcar~ squares 
approximauon IO R = 0.063 and Rw = 0.065. 

Synlheiir of palladium complexes virh dialkyl (or aryl) phos- 
phifer 

I. To a soluIbn of 0.49 of his_(a-allylpalbdiumchbridc) in 
IO ml of akolure benzene 0.48 g of dirncthylphosphiIe is added al 
2O’C. AfIcr 30min Ik soluIion changed its cobur from kight 
yelbw IO coburless. After dirtilling off kazck in cacuo a while 
powder is formed which is rccrysmllized from ethanol. Tk yield 
is 0.63g (88%). m.p. 127-121p, 6”P 75.4ppm. Found: C 15.0 H 
3.8 P 18.6 Pd 31 X Cl IO.5 (C,HJ3,P,Pd~lr). Cab for C 14.6 H 
3.9 P 18.8 Pd 31.8 Cl 10.3. 

In a similar manner the following compounds have ken 
obIaikd. 

2. Yield 0.73~ (87%). m.p. 9&9l’ 8”p 71.9ppm. Found: C 
25.4 H 5.0 P 16.3 Pd 26.9 Cl 9.5 fC,,H,IO,P,Pd#I). Cab for C 
24.9 H 5.4 P 16.1 Pd 27.~ Cl 9.2. 

3. Yield 0.811 (8J%b). m.p. 113-115’. b”P 72.8ppm. Found: C 
33.4 H 6.4 P 14.2 Pd 23.8 Cl 8.1 tCr,H,,O,PJ’d&). Cab for C 
32.6 H 6.5 P 14.0 Pd 24.0 Cl 8.0. 

4. Yield 0.91 (85%). m.p. 324-126’. 6”P 69.2ppm. Fcund: C 
40.0 H 7.9 P 12.3 Pd 20.9 Cl 7.4 tC,,H,,O, PI+&). Cab for C 
38.6 H 7.4 P 12.4 Pd 21.3 Cl 7.1. 

5. Yield I.1 (9@%). m.p. 182-184”. 6”P 88.9ppm. Found: C 51.1 
H 3.5 P 10.9 Pd 17.8 Cl 7.0 ICUH,>O,P,PdrCl:). Cab for C 49.9 H 
3.6 P 10.7 Pd 18.3 Cl 6.1. 

Synrhtsir of polladinm complexes by transeslerijcatior of 
biphosphite inside the coordination sphere of complaes of type II 

To a solution of 0.4g of complex I in knrrrtc 0.180 of 
n-hu~and is added a1 %o” in an inert atmosphere. Tk reaction 
mixture is stirred for 6 h. the reaction p~o~mr is controlled 
chromalogm$bally. Tk solvent is evapmalcd ia MCYO. the 
rcsuhing while powder is rccrysIallized from elhpaol. The yield 
is 0.52g (92%). m.p. 16&162“. 6”P 7l.Oppm. Found: C 40.3 H 
8.0 P 12.7 Pd 21.1 Cl 7.5 fC,rH.,O,P,Pd#ZIr). Cab for C 38.6 H 
7.4 P 12.4 Pd 21.3 Cl 7.1. 

Syrthe~ti of palladium complues with iromeric I.3-btiylcne- 
pbsphirm 

6. To a solution of 0.4 g of bis_( a-allylpalladium chloride) in 
IO ml of absolute benzene 0.6~ of cb-1.3~ln11ykk phosphi~c is 
added at 29’. After 30-40 min Ik solution turns light-yellow and 
precipitation of coburbss crystals shards. WiIhin 3 h the solution 
becomes coburlcrr and precipitnkn stops. Ik crystals are 
fillered and recrysIallizcd from &nol. Tk yield is 0.83 g (93%) 
mo. 166168’. 6”P 68.3 oom. Found: C 24.0 H 4.2 P 15.3 Pd 26.0 
Cl’8.3 (C H 0 P PdrCij). Cab for C 23.2 H 4.1 P 15.0 Pd 25.6 I( u I! . 
Cl 8.6. 

la a similar manor Ikre is obrained a compkx wiIh fmal-1.3. 
huIykkphosphiIc. 

7. Yield 0.85 g (95%). m.p. 1!&2o(p. 6” P 71.8ppm. Found: C 
24.3 H 4.~ P 14.9 Pd 26.1 Cl 8.2 (C,aHuO,rP,PdlCIr). Cab for C 
23.2 H 4.1 P 15.0 Pd 25.6 Cl 8.6. 

Synrhesis of palladiwn cornplats with phoqhoryialed sugars 
1. To a solurbn of 0.20 d bir4rr-aUytpalWiunch) in 

20 ml of ahsolute benzene 0.8 g of 60~IhylphosphiIe of I .23.C 
diisopropylidcncgalacIopyranosc is ad&d at 20’. After I2 h the 
solution krns pale-yellow from hrighl-yellow and coburksr 
crysmls partly pecipi~a~e. After distillingoff Ik solvenl in 
vacuum Ik resulting viscous syrup is ruhkd wick kxanc. The 
white powder formed is recrysIallizcd from cfhanol. Ybld 0.65 g 
(73%). m.p. 6&70’. 6”P 73.3 ppm, [a]~ - 23.9 (C = 2.~ &H,OH). 
Found: C 41.0 H 5.5 P 7.8 Pd 13.0 Cl 4.1 IC~HpO,rP,PdrCII). 
Cab for C 39.7 H 5.8 P 7.3 Pd 12.5 Cl 4.2. 



Pahiium compkxa of phorpborous acid disubstitutcd etbm. 803 

IO a similar maooer all other compouods described b&w kave ‘E. E. Nifaal’cv sod T. S. Kukhreva. 1. Gen Chem 49. 757 

beea I’m-d. (1979). 
9. Yield O.S7g (64%). q g. 74-7r. 6”P 73.8ppm. [u]: t 22.4 

(C = 2.3. C&OH). Fouod: C 41.9 H 6.5 P 7.0 Pd 11.9 Cl 4.4 
(C&,,O~IP,Pd,Cl~). Calc for C 41.3 H 6.1 P 7.1 Pd 12.1 Cl 4.1. 

IO. Yield 0.51 g (57%). m.p. 7&80’. 6”P 73.6ppm. [u]: t 24.4 
(C = 2.6, C>H,OH). Found: C 42.0 H 5.9 P 7.J Pd 12.6 Cl 3.8 
(C&&z P.Pd&. Cak for C 41.3 H 6.1 P 7.1 Pd 12.1 Cl 4.1. 

11. Yield 0.11 g (51%). m.p. l42-l4y, b”P 103ppm. [a]&,‘t 
54.36 (C - 2.06. &H,OH). Found: C 32.4 H 4.5 P 7.1 Pd 26.0 Cl 
8.1 (C,,H,,O,P Pd Cl). Cak for C 3l.S H 4.3 P 7.4 Pd 2S.3 Cl 8.4. 

12. Yield 0.128 (m). q .p. I5>l5f. 6”P IOSppm. [a]:+ 
51.8 (C = 2.30. CIH,OH). Found: C 37.1 H 4.5 P 6.8 Pd 22.2 Cl 
7.~ (C,,HnO,P Pd Cl). Calc for C 36.7 H 4.8 P 6.7 Pd 22.9 Cl 7.7. 

‘hf. P. Michl lo 77lt orgIl& 0emisffy o/ Pauadh vol. I. 
p. 89. Academic Presx. New Yort (1971). 

‘N. C. Buadpr. C. V. Go&d. B. A. Foster rod 1. R. Dovk. 
Acra c?ysr&f. u4. 1681 (1978). 

, . 

‘9. htmn. Acra Crvfhd/orr, KU. I941 (1976). 
“E. A. Kelly, P. M. hky-&d P.M. Ma&i. CAcm Sot. Chem 

comm 289 (l?n). 
“D. V. Naik. G. 1. Pakaik. S. Jacobson and A. I. Carey, 1. Am 

&In &c. %, 2286 (1974). 
“M. C. Corn& R. 0. Could, C. L. Jones and T. A. Stepbenson. 

1. Chm. Sot. lb/ton Tmrs. I307 (1977). 
“R. 0. Gould. C. L. Jones. W. 1. Sime and T. A. Stcpheasoa. 

Ibid 669 11m. 
“i. Yi iii& A. E. Kdiain. Yu. T. Suuchkov. A. A. Kry- 

u~hlov. E. I. Matrosov and M. I. Kabecbnik. 1. Srrucr. CXCIR 
21. I68 (1980). 

‘*M. Yu. Antipin, A. E. K&in. Yu. T. Shckkov. E. I. 
Matrosov sod M. 1. Kbacbik, Kriado~hia 25. JIJ (1960). 

“N. A. Baiky and R. Masoo. 1. Ckm. SOC. A 2% (1968). 
“W. L. Steffen and G. 1. Paknik. hog. Chn IS. 2432 (1916). 
‘*A. 1. Ctiy. S. T. Jrobson. R. T. Simpson Md N. 1. Tagh. 1. 

Am Chcm Sot. 97.72S4 (1975). 
2. E. Nifant’ev, M. P. Koroteev. N. M. Pughova. T. S. 

K&hxrcva and A. A. Boris&o. 1. Gen. Chtm Sl. 1900 (1981). 
“C. A. Tdmao, Chcm Rec. n. 313 (1977). 
‘7. Jawlmc. T. Yoshh. M. Sate. 1. Chn Sot. Japan 1652 

(1976). 

‘B. James. lo HOFMIR~M~W HydmRenarioa MIR. Moxcow. 
(1976). 

‘E. E. Nifat’ev. Usprui Khimii 47. 1565 (1978). 
‘D. hf. Rouodhill. R. P. Sperline and W. B. Bauku, Coord 
Chn Rec. Y. 263 (1978). 

‘Ahrho& of Orgollodnenfd Chnisrry, Bo& 2. (Edited by A. 
N. Nesmeyonov aod K. A. Kocheshkov). Nauka, Moscow 
(1975). 

‘A. T. Teksbev. Gad. his. MGPI omd. V. 1. hnio. Moscow 
(1979). 

‘E. E. Nifant’ev and A. A. Borixnko. rcrmhrdmr Ltrrcrs 309 
(1972). 


