
3aumiof Orgcnometallic i!hemisfm 137 (1977) 235-256 
8 Elsevier SequOia S.A., Lausenne -Rinted in The Netherlands 

DEWDROGENATSON OF 1,6-BIS(DIPHE~~HOSPHINO)lIEXANE 

BY RH@DIKZZ(I) AND IRIDIUM(I) C02ZLEXES; 

Z?HODIUM(I) AND IRIDIUM(I) COM??ZXZS CONTAINING '73-E LIGANDS 1,6-BIS- 

(DIPHENYLPH~SPBIN~)HEXANE. 1,6-BIS~DIPHENYLSHOSPHINO)-TF!_&NS-H?ZX-3-m. 

1,6-BIS(DIPHFZJYL.U?SINO)HEXA??E AND 1.6-BIS(DIPHENYLAR-ANO)-TRANS- 

HEX-3-m 

PETER W. CLARK 

Department Of Chemistry, University of Queensland, Brisbane 4067 

(Australia) 

(Received June 13th, 1977) 

TIE ligand 1.6-bis(diphenylphosph~o)he-e undergoes a 

dehydrogenation reaction with QX2(CgH12)2, CgH12 = cis &S 

cycloocta-l,S-diene to form Em(SDPH), M = E?b and X = Cl or Br, 

or M = 1r and x = Cl > and BDPH = 1,6-bis(diphenylphosphino)-trans- 

hex-3-ene. In the presence of carbon moncxidq 1,6-bis(diphenylphos- 

phino)hexane and 1,6_bis(diphenylarsino)hexane react with +_C~Z(C@~~)Z 

to qive the dimeric corglexes [M(CO)Cl(ligand)12 which do not 

dehydrogenate. The ligands (CSH~)~P((~H~)~P(C~H~)~, n = 5, 7 or 8 

and (CgHg)aAs(cIIa)gAs(CgHg)2 do not undergo the dehydrogenation 

reaction under the same conditions. The ligands 1,6-bistdiphenyl- 

phosphino)-trczzs-hex-3-ene and 1,6-bis(diphenylarsino)-t_%~?z~-hex- 

3-ene have been prepared and undergo normal substitution reactions 

with rhodium(I) and iridium(I) complexes. The square-planar 

complexes HCl(BDPH) react reversibly with carbon mnoxide forming 

fluxional five coordinate complexes M(CO)C~(BDPH), M = Rh or Ir 

ar.d with excess carbon wnoxide to form [M(CO)2(BDPH))+, M = Ir, 

*No reprints available 
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isolated .zs the tetraphenylborate salt- A possible mechanism for 

the dehydrogektion reaction is discussed. Analytical, mass spectral. 

infrared spectral, IH N-!&R_ spectral and 13C NL4.R. spectral data are 

consistent with the above reactions and formulations. 

In a preliminary communication of this work[l], it was reported 

that the diphosphine ligand 1,6-bisMiphenylphosphino)hexane, 

(CgH5)2P(~p)gP(CgH5)2 ur?dergoes a dehydrogenation reaction with 

H2Cl2(CgH12)2, where M = P.h or Ir and C@Il2 = cis cis cycloocta-1.5- 

diene to yield HCl(BDPH), where BDPH = 1,6_bis(diphe~yylphosphino)-t_~ 

hex-3-ene, (C~HS)~PCH~CH~CH =t CHCH2CH2PiC@5)p in very good yields. 

(See Schee l)_ The ligand BDPH was then isolated by reacting the 

rhcdiun conplex with potassium cyanide in aqueous ethanol. 

&$12(C$12)2 + (CgII5)2P(of2)6p(C6f15)2 
mesitylene 

reflux 

H20-C$i$H M=Rh 
KCN Fa 

(C6H92PCH2ai2CH g 

scheme 1. Preparation of MCl(BDPH) ar.d BDPX; M = H-i or Ir, 

BDPH = 1,6-Bis(diphenylphosphino)-trczs-hex-3-ene- 

A similar dehydrogenatio.? reaction occurs with the ligand 2,2'-bis 

(diphenylphosphino)biberzyl and %-1pClz(CgH1~)~ to yield 



r 1 

mcllo-(c~x5l &#&ii =t c=C$it+P (CgK5) 2-01 c2.31- RecenrAy cne results 

of another deehydrogenation reaction involving the iigand 1,6-bis(di-t- 

butylphosphino)hexane and rhodium trichloride trihydrate to yield 
8 1 

s&ZL[B~~~PCH~CEI~CH =t CWZH2CH2PBut 21 have been communicated141. 

single crystal X-ray studies of the latter two complexes confirm 

the square-planar arrangement of ligands expected with the phosphorus 

atoms trms to each other and with the olefin occupying a coordination 

site and lying almost perpendicular to the square-plane. These structures 

have the saa%a stereochemistry as that found for the closely related 

olefin and carbonyl complexes Of rhodium(I) and iridiun(I), t_rCmS- 

WclL(PPh8)2 where H = Rb or Ir and L = C& or CO and M = ti, L = C2F4 

IS, 6, 7, 83. These dehydrogenation reactions represent the first 

cases in which an alkane, although anchored by two phosphorus 

atoms, react with a metal site in a homogeneous situation to give 

an olefin. There has been considerable research in recent yearsf91 

into the activation cf C-H bonds, in particular the more active 

phenyl C-H bonds in the presence of transition metal complexes. More 

recently it has been shown that alkyl C-H bonds can also be activated 

(10, 11, 121. In particular it was shown that the c-3 position 

cf the alkyl chain in the straight chain phosphines P(C587)5 and 

P(CqHg)3 is much more activated than the other positions, giving 

rise to a favoured five membered ring intermediateIll, 121. We 

were therefore interested in finding out ii the other members of 

the diphosphine series (CgHg)qP(~2),P(CgH5)2, n = 5 - 8, and 

the dia?Zsine (CgH5)2~(CH2)6As(CgH5)2 would UndergO the dehydrogenation 

reaction. In view of recently reported trmrs-chelating preference 

of the simiiar diphosphine ligands t-Bu2P(CH2)nP-t-Bu2 (n = 9, 10 or 121, 

t-au2P(cii2)4c = c(cH~)QP-~+~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

and O-(C~H~)~A~C~H~~I~CH~C~H~A~(~~"~)~-~ With phkinUm d8 complexes 

14, 13, 14, 151, it was also of interest to see if these ligands would 

trans-chelate. SO that we could more easily investigate the coordination 

237 

properties of the unsaturated ligand we have devised syntheses for both 
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the diphOS&ill@ IigXld (CgnS)2PCH21=H2M:~HCH2C12P(C6H5)2t (BDPH), and 

the new diarsine ligand (CgH5)2AsCH2~20I:CHCH2~2AS(Cg85)2, (BDAR). 

EXpehime& 

1,5-Dibrompentane, 1,6-dibromohexane. l.P-dibromoheptane, 

1,8-dibromooctane and triphenylarsine were purchased from the Aldrich 

chemical Company, triphenylphosphine was purchased from Pluka and 

carbon monoxide was obtained from CIG. These chemicals were used 

without further pnrir'ication. Rhodium trichloride and iridium 

trichloride were purchased from Johnson Matthey Chemicals Ltd 

and Research Organic/Inorganic Chemical Co-rporation. Bis(cycloocta- 

I.5-diene)-~~'-dichlorodirh~i~(I)1161. bis(cycloccta-l,5-diene)- 

VP'-dibromodirhodium(1) 1161, bis(cycloocta-1.5~diene)-uu'-dichloro- 

diiridilzn(I) [171, 1.6-dichloro-i~~ro;s-hex-3-ene1181. lithium dipbenyl- 

phosphide[lg] and lithium diphenylarsenide1201 were prepared by 

standard literature methods. Infrared spectra were recorded on 

a J_ASCO IRA-2 spectrometer, lH N.M.R. spectra were recorded ilsing 

a JSOL .Mi-100 spectrometer or a JEOL JNX-PS-100 spectrometer, 

13C N.M.R_-spectra were recorded on a Briike r RX instrument operating 

ar 67.87 Mfiz. The mass spectra were recorded on an AEI YS 902s 
. 

Lnstrument. Analyzes were obtained from the University of Queensland 

Microanalytical Service and the Australian l$icroanalytical Service, 

CSIR0, I%elhourne, Australia. 

F%epanation 06 Ligan& 

The diphosphines and diarsines used in this work were prepared 

by the general method of adding the w,w'-dihaloalkane or the 

w.w'-dihaloalkene to a freshly prepared solution of either lithium 

diphenylphosphide or lithium diphenylarsenide. Using the method of 

Agniar et.&. [19, 201, by selectively decomposing the phenyllithinm 

ilith t-butylchloride always resulted in lower yields (lo-60%), but 

by using an excess of the dihalo-compounds good yields were always 

obtained. The prep&ration of 1.6-bis!diphenylphosphino)-tirans-hex-3-ene 

is given. The other diphosphines and diarsines listed below 
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were prepared in a similar fashion. 

Preparation of 1,6-Bis(diphenyIphosphino)-trarzs-hex-3-ene 

li freshly prepared solution of lithium diphenylphosphide was 

made from 2.Og (286 mmol) of lithium and 20g (76.3 mmol) of 

triphenylphosphine in 60ml of tetrahydrofuran. The excess lithium 

was filtered off, and 10.7 9 (69.9 mmol) of 1,6-dichloro-fzans-hex- 

3-ene was added at O°C. The solution was refluxed for lhr and 

then reduced in volume to CQ. 30ml. Aqueous ethanol (1:l) was 

added to precipitate the ligand which was then filtered off, washed 

with ethanol and dried. The yield of BDPH after recrystallisation 

from metbylene chloride-metbanolwas 14_4g (918)_ 

&naz. Found: M-p. 192OC_ Mol.wt., 485 (vapuur pressure osmometry 

in chloroform). 453 (mass spectrum); C, 78-43: H, 6.58: I?, 13.4: 

%OH30'2- c&cd.: mol.wt., 452; C, 79.63: H, 6.68; P, 13.7. 

(c~H~)~~M~cH~cH:cHcH~cH~_~~(C~H~)~ Anal. Pound: =l-wt-, 

548 (vapour pressure oswnetry in chlcroform). 540 (mass spectrum) i 

C, 66.12; H, 5.81; AS, 27.8_ C30H30*2- Calcd.: mol.wt., 540; 

c, 66.68; H, 5.60; As, 27.7. 

(c~II~)~P(~~)~P(C~L~~)~ Anal- Found? moi.wt_. 467 (vapour 

pressure osm0me try in chloroform), 454 (mass spectrum): C, 78.98; 

-HI 7.21; P, 13.4. C30H32P2 Calcd.: ml.%&., 454; C, 79.27: 

H, 7.10: P, 13.6. 

~11 ligands were characterised by 1H N.M.R., infrared and mass 

spectra. 

Phepahation aid Recrtin 06 Conp&xeS 

Preparation of 1,6-Bis(diphenylphosphino)-trms-hex-I+enechloro- 

rhodium(I), RhCl (BDPH). 

(1) A mixture of 0.48g (Y-06 mw31) of 1,6-bis(diphenylphosphino) 

hexane and 0.25g (5.08 x 10 
-1 

xmol) of bis(cycloocta-l,S-diene)-uu'- 

di&lorodirhodi~(I) was heated in 3Om.l mesitylene under an atmosphere 

of nitrogen- Initially a yellow precipitate formed which later 

dissolved- The solution was refluxed for 2hr forming a clear amber 
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coloured solution and upon cooling to room temperature, the product 

precipitated from solution_ The yellow crystalline product was 

filtered off, washed with ethanol and recrystallised from a methylene 

chloride-methanol mixture to yield 0.45g (75%) of PhCl(BDPH). 

(11) l,6-Eis(diphenylphosphino)--t~a?X?-hex-3-ene (0_7Og, 1.55 mm011 

was added to a solution of 0_30g (0.77 -1) of bis(cycloocta-1,5- 

diene)-pu'-dichlorodirhodium(1) in 40ml of methylene chloride 

at room temperature under nitrogen. The solution was heated and 

methanol was added to czystallise the compound RhCl(BDPH). The yield 

of FJJ-LZG~DPH) was 0.8Og (88%). 

Anal. Found: mol.wt., 635 (vap0ur pressure osmometry in 

chloroform), 591 (mass spectrum); C, 6C.56; H, 5.13; P, 10.5; 

Cl, 6.3. C3OH3OClP2Ph. Calcd.: mol.wt., 591; C, 60.98; 

H, 5.12; P, 10.5; Cl, 6.0. 

Isolation of 1,6-Bis(diphenylphosphino)-trans-hex-3-ene from RhCl (BDPH) 

Potassium cyanide (Zg) was added to a solution of RhCl(PDPH) 

(0.2Og) in 20ml of 1:3 aqueous ethanol. The orange colour of 

RhCl(BDPH) quickly dissipated and a white precipitate formed. The 

solution was stirred for 2hr at room temperature. The white precipi- 

tate was filtered off, washed with water and ethanol and recrystallised 

from a methylene chloride-methanol mixture to yield 0.2Og (87%) of 

BD??H_ The ligand was characterised as above. 

Preparation of 1,6-Bis(diphenylphosphino)-Z;rans-hex-3-ene5romorhodium(i), 

RhBr(BDPH). 

This was prepared as above for FLhCl(BDPH) from 1,6-bistdiphenyl- 

phosphinojhexane (0.3ig. 8.15.x 10 
-T 

mol) and bis(cycloocta-1.5-diene)- 

uu'-dibrom0dirhodium(I) (0.24g, 4.12 x JO-' mmol) yielding 0.46g (69%) 

of R~B~(BDPB) _ Anal. Found: mol_wt_, 672 (vapour pre-,ure osmometry 

in chloroform); C, 56.63; Pi, 4.89; P, 9.6; Br. 12.5. C301130BrP2RhUI. 

.Calcd_k ~11_wt_, 635; C, 56.71; H, 4-76: P, 9.8; Br, 12_6_ 

Preparation of 1,6-Bis(diphenylarsino)-trm?s-hex-3-enechlororhodium(l), 

RhC I (BDM 



A solution of 0.889 (1.6 

hex-3-ene in zonii benzene was 

of 0.4og (8.1 x 10-q -1) of 

mlr01) of 1.6-bis~diphenylarsino~-t-~- 

added dropkse to a refluxinq solution 

bis(cyclooacta-l,5-dienej-pp'-dicblom- 

dirbodium(~) in 20ml of benzene. The solution was refiwed for 1 hr, 

cooled and the resultant yellow precipitate collected by filtration 

and recrystallised from a met.%ylene chloride-ret&no1 solution to 

yield 0.89g (81%) of WCl(BDAh). 

Anal. Found: mol.wt., 720 (vapour pressure osmometry in chloroforln~; 

c, 52.56; H, 4.55; As, 22-l_ C30H30Cl~2P.h. Calcd.: mol.wt., 679; 

C, 53.08: H, 4.46; ass, 22.1. 

Preparation of 1,6-Bis(diphenyIphosphino)-t~s-hex-3-enedlloriridium(l), 

1 rC1 (BDPH) _ 

(1) A solution contalninq O-419 (9-O x lo-' mmol) of l,Gbis- 

(phenyl_ohospbino Jhesane azd 0.3Og (4.5 x lo-' Iimol) of bisfcycloocta- 

:,5-diene)-pu'-dichlorodiiridium(I) in 30ml mesitylene was reflwed 

for 4hr under a nitrogen atmosphere. The solution was then allcwed 

to cool to room temperature whereupn orange crystals precipitated 

E-ram solution. The crystals were filtered off, washed with mesitylene 

and ethanol and then dried ir. i)ocr& to yield 050s (95%) of IrCl(BDPH). 

(11) A solution containing 0.54g (1.2 sccolf of l,+bis(diphenyl- 

phosphino)-Ma???-hex-3-ene and 0.4Oq (6.0 x 10-l mrool) of bis(cycloocta- 

1,5-diene)-pp'-dichlorodiiridium(I) in 20ml of benzene was reflexed 

for lhr. Tine solution was cooled and the resultant orange crystals 

filtered off, washed with benzene and ethanol and then dried in t'acrto - 

to yield 0.599 (73%;) of IrCl(BDPW). 

Anal_ Found: Doi.ut.> 683 (vapour pressure osmonetry in chloro- 

form). 680 (mass spectrum); C, 53.68; Ii, 4.55; P, 9-3; Cl, 5.4. 

C;oY2(jCLp2Ir. Calcd.: mo1:wt. * 680; C, 52.98; H, 4.45; P, 9.1; 

Cl, 5.2. 

Preparation of 1,6-8is(diphenyIphosphino)-trcozs-hex-3-enecarbony1- 

chlororhodium(I), FCh(CC)Cl(BDPH). 

Carbon monoxide was bubbled tbrcuqh a soiution of 0.109 (1.69 x 10 
-1 
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nm?ol) of F&Cl(BDPII) in 30ml of ether at room temperature for lhr. 

The resulting yellow precipitate was filtered off and washed with 

ether and dried in Vacua. The yield was O-log (96%). 

Anal. Found: C, 60.28; H, 5.32. C31H3OClOP2Ph. 

calcd.: C, 60.16; H, 4.89. 

Preparation of 1,6-Bis(diphenylphosphino)-trmrs-hex-3-enecarbonyl 

chloroiridium(l). Ir(CO)CI(BDPH). 

This was prepared as above for the rhodium carbonyl complex. 

The yield of Ir(CO)Cl(BDPH) wa.s 97%. Anal. Found: C, 52.41; 

Ha 4.22; Cl, 4.5. C31H3OCIOP2Ir. Calcd.: C, 52.57; H, 4.27: 

Cl, 5.0. 

Preparation of 1,6-Bis(diphenylphosphino)-tr~s-hex-3-enedicarbonyl- 

iridium(I) Tetraphenylborate, [I r(C0)2(BDPti~I [D(CgHg!41 

Carbon monoxide was bubbled into a solution of 0.2Og of IrCl(BDPH) 

ir. 5~11 of methylene chloride. An excess of sodium tetraphenylborate 

in methanol was added and an immediate white precipitate formed. 

This was collected by filtration and recrystallised from chloroform- 

methanol to yield 0.189 (53%) of [1r(Co)2(9DPEi)l [a(CsH5)~+1- 

Anal. Found: c, 64.99; E* 4.99. C56h‘50so2P2ir_ Calcd.: C, 65.94; 

H, 4.94. 

Preparation of ~-~~!‘-Di[l,6-bis(diphanylphosphino)hexane]dicarbonyl- 

dichlorodirhodium(I), IRh(CO)Cl[CgH5)2P(CH2)gP(CgHg)21)2. 

Carbon monoxide was bubbled into a solution of 0.56g (1.2 mm011 

of 1,6-bis(diphenylphosphino)hexane and 0_3Og (6.1 mm011 of bistcycloocta- 

l,S-&ene)-vu'-dichlorodirhodi:nn(I) in 2Oml benzene at room temperature. 

The benzene 'was then removed at reduced pressure and methanol added to 

yield a yellow precipitate which was recrystallised from metbylene 

chloride-methanol mixture to yield F.70g (93%) of CRh(CO)Cl[CgH5)2P- 

(CHq)6P(C6H5)2])2_ Anal. Found: mol.wt., 1142 (vapour pressure 

osmometry in chloroform); C, 59.37: H, 5.57; P, 10.1; Cl, S-6; 

~2H~t+C1+2PL$?h2- Ca1cd.r m;kWt-, 1242: C, 59.97: B, 5.20; 

p, 70.0; Cl, 5.7. 
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Preparation of -&m-pp’-Di [1,6-bis(dipheny?arsino)hexaneldicarbonyl- 

dichlorodirhodium(l), {Rh(CO)Cl[CsHs)qAs(CH2)sAs(CgHs)2]12. 

This -was prepared as above from 0.55g (1-O -1) of l,Gbis 

(diphenylarsino)hexane. 0.259 (5-l x 10 -' -1) of bis(cycloocta-Y.5- 

diene)-nn'-dichlorodirhodi um(If and an excess of carbon ronoxide 

at room temperature to yield 0.62g (860) of (_~(CO)Cl[(CgH5)p~(CH2)6- 

%(C#5)21&- Wlal. Pound: C, 52-26; H, k-64: Cl, 5-22. 

c&-iOl+c12o~_As@.h~. Calcd_: C, 52.53; H, 4-55; Cl, S-00. 

Preparation of trc3s-ur! ‘-DiE1,6-bis(diphenylphosphino)hexane]dicarbony~- 

dichlorodiiridium(l), II~(CO)C~[(C~HS),P(CH~)~P(C~H~)=]}*_ 

Tnis was prepared as above from 0.34g (7.5 x lo-' mmol) of 

1,6_jis(diphenylphosphino)hexsne. O-255 (3.7 x 10 
-1 

oAzw3) of biskycloocta- 

7,5-diene)-pp.-dichlorodiiridium(I1 and an excess of carbon monoxide 

at room temperature to yield 0.31g 158%) of iIr(CO)Cl[(C6ii5)2P(M2)6- 

~(CgH5)2112- zzal. Found: mol.wt_, 1477 (vapour pressure osmzmetry 

in chloroform); C, 52.53; H, r-58; P, 7.8; Cl, 4.5. C62H64C1202PJ+Ir2- 

Calcd-: mol.wt.. 1420; C* 52,437 Ii, 4.54- -, P, 8.7; Cl, 5.0. 

Preparation of 15m~s-p~ ‘-Di[1,6-bis(diphenylarsino)hexane]dicarbonyl- 

dichlorodiiridium(1). {ir(CO)C~[C6H~)2AS(CH2)6As(CsHg)2]~2_ 

This was prepared as above from 0.25g (4.6 x '10 
-1 

mmol) of 

1,6-bis(diphenylarsino)hexane, 0.159 (2.2 x 10 
-1 

mm011 of bis(cycloocta- 

1.5-diene)-VU'-dichlorodiiridium(I) and an excess of carbon monoxide 

at room temperature to yield 0.259 (66%) of II~(~~)c~[(c~H~)~A~(cI~~)~- 

As(C6H5)~112. anal. Pound_ C, 46.47; E, 4.09; Cl, 4.44_ 

C62H64Cl~O2A.YG~Ir2. Ca1cd.z C, 46-65; H, 4.04; Cl, 4.87. 

Preparation of the Polymeric Compound 1,6-Bis(diphenyiphosphino)chloro- 

iridium(i) Dibenzene, jirCl[(C6Hs)2P(CH2)6P(CgHg)2].zCsH6~n. 

A SOll2tiOZ Of O-419 :?.O X 10-l mmol) of 7.6-bis(diphenylphosphino) 

hexane in 2Oml benzene was added dropwise to 0.309 (4.5 x 10 
-1 

mmol) 

of bis(cycloocta-l.5-diene)-uut-dichlorodiiridium(I) in 1Oml benzene 

at room temperature. The solution was stirred overnight and the 

resulting yellow precipitate separated by filtration and washed with 
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benzene, then ethanol and dried in vacvo to yield 0.63g (84%). 

Anal. Found: c, 59.60: H, 5-57: P, 7.1; C,,H,,CLP,Ir 

Calcd.: C, 60.17; H, 5.29; P, 7.4; 

R&m.52 and tziacu6.L~~~ 

The Dehydrogenation Reaction 

It has been reported that at ambient temperatures, the reaction 

of l.Gbis(diphenylphosphino)hexane with the ethylene complex of 

rhcdlum(I). RhzC12(C2H4) 4, in benzene gave the intermediateocompound 

R~C~~(C~H~)~P(~Z)~P(C~H~)~I _C$i6[211, the solution of which in 

benzene was used to study the homogeneous hydrogenation of styrene. 

In contrast to this, we find that the reaction of 1,6-biscdiphenyl- 

phosphinolhexzne with M2C12(CsHlp)a M = P.h or Ir, CgH12 = cts C&i Wcloocta- 

1,5-diene, in benzene at ambient temperatures leads to the formation 

of insoluble, presumably polymeric, compounds. In particular we 

analysed the iridium complex and found the formula approximated to 

[IrCl[(CgHg)~P(CIi~)6P(CgHg)2].2CgH6]n. The infrared spectra of 

the rhodium and iridium complexes were very similar to the infrared 

spectra-n of the Zigand. 

However, -when 1,6-bis(diphenylphosphino)hexane reacts with the 

cycloocta-1,5-diene complexes of rhodium(I) and iridium(I), P.h2C12(C$iI2)2, 

Rh2Br2(C8Hi2)2 and IrpC18(CgHl8)2 in refluxing mesitylene under 

nitrogen, the very stable con@exes RhX(BDPH), x = cl or Br and IrCl(BDPH) 

are fo_rmed where BDPH = 1,6-bis(diphenylphosphino)-kczs-hex-3-ene 

in good yieldstl]. The same products Mcl(BDFH) can be formed by 

heating the insoluble products as discussed above in mesitylene. 

The dehydrogenation of 1,6-bis(diphenylphosphino)hexane by 

rhodium(I) and iridium(I) complexes most probably proceeds via a 

trcnts-chelating diphosphine coekx - A (See Scheme 2). Similar 

diphosphines such as 
t. Bu P(C8Z)nPBut2, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

and 0- (C6Ei5)2~C6HqCEI2Ch2C6Hr~(C6Ei5)2-0 fOm trczzs-chelated 

rhodium(I) and iridium(I) [4,3,14,151 complexes and trari-stereo- 

cnemistr- is preferred in square planar W(X) and I?=(I) complexes. 



246 

The first step in the proposed nm5anis.m leads to the abstraction 

of one proton from the he-e chain & give cGmpze= - 3. .The abstraction 

of .= proton from the similar lkaria o- ~c~~~~2Pc6il~Ctl2~2c5Y~T~(C~H~~~-o with 

Ed and Pt(II) complexes is knob%I31_ Tl-12 second step gives the 

olefin-dihydride cozq~lex MCl(BDPH)-Hz. The iridium complex, 

IF~L (BDPH)-H~, has been isolated ad it has been sham to have 

the stereoch=nistry ss in -Zez - C[221_ It has also bee- shown 

that ';he coqlex Icl(BDPH)-HZ readily loses-molecular Hz at 

higher temperatures to give IrCl(BDPH) [221. 

S&em? 2. Proposed F~chaGsn for the Sehydrogenation of 1,6-Bis- 

(~phenylpphosphi~o)hex~e with Phodium(I) and Iridium(I) Cozwlexes. 

It has been S~OXI-I that tie C-3 position of the straight chain 

t2tiia.z.z phosphines P (cH~CFi&Zi3)3 md P (CH2CH2CE2CH3)3 is the 

position most easily metallated Sy platinum complexesCll,lZl 

and this resulted in the e.xpected five metiered ring ir.temediate. 

'n'e therefor* have reacted the diphosphines (CS~I~)~P(CI~)~P(C~EI~)*, 

n = 5, 7 or 8 and th2 diarsine (CgBg)2~S(CEI2)gAs(CsIf512 with 

&((I) azd Ir(1) complexes in refluxing mesitylene. Inure, 

difficult to isolate, complexes of the approximate fonmla 

[:4Zl(ligand~l n were famed for the diphosphine ligands.. The 



reaction with the diarsine 

In no case was metallation 

CoinpXexes 06 l3RF’H curd EIXH 

ligand lead only to decomposition. 

or dehydrogenation observed. 

(1) REACTIONS (See Scheme 3) _ 

RhC13.3H20 + BDPH 
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L-l = I co, tntC6H6)41- 
CH3Cl2-CEi3GH +co 

[1<Cl(C$iI3)12 + DDPH - MCl(BDPH) _M M(CO)Cl(BD??Ei) 

M = P.h,Ir -co 
PT 

CiipCl3-CH3OH 
[rcllCl(CgHi2)]2 + 9D~~ b XhCl(BDAH) 

RI 

Scheme 3. Reactions of BDPH and BDAH 

with Phodium(I) and Iridium(I) Complexes. 

BDPH reacts smoothly with Rh2C12(CgH12)2 (C3H12 = cis 12% 

cycloocta-1,5-diene) or with rhodium trichloride to give the yellow 

rhodium(1f complex, _IulCl(BDPH); and reacts with Ir2C12(CgHI2)2 to give 

the orange iridium(I) complex,IrCl(BDPH). aoth of these complexes can 

be prepared by the dehydrogenation reaction of 7,6_bis(diphenylphosphino) 

hexane with M2C12(CgHI2)2. N = Ph or Ir as discussed earlier. In 

a similar fashion, BDaH reacts with Ph3C12(C6H12)3 to give the 

yellow complex PhCl(BDLHH). Both the rhodium and iridium complexes, 

MCl(BDPH). react reversibly with carbon monoxide giving the five 

coordinate complexes M(CO)Cl(BDPii) , and the iridium complex reacts 

with excess carbon mnoxide in the presence of sodium tetraphenyl- 

borate to form the five coordinate cation [Ir(COp(BDPH)]I. The bromo- 

and iodo- complexes IrXtBDPHl were prepared by the metathetical 

reactions of IrCl(BDPH) with lithium bromide and sodium iodide, 
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and the carbonyl complexes Ir(CO)XfBDPH), X = Br or I were 

prepared in &k-u to study their infrared spectra. Thebromo- 

and iodo-complexes were not characterised further. 

(II) INFRARED DATA (See Table 1) 

The ligznds 1,6-bis (diphenylphosphino)lkrcms-hex-3-ene(BDPH) 

and 1,6-bis(diphenylarsino)-ticnz-hex-3+_ne have an intense sharp 

-1 __ 
band in the infrared at -970 cm. wnich is typical of an out-of-plane 

(oop) deformation vibrational frequency of a trans-disubstituted 

olefinL23f. The band due to the C=C vibrational stretching mode 

in these ligands is too week to be observed, an observation which 

has been recorded for siinilar ligandsE31. In the rhodiw complexes. 

the oop deformation band is at 
-1 

slightly lower frequency (950-960 cm ) 

while in the iridium conrplexes, this band occurs at a slightly higher 

frequency. In all the four-coordinate complexes, there are two 

or nore medium to strong bands which occur between 800-900 CXI 
-1 

which do not occur in the ligands. Such bands have been o5served 

previously in rhodium complexes containing unsaturated tertiary 

phosphines[24,25]. 'Ihe carbonyl complexes Bh(CO)CliBDPH) and Ir(CO)X(BDPH), 

X = Cl, Br or I contain three carbonyl bands indicating the occurrence . 

of different isomers- The presence of multiple carbonyl bands is 

quite co;nnon in such co;r&exes and has been recorded previously in 

unsaturated tertiary phosphine complexes of rhodiLq(I) and iridiunx(I) 

[24 ,271. The metal-chlorine stretching frequencies of BhCl(BDPH), 

263 cm 
-1 -7 

:.BhCl(BD.2il). 288 cm : 
-1 

and IrCl(BDPH), 300 cm ; are close 

to those previously observed for chlorine trozs to an olefinL31 and 

for chlorine ticzs to a carbonylL28) for rhcdium(I) and iridium(I) 

complexes. 

(IiI) NUCLEAR MAGNETlC RESONANCE SPECTRA 

(See Table 2) 

iH N-M-R_ Spectra- 8DPH shows three distinct resonances' at 

~(ppm) 2.4 - 2.8 (phenyl. area 20), 4-50 (olefinic, area 2) and at 



-Selected Infrared Data a,b 

V(C0) 

nujol 

v(ca 

solution 

39‘7515) 

2001(s) 

2055(m) 

3994& 

2019(s) 

2074(w) 

EVDDZS>~ 

2024(s) 

2070(n) 

322dlS>A 

2020(s) 

2070(w) 

Jsssr.s>~ 

2018(s) 

2068(m) 

2005(s) 

2055(s) 

Wsu^~s,‘ 

395SI.S) 

39421s) 

1940(s) 

= 
3956Is.,' 

2005(s) 

1950(s) 
f 

2003(s) 
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TABLE 1 

oopc 

e 

v (M-Cl) 

(For footnotes see next page) 
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a 

b 

c 

h 

FooZno&~ ato Tab-k 7 

all measurements are in cm 
-Y 

w = weak, m = medium, s = strong 

oop = out of plane deformation vibrational frequency 

of the olefinic protons- 

methylene chloride solution 

too weak to be observed 

chloroform solution 

Ll = (C6H5)2P(~2)6P(C6H5)2 

L2 = (CgH5)2~((CH,)6~~S(CsH5)2 

not measured 

7.8 - 8.0 (overlapping methylenes, area 8): while for BDAH the 

olefinic rescnance occurs at 4.557. Upon coordination, the olefinic 

resonance is shi fted upfield which is typical for an olefin coordinated 

to a transition metal. The olefinic resonance in the ligands is a 

broad triplet while in the complexes it has sharpened and lost all 

visi‘cle couplings. There is no visible rhodium (I = 4) coupling 

to the olefinic protons_ The olefinic resonance of the carbonyl 

complexes Rh(CO)Cl(BDPH) and Ir(CO)Cl(BDPH) is an unresolved broad 

singlet even at low temperatures (-61°C)_ This observation is in 

agreement with the occurrence of three carbonyl resonance* in the 

infrared spectra of these complexes and indicative of a fluctional 

process occurring between the isomers. It should be noted that 

similar fluxional behaviour does not occur in the similar complexes 

X(CC)Cl(BDPPS), 14 = Rh or Ir 1291 which is presumably a consequence 

of the 2,2'-bis(diphenylphosphino)-t-nm?s-stilbene (BD?PS) ligand 

being more rigid. In the BDPPS complexes the olefinic protons 

are inequivalent resulting in an d3 pattern in the iii N.?-LR_ spectrum. 

13C N.M.R. Sjxc~a_ A cczplete discussion regzrding the 1% 

N.M.R. spectra of rhodium and iridium olefin complexes contain9 
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TABLE 2 

Selected H.H.R. Data of 

Protons and Carson 

the Olefinic 

Atms.a 

Compound 

BDPH 

BDiiH 

RhCl(BDPH) 

RhRr(BDPH) 

RhCl(BDZW 

IrCl(BDPH) 

Rh(CQ)Cl(BDPH)o 

Ir(CO)C1(BDPH!e 

[Ir(C0)2(BDPH)l 
t 

T(H) 
b 

4.50 129.2 

4.55 

6.34 62.3 16.5 

6.28 

6.44 

7.46 

4.96 

5.92 

6.42 

43.8 

a 1H N.M.R_ spectra were recorded in CDCla solutions .zt 

100 MHZ, 13C N.14.R. spectra were recorded in CDzC12 

solutions at 67-89 _IHz. 

b 'H chemical shifts in ppm relative to TXS, T = 10 .O1 

,(103,, - fH1 c 0.5 x2. 

c 13C chemical shifts in ppm relative to TXS. 6 = 0. 

d in Hz accurate to C 0.5Hz. 

e ambient temperature spectrum 

unsaturated tertiary phosphines will appear 'in the near futureI391. 

However, it should be noted here that the 13C N-M-R. parameters 

are in agreement with the other physical data. The large upfield 

shift of the olefinic carbons in the complexes RhCl(BDPH), A6C = 66.9ppm; 

and IrCl(BDPH1, A6C = 85.4ppn; and the 103~i-,-13 C coupling ccnstant 

of 16.5Hz for _R~c~(BDPH) are consistent with the olefin being firmly 

bound to the metal and are in agreement with 13C N.M.R. parameters 

found previously for olefin complexes[1,31,32,33]. 
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Upon reacting the ligand l,6-bis(diphenylphosphino)hexane or 

1,6-bis(diphenylarsino)hexane with M2C12(CgHl2)2, where C6Hl2 = &S &S 

c;rcloocta-1.5~diem ar.d M = _%.I or Cl, in benzene or methylene chloride- 

methanol solutioas saturated with carbon monoxide, the dimeric complexes 

{?hCi(cO) [(Css5)~P(CH2)6P(C6H5)21)2 (I) > ~=Y=(Co) [(CSH5)2&(Ci2)6- 

_ks(C@i6)21}2 (II), ~I~~~(COI(C~H~)~EJ(QIZ)~~(CS~~) 2112 (III), and 

EIrcl(cOf I(~~H5)2~5(~2)sAS(CgH5)21)2 (Xi. are formed in good.yields_ 

I-t should he noted that the diarsine coirplexes were too insoluble to 

obtain accurate molecular weight determinations. In ~0 case was 

a mnorneric compound containing a tic???-chelating ligand formed. 

Yeis is in direct contrast to the sia?ilar ligands 2,2'-bis(diphenyl- 

pbosphino)bibe~z~l and 2.2'-bis(ciipher?yl~s~o)bibenzyl which k?%!x~- 

&elate both rhoclim and iridium cos@exes[l5]. l?Mzhermore, 

2,2'-bis(diphenylphosphino)bibenzyl undergoes intramolecular metallation 

(including dehydrogenation) reactions with or without the presence 

of the extra ligand of carbon. monoxide[2,3,151. In none of the zbove 

cases (I to IV,\ was intramolecular aztallation observed even at 

high temperatures. Tie coqlexes I to IV are very stable, and no 

&ange was obse-rved with (I) eveu by refluxing the complex in 

iezsitylene for 45 minutes. It has been shown that the ligand l,lO-bis- 

(di-t-butylphosphino)decane can form &onomeric complexes XCl(CO) [(Eut2?- 

C!2f +3&L M = F&l or rr, i= which khe diphosphine tra"S--chelates 

or a dimeric complex [PhCltCO) [sut~PP(iCE12)loP9ut21}2_ lhe complexes 
. 

I - IV havea single carbonyl absorba&e in nujol in the region 7940- 

-1 
1960 cm which is in the region of carbonyl absorbances for carbon 

monoxide t_ws to chloride for square planar Z&(I) and IriI) complexes 

15,341. Kim2 chloroform solutions of the iridium complexes III and 

IV are prepared in the air, the complexes contain two carbonyl resonances 

at cc. 
-1 

1950 cm and at ea. 2005 cm-'. The former is due to the 

parent complex while the latter is presumably due to the dioxygen 
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adduct sioilar to the dioxygen adduct of Vaska's compound, 

-1 
IrfCO)Cl(02) [(CgH5)SPI2~which has a v(CO) 48 cm higher than the 

parent compound Ir(Co)Cl[(C6H5)2P]2[51. 

The M-Cl stretching frequencies for the complexes occur 

-1 
between 280 an and 304 c!n 

-1 
, typical of chloride z%z.s to carbonyl _ 

for _~h(I).and IrfI) square planar complexes. The metal-chlorine 

stretching frequencies for the analogolls triphenylphosphine complexes, 

trans-Ph(CO)Cl[(C6Eg)gPJ2 and trcozs-Ir(co)Cl[(C6H5)3P]2, occur at 

309 cm-' and 317 an -' respectively[28]. 

Although the complexes are not very soluble, d-chloroform 

solutions show that the 
1 
A N.M.R. spectra of the complexes are 

very similar to the ligands. However, the nethylene resonances 

are broadened a little, but the variable temperature spectra of 

the complexes from +60°c to -6O'C showed little change. We propose 

that in the solid state, the complexes have a structure similar 

to 
t 

{-ShC1(CO[aut2P(Ch.2)10PBu 2])2_ (See below)_ 

r- (CH2) 6 -7 
Y Y 

fi! = 3.h or Ir, 

y = tC6H5)zP or (C6H5)2As 

Investigations into the dioxygen adducts and other oxidative 

addition reactions are in progress. 

Re&tenceb 

1. P.W. Clark, J.Org~.m~~a-ai.Cnem., 110 (1976) C13. 

2. M-A. Bennett, P.W. Clark. G.B. Robertson and P-0. Whimp, 

J.c.S.cGm.cm7m.. 119721 1011. 



254 

3. 

5. 

6. 

7. 

8. 

9. 

10. 

17. 

12. 

73. 

14. 

15. 

16. 

17. 

19. 

79. 

20. 

2x_ 

22. 

n. a_ Bennett and P.W. Clark, d.OrgwwmetaZ.f3zem., 110 

(1976) 367. 

R. Mason, G. Scollary, B. Moyle, K.I. Hard&stle, B.L. Show 

azzd C.J. Ibulton, J.&p??~~etaZ.Ckem., 113 (1976) C49. 

L. Vaska, Aceowzts C.&n.zes.. I (7968) 335. 

3-A. OsSorne, F.H. Jardine, J-F. Yomg and G. WiEcinson; 

J.Ckzm.Soc.P., (19661 1711. 

R.J. Rostivo, G. Fergu.son, T.Z.. Kelly znd C.V. Senoff, 

J.OrgcnctrAaZ.G%~m:., 90 (1975) 101 znd references therein. 

P.B. Eitcock , M. McPartlin znd R. Mason. &em.Co~., (1969) 

1322. 

G.W. Parshrll, .&coZEtS fiam.&S., 8 (1975) 113. 

0. Klabunde, unpuE~lished results, 2s cpyoted in =ef. 9. 

C. Masters, ~.C+em.Soc.. cFem.Conampr., (1973) 191. 

A.A. iciffen, C. Masters and 3. Raynand, j.ozm.Soc., -nOZ-bz 

(1975) 853. 

A.J. F-ryde, 8-L. Shaw and B. Weeks, fiem.Connrol., 11973) 

947. 

F.C. Ear&, R. Mason, K.M. Thomas and B.L. Shaw, C&m.Co~z., 

(1975) 584. 

M.A. i3ennett, R.N. Johnson and I.B. lbtiins, 6. Orgm?ometaZ. 

Gem., 128 (1977) 73. 

J. Chatt and L-11. Venanzi, J.G&?m.Soc., i;957) 4735. 

G. Kinkhaus and H. Singer, C?em.Ber., 99 (1966) 3610. 

G. Wittig and F. bingler, Ber., 97 (1964) 2746. 

A.M. Aguiar, 3. %eisler and A. _Mills, .J.G;19.@z,n.~ 

27 (P962) 1001. 

A-X. Aguiar and T.G. Archibald, J.O~g.fiem., 32 (1967) 2627. 

J_ oouxn. T. Dang and H.B. Kzgan. J.Oq~meetat_~nem_, 

84 11975) 87. 
. 

P.W. Clark, unpublished results 



23. L.J. Bellamy, The Infrared Spectra of Complex x%lecules, 

&d Ed_, Methen and Co., London, 1958, p.45. 

24:. P.W. Clark and G-B. Hartwell, Inorg.Chen.,g (1970) 1948. 

25. P-W_ Clark, Fh.D. Dissertation, Indiana University (1971). 

26. P-W_ Clark and G.E. Ha_Bell, J-&gmcm~~~~.C&~m_. 96 

(1975) 451_ 

27. P-W. Clark and G.E. Hartwell, J. OqpnomtaLCTnenem., 97 

(1975) 117_ 

28. H-A. Bennett, 

6 (1967) 1647 

29_ M-A_ Bennett, 

R.J.A. Clark and D-L. Plilner, Izorg.C”nem_, 

R-F?_ JohnsoR and I-B- Tom?ins, J.Oqmno~.ekd. 

Cizem., 118 (1976) 205. 

30_ P.Gi. Clark. -9. Hanisch and A-S_ Jones unpublished results. 

See reference 31 for a preliminary conxmunication on this work. 

31. P.W_ Clark and A-Z- Jones‘, J. 0F~a7?o~&az.cFzem., 122 

(1976) c41. I 

32. G.K. Bodner, B.N. Storhoff, D. Doddrell, and L.J. Todd, 

Fnem. CO~Z. (1970) 1530. 

33. K.R. Aris, V. Aris and J-M. Brown, J.Or3a~~.~etaZ.Cnem., 

42 (1972) C67. 

34. J.A. McCleverty and G. Wilkinson, Inoqmic Sptheses, 

8 (1966) 214. 

255 


