
J (IIEM. SO(" C>AL TON TRANS 1989 693 

Synthesis. Structure. and Chemical Reactivity of a Stable C.Me.-Substituted 
Phosphanylium Ion: (Pentamethylcyclopentadienyl) (t-butylamino)
phosphanylium Tetrachloroaluminatet 

Dietrich Gudat, Martin Nieger, and Edgar Niecke' 
Anorganisch-Chemisches Institut der Universitat Bonn. Gerhard-Domagk-Strasse 1.5300 Bonn 1. Federal 
Republic 01 Germanv 

Siable phosphanylium salts of (P( NH Bu l ) (CsMes)]· (4) were obtained via different routes, viz. 
(/l AI2er. -promoted halide abstraction from a chlorophosphane precursor, (ii) displacement of 
chloride by the nucleofugic anion. OS02CF)- . and (iii) protonation of an iminophosphane 
precursor. A crystalline product was isolated in case of the tetrachloroaluminate of (4), and its 
structure was Investigated by X-ray diffractometry. The results confirm the presence of discrete 
cations, featuring '12 attachment of the CsMesligand to phosphorus in the solid state. In solution. 
according to the results of n.m.r. spectroscopic studies. the cat ion exhibits a fluxional structure 
with all five ring atoms becoming equivalent. Investigations of the chemical reactivity of (4) 
Include acid- base reactions and studies of the co-ordination chemistry. 1 n addition to activity as 
both lewis acid and base. which is a common feature for phosphanylium ions. (4) is the first 
two-co-ordinate phosphorus cation which was shown to react as a Bronsted acid. Deprotonation 
Initially gives the iminophosphane. P(=N Bu t ) (CsMes)' which further reacts with (4) to yield a 
polycyclic calion, (14), the structure of which was determined by X -ray diffraction . Reactions of 
(4) with transition metals involve oxidative addition of complex metal hydrides and co·ordination 
10 reactive melal centres to give cationic complexes which are isolobal to transition metal carbene 
complexes. No evidence was obtained in these reactions to indicate any activation of the C5Me5-

phosphorus bonds. 

Compared Wllh diamlno- and amino·sub~titutcd phosphanyl 
lu rn 10m (I) and 121. pcntamethylC)dopcntadienyl-liublitltutcd 
drnvatives (;\) "ere found to be adequately stable Coy,lc}" and 

R1N\ l + RZN'\ l+ CsMes, l + 
p p P 

R .1 RJ RJ 
I 

(I) (2) (3) 

ro·\\orker~' ~ reported the ~encr:lt io n of pholiphanylium ion~ 
or the general formula [PR ·CC .t\·le .l]· [R · = NMe •. CMe,. 
or CHISiMe . .I~] None of th': pmduet s could he -iliolated . 
but nevertheless the~ were unequivocally eharactcri7ed by 
means of n.m.f. spcl.'troseopy and even when R' "'" alk~1 were 
fou nd to he ~Iahlc for some tllne Based on spectroscopic 
elldcnce and molecular orhital calculations. the stabi lization 
caused 0) the C .Mc~ was altrihuted to multihapto-honding 
bc\l\ccn the (' ~ Me, moict) and phosphorus. gil·ing rise 10 a 
delocali7a tion uf the rositllc charge lm the ring. 1 Resu lts of 
semiemrirn: .. l cillcul .. tions on catiuns [PR ·(CsH sJ]· CR · = 
SH 1 or Me).1.! as IIe1l as an I/h il1 /1 ill stud) on [Pt(' . HshJ· : ' 
both imrly that ll~· or ll "-CO-(Irdination of Ihe ring is 
energetie .. "y ranlured compared Ilith ll~ allachmen!. whid 
has been lenl'ied for metallocenes (If the clements Si. Ge. or 
Sn.~ 

Apart from Ihe honding silUat klll of the C ~Me~ ~ubstituenl. 
C,Me~ .subsliluted two-co-ordlnate phosrhorus compounds 
a~(If CClnsidcrahlc ;ntere,t because of the at'lililY of the ligand to 

·Supph'llll'l/Iur, '/11111 /lim/fin"· '>C'C Instrucltons f('lr Author!>. J. Ch,'/I/. 
Sut ~ DII/lml Tr/ll" .• tQR9. b~u ... I. J'lJ'l. \111 n . 

hchale as a functIOnal group. Thus. nucleophilic substitut ion of 
( ·\ MeS has been reportcd for a diphosphene. (C sMe,)P",P(C s
Me ~ ). · and aclil'ation o f the P- CsMcs bond by transitio n 
met~tl s gives simple access to transition-metal substituted 
pho~ rha-alkenes to and iminophosphanes. ~ 

In this paper we report on the synthesis. structure, a nd 
reacti\ II) orthe first isolated C~Mes-substituted phosphanylium 
salt. [P( NHBu'IiC ~ Mc ~ )][AICI.a]. The cation is unique in thaI 
il f('atures not onl} a potentially rcactil'e P-CsMcs unit. but 
a ls\l " primar} amino li gand . In addilion 10 reactivity as both 
Lel\ is acid and base. which is well established {or the amino
suh~ti tutcd e:llions (1) :lnd (2).8 [P(NHBu')(C~Me s)r (4) is 
a lso the conjuga te acid of the corrcspond ing iminophosphane, 
P(",NB'I')(C ~ Me ~) (5). :lnd is therefore e.tpected to bchal·c as a 
Ilrnnsted acid. 

SClcral reactions of (oa) with different bases we re studied . 
Further In\esligations of the chemical behal·iour of (4) were 
ccn tred on the attempt to acti vate the P- C ~Mes bond. yielding 
transiuon-metal substitut ed phosphanylium ions. 

Rcsuhs and Discussion 
P"'pflra fUJII 0/ [PI Nil Bu' IIC ~ Me ~ )] · (-I ).- Three different 

routes hale hccn follol\ed for the preparation of [P(NH8u')
{C~ Me ~ )] ·. The first [method (a). Scheme I], which is 
estahlished ;tS a general synthetic route to phosphanylium ions,' 
inl'oll'es AI~Clb-promoled halide ion abstraction from the 
corrcspond lng: chlorophosphine precursor. (6). Pure (4) was 
Isolated as the tetrachioroa iumllltlte In 70-85°" yield after 
recryslallization from CH ~Cl !-hexane at 0 0c. 

Following an altern,Hivc procedure. displacement of the 
chlOride III (6) was aehie\·ed by reaction with si lver 
tnfluoromethanesulphonatc. YIelding the phosphanylium salt 
:lnd AgCI [method (h). Scheme 1]. 

Proton attack on Ihe p..c double bond in the phospha-
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.a ll.cn(' P[ =-( ',050:('''' .,,: lIe , M ... ./ U~IIl~ Inlluurumclhan ... • 
lou l phl llUl' .1("IU h .. ~ tx'Cn n:pwtl!u III f",'"ull 111 (urm;l1wn ,If Ihl.' 

c,lrrl':-pundin !! ca lilln. [P :CHtOSO :(,F ,I: : tC~ Mc.l] . ," We: 
,.1 ,.,1 m\"'l<It~al ... J the: .maillgou~ n'·'h:II\II} o f th o.' Inun ophos
I"h.lOl' Pt =- S Hu' ttC , Ml'd. IS, " [mO:llwu Ie). S ... h ... mc I ] n l' 
;..; m r '('l\:l'!Hl:-<.." lpH.: nhllHhlrtn~ (If thl! r ... :lo.:l[IIO .If a <.'II ... CI : 
,.,llull,)O ,If I ~I \\llh ,me c4 ul\ak'nt ,If (")-",SO,II .II - 7X 0( " 

rO:h:.lkJ Ih :.H 1-111:. ml.k\.'o tho.' m.IJl1f r ........ II\11I prt1Um'II > f>IY'" 
(rllm IOh:gral lon (I f the: n.m.r . srcctrun1). H'H\I."\· ... r . .. th.'mpts hI 
punf~ th<." pr'luuo.:l r.II I ... 1.1 due hI the: lx-cum:n..:..: ,If umul'ntllil'U 
h~ - P hlUU":h.. \\ hu.:h o.'lluld IlIll lx' ,,:p .l f .llo.'J 

.';f't.( fr"" "P" 
~1\ ... n In T •• hl...- I 

( 'h"r(/t II 'r ef/l/ml. 

S .• lts (,f [Aiel,] 
S rccln)~\'ru.: d;J la arc 

,\cr.; C\ Id..:nced h~ the :':\1 
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III11 ,r 'f'Cl' tr •• , \\IIIl' h ,h(l\\ a , harp '1I1!!lel Oil (\ IItJ p,p,m, {A,',} 

III )ch.ml\:'"·n,'u':\lf'h~' [A I(" .. J 11m, In the li p nom r, , peTl rum, 
(oil (!ohe~ ml' h' a 'ingle re~OIl;tO\:C \\hich is "hi(lelllo higher lietd 
l'l,mp.lrl."t.! "lIh the chillrupllll~pllil ne prcl'un.or (6). A ~I mllat 
l'hl'nu.:al ,h,(, \ana lill n, hem!; II( "PP'''lh! :-I!!" hllhat r.lund fot 
allllnll ,,,uh, tlluI Cd pht"phan)l1um itm"," has a l .. n hctn 
llh:-':rl c:d fnr [1',"MI':I(',Mc,IJ ' I .1I11l h allnhulahle 10 

Illull,h .. plo,hlmdlng between (".Me, and I'. The pho~phoru~ 
I.' heml(;:" sht(t furl he r dcpend~ on Ihe counh:r ion. which rna) bt 
c\pl:IIIlI.'d III h:rlll, Ilf ,III ctjulhhnum hcl\\ccn a ,"o,o"llrdtna,~ 
I.'alhlll .lIId .1 c.'1>\"Io.: '1I c.'\llllptlund, '" S.:h.:m.: 1 

• • 
I 

C Mt -P-NHBu l 
S S 

16' 

ScIM.·n~ 2. \ ' I )SI): ( ' I, , . l'l (,\ I( 'I , ,Iddut: t In t h( 1.' ,1"': .. r I h.: ,l n ~I"' 

I k ncl', .lcl.'tHdlllg hI 'I P n.m,r. d:H,I, .1 l'tln~ldcrahk amount 
tlf thl." t:IH.dcll! 'J'Il'clc,,, pfcw n! f,lt X ;. OSO~(,I'.\ , ",h,le In 
thl' 1.'.I't! ,'f X - '\ 1( '1, l."\du"I\ c Ill'l'u rrCncl." IIr thl' Itllll ': 'j"lCell'" 
(\111,1\\, {rnm thl' ;- ,\I n m r. data 

Ilnl h ,alt, of 101 H.Ji"pl,I~ the cqui \:t knl·1." of all 1I\'c nng t:;trht'n 
.Ihlm, :lnd clltr.:"rllnding melh~' 1 {!.rtlUp" Ctlmparcd "lIh Ihe 
neutra l l"ompuund, 1(,.McdP"' PI(,.Mcd,~ pr .. noso:, 
CI' ,):)IC,Me.J," and PI = ~'mu')('. M .:.I." deshlddmg ofhtllh 
Ihc nn~ l'.lrnun and ml."th}1 prolll/l te .... '/lance' I' "n'>Cnl'll. 
II hl~h Impllc, c\ln,uJetahk dclu..:.llllallt III llf Plhlll\ I..' I.·harge lin 
Ihe tlng. .lOrJ ~llnlirm' Ihl' "',Ihlllltn!! effect o( the ('.M"., 
.. uh"11 Ul'nt The ,,(!onal duc 10 Ihe N Ii I"'rulnn In (4) I" found :I .. J 

\er~ t'lroad rl.",ln;ltleC :II 0 (," P P 111 ... t. dIm nticld .. hlft tlf mllte 

Ih.lll J 5 P P III rc1a lt\1' 10 the l.'urrl."'ptlllrJmg 'l~n.II tlf Iho: 
l'hlt'Ttlphn'phml' (6) nt:l~ Ix undl'r .. tnod .. , a n::~ult tlf P- '\ 
multlpk hund ch,lt.ICler, I l';tdm~ Itl .1 '1~",lIc'lIl1 ho,.nd 
,1Il"tl!r0P} .. , \\.: 11 .1' hI funhl'r eh;lf!!C dchll';IIII.IIllln hI 
TlItrtlgl'll \' .H1 .It'lk -ICIllpt:r.II IIrc ,t udle, tIn ( ' II :('1: "lluUtln' ,If 
1.11 furthl'r rl'\C;lkd tha tt h.! lk~cnl'r:tc~ 1Il thl' ' 1I .l1uJ I 'c n m f 
'f'CI.' t t.1 f'Cr"," dtl\\ nit' - 7X ,lIlrJ - 711 CI( ', fl."j"M.'\: 11\ t:I~ , \lllh J 

'1~llIlic. 1I11 nrnadl."nmg tx'lIlg tlh,cf'l'd for th.: re ..... nan..:..: I,f tho: 

An.JI)~" 1",,14 
I.r d.!!a · . 

6(:' At)pp.m. \1:"o1 H I t:m I C " ~ 

1111.0 .1 JISm 39 .~5 t.J15 lJ5 
(.t UO) Ib,~11 c.l -lSI 

111.\ n 
tO~ . 1I J ]72m 
tOJo J .10llm 
102.9 
10:! II .1 ,l::!Om ,UI.75 1M .t ::!5 

l..t~ liS, 17.351 H .WI 
10.1.0 
t O~ 9 .1 HOm 
to:! ') 3 ~1I0m 
!OJ u ] ~1I5m 3~ .60 ..t 00 6.65 

04 ,10) \4A5) (130) 

• A, [AICI~l ~a l" unlc\\ Cllhcrll.ISC ~ Ialed • Recorded on a Vamln I'T,K(), A ,pc~tHlme \ o: r 10 l"D:Cl 1 1lr ('I)("IJ' .. Iandanh Il,t;'rc 115"" II J ro~ Jnd 
{AIIOH ! )~ IJ ": ' 1-1 and " (' dala a rc ~t",cn III Ihe Elpcnmenlal ~lllln ' Rcmrtled rmm NUJu l mulb l>t:tll. (cn KHr pdlch "n a I'crLIO ,E)nl(f ~I/~ 
graung 'Jll'C l rom~ler • R.:t.julrcd "alul:'" arc 1;1\(n In parcnlhC\C"'i • A, lOSOl(T oJ saI l I Wllh dccllmpt""ll1n 
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aSI 

Cill 
CISo) 

CIZo) 

Ct/I) 
CIIOI 

POI 

CU21 

C(3) 

fi,urr I , PI, ' t ,'f th ... ~ ry\ t.J! ,Uul'w r ... or lPrNURU' Il ('. ,\k. )J{AICI .. J 
Imr"manr h,'nJ kflF lh ~ 1'\' ;lnJ ;In ~ k~ to) PI li ~I I! I.f, ~or ~ !. 
PlIH '11) 1 ~J(~ ~ ). nll -n ~1 !""('II ) I. n~H' ( 3 ) 1J9tl1.\l. 
P11~:-';IIH ·ll111~77I.11. !I'll) rll) (,(1I1U~ 1(1'. C\~)-nl,-('(l a , 

IO~ ~(I). nl ) ('r ~ 1 n .l llll'HI~1. n ~ l-n .ll cr ~.l\ HlK~IJ) 

nne carhnn .!I,'m ... The-.e rC"uh ~ dearly rule 11ut ~\;ItIC '1 ) 
Olilachmeni urthe C.Me.ligand to phusphorus, but tndleale a 
fluxional mok cuk. \\ hleh e>.:hlbit s a sequence ur degenerale 
[1.5]sigm;ltruplc rearmngcmenl s II tnHllnng specics of lower 
Iupticlt) . A.,. lhl:. rroCl. ... ~ b :.tlll rapid 1m the n.m.r. lime· scale at 
- 70 o{'. \\ hcch suggesb a \cr) 111\\ barrier ttl migration. 
\lncq\li\o~al a\~lgnmen\ of Ihe hondtng ~ltuallon m ~olution is 
not fea~lhk : IHI\\C\er, data arc ~imi"'r hi the lindmgll or Co\\ Icy 
and Ctl- \\IH~c r, I ~ on [PRIC.Med] · lun~. ilnd arc i;llnsi!'> lenl 
\\lIh higher cII·lInJtn;allun at the rhll~ phorw. l.'Cnlfe realurinf!, 
'l ~ ' or Ij''.hlmdlllg to Ihc (" ~ ~k. ligand rather than o· 
ro-orLllllall(ln . I 

('rl'Jwl ,"'·frll l 11/1(' 01 [PI NH 8u' I({" \ Mc.)][ Al( l .. ]. ( ·r) sial
hne [P(NIIOu' IIl".Me<J1{AICl4 J cons i ~1S uf dl~rele callons 
and fAIn.,} anhlns, \\1111 nlllllj,tnilica ni IOleraCllons beh\(~en 

the dIfferent I \ln~ . The calion t .... gure II e,hlbus I.:ryslallographlc 
mirror ~ymmelr). \\uh the tnlrrllr plane passIng through 06], 
ct3J. Pili, Nlil. ('1111. and CtI:!I. and hll<>Cclrng ("{I)-(·(Ial. 
The C)cioJ'ICTlladlenyl hg;lnd I, Tl ~ hlluml tn the phm,rhmus 
atom, "tth the Pn~Cil.lal dlstam.'C of I."NO(l) A sho\\rng 
consn.lerablc cJung.atlllll \\ Ith rcspect hI the nl>rmal single bond 
dl)t:mcc: ~ The li\·e·mcmhcred nn[! III planar \Hthm CApen

menial errur. and C- (" dblanccl> arc slIllllar II> those found for 
~ ~·C~MI! . su~tiluted I.:l>mptlumh of (jell 1.1 and Snll• 14 Also, 
only ~mall dlshlrl'llIh oflhe ( ·,rrngl- Clmethyl) bonds out of the 
nng plane. /)lng: ochlecn 0° [;11 C (:!) ;Jnd COJ] and 15.5" [at 
fill], are llhsened. thus suggesllng !.l' " nearly Ideal ,\'p ~ 
h}brrdualioll for allli\e nn~ carhon atoms. The angle between 
the :Jdjacent thn .. -c- and Ihc-membcrcd nngs, \\ hlch :Jrnounts to 
90.7°, IS "Idened \\ IIh respect 10 the analogous Ge 1.\ and Sn 
compounds. I" re\caling a lower tendcnc) of the smaller P atom 
towards adorting. a high co-ordinatIOn number. The I-butyl. 
amino hg:Jnd IS o nented In such a way as to minimize sleric 
Interaction:. between the suhstlluents. The P( I ~N( I) dislance 
of 1.620(21 A is Similar to those found (or dtaminophos. 
phanyliurn ions II and IS indicatI ve or substantial multiple bond 
character." The pOSition of the hydrogen alom has been located 
and confirms a planarco·ordination geometry around nilrogen; 
the low stcric demand of hydrogen IS renccted by the C(1I)
N.I1~P(l) angle or 127.7 13t. which is considerably. widened 
I .... th respect to the \'alue of 120° expected for .~p ~ hybridization 
at nitrogen. In contrast. the low value of 106.2° (or the bond 
a~gle at P(11 [defined as A- P{1 )-N(11 whcre A = point 
bisecting C( I)-C( la]] is attributable to a high pcharacter of the 
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IC,MO'-i-NNeu
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L PEt) 

(1) 

'·lp", 
,,, 

" I 
• 

'91 

~ 
CSMe-S- - p--p 

I I 
BulNH NHBu t 

'01 • 

(10) 

PI I t-C( 1,[01) bonds. and corresponds wilh the apparent Sp 2 

h~bfldllation of the nng atoms. On the whole, the structural 
parameter!'> o( [P(NH8u' I( C~Me~ )][AICI,,] are in good 
agn .. "'Cmenr With dcscrlplion {)f the T] ~-C~ Me5-phosphorus 
hondlng ll ituallon as a 'n-complex o f a main group elemen!".4 

( ·'lI'1l1 ;'-1I1 Rl'tlulr ily. - ( a) A d ti- ha.f(' rem (in1ls. The Lewis a nd 
Uronsted aCid behaviour of (4) was studied in reactions with 
dlfferenl typell of bases. ·Monofunctional" donors include 
ncutral molecules possessing a single basic site, centred at an 
ll >.: }g:en Iletrahydrofura n], nItrogen [NEt ). NI C H 1C H zI3 N. 
C.H ~ N. NH!Bu' . or MeC N]. o r phosphorus (PEt J or PPh J) 
atom. and the anionic Li[N(SIMc.d lJ. Ambivalenl basicity 
I ~ expected for Ihe aminochloro phosphine (6) and iminophos
phanl.'S P{=NR ·]R. \\hich exhibit different nucleophilic sites ,11 P 
and N. T~pically. reaclions \Icrc performed by adding the base 
III ("I-l ~CI ~ solutio ns of (4) ;11 O°C, and the producls were 
Idenllfied by Iheir JI P and ~·AJ n.m.L spectra. The resulls 
confirm that reactions proceed riu either fo rmatio n of Lewis 
;H.-Id · b"se adduets or deprotonatlon of cation (4). thus 
e:. tablishing the cxrccted ambivalent bcha\ioUf. 

Lc\\is aCId- base reilctions were obscn'cd with neutral donors 
bce Schcme 31. However, o nly \\ith "oft bases is a complex 
between I") and the donor formed [route (al]. whilc in the case 
or hard donors the [AICl,,] anio n can compete as a basco and 
the reaction prm,ttds r ill chloride transfer to (4), yielding (6), 
and a donor stabilized AICI) adduct [route (bl]. The 
Ctlmposltion ofthc reaction produces follows rrom J I P and ! ~AI 
n.m.r. data. Difficulties were fo und ror Ihe chlo rophosphane (6) 
a nd do nors of rOlther low basicity. In the first case, fasl exchange 
of il chlo ride io n is observed between (41 and (6), leading. to 
co:tlcscence of Ihe n.m.r. signals of both species. Additio n of 
weak donors MeCN or PPhJ to solutions of(4) only produces a 
changc tn JI P chemical shift. which is accompanied by some line 
broadening. Formation of a delinile acid- base adduct is not 
observed, and Ihe lindings may be interpreted as an equilibrium 
between the unperturbed molecules and a weak donor- acceptor 
eo mplex.' o Interaction of (4) with t-butylamine proceeds ria 
oxidative addition into a N-H bond to yield the phosphonium 
Ion PH(NHBu'h<C sMe, ) ' (9). which was unequivocally 
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ll(N(SIMe-)l21 

- HN(SIMe)h 

But 

I ........... N ........ 

Bu NH-~-C'M" 

OJ) 

/ 
P--NBvt 

~~~HBU' 

114l 

itS) 

chaT.u:leriud h~ ,po..'C lros~:l1pk dat a .'\1th~'ug.h no Inh."rmcdla le 
cou ld ~ deh:clcd h) n m.f. "rectTlhcopy . formallnn of" I.l'W,,, 
;ll'ld ba~ adducl l,f( ~1 and the am in.: m .. ~ be !,<hl ula tcc.! as the 
Imtlal step nf the n:a"t'tm 

The reaction of ,,,,) and trlel h ~ !amme furl her l,hfT..:r .. frum the 
general .. cht:mc In t hat (6 ) :l nd a sta tile AI(' I, amine adduct ,Ire 
not formed . hut rn .. tead a mmurc nf [~HEI .. ][AICI.d and a 
pmduci \\ hleh IS fo rmulated a~ the phlhphonlum Inn (10) nn 
thcba~I SOr ·ll p . I.'Cand 'H n.m.T, dala (jcnc r:tlll1nllfI IO )ma~ 
be c'( plainetl h} forma lllllll)f t61 .md ;10 ,\tCI .• amme :tddul.." In 

the fi rst slep. \\hich then rC.lCh \\ilh .. '-t."Cund "::1111'" (,f,411o 
~ icld Ii'll" final product ... Altho ugh 'pe~ t m,,~oplC detect 11m of 161 
\\a~ not fca~lble In th iS CiiSC. furt her tindm!!' ("llffohtU3 tC the 
prop\l!>ed reaction mt.'("haOl~m · (II formatIOn of (IO) was a lso 
ob-.ened \\ hen ;l l ' I rnl\lure of (4) and (6 ) W",,, Irealed ",jlh;l 
-wlu lion I:onlainm!! nne cqu l\ alcnl I)r AI~C1 .. and trlclh ylamlnc. 
indicating the m .. lah lhl~ of lhe .401("1 \ :JmU\e addu("t In lhl~ c:t~e. 

Iii) reaclion of {4) wilh Ihe ("onjugale hase I!H wa, f(lund to ~m .. 
;I different product hee hcl(l'" ). Ihu , ruling uut depr(ll(lnatron of 
(4 ) h~ ~El j ;l S the li r"l "h:p. and 11//) completion oflhe rea\."tion 
\\a, oh~C f\ed afler half an cqul\"lent of NE I.I was added. 

A different m\.'("h:.mi ~m wa .. e .. lahli .. hcd fo r the interaction Ilf 
(4 ) \\llh Li [NtS IM c.d 2J and the aminoim mnpho .. phanc 
1111. re .. pccti\'cI~ I<;(..'C Scheme 4). J lp !'-I .m.r. "jlCctro,,("(lpic 
mlmlt ori ng mdica ted forma l Ion IIf ;In Iden tical Iran~lent 

intermcdilltc in hOlh C;I"CS. which ~ub"cqucntl y rearranged 10 

gIVe a final product idenllfied as the polyqchc Cilliun (14,. As 
formal Ion of both (14) and it~ prccur~or were al .. n oh\ened in 
the rcaC\lon of (4 ) wllh Ihe immoph o .. phane 15). wllhout an 
additional ba~e hemg present. occurrence of (5) a~ ;I common 
inlermedia te IS assumed m a ll Ihree ca .. cs. Ihus confirming the 
firs l cl:3mple of 11 rho .. phanylium Ion reacting as a B ron~tec.l 
acid. For the further co ur,e uf lhe re:.ctlOn . formal ion of :! lewi» 
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Fil:urt l. 1'1('1 ,.f Ih~' ~'r} ~ IJt ,lrtH:lur.:: uf the- ':::.111,10 1141 tm~'rI.!nl 

!lImu J"I.ln\.1:' IAI Jnu JOl!lc, l O) l 'f l .. NIII Ib~ 71-'1. I'tlt-~I~) 
I Mxdl. PI~ I l\ol ~1 1 7551~1. I'll! <, ' I~I I X'::(>I~ I. I'tll CP1 I. K1Kt ~ ~ 

Pi~1 nll t XY.\I-'I. l'I~t-( 'I/'I1 I.X'Jt>I-'J. ("1.\1 ("till I fW(>ltoI. (HI ·n~1 
t .l~~I/'I1. ( ·I'JI ·( ·IIIII t.111 11f11. ~j~ .. rlil- NI II l~t6i~l 

("171 1'(11 ]\;I~I lIIHI4~). t"(7).l'it) C4~1 '1f1t>1!l. n.::. I'( ')- .... (~I 
lU~lJl~l. I'. '::) ~I'::) ril l lI)itl('::l. ("f lil :'111 11-1' 01 l-WIt.l l 
n II · PI ~" ~I!l 'J! 71! 1. ("(fI) PI !)' :'Ilj!I'U 11~1 

OI\.·ld ·h .. ,e cllm pkl: I~ prnpmed riel InleraetlOn of the imiM' 
ni trogen Ilf l!'il \\!Ih the c,,"'("tmphllic phu' phn n" cenl re Ilf lilt 
C;l lllll\ Inlramnkl"lilar , t"olli /a tlnn of po,it,\e ("h;lTge in 1he 
1I11tl:,1 aJJ IKt m.l\ ~ :achtc\eJ ~\ IOt eraCl llm of the CJtil'nh: 
centre "11h llOe I;r the C) dllpt!'n l;;dit:nyl flngs. w thaI on the 
h.,~i, Ilf Ihe .n P n.m r dala f AD pattern. h, 411.2. 08 .N 4 p.p m. 
J'II 2.' H71 Ihe resulting inlermed late I ~ lenlall\cI ~ fmmulated 
:I~ an allyl ("almn 113). Finally. (14) i .. formcd /"/(/ decln)(~dlC 
re:l rr:tnFemenl ofl 13). The fo rmation of . 131 JUring the rC:lcll(ll"1 
Ilf(4) \\ilh 111) \\a..; acc,lmp;lnk,(] hy formalilm 11(;," addlllon~1 
pHlduCI . "hl("h \\'a, J etcCled hy \ I P n.m.r. ~pc(lro-..:np~ Blllh 
the , haraclcml ic AS pall ern (t'i, - \). t'iH - 14 pp.m .. J \H !~.; 
H II and th.:: ~ 1(">l eh.::ltlmetr~ o r the re;!cllon pro"dc eHlknl;"~ 
th.1I "" forma lin n mu,\ a fl~ from Inlera(\ton o r 111) "11h a 
p!m"phanylium illn. (12). re~u ltln g from prolon tran sfer (will 
(4 ) Itl ! 11, (Scheme .. , As eomparahle reactltUh I,f 
pho'phanylium lon, with n rg:tnlc o r inorga nic multiple ilond, 
arc kmmn ttl give fi,e to th ree·membered rlOg s~stem..;." the 
reil("lion product "' :'IS h:nlallvel)" furm ulated as the ca th1n j l ~J 
IScheme 41.1< 

"ulatlun of purl!. cr~'tlllhne ( 14) was mll~t ca~ ll~ :u.:hICIL'd 
from the dlre\.·t (e'II:I,on of 141 \\lth (S). ;Ind liS formul .. tll1n 
iI'l"t!rt :llned hy analytlc;11 and ";[lC("ln)S(opl(" data I I I p. 1.le I II 

n m r .. I r t ", \\ell a~ an X-ray crY'l al sl ructure determlnatlM. 
Ihe re,ult , of whl(:h are tlep,cteJ to rlgure 2. Slliid 1141. \\hiCh 
\\ a~ round til CllO t;lIn ha lf a m(lleculc of (" 11 :("[: suh cnl p:r 
formula unit. clIn..;"h (If dlscrele cations and [AI ("I ... ] aOlI,"' 
Ihl\h ('-N ;IOJ P-C hond dj..;t;mcc,,; at the four-co'llrdlOa1e 

phosphllfu'. PI I ). a rc "gnrficanlly ~hllrtcncd wIth re,~CI wIlle 
\.·orre~ptlnd,"g hond dl~lancc~ in volving P(2). (\I·nrdlOa1111n 
ge\lmctr~ "mund Otlth OIlro{:en atom .. IS planar. \\llh the 
Ptl )-NII )-('f ll l angle Ilf 140. I(J)o il l the c"ocycl lc nitrl1fen 
OclOg eonsiderahly tlpened wl1h rc .. pect t(llhe e:q>C(led \ " Iut' (If 

I:!Oo. Bolh qdopcntcnyl ring!> feature ~igni lic"nt deHatl(ln$ 
from planarity and di~plilY an 'em 'clojlC' cunfnrmali lHl. thus 
cn;thh ng mlOlmil;lIion of the electron rcpulsion of the 1\\(1 
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double bond~. As a further consequence of repulsion afbolh the 
double bond n electrons and the two methyl substituents al 03) 
and C(K). which arc (orced mto an eclipsed configuration due to 
the rigidity of the nng skeleton. considerable elongalion of the 
central Cl3}-CHO bond [1.646(6) A] occurs with respect to an 
expectcd C -C -distance of 1.54 A for a regular single bond. 

Summarising the results of reactio ns of(4) with various bases. 
it can be concluded that the initial step may in general be 
identified as either a lewis or Bronsled type interaction. 
Formation of cation (14) as Ihe final product. following 
dcprotonatiun of (4) implies that interaction of (4) and (5) must 
proceed signtflcantly faster than the proton Iransfer Itself. 
Further studies on thi s type of reaction are necessary to decide 
.... hether thiS surprisi ng effcct arises fro m the unique qualities of 
the C 5Me. ligand. or may be established as a !!eneral feature o f 
deprotonalton reacllons of phosphanylium Io ns. Furthermore. 
the proto n transfer reaclion between (4) and (II) is of 
considerable interest. as it also renders posstble a comparison of 
the basicit) of the two immophosphanes. fI:. (5) and (II). 
The aminoimlnophosphane (II) was shown to be the stronger 
b3~. whu.:h IS consistent with a more effective stabili14uion of 
positi\'e charge in the corresponding acid. (12). and once more 
confirms Ihe extraordinary !>tahihty of diamlO o-substituted 
phosphanylium ions. 

(b) Rt'(IC/ioll.1 I\"i/ll /Tamiliml tII(' /II1 ("omplt'.H'.I . For conversion 
of the phosphanyliu m ion (4) IOto transitio n metal subst ituted 
derivativcs two different approaches seemed possible. n:. Ii) 
displacement o f the amino ligand / ' ;11 reaction of (4) with 
complex metal hydndes. If' and (ii) activation of the C~Me~ 
ligand by Insert ion of a reactive tranSition metal precurso r."" ~ In 
order to test the applicability o f (i) and (ii) to the synthesis of 
metallated phosphanyhum ions_ reactions of (4) with 
[W(COljH(C.H.I] and [W(CO)J(MeCN) ,d wcre studied as 
representative eKamp1es. Howel'er, in no case was any evidence 
for the formatio n of metallated phosphanylium ions obtained. 

While reaction of [W(COljH(C ~H ~)] with amlnophosphine 
precursor~ was rCp!.mcd to gIve neutral phosphido complexes 
[W(CO)j( PR ~ )(e ~H ~ I] .. rill elimination of ammc. u. the 
3n3logous reaction of ("') exclusively Yields the phosphOnium 
cation (161 as the product of an oXld;nil'e addition re:ICllon of 
(4) into the W- H bond (Scheme 51. Attempts to achieve 
subsequent reductive elimmatlon of ei ther C ~M e ~ H o r t-but yl
amine b} Ihermol)SIS or basc-catalysed elimmation were 
unsucL~ssfu1. and o nl y decomposIt ion of (16) was o bserved. 
Reaction of(4) with [WiCO) jI MeCN)j ] at _ 20 °(' in C H1Ci 2 
cleanly Yielded the caliomc phosphido complex (17al ( ' /U 

displacement of o ne of the co-ordinated nitrile ligands. 
Decomposition occu rred gradually o n increasing the temper
ature to 20 °(', and a new complex. (17b). was fo rmed by 
substitution of the rr(flU·CO ligand by MeC'N. wh ich was 
liberated prc\'lously. D,rect formation of (17b) was observed in 
the reaction of (4) with [W(COIJ(MeCN),] in acetonitrile at 
60 °C. In contrast to the reported synt heses of transition
melal substItuted phospha-alkenes and iminophosphnnes. for 
which comparable products were detected as transient 
inlermcdlates.I>·~ (17a) and (I7bl proved to be stable with 
respect to further elimination of mtrile ligands and transfer of 
the C~Me~ ligand from phosphorus to the metal. and except for 
partial decompositIon no definite reacllon was o bserved on 
prolonged heating in toluene or acetonitrile. 

The formulations of (16). (17a). and (17b) were con firmed by 
analYlleal and spectroscopic data. For (16) the presence o f a 
P- H bond follows fro m the large coupling of 539 Hz obse rved in 
the proton-coupled Jl p spectrum. According to 'H and "(' 
n.m.r. data. the C ~ M c~ ligand adopl s a static 11 configuration. 
and diITcren t resona.nces arc found for all five carbon atoms and 
lTlethyl groups. respecti vely. due to the presence of a chiral 
centre at phosphorus. The I.r. spectrum displays thrcc bands in 
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x 

(16) 

Scheme S. L '" M eCN. X .:= AIel. 

the CO stretching regIO n. the positions of which are in accord 
with a cationic complex of type [W(CO)3L( Cs H sl)"· . The 31 P 
chemica l shifts o f complexes (17a) a nd (17b) are found in a low
field region characteristic for most neutral and cationic 
phosphanylium complexes.' The large val ue of IJWp implies 
Significant It character of the ph osph orus- metal bond.'/) 
con firming a close sim ilarity of( 17a) and (17b) with transit io n
metal carhene comple Kes. whIch may he eKplained in terms of an 
Isolobal analogy. I ~ The I lC n.m.r. o f both complexes ex hibits 
three resonances for the C ~ Me s ring carbons. confirm ing 0 
a ttachment of the liga nds in this case. In the i.r. spectra. in 
addition to three [(17a)) or l WO [( 17b)] intense bands in the CO 
stretching region. two weak bands are observed between 2278 
and 2.120 cm- I

, whIch may be amibuted to CN stre tching 
Hbrallons of co·o rdinated nitriles. In the case of (l7b). a small 
splilling obserl'ed (or bOlh ca rbonyl bands indica tes the 
presence of conformational isomers. Compared with the tris
tacetonitnle) complex [W(CO)l( MeCN )ll. both absorpt ions 
are shifted to higher energy. thus indicating enhanced tt acidil}" 
of ca lion (4, as a ligand in comparison with CO. Hence. the ease 
of di splacement ort he rrans-carbonyl in (l7a) may be attributed 
to stabilization of the metal~phosphorus back bonding due to 
the substi tution of the IrUI/.f-CO by the weaker n-acid MeCN. 
which is also rcnected by the significant enhancement of the 
va lue o f l lwp fo r (l7b). The considerable electronic 
stabIlization. which is expected as a result of the formation of a 
formal metal phosphorus d ouble bond II> 10 (17b). provides a n 
explanation fo r the preference o f the ligand -exchange reaction 
compared with migrationoftheC ~Me~ liga nd beingfavourcd for 
co-ordinated phospha-alkenes and iminophosph anes.() ·~· I' 

Experimental 
O perati ons were performed under dry argon. Solvents were 
dried over CaH 1 (methylene chl oride) or sodium- benzophenone 
ketyl (ethers or hydroca rbons) and distilled under a rgon before 
use. I H N.m.r. spectra were recorded on a Varian EM 390 or 
Bruker AM 300 and IJC n.m.r. spectra {6Ip.p.m. on a Varian 
FT80A spectrometer (in C D 2C1 l or COCll)' I.r. spectra were 
recorded from Nujol mulls between KBr pellets on a Perk in-



698 

Table 2. Crystal data. structure analysIs :Jnd n:fintmenl 

[P(NHBu')(C ~ M(' , IJ - [A1C'1.] . 
Compound lAICl~J sail of ('4) 

Formula (CuH:)Npr [ClIH ... NJ P,l' 
(AI("'I.J [AICI .. ] - . 

05CH~ClJ 
.11 407.1 686.9 
Cr~Slal s)sttm l'olunochnic TridnlLl; 
Sp .. " .. '(' group C2 m pI 

" ~ 15.:05701 9.6n(31 

"' \0674(61 11.89344) 
, A 14.-'}.Ie 10) 16.01914) 
, • 90 JO~.7X: 1 

p' 111.9114) 9HS(:!) 
"f • 90 'J441(J) , om' :'.165 1.16:' 
L , , 
D. g em) I :'5 1.:'9 
flOOOI '" 7:04 
",mm I 0.61> o 5S 
Cr~ s l a l S11( (mml 05 ... 0.6)<.06 04 x O.S " 0.6 
Colour Yello" Colourless 
Sumbcr of reflectIons 6"'" t\ 97X 

meal>ured (:'0 .... , _ 50") 

S} mmelr) -Independent I 963 61911 
'Ob~r\ed' .... lIh 1 7]0 .. 50:! 

IFl > -IolF) 
Par:amelers II:! 350 
R 0"" 006<> 
R' l" I _ olin .. 0.050 0067 

,l.'F l ] , 0.000:0 0.0005 

Table J. AtomiC co·ordmalC) ( )( 10", for lPINHBU'I(C.Me, IJlAICI.I 

AlOm 

AI 
CU ll 
('II:!) 
Cil31 
PI II 
NIl) 

("(III 
Cll21 
CtlJ) 
nil 
CL?1 
03) 
04) 
(15) 
C(6) 

, 
I K1911) 

6:::411 ) 
306:::( 1, 
1 RDII) 
5961 11 ) 
6 tl56(::: 1 
H8X!1 
7997(J1 
II JI9)2) 
4K!WI) 
4 312(1) 
397411) 
5 1 I Kf:::, 
4 1)7(:::) 
J 378131 

o 
o 
o 

I (.4311) 
o 
o 
o 
o 

I 1711)) 
693(:!) 

l064(1) 
o 

1 5:::3):!) 
::: ]90C!) 

o 

151511 ) 
::: 9311)1) 
3896(1) 
1 7(Xl( II 
14:::1(1) 
J 49712) 
J 68513) 
:! 69501 
418912) 
270)(:!) 
161'16(21 
1 (9111 ) 
3603(1) 
133311) 
- IIfJ) 

Elmer 298 grating spectromeler. Microanalyses were performed 
by Ihe microanalytical laboratories of Ihe Universities of 
Bieldeld and Bonn. 

erysla l struclures of the lelrachloroaluminales of(4) and (14) 
"ere determined with a Nicolet R3m diffractomeler ((0) scan 
mode, Mo·K. radiation. i. = 0.710 69 AI. and solved and 
relined with SHELX 76 and SHELXTL.1e The structures were 
solved by direct methods. All non-hydrogen atoms were relined 
anisolropically [ solvent C atom of (14) wuh site occupancy 
faClor = 0.5 isotropicallyJ. Hydrogen atoms were localized by 
difference electron ·density determination: N hydrogen atoms 
were refined free, and all others by using a 'riding' model. 
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Tahlt' 4. Alomlc co·ordlnatcs III 10·) (or the (AICI,] - salt or (14) 

Alum x ,. , 
CI - 1099(5) 5768(4) 9997(J) 
C - 601(37) 4695(291 -363{191 
Pili 1940(11 8238(1 ) 7182(11 
P(1) 3446(11 9304(1) 869~1) 
Nil) 978(4) II OB(3) 6231(21 
Ctll) - 545(5) 7719(41 5804(Jl 
C(I ~) - 80516) 6416(4) 544JIJ) 
('II 3) - 1558(51 8 125(51 642513} 
C(14) - 708(6) 83)115) 5054()1 
Nt:!) 2 121(4) 9517(3) 7893(2) 
CC!I) 1 SOl(S) 10651(4) 7894()) 
Ci12) 151(7) 1063K(51 8286(4) 
('1131 I 24-H7) 10 ~5OtS) 69t15(31 
('(14) 255117) 1(64314) 11467(4) 
CUI 1454(5) 791114) II '7119t)) 
(11) I 742(4) 7 ~().I(3) 7858(J) 
C(3) 17M/5) 6 :::3913) 75971)) 
('(4) 3411(5) 6116(4) 8494()1 
{'(51 3338(5) 70-$4(4) 9 112(31 
(6) 466J(5) 8796(J) 711116(J) 
(7) 3746(4) K 011f)) 7 032(31 
0)/) 3 972(5) 6 737(3) 7 095(31 
CI~I 54111(5) 693714) 7657f)) 
C(IO) 5719(5) 11002(4) 8 125(3) 
CI I'J I 421(6) 8337(41 9413()) 
on B1t51 6694(41 7850(3) 
Cln 1 947(5) 5085(4) 7055()) 
04 '1 4 02917) 50]5(5) II 650(4) 
Cln J 999(6) 7278(5) 10049(3) 
('(6 ' ) 5 413(5) 99J)(4) 7768(3) 
('(7 ) 4119(5) 8341(4) () 107(3) 
( " II ' ) ] 994(61 5946(4) 6 199(3) 
('19 ' ) 6363(5) 5971(4) 7637t41 
ClIO'1 6975(51 1147415) Hti24tJI 
AI 6 747(2) 2 SOl( I) (, 521 (1) 
('II II 7 167(21 1117( 1) 5896(1) 
('\(:::) 7 1181(:!) 3 7390) 6031(1) 
CIt J) 7367(3) 21114121 7 IIlt8! II 
CI)4) 457()(1) 2635(2) It :::61(2) 

[klalls of the crystal dala. structure analysis and refinemenlafl: 
given in Table 2 and atnmie co-ordinates in Tables 3 and 4. 

Addilional male rial avaIlable from the Cambridge Crystal
lographk Data Centre comprises H'atom co·ordinates.lhermal 
parameters, and remaining bond lenpths and angles. 

Pr{'purUllflll of [PINH8u')/C ,Me~)][AICI .. ).- The ammo
ehlorophosphane (6)~ (6.HJ g. 25 mmo!) was dissolved IP 
CH lCl l ( 15 cm') and added slowly to a vigorously stirred. ICC' 
(;oolcd suspensIon of AI~Clt> lJ.JJ g. 25 mmol) in CH~Cll (50 
em '! ). After thc addition was complete. the light yellow solutIOn 
ms warmed 10 ambient temperalurc and concenlraled il/ I'UC/IO 

.0 a final volume of 25 cm'. Addilion or hexane 05 em)) 
produced a yellow precipilate. which was collected by filtration. 
Recrystallization was from CH lCI1- hexane. 1 JC N.m.r.: 6 130.2 
(d. 10.2 Hz, C (ring)), 5H.3 (d, 4.3 Hz, NC). 31.1 (d, 8.8 Hz. 
NCMc,). 10.4 (Me (ring)). lH N.m.r.: I') 6.4 (broad. 1 H. NH~ 
2.07 (d. 3.4 Hz.. 15 H, Me (ring)). 1.36 (d. 1.7 Hz.. 9 H. NCMe,). 

Pfl'ptlrlllion uf [P( NH Bu' )(C, Me,)][OSO !CF J).-tHrtlmd 
A_ Compound (6) (550 mg. 2 mmol) was addcd to a stirred 
suspension of Ag{OS01CFJ) (510 mg, 2 mmol) in CH1Cl 1 or 
CD1C11 (4 cm l ). After slirring for 30 min. precipitated AgCl was 
separated by centrifugalion and the product characterized by 
11 P. I H, and 1 lC n.m.r. spectroscopy. 
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}.ft'tllOd B. C F JSO, H (157 mg. 1 mmol) was added to a 
solution of (5) (237 mg. 1 mmol) at - 78°C. The reaction 
mixture was investigated by lip n.m.r. (0135 p.p.m.). The IlC 
and I H n.m.r. were identical with (4). 

R~OI· ti(Jn5 uf(4) with BU5I?s.-Gl!lleral lII t'thod. An ice-cooled 
solution of [P(NHBu')(C~ Me s)][AICI .. ] (410 mg. 1 mmol) in 
CH1Ci ) (4 cm l

) was treated with one equivalent of the 
corresponding base. In the case of tel rahydrofuran Uhf) and 
pyridine. up to five equivalents of the base were added 
portion wise. and the reaction monitored by 2' AI n.m.r. 
spettroscopy after each step. The products were characterized 
by lip and l'AI n.m.r. spectroscopy. 

Rem·firlll II i lll tM Jl P N.m.r.: 0 139.7 PCI{NHBu')(CsMes): 
" AI n.m.r.: • 102.0 [AICI,r . 89.4 [AICI,(thf)], 65.7 
(AIClj(thf)l] (8a).'98 

Rea("/irm 1I·;tll J,4-dlO.:nhicrdu[ 2.2.2]m·IQrle. ' Ip N.m.r.: 0 
IJ9.7 PCI(NHBu'J(C ,Me,): l' AI n.m.r.: no resonance observed 
due 10 insolubility. 

Reaction ,dlh pyridint' (Pr). " P N.m.r.: 0 139.7 PCI(NHBu')
(CsMc: s); P Al n.m.r.: 0 101.0 [AIC I"r. 25.0 (AI01(pY)4J' 
(8b).19) 

Reaction 1\";111 PCI(NHBu')(C,Me,). JI P n.m.r.: 0 128.4 
(broad singlet); n AI n.m.r.: 0 102.7 (AICI .. r . 

Reacl;nllll'ilh NH 1 Bu'. The amine NH1Bu' (365 mg. 5 mmol) 
was added , 'W a syringe to a solut io n of [P(NHBu')(C,
Me,)](AICl oI] (2.03 g. 5 mmo l) in C H1Cl l (lOcm'). The volume 
of Ihe colourless solulion was red uced to 5 cm' i/1 l 'UCIW. and 
hexane (15 cm l

) was added. The product was precipitated as a 
coloutlcss. microcrystalline solid . Fi ltration and drying il/l"Ol'l/o 

g.a\·e pure (9). I JC N.m.r.: 6 143.4 (d. 8.3 Hz. C=C' ring). 132.4 (d. 
3.9 Hz. C=C' nng), 56.6 (d, 64.5 Hz, PC), 54.6 (d. 5. 1 Hz. NC), 
30.8 (d. 4.5 Hz. NC'AI,',). 15.2 (d. 1.8 Hz. PCMe ring). 10.4 
(::CMI' nng): ' H n.m.r.: 0 7. 18 (dl. 11,11 539 Hz. 1 J'tH 8.1 Hz. 1 H. 
PH). 2.46 (broad I. ~ J," = Z J'lIt 8 Hz. 2 H. NH); 1.97 (6 H) and 
1.90 (d , 4.3 Hz. 6 H) (:CMe ring); 1.42 (d. 23.0 Hz. 3 H. PC Me 
ring). 1.34 (d. 1.4 Hz. 18 1-I,. NC MeJ ). 

R" IIt ' / /fJII lI/1h NEt l ' After evaporation of all \'o latiles ill m,·uo. 
a pale yellow. oi l} residu e remained. which was shown to conSist 
)f a mixture of (IU) and (NHEt J][A1CloI] by means of n.m.r. 
ipcctroscopy. IlC N.m.r.: (NHEt,]' : (, 46.8 INC). 9.6 (NCO; 
10): 6 145.4 (dd, tlp(' 12.5 Hli. 143.5 fdd . '£.lpe 10 Hz). 139.4 

;dd. tJp(' N.O Hz). 1389 (dd. rJPe" 14 Hz). 137.5 (dd. LJp("" 8.0 
Hz). 136.2 (d , 9.0 H.l). 134.9 (dd, LJre: 6.0 Hz). and 131.8 (d. 1.0 
Hz) (C=(, ring): 60.9 (dd. LJPf..' 19 Hz) and 59.2 (dd. LJre 35 Hz) 
(PC ring); 54.6 (dd , tJI'("" 15 H7. ) and 53.0 (dd. r.ll'("" 22 H z) (NC); 
32.1 (d. 3.0 Hz) and 32.0 (dd. L1K!:tO Hz) (NC Aft' }); 24.5 (d. 20 
Hz. PCl l l); 16.1 (dd. '£.Jp(" 39 Hz) and 15.9 (dd. L1K 2.0 Hz) 
(PC MI' ring); 12.6 (dd. LJI'("" 4.0 Hz). 12.3. 11.8 (d. 3.0 Hz). 11.7 
(dd. Ll,... 4.0 Hz). 11.4 (d. "f.lpe 2.0 Hz), 11 .1 (dd. rJK 2.0 Hz). 
and 10.8 (d . LJ,... 1.0 Hz) (Me ring). ' H N.m.r.: ( NHEI))" : 0 
10.54 (broad. I H. N I·I). 3. 14 (dq. 1 J lt lt 6 and 8 Hz. 6 H. NO' l)' 
1.37 (t. 8 Hz. 9 H. NC' Me); (WI: 0 8.31 (broad. I H) and 2.57 
(broad d. 3 Hz. 1 H II NHI, 3.48 (d. 16 Hz. 1 H. PCHz)(pa rt of an 
AB spin system; the second resonance is masked under the CH z 
resonance of(N HEt .\J·). :!.03- 1.67 (m. 27 H. CMe ring): 1.28 
(9 HI a nd 1.10 (d. 1.0 Hz. 9 H) (NCMe.ll. 

ReuNiol1 lI"i," Li[N(SiMe.d!J. Solid [P(N HBu')(Cs
M(5)][AICloI] (410 mg. 1 mm ol) was stirred for 2 h with a 
solution of Li[N(SiMe j )!] (170 mg. I mmol) 10 toluene (4 cm l ). 

Rcacl ion with P(:N Bu' HC , Me , ) IS). Compound (5) ( 1.19 g. 5 
mmol) was ad ded ,.;(/ a syringe to a so lutio n of [P(NHBu')(C ~

Mes)] (AICl oI] (2.04 g. 5 mmol) in C H 2C1} ( 10 eml ). 
Quantitative fo rmation of ( 13) after 10 min was indicated by 
li p n.m.L spectroscopy. After 2 h additional stirring. the 
\'olume was reduced I1Il't1C11f1 to 5 cm.l. and hexane ( 15 cm l

) was 
added. The preCipitate was filtered off and recrystallized twice 
from C HClj- hexane. After drying ;1/ ' ·U("/iO. pure (14) was 
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obtained as colourless crystals. I'C N.m.r.: 0 139.4 (dd. to.8 and 
4.6 Hz), 129.8 (dd, 8.9 and 3.9 Hz) (C--£); 67.3 (d, 19.3 Hz. C 
allyl); 60.8 (dd, 18.1 and 10.9 Hz) and 59.6 (d, 86.4 Hz)( PC): 58.3 
(d, 9.7 Hz) and 58.0 (d, 10.2 Hz) (NC); 32.7 (dd, 8.1 and 2.2 Hz) 
and 33.4 (d. 2.8 Hz) (NCMl.'j): 20.6 (d, 26.1 Hz). 19.1. 16.5. 
14.3. and J 1.6 (CMe). IH N.m.r.:" 3.06 (broad. 1 H, NH); 1.66 
(d, 0.6 Hz, 9 H) and 1.53 (d, 1.4 Hz. 9 H) (NCMe,); 1.57 (d, 2.0 
Hz. 6 H), 1.51 (6 H), 1.27 (d, 16.0 Hz. 6 H), 1.26 (d, 17.8 HZ,6 H), 
and 1.1 7 (d, 1.0 Hz, 6 H) (C Me). 

T r icarbony/( '1 ' ·qclupen (adien r/)( (0 -pen tamel"; 'Ie J 'c/o
pelltadit'll rl)( (-hul ylamillu) p"oJp"on;o ] IUllg Slell(O) T etrac"loro
ull/millale. (l6).- A solution of [W(COhH(C,Me,)] (1.00 g, 3 
mmol) in C H 1Clz (5 cm l ) was added dropwise to an ice-cooled 
solut ion of [P(NHBu')(C,Mes)][AICI .. J (1.22 g. 3 mmol) in 
C H 1Ci l (5 em '! ). After warming to room temperature. the 
solvent was evaporated ill vucuo. The residue was dissolved in 
C H zCl! and precipitated by addition of hexane. Filtration a nd 
drying ill l"(I('uu afforded 1.95 g (88%) of (16) as a brigh t yellow 
sol id. I lC N. m.r.: 0 217.4 (d , 2.7 Hz). 214.3 (d. 26.7 Hz). and 212. J 
(d . 21 .9 Hz) (CO): 144. 1 (d. 8.6 H z, 142.0 (d. 6.9 Hz). 138.6, a nd 
134.0 (d, 3.4 Hz) (C~): 93.3 (C , H , ), 62.9 (d, 15.2 Hz, PC), 55.3 
(d, 12. 1 Hz, NC), 31.5 (d, 2.8 Hz, NCMe,): 17.9 (d, 5.9 Hz), 13.0, 
11.9, 11.3 (d. 1.8 Hz). and 10.9 (d. 1.3 Hz)(Me ring); 'H N.m.r.: 0 
7.43 (dd. I J HP 392 Hz. 1 J HH 11.3 HI ... I H. PH). 5.97 (5 H. C , H, ): 
1.96 (3 H), 1.80 (d, 5.1 Hz, 3 H), 1.15 (3 H). 1.74 (d, 6.7 Hz. 3 H), 
and 1.50 (d. 17.0 Hr., 3 H) (Me ring). 1.4 1 (9 H. NCMe j ) . I.r.: 
v(CO) at 20465, 1 980s, a nd I 960vs cm- I

. 

Preparat;ulI oj Complex (17a).-The compound [W(COh
IMeCN)l ] (391 mg. 1 mmol) was treated with a sol ution of 
(P( N HBu')(C~ Me5)][AICi4] (406 mg. I mmol) in C H 2Ci 1 (4 
cm.!) at - 20°C. After stirring thc deep red solutio n for I h at 
_20°C, \'olatiles were eva porated ;n euClIO. to give ( 17a) as a 
red microcrystalline solid. I lC N.m.r. ( - 40 °C): 0 206.1 and 
205.5 (d. 9.3 Hz) (CO); 139.7 (d. 3.4 Hz) and 137.1 (C=C): 128.1 
(eN). 76.6 (broad. PC). 56.1 (d. 1.2 Hz. PNC), 30.3 (d. 4.3 Hz. 
C A/t'31. 16.7 (d. II Hz, PC Me ring): 10.4 and 10.3 (:CMe ring): 
3.9 (NCMe). IH N.m.r.: 0 6.06 (d. 10.2 Hz. 1 H, NH). 2.58 (6 H. 
C H jCN). 1.85 (broad. 15 H. Me ring), 1.29(9 H, Me ring). l~A I 
N.m.r.: 0 102.9. I.r.: VeN 2 320w, 2 278w: Veo 2 0085, I 935m. and 
I 890scm I . 

Prt'puru/ioll oj Complex (17b).--(u) A CH 2Ci 2 solution of 
(17a) was allowed to warm to 20 °C and kept a t this 
temperature for several days. Conversion to (17b) was 
monitored by 31 P n.m.f. spectroscopy. 

(h) A solulion of [P(N HBu')(CsMe ~ I][A ICloI] (1.01 g. 2.5 
mmol) and [W(CO)3(MeCN)lJ (0.97 g. 2.5 mmol) in 
acctonit rile (25 cmll were renuxed for 2 h until :1 deep red 
solution was fo rmed and evolutio n of CO had ceased. After 
cooling to room temperaturc. the solvent was evapo rated ill 
wnw. Recrystallization of the red. oily residue from to luene at 
- 20°C gave a pink. microcrystalline powder. which was once 
more recrystallized from a C HCll hexane mixture. to give (17b) 
as red needles. DC' N.m.r.: 0 217.4 (d. 16.9 Hz. CO): 139.5 and 
137.9 (CSC ); 125.2 and 124.8 (MeCN): 80.5 (broad. PC), 53.6 
(PNC). 3 U!(d. 1.3 Hz. (NC' M eb). 18.4 (broad. PC,Mering). 10.9 
(broad, =C'Mc ring): 4.6 and 4.3 (MeCN). IH N.m.r.; 0 6.37 (d. 
5.9 Hz, 1 H. N H ): 2.62 (3 H) and 2.48 (6 H ) (MeCN): 1.84 
(broad. 15 H, Me ring). 1.26 (9 H , Me ring). 11 Al N.m.r.: 0 103.0. 
I.r. : VeN 2 316w. 2 286w cm- I ; " cu I 929s, 1 922s, I 852s. and 
1 840scm- ' . 
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