
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



THE SYHTHES I S AND REACTIVITY 

o:F PNICTOG.C::N LIGAND 

COI1PL3XES OF TRANSITION 

L~TAL CARBONYLB 

S imon Shu Tong , Wong 

A thes is presented in partial 

fulfilment o f the requirements 

f or the degree of h aster of Science 

Chemistry/Biochemistry/Biophysics Department, 

Mass ey University . 

December 1975. 



ii . 

TABLE OF CONTENTS 

ABSTltACT lV 

ACKNOWLEDGEI·i6NTS 

LIST OF F IGllimS 

LIB·l1 OF TABLES 

V 

Vl 

vii 

CHAPI'ER 1 . Introduction 

CHAPrBR 2 . Lonosubstituted Comp lexes 

2 .1 

2 . 2 

2 . 3 

2 . 4 

2 . 5 

2 . 6 

Introduction 

i3ynthes is 

Infra- red Spectra 

31p nmr Spectra 

UV Spectra 

Experimental and Anal ytic al 
Data 

CHAPTZR 3 . Chelate Complexes 

3 . 1 

3 . 2 

3 -3 
3 . 4 

3 - 5 

Introduction 

Infra- r ed 0pectra 

1H nmr Spectra 

Hass- Spectra 

Experimental Anal ytical Data 

CHAPr~R 4 . Reactivity Studies 

4 . 1 Introduction 

8 

11 

11 
12 

13 

16 

16 

19 

26 

26 

27 

34 

35 

37 

43 
4 3 

4 . 2 Reaction with a Limited Amount 44 
of HX to form Protonated 
Complexes 

4 . 3 Infra- red Spectra of Protonated 45 
Complexes 

4 . 4 Conductivity of Protonated 52 
Complexes 

4 .5 13c nmr Spectra of Prot onated 55 
Complexes 

4 . 6 31p nmr Spectra of Prot onated 59 
Comp lexes 

4 . 7 1H nmr Data 60 

4 . 8 UV Spectral Data of Prot onated 6 1 
Complexes 

4 . 9 Reaction with Exc ess HX 63 

4.10 Bridg ing W(CO)
5

PAPW(CO)
5 

Complex 65 



iii. 

Page 

4 . 11 (W(C0) 5PAP) 2CoC12 Complex 69 
4 . 12 Methylation 70 
4 . 13 Oxidation Reactions with 71 

Iodine 
4 . 14 Experimental . Analytical data 74 

of the Protonated Complexes 

CHAPI'Er?. 5 . hono and Bis Chelate Vianganese 
Cor.1plexes 

5 . 1 
5 . 2 

5 -3 
5.4 

5 -5 
5 . 6 

Nono Chelate hanganese Complexes 
Infra- red Spectra of Mono Chelate 
Manganese Complexes 

Bis Chelate Manganese Co• plexes 
Infra- red Spectra of Bis Chelate 
hanganese Complexes 
I-m(C0)

3
(6 PAP)S2P(CH

3
)2 Complex 

Experimental and Analytical Data 

CHAPT~R 6 . Instrumentation and Materials 

6 . 1 Instrumentation 
6 . 2 I:iaterials 

APPENDIX . Synthes is and Characterisation of 
2- iainethylphosph inothioylar.1ino7-
pyridine 

.,_t:2:ACTION SCHEI--iE 1 . Reactions of \·I( CO) 
5

L 

REACTION SCHZME 2 . Reactions of Free PAP Ligand 

HZACTION SCHEHE: 3. Reactions of PAP and 6 PAP 
Ligands with Mn(C0) 5Br 

BIBLIOGRAPHY 

ABBREVIATIONS 

88 

8 8 

88 

94 
95 

99 
100 

104 
104 

105 

'107 

1'11 

1'12 

113 

1 '14 

118 



iv . 

AB3T1V.CT 

1-letal carbonyl co mp l exes of the type L(Co )
5

L , 1·.(C0) 4L 

and (1i(C0) 5) 2L where t:1 is Cr , l\10 and "d , and Lis a pnictogen 

ligand ((I) or (II)) . 

(I) J.l = tl 

(II) .r: = cn
3 

have been synthes i sed by the addit ion of L to UV- irradiated 

tetrahydrofuran s olutions of the appropriate metal carbonyl . 

Comp l exes of the type -; (C0)
3
LBr (III) and h(C0 ) 2L2:Gr (IV) 

where I-1 = Mn and L = ( I ) or (II ) have also been synthes ised 

by refluxi ng hn(Co ) 5Br and Lin a 1 1 molar rat io t o for~ 

(III) and in a 1 : 2 molar rat io to form (IV) . The 

;;J (C0)
5

L co mp lexes react with acids HX (where X- = Cl-, Br 

I -, B§4 or ~F 6- ) to give the cat ionic ligand complexes , 

~-/( Co ) 5LHX. The conductivi ty of the comp lexes is anion 

dependent . The complexes were characterised by Infra- .1:1 ed 

spectroscopy , Visible-UV spectroscopy , 31p nrnr, 1H nmr , 

13c nrnr , and I·-1ass-spectra. Excess acid (e . g . HBr ) cleaves 

t h e P- N bond yielding primarily W(C0) 5P(C6H5)2Br and the 

protonated amine . The complex W(Co) 5L (where L = (I)) acts 

as a ligand towards Coc12 in the complex ( v(Co)
5

L) 2coc12 as 

wel l as in the bridging complex ( W(Co)
5

) 2L. 
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CHAPTER 1 

INT.RODUCTIOr 

8 . 

A variety of pnictogen ligands containing phosphorus 

and nitrogen atoms have been reported in the literature . 

These pnictogen ligands have two basic structural types : 

(i) Corapounds containing the P - N linkage in which the 

phosphorus and nitrogen atoms are directly bonded, e . g . 

tris(dimethylaminophosphine) 1 , tris(aziridino)phosphine2 , 

N, N-dimethyl - , N- diphenylphosphinohydrazine3 and phosphino ­

and phosphinatoazoles4 • 

(ii) Compounds containing the P - (C)n- N linkag e in which 

the phosphorus and nitrogen atoms are interspersed with 

carbon atoms5 - 7. (n = 1 or more) . For example, 

cyanophosphine5 and O- diphenylphosphino - IT, N- dimethylaniline6 . 

Pnictogen ligands containing a P- N- C- r linkase incor­

porating both these features into one structure have been 

reported by Ainscough and Peterson8 • These are 

2- (diphenylphosphinoamino)pyridine (PAP), 

2 - (diphenylphosphinoamino) - 4-methyl pyridine (4 PAP), and 

2 - (diphenylphosphinoamino) - 6 - methyl- pyridine (6 PAP) . 

RL) 
~ ~P(C5H5)2 

PAP , R = H 

4 PAP , R = 4 - CH3 
6 PAP , = 6 - CH3 

4 PAP and 6 PAP f orm mono and bis comp l exes wit h Ni (II ) and 

Co( II) . In the maj or i ty of c ases , the l igands are bidentate , 

via the pyridine nitrogen and phosphorus at oms . As most of 

the work done wi th pnic t ogen (P- N) l i gands has be e n con ­

cerned with the synthetic aspects , very little is known about 
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the reactivity of the P - N bond both in the free ligand and 

on coordination . Also , little is known about the ligating 

properties of the P - N- C- N linkag e with low valent metal 

carbonyls . In view of this , the synthesis and reactivity 

of some Group VIB • etal carbonyl co• plexes , as well as the 

synth esis of some complexes of brorr.opentacarbonyl 

manganese(I) have been examined . After this work had been 

commenced , Angelici9 et aL, reported a kinetic study on one 

of the metal carbonyl complexes containing PAP~ 

hetal complexes conta i ning cationic ligands are not 

co mmon . Since tung sten carbonyl co• plexes containing 

posit i vely charg ed ligands have been reported by Keiter et a1 : 0 - 12 

for example /[CO) 5-ivP( c6H5 ) 2cH2cH2P( c6H5) 2cH2c
6
n5J L'.PF 6 -J 

and Kne oel and An gelici7 e . 6 . h o(C0) 5(c6H5) 2L)?cH2CHi ~(CH:~) ­

(c2B5)2_l[ , it was of interest in t h is project to synth esis e 

analogous carbonyl complexes containin6 positively c h arg ed 

protonated PAP and 6 PAP lig ands 

(i) to study the effects the positive charg e has on the 

carbonyl and N- H stretching frequencies as well as UV , 

1Hnmr , 31p nmr and 13c nmr spectra . 

(ii ) t o c ompare these results with those obtained by 

previous workers . 

Complexes c ontaining p ositively charged ligands have 

been prepared in this pro jec t us i ng HC l, HBr , HI , HPF
6 

and 

HBF4 with pentac arbonyl,L2-( diphenyl pho sphinoamino)pyridine7-

tungsten ( O), ( W( Co ) 5PAP) and pentac arbonyl,L2-( d i phenylpho s ­

phinoamino )-6 - methyl-pyridinetungsten( 0 ) , ( W( CO ) 56 PAP). 

( See Chapter 4 ). 

The overall a i m of th i s work was therefore , first , t o 
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investigate the types of metal carbonyl complexes formed 

with PAP and 6 PAP (the r!letals being Cr , Ivio , W and hn) and 

then to study the reactivity of these complexes with reagents 

such as H.X: (X- = Cl- , Br-, I -, BF4-, PF6- ) . There is a lack 

of information in the literature on studies similar to the 

latter and it is hoped that a better understanding especially 

of the reactivity of the P- N bond and pyridine nitro~en 

would emerge from this work . Also , metal carbonyl complexes 

of the above type are potential ligands , and this has been 

studied only to a small extent in carbonyl che• istry13 • 
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CHAPTEl{ 2 

2 . 1 3YNTrIESI3 

The commonly employed method in the preparat ion of 

subst ituted carbonyl derivatives is by thermal subst itut ion 

reaction , usually over very prolong ed per iods . Tni s method 

usually c ives p oor y ields and is oft en accompanied by a 

cons i derable amount of de comp o s i t ion especially if the 

product i s t hermally unstable . Al s o, this method i s not 

always suitab le for the preparat ion of mono s ubstituted or 

bridging der ivatives, because it often results i n che late or 

bis products being formed . 

A photoch e mically induced14 substitution reaction with 

a variety of ligands with metal carbonyls can b e e mp loyed to 

syntnesise • on osubst ituted carbony l comp lexes i n cluding 

those wh ich are tner• ally unstable . lhe preparat ion can be 

comp leted in a shorter time , at a lower temperature and 

gives comparatively better y ields . The pr i mary photoch emical 

reaction me chanism lS summarised as fol lows : 

(1) i1l ( CO ) 6 + h ), > h (CO) 6 * '.) L (CO) 5 + co 

(2) h (Co) 5 + D > h (CO) 5D D = THF etc . 

(3) h (Co) 5D + L > h (CO) 5L L = e . g . PAP , 6 PAP . 

On irradiating the hexacarbonyl in a weak donor 

solvent (e . g . THF ) with ultra- violet light, an unstable 

~l (CO) 6* is f ormed , which then loses one molecule of CO to 

form the electron acceptor M(Co) 5. M(Co) 5- D is formed in 

the presence of the solvent . The monosubstituted complex 

Vi (Co) 5-L is then formed by donor exchang e when the ligand L 

is added . 
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2 . 2 3YNT:ELlSIS OF i"10NO- SUBSTITUTED COI·1PLEXES 

The following complexes were prepared by the above 

photochemical technique under a nitrogen atmosphere : 

~-J (C0) 5PAP , ,'l (C0)
5

6 PAP and Cr(C0) 5PAP . The synthesis of 

Cr(Co) 56 PAP was attempted and was observed to be formed in 

solution (from the carbonyl stretching frequencies ) but t h e 

product isolated was the bis substituted (or chelate) com­

plex , Cr(C0) 46 PAP (see Chapter 3) . The tendency for the 

Cr(Co) 56 PAP to form the chelate complex (Cr(C0) 46 PAP) in 

solution is presumab l y related to the expected increase in 

basicity of the pyridine nitrogen in 6 PAP relative to PAP . 

The preparation of molybdenum analogues of these complexes 

have not been attempted because a • ixture of mono and 

disubstituted THF products are for• ed on irradiating 

f.1 0( CO) 6 in TH:B· 14 • 

W(Co) 5PAP and Cr(Co) 5PAP were isolated from a benzene/ 

hexane mixture as light ye llow crystals . Attempts to 

crystallise W(Co) 56 PAP (after removal of THF) from 

benzene/hexane failed . Light yellow crystals of 1.-J ( CO) 56 PAP, 

however, were isolated using a mixture of ether/hexane . It 

was £ound (by infra-red spectrum in chloroform) that a trace 

of the bis substituted complex W(C0) 46 PAP , (see Chapter 3) 

was present as impurity. An attempt to purify the compound 

by passing it through a column of silica gel in benzene was 

unsuccessful. 

The monosubstituted complexes appeared t o be quite 

stable once isolated as s olids , and could be stored in a 

dessicator f or an i ndef i nite period except for Cr(Co) 5PAPa 

a: yellow crystals 



which turned green after a few months. 

2.3 I NFRA-RED SPECTRA 

13. 

- -rn complexes of the type M(Co) 5L , (M = Cr, Mo , Wand 

L = primary or secondary amine) the Y(N-H) stretching 

f h . ft t 1 d . t . 1 5 ' 16 requency s i s o ower energy on coor ina ion. 

A shift to higher energies as seen in compounds I, II and III 

(see Table 1) in the Y<N-H) stretching frequency relative to 

that in the free ligand, is taken as evidence against the 

coordination of the internal nitrogen* atom. Ar '6H5 

/~j - p - C6H5 
R 

A similar phenomenon has also been observed by Houk et al. 3 

with phosphinohydrazine metal carbonyl complex, e.g. in the 

M(Co)
5

L complexes can be regarded to have c
4 
V stereo­

chemistry. Thus from Group Theory, the carbonyl stretching 

frequencies can be assigned to A1 (1), A1(2) and E modes, 

which are expected to be infra-red active . Theoretically , 

the B1 mode is expected to be Raman active . 

L 

component) 



TABLE 1 

COMPOUND (N- H) .6.( L - 11 ) A1( 2 ) B1 E A 1 ( 1 ) dCLVENT 

(I) V✓ (C0) 5 PAP 3398b 183 2074( m) 1986 (s h ) 1944 (vs) cc1
4 

(II) Cr(C0) 5PAP 3390° 175 2069 (m) 1988 (sh ) 1944(vs) cc 14 
(III) W(C0 )56PAP 3415b 125 2074 (m) 1982 (sh) 1944 (vs ) Cyc 
(IV) Cr(C0) 56PAP a a 2067 (m) 1987( sh) 194c. (vs ) CHClJ 

PAP 3115 
6PAP 3290 

(V) ~v ( CO) 5PPh3 2075 (m) 198 1( sh) 1942(vs) Cyc 
(VI ) Cr(C0) 5PPh3 2066 (m) 1988 ( sh) 1942 (vs ) Cy c 
(VII ) Cr ( C0)5PY c.073 1986 1938 1905 CHC1 3 
(VIII) W( CO \ ,Py 2076 1980 1933 1895 CHC 13 

( a) Compound only identified in so lution 
( b) In nujol mull with CsI plates 

Py = :Pyridine 

Cyc = Cyclohexan e 

NH= (N - H) of complex - (N - H) of ligand 

~ 

+' 
• 
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The carbonyl s t ret ch i ng frequencies of the complexes 

h (Co) 5L, where h = W or Cr , L = PAP or 6 PAP (compounds (I) 

t o IV listed in Table 1) are character i s e d by A1 (1), A1 ( 2 ) 

and E modes expected f or c4Vsymmetry . The A1 (1) and E 

modes are not reso l vab l e , probab l y because of the occurrence 

of a ccidental degeneracy . The f orb idden B1 mode is observed 

in al l cases , presumabl y be c ause of some assymmetry that 

may be c aused by the bulky PAP (or 6 PAP ) ligands . Data 

fr om other work have a l s o been listed i n Tab le 1 f or t he 

purpose of comparison . Comp ounds ( V) and ( VI ) are phosphine17 

substitu ted c arbonyl complexes and compounds (VII) and ( VIII ) 

are pyr i d i ne 18 subst ituted carb ony l complexes . 

The main differences between phosph i ne and pyridi ne 

substituted c arbonyl conplexes are 

(i) i n pyridine comp lexes , the A1 (1) and E modes are 

resolvable whereas i n triphenyl pho sphi ne and re lated 

comp lexes they are usually not resolvab le. 

(ii) t h e A1 (1) and E modes of pyridine ( and other n i trog en) 

substituted carbonyl complexes are generally lower 

than t h e analo g ous modes of the phosphine comp lex e s . 

The r eason f or t h is being that pyridine is a much 

p oorer n - a cceptor than phosphines . This r e sults i n 

more negative charge on the metal , which can then be 

transferred to t h e antibonding (n*) orbital of CO and 

this results in a lowering of the CO b ond order and 

hence the CO stretching frequenc i es occur at lower 

energ ies . From Table 1, the E mode of the mono-

substituted complexes ((I) (IV)) is very similar in 

position to the E modes of comp lexe s (V) and (VI) (also 
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the A1 (1) and Z • odes are not resolvable in co• p lexes (I) to 

(IV)), su0cesting that coordination is through the phosphorus 

ato• rather than the pyridine nitrogen . 

2.4 31P nmr SPECTRA 

31P n• r studies have proven to be a very powerful 

techni~ue i1 the investigation of bonding and structure in 

coordination compounds13 , 19 - 23 • 31P chemical shifts a l ways 

ruove downfie ld relative to the f.ree ligand, when the phos-

h t . . 1 d . d . t . . 1 17 '18 p orus a om is invo ve in coor ina ion in comp exes . 

Grim defined the coordination chemical shift24 ( ~ ) as 

i complex 8free ligand and is negative if the shift is 

dO\•mf ield . 31P nmr data for W(Co)
5

L, and L (where L = PAP 

or 6 PAP ) are recorded i n Table 2 as well as 31P data 

obtained by Gri• 17 et al . (compounds (III) - (VI)) for the 

purpose of co• parison . ~ram Table 2 , the coordination 

chemical shift ( I:::. ) (e.g . - 24 to - 25 . 3 ppm) is about the 

same order as that obtained in related phosphine complexes, 

susgesting that the PAP and 6 PAP ligands are coordinated 

through phosphorus rather than through either of the nitrog en 

atoms (see Chapter 4 f or further discussion of 31P nmr data) . 

2 . 5 UV SPECTRA 

The assignment of the UV bands of M(Co )
5

L compounds 

are not well-characterised . Generally , in arnrnine complexes, 

there is a band of highmtensity of about 400nm . which has 

been assigned by Gutterman and Gray as the 1A1 (e4 b 2
2 )• 

1E (e3b 2
2 a 1 ) transition , at a much lower energy from any 

comparable band in phosphine substituted carbonyl complexes 

which usually occur as a shoulder at 350nm. Table 3 shows 

the electronic spectral data reported by Wrighton25 et al . 



TAB.LE 2 

Chemic a l ohi ft .P.ill.!l 

Coord . 
Compound Fr ee Li gand Comp l ex Chem. Sh i ft 

(I) \/ (Cd5PAPa - 31. 25 - 55 . 25 - 24 . 0 
( II ) VI ( CO ) 6PAPa - 29 . 75 - 55 . 13 - 25 . 3 5 
(III ) W(C0) 5PPh3 6 . 0 - 20 . 6 - 26 . 6 
( I V) 
(V) 
(VI ) 

W(C0 )5PMePh2 28 . 0 3 . 8 - 24 . 2 
W( CO) 5PEt Ph2 12 . 0 - 12 . 1 - 24 . 1 
W( C0) 5PBuPh2 17 . 1 - 7 . 9 - 25 . 0 

a= fi gures qu oted ar e in ppm wit h r eference t o 
PPh3 (as ex terna l refer ence ) in chloroform. 

THF = t etrahydr ofuran 

Solvent 

THF 
TUF 

CH2c12 
CH2c1 2 
CH2c12 
CH2c12 

~ 

""-] . 
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TABLE 3 

Absorption I·l axima for some L(CO) 5L Complexes : 

Absor:12tion r-:ax . (nm . 2 
W(CO) 5(pyridine) 440c 

' 
385b 

~ (Co) 5(cyclohexylamine) 438c , 402b 

h o(Co) 5(cyclohexylamine) 393 

Vi o (CO) 5 P(N ·1e2 ) 
3 347 

W(Co) 56 PAP 350a ( = 2736) 

( a ) Other bands vrnre observed at 295 and 225nm. S PAP also 

has bands at similar positions . 

( b ) Gutterman and Gray assigned this band to be the 

1A1 ( e 4b2 
2) ) 1E ( e3b2 

2a1 ) transit ion and 

(c) to be due to the corresponding singlet 

triplet absorption . 

) 
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and by Braterman26 for some ammine and phosphine substituted 

metal carbonyl derivatives . t he spectra of Y(Co)
5

PAP and 

W( Co)
5

6 PAP in tetrahydrofuran show a shoulder at 350nm. and 

hence resembles the electronic s pectra of phosphi ne substituted 

carbony l complexes, thus supporting evidence from infra-red 

and 31 P nmr spectra that i n ·11 (Co)
5

PAP and V1(Co)
5

6 PAP , t.l'1e 

li gand is bonded through the phosphorus atom . 

For a further discussion of the UV spectra see Chap ter 4 , 

2.6A EXPERIMENTAL 

Preparation of the ligands. 

Preparation of 2-(diphenylph osphinoamino)pyridine(PAP) and 

2-(diphenylphosphinoamino)-6-methylpyridine(6 PAP) 

The method of Ainscough and Pe terson8 was followed for 

both PAP and 6 PAP ligands. The ligands were prepared accord­

ing to: 

A 
R ...,.....'-..)i>-- NH2 

R = H or CH3 
using the aminopyridine as a base to react with the liberated 

HCl. A 2 : 1 molar ratio of the aminopyridine to the 

diphenylchlorophosphine was used. 

Preparation of PAP 

The preparation was carried out by the dropwise 

addition of diphenylchlorophosphine ( 0 . 1 mole) dissolved in 

benzene , (cooled to o0 c in an ice - bath ) to a benzene solution 

of 2 - aminopyridine (0 . 2 mole) over a period of about 45 mins . 

After the mixture was stirred for a further 30 mins . at room 

temperature , the 2 - aminopyridine hydrochloride (which pre­

cipitated out of solution) was filtered off , giving a clear 
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filtrate . The PAP ligand was isolated fro • t h e f iltrate with 

gre a t diff iculty by reducing t h e volume u n der a r otary 

e vap ora tor and treat ing the s olution with hexane i n a n 

ice - bath . Al s o , the produc t i s ola t ed was f ound to cont a in 

a fair amount of 2- ami n opyr i d i ne hydroch lor i de ( fro• i nfra­

r e d s-oectrum i n nuj ol) . This prob l em was due t o the fa i rly 

high s olubility of the 2 - am i n opyridi n e hydroch lor i de i n 

b enzene . The c rude product was r ecrystallised fr o• 

b en z ene/h exane . M. p . 130° C. Infra- r ed spectrum (in c• - 1 , 

obtai ned u s i ng nujol mulls ) : 1603 ( s ) , 1573 Cm) , 1308 ( s ) , 

1278 ( w), 1153 ( m) , 1093 ( m) , 1053 ( w) , 10 28 ( w) , 

9 18 ( s ), 

633 ( w) . 

838 ( w) , 768 (vs ) , 738- 728 ( split ) , 

1~ )c n• r spe ctrum ( i n ppE1 , obtained i n TID' ) : 

110 . 5 , 

1 32 . 8 , 

115 . 2 , 

137 - 9 , 

Preparation of 6 PAP 

128 . 8 , 

1L~O. 6 , 

129 . 3 , 

148 . 7 . 

129 . 6 , 

988 ( m) , 

689 ( s ) , 

109 , 7 , 

131 . 3 , 

Th i s ligand wa s prepare d i n a s i milar way us i ng 

2 - a • i n o- 6- methyl pyr i d i n e and d i phenylch lor ophosphi ne i n a 

2 : 1 molar ratio . The product could b e i s olat ed quit e 

easily fr o• a mixt u r e of b en zene/h ex ane a nd t h e 2- arnino - 6 -

me thyl pyr i d i n e hydroch lor i d e being f a i r l y insolub le i n 

ben zene , cou l d b e removed i n almo s t quantitative y ield by 

f iltr ation . Yield : 559s H. p . 102- 104° C. H. p . fr om 

literature : 8 108° C. I nfra- red spec trum: 1667(s), 

16 23 ( w), 1303 ( m), 1217(sh ), 1178 ( s ), 1124(s), 1093 ( w), 

106 2(w), 1040( s ), 10 22 ( s ), 983(s ), 942(w), 922(w), 

872(w), 842 ( s ), 792(vs), 747 ( vs ), 692 ( vs ), 6 32(w) . 
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A modified preparation for PAP 

PAP was also prepared by a modified pro cedure , which 

employed triethylamine as a base and enabled the product to 

be isolated quite easily and gave a much purer product . 

To 8 .50G (0.084 mole) of triethylamine and 7 - 95g 

(0 . 084 mole) of 2 - aminopyridine dissolved in 150 c m3 of 

toluene was added 18 . 65g (0 . 084 mole) of diphenylchlorophos ­

phine in about 20 cm3 of toluene over a period of 40 mins . 

The solution was kept at about 0°C throughout by an ice-bath . 

After all the diphenylchlorophosphine was added , the CTixture 

was stirred f or 30 mins . at room temperature . The triethyl­

amine hydrochloride which had crystallised out was filtered 

off and f ound to be in almost quantitative yield . The fil ­

trate was taken to dryness g iving the crude product which 

was recrystallised from a toluene/hexane mixture . Yield 6~; . 

I ,., 30° C . n 1. t t 8 
'J . p . 1 • h . p . r rom i era ure : 125-129° C . 

2 . 6 . B Preparation of Pentacarbonyl/2-( diphenylphosphinoamino) 

pyridiny tungsten(O )( W(Co)
5

PAP) 

All preparations by the photochemical technique were 

performed under a nitrogen atmosphere. 

0.7g (2 mmole) of W(C0) 6 was irradiated in 80 cm3 of 

Till' in a UV cell (see Fig . 1) f or 1 hr . 0.55g (2 mmo le) of 

PAP dissolved in Till' was added to the irradiated solution . 

After stirring for 20 mins ., the solution was evaporated to 

dryness and pumped on a vacuum line overnight . The residue 

was dissolved in about 80 cm3 of benzene and filtered through 

kieselguhr to remove the brown insoluble material . After 

the solution was concentrated and cooled in an ice-bath, 

light yellow crystals were obtained from a benzene/hexane 

mixture. The product was recrystallised from a benzene/hexane 
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R 

+---+----+-- p 

Fig 1 Irradiation Apparatus for Preparative W ork 

The UV cell consists of a vessel A , a double-walled vessel J , 

and a condenser ~ - T~e solution to be i~rad iated is p laced in 

A and is cool~d by water run~ing through a during irradiation. 

Tie CO lijerated is reooved by a current of nitrogen led in 

Lirougi:l tap H and esc apes through the condenser J . The UV 

source is placed in Bat P. 

0 
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mixture . M. p . 141°C . Yi e l d 65%. Analyses : Calcd. f or 

c22H
15

N2Pwo
5

: C 43 . 86 H 2 . 49 N 4 . 65 . 

F ound : C 44 . 17 H 2 . 76 N 4 . 57 . Infra- red spec trum (in 

-1 cm ; obtained as a nujol 1:mll ): 1608 (w) , 1593(s), 

1308 (s), 1263(w) , 11 83(w), 1153(s) , 1100(sh) , 1093(m) , 

1000(w) , 988(w) , 900(s) , 8 38 (w) , 773 (vs) , 7L~3 - 738 ( split ) 

688 (vs) . 
17: 

(in obtained in Tt1~ ) : .7c spectr um p pn ; 

112 . 9 , 113 . 2 , 116 . 2 , 128 . 7 , 129 . 5 , 130 . 9 , 

131 . 4 , 132 . 2 , 138 . 2 , 147 . 3 , 156 . 6 . 

Preparat ion of pentacarbonyl/2- (diphenylphosphinoamino) - G-
• )I 

methylpyridinY-tungsten(0)(\1(C0)
5

6 PAP) 

W(C0 )
5

6 PAP was prepared by a similar procedure to t h e 

above but was recr ystallis e d fr om an ether/hexane mixture . 
:,: 

2 rnmole of 6 PAP (dissolved in 3 cm.7 of Till7 ) was t h en a dded 

to t h e irr adiated s olution . After 5 mins . o f s tirring , t h e 

TH}? was r e moved using a r otary evaporator and the residue 

pumped on a vacuum line overnight . The residue was d i ssolved 

i n benzene , filtered through ki.eselguhr , f iltered under 

gravity throuc h 1-1/2 - 2 i n ches of silica gel and brought 

t o dryness using a r otary evaporator , g iving a deep ye llow 

residue . This was d i ssolved i n about 30c m3 of d i ethyl ether, 

50cm3 of hexane was added and the volume reduced by a rotary 

evaporator . The light yellow crystal s which f ormed were 

f iltered off and washed with h exane. M. p . 122°C. Yield 60;'S. 

Anal yses c alcd. f or c
23

H
17

N2Pwo
5

: C 44 . 83 , H 2 . 78 N 4 .54 . 

F ound: C 44 . 90 , H 3 .05 , N 4 . 65 . Infra- red spectrum 

c- -1 in cm ; obtained as a nujol mull): 1593 ( s ), 1573(s), 

1335 (w), 1310(w), 1308 (sh ), 1295( m), 1215(w), 1189 ( w), 

1158 (m), 1128(w) , 1095 (s), 10'/0 (w), 1028(m) , 998 (w), 

990(w), 973 ( w), 950(w), 898 (w), 875 (sh ), 850 (s), 
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790 (s), 755 ( r:1 ), 742 ( s), 693 ( s ), 6'18 (w) . 

Preparation of pentac arbonyl/~-( d iph enylp h o s p h i n oami no)­

pyridine7chro r.1 iur.! ( O) ( Cr ( Co )
5

PAP ) 

Cr(Co )
5

PAP was prepared by a similar • eth od t o that 

for ', ✓ (Co ) 5PAP describ ed above . 2 r.1ri10le of Cr(C0) 6 1•Ias 

irrad i ated i n 80 c m3 of THF for 1 :O.r . 2 mmole of PAP was 

then added to the i rradiated so lution and the • ixture was 

st i rred f or about 20 mins . after which , the TrIF was removed 

using a r otary evaporator . The residue was p umped on a 

vacuum line overnicht . It was the n dissolved in b enzene and 

f iltered through k ieselGuhr to r e r.iove some brown i nsolub le 

material . The volume was reduced ( us ing a r ot ary evaporator ) 

and treated with h exane . Yellow crystals were obtained, 

which were f iltered and washed with hexane and finally ~ith 

pentane . L . p . 151°c . Yield Go~.; . Anal yses : Co..l c d . f or 

c
23

:::-i
15

P2PCr0
5

: C 56 . 1 7 II 3 . 19 H 5 . 95 . 

? ound : C 56 . 47 H 3 . 43 N 6 .1 6 . Infra- red spectrum ~ n 

-1 . ) c r:1 , in nuj ol ~ull : 1618 (w) , 1598 ( s ), 1578 (w), 

1378( s ), 1308(w), 126G (w), 1185(w) , 1148 ( m), 1088 ( •) , 

1028 (w), 988 (w), 900(s) , 778(s) , 7 4 8 ( m) , 738(m) , 

70 8 (sh) , 698(s) , 668 (s) , 648(s) . 

Att e mpted synthesis o f pentacarbonylQ- (diph enylphosphino­

amino )-6 - methylpyridin27.:chromium(O)(Cr(C0)56 PAP ) 

A synthesis of Cr(Co)
5

6 PAP was attempted by the same 

procedure to the above , but it could not be isolated . This 

cor:1p ound was observed to be f ormed by the infra-red spectrum 

in c h loroform, (the A1 ( 2 ), B1 and E modes were observed , see 

Table 1) when the 6 PAP ligand was added to an irradiated 

solution of Cr(C0) 6 in THF . The product isolated was ident­

ified to be the c helate comp ound Cr(C0) 4 6 PAP, by the infra-red 
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spectra in nujol mull as well as in chloroform. 
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CHAPTER 3 

3 .1 CHELATE COMPLEXES 

Generally , the usual method employed in preparing 

disubstituted or chelate carbonyl complexes has been by a 

thermal substitution reaction over a considerable period of 

ti• e . This method is limited to ther• ally stable compounds 

only and is often accompanied by an appreciable amount of 

decomposition . In this study, by using the photochemical 

technique, disubstituted metal carbonyl compounds which may 

be thermally unstable can be synthesised more conveniently . 

Few photochemical substitut ion reactions of disubstituted 

Group VIB metal carbonyls have been reported . Darensbourg 

et al 28 recently reported the photolysis of l·I ( CO) 5L ( where 

E = Cr , No or ~ and L = an amine or phosphine) in the 

presence of L ' (where L ' = an amine or phosphine) to form 

mixed (phosphine - amine) metal tetracarbonyl compounds . 

h 
----) Vi (C0) 4LL ' + CO. 

The pnictog en ligands PAP and 6 PAP (also containing a mixed 

phosphorus- nitrog en ligand system) are potentially bidentate , 

6 PAP having been f ound by Ainscough and Peterson8 to act as 

a bidentat e ligand in complexes of Ni(II) and Co(II) via the 

phosphorus and pyridine nitrogen . In this study , disubstituted 

(or ch elate) complexes of the series M(C0) 4L (where M = Cr, 

Mo or Wand L = PAP or 6 PAP) have been synthesised by the 

photolysis of M(Co)
5

L. The method employed involves the 

irradiation of M(Co) 5L with UV light in THF and f ollowing 

the course of the reaction by recording the infra-red spe c tra 

(in chlor of orm) at half h ourly i ntervals (for details see 

Exper imental, Section 3. 5.) 
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The co• p lexes were isolated quite easily fr om a 

benzene/hexane mixture . Comp lexe s of the series I-i ( CO) 4PAP 

( where h = Cr , Il o or \1) have been f ound t o possess half a 

• ole of b enzene of crystall isatio n per r.1ole of co mp lex fr o• 

anal ytic a l data ( see Table 6 , Section 3 . 5) . The presence of 

benzene of crystallisation was conf ir• e d by the 1H nmr 

spe c tra of E ( C0 ) 4PAP (where h = Cr , h o or H) co• p lexes in 

deuteroaceton e)in whic h the s i gnal due to benzene at 2 . 73 L 

is observed i n all case s . 

Complexes of the series 1'1 (C0) 46 PAP ( Vi = Cr , I- o , or ' ·,J) 

do no t p ossess any benzene of crystallisation as f ound fr om 

(i) a nalytical results (see Table 6), and (ii) fr om 1H nmr 

spectra in deuteroch loroform, where n o b enzene was observed . 

The complexes appear t o be very stable in benzene 

s olution, and in the solid state in the absence o f moisture . 

The comp lexe s have been charac terised by analysis ( see 

Table 6), inf r a - red , ~H nmr and mass - spectra . 

3 . 2 I NFRA - RED SPECTRA 

Evi dence from infra- red , 3 1P nmr , and UV spectra 

s upport t~e view t hat i n the monosubstituted complexes 

coordinat ion is throu gh the phosphorus atom . This leaves 

two oth er sites available f or coordination (th e pyridine 

nitro g en 

e . g . 

and the internal nitro g en 

HN-; -rcc6H5)2 

W(C0) 5 
R = H or CH

3 

atom*) 

Table 4 shows the Y( N - H) stretching fr equen cie s (obtained 

in nujol mulls) of the disubstituted complexes (compounds 

1 , 3 , 5, 7 , 9 , 10). It is known that the )/(N - H) shifts 
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to lower energy if the nitrogen atom is coordinated tsee 

Section 2.3). Since a shift to higher energy of the Y ~N - H) 

stretching frequency relative to the free ligand is observed 

in each case, it appears that t h e internal nitrogen* is not 

coordinated , but t h e pyridine nitroeen is . Coordination via 

the pyridine nitrogen a n d phosphorus is also favoured bec ause 

it gives rise to a five-membered ring which i s more stable 

(lesser strain) than a four-membered ring wh ich woul d be the 

case if t he internal nitro gen* had coordinated to the metal . 

The reaction scheme for t he photolysis of M(Co)
5

L is illus­

trated as follows : e.g.0-1i 
N- rcc6H5)2 + h\l' 

W(C0) 5 

When the Jl( N - H) stretching frequen cies of the chelate 

complexes ~co mpounds 1 , 3 , 5 , 7 , 9 , 10) are compared with the 

corresp onding monosubstituted complexes tcompounds 2 , 4 , 8) , 

it is seen t h at they are generally lower in energy . The 

)/( N - H) str e tch ing frequencies of both the monosubstituted 

and the ch elate complexes are comparativ8ly higher than in the 

free PAP or 6 PAP ligands tsee Table 4). This phenomenon may 

be explained as follows . In the free ligands, the molecules 

may perhaps be orientated in such a way that inter- or intra­

molecular hydrogen- bonding is possible . Hydrogen-bonding 

·causes the 1/t N - H) stretching frequency to move to lower 

energies 15 , 16 • It is probable that such extensive hydrogen­

bonding is not possible in both the monosubstituted and the 

chelate complexes, hence shifting the J/(N - H) to higher 

energies. 
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Fro m Group Theory , complexes having a cis - M(C0) 4L2 

type of stereochemistry are characterised by four CO stretch­

ing fr equencies the A
1

(1) , A1 (2), B1 and B2 modes which are 

a ll expected to be infra- red active . See F i g . below : 
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Fig. 2. Carbonyl Stretching Spectra. 

(i) W(C0) 56 PAP 

2074 1982 

1944 

(ii) W(C0)4 6 PAP 

2018 

1913 
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The trans - 1(C0) 4L2 isomer is characterised by one band , as 

only the~ mode is predicted to be infra- red active from u 

Group Theory . 

The h(C0) 4L complexes (where f\1 = Cr , I1 0 or W, L = PAP 

or 6 PAP) are characterised by the four CO stretch ing fre ­

quencies ( and have been assigned as s h o\m in 'l'able 4) . These 

are consistent with a cis-I-l (C0) 4 L2 (where L = e . g . P(C6 H
5

)
3

, 

pyridine , etc . ) . stereochemistry . The infra- red spectra in 

the carbonyl stretching frequency re g ion of some of the 

chelate complexes have been obtained in chloroform as well 

as in cyclohexane. (See Table 4 . ) The most striking feature 

is that there is a shift to lower energy of about 20cm- 1 in 

the B2 mode when chloroform was used as a solvent . This 

ph enoQenon has also been observed by others29 • As the solvent 

polarity increases t h e B2 mode s h ifts to lower frequency 

over a rang e of - 10 to - 50cm- 1 (in going from a non- polar to 

a polar solvent , e . g . chloroform) . It is also observed that 

in a polar solvent when Lis a phosphine the magnitude of the 

shift is at the high end of the rang e, and is at lower values 

when the donor atom is nitrog en . The difference in the B2 

frequencies on going from a n on-p olar to a polar solvent of 

about - 20cm- 1 which is midway between the two extremes appears 

to be consistent f or a mixed phosphorus- nitrogen system . 

The A1 (1) and B1 modes are n ot resolvable when the 

spectra are recorded in chlor oform and a very broad intense 

band is observed. (See Fig . 2ii) They are barely resolvable 

in cyclohexane where a shoulder is observed in the vicinity 

of the B1 mode . Table 4 also shows (compounds 12-20) the 

carbonyl stretching frequencies of appropriate metal carbonyls 

f or the purposes of comparison. 



TABLE 4 
Carbonil Stretching Freguencies {cm- 1 

L= 

Compound (N-H) A1( 2) A1 ( 1 ) B1 B2 Solvent 

(1 )W(C0) 4PAP 3320 2017(m) 1902(vs) a 1867(s) Cyc 
(2)W (C0) 5PAP 3398 2020(m) 1907(vs) a 1852(s) CHC13 
(3)Cr(C0) 4PAP 3347 2019(m) 191 8 (sb) 1911(vs) 188J(s) Cyc 
(4) Cr(C0 )5PAP 3390 
(5)Mo(C0) 4PAP 3361 2022(s) 1909(vs) a 1857 CHClJ 

2024(m) 1922(sh) 1915(vs) 1882(s) Cyc 
( 6 )PAP 3115 
(7) W(C0) 46 PAP 3370 2018(m) 191J(vs) a 1850(s) CHClJ 

2022(m) 1918(sh ) 1905(vs) 1873(s) Cyc 
(8)W(C0 )56 PAP 3415 
(9)Cr(C0) 46 PAP 3390 2015(m) 1914(vs) a 1849(s) CHC1 3 2016(m) 1917(sh ) 1912(vs) 1870(s) Cyc 

(10)Mo(C0) 46 PAP 3380 202 5(m) 1917(vs) a 1852(s) CHC13 2025(m) 1923 (s h) 1918(vs) 1880(s) Cyc 
(11)6 PAP 3290 
( 1 2 ) W ( CO) 4 ( P ( C 6 lis ) J ) ( N HC 5 H 1 o ) b 2011.(m) 1901 ( s) 1881(s) 1847(s) f'IT'Cl 

\..Jfl 3 
(13)Mo(C0) 4 (P(C6H5 )3 )( NC 5H5 )c 2017(m) 1904 (s) 1889 (s) 184J(s) CIIC lJ 
(14) W(C0) 4 ( P(C6tt5 )

3
)(NC5H

5
)c 2011(m) 1898(s) 1878(s) 1837(s) CdC13 

(15)Mo (C0) 4NPd 20 19(m) 1905( s ) 1893(s) 1849(s) CHClJ 
\.}J 

( 1 6 ) W ( CO ) 
4 

N Pa 2013(m) 1898(s) 1884(s) 1844(s) CtlC13 
f\) 

• 
(17) Mo(C0 )4 ( P(C5H5 )3 )2 2022 1929 1911 1899 Hydrocarbon 



TABLE 4 ~continued~ 

Compound A1(2) 

(18)Mo (Co)
4

dmpe 2020(m) 

(19) Mo (Co) 4 ( Py) 2 2025 
(20)Mo (C0) 4 (bipy) 2022(m) 

Cyc = cyclohexane 

dmpe = Me 2PCH2CH2FMe 2 
a = A~(1) same as B~ due to accidental 

d generacy inc loroform 
b: NHC

5
H10 = piperidine 

c: NC5H5 = pyridine 
d : (C6H5)2PC2H4N(C 2H5 )2 
Py = pyridine 
bipy = 2,2'bipyridyl 

A1 ( 1 ) B1 

1929(m) 1909(s) 
1881 1907 
1906(vs) 1877(s) 

(1 2 )-(14) =ref.JO 
(1 5 ),(16) = ref . 31 
(17) = ref. 32 
( 18 ) = ref. 33 
(1 9 ) = ref. 18 
( 20) = ref. 34 

B2 

1903(vs) 
1839 
1826(s) 

Solvent 

Hexane 
CH3CIJ 

CHC13 

\.,'-l 
'vi 
• 



S ince the A1 (1) and B
2 

modes characterise the carbonyl 

stretching frequencies of the CO trans to t h e ligands , t hese 

mode s are most sensitive to change s i n then - bonding proper­

ties of t h e licands (i . e . on the nature of the ligands ). 

h o(C0 ) 4PAP and f-i o(C0) 4 6 PAP (comp ounds (5) and (10) Tab le 4 ) 

are compared with No( C0 ) 4P((C6H5)
3

) 2 , Mo(C0) 4 dmpe (comp ounds 

(1 7 ) and (1 8 )) . As the A1 (1) and B2 modes are solvent 

dependent this type of compar ison can only b e made when the 

spectra are r ecorded in similar solvents . The A1 (1) and B2 

modes of compounds (5) and (10) in cyclohexane are lower 

than the corresponding modes of phosphine coordinated com­

p ounds (1 7 ) in hydrocarbon and (1 8 ) in hexane . Also, t he 

A1 (1) and B2 modes of co mp ounds (5) and (10) in c h lorof or• 

are h i 0h er than the corresponding bands in the nitroGen 

coord i nated co• p ounds suc h as ~o(C0 ) 4 (Py ) 2 i n acetonitri l e 

and ~ o(C0) 4 (dipy ) in chloroform. (Compounds (19) and ( 20 ), 

Table 4) . Hence the carb onyl stretching f re quencie s of 

compounds (5) and (10) are consistent with a mixed phosphorus ­

ni troc;en ligand system and are s i milar to other mixed P - N 

systems (co mp ounds 13 and 15) . 

F inally, it is of interest to note that for the chelate 

corap lexes ( Ho(C0) 4PAP and Mo(C0) 4 6 PAP) the A1 (1) and B2 

modes are at higher energ ies than the monodentate system : 

Mo(C0) 4 (PPh
3

)(Py ) Compound (13). 

3.3 1H NMR SPECTRA 

The 1H nmr spectra of PAP and some of the comp lexes o f 

PAP were recorded in deuteroacetone . The spectra consist of 

a number of broad overlapping bands of the aromatic protons 

( for the phenyl and pyridine groups) which were not easily 

assigned . 
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The 1n nmr spectra of 6 PAP as well as the complexes 

of this licand were obtained i n deuterochloroform . As shown 

in Tab le 5 , the si;:;nal due to the methy l protons is about the 

sarr..e i n both the mono subst i tut ed conp lex -:J ( C0 ) 56 PAP ( 7. 75! ) 

and i n the free ligand, ( 7 . 64t ) which i s cons istent with the 

viev that coordinat ion i s throu~h the phosphor us at om in 

Compound 

6 PAP 

t-J ( co) 56 PAP 

1:l (C0) 46 PAP 

TABLE 5 
1H nmr Data 

I-i ethyl Protons 

7 . 64 

7-75 

7 . 24 

(-c) Solvent 

CDC 1
3 

CDC1
3 

CDCl-
? 

·l'ne en.e l ate conplex ·.1 ( CO ) 4 6 Fi,P i s characterised by a 

methyl peak at 7. 24-C:, a doi,-mfield shift of 0 . 51 ·-C fron 

,J ( C0 ) 5s PAP . In the che l ate co r.~p lex, coordinat ion throuc;i1 

the pyr idine nitroc en would result in a net positive charge 

on i t which causes the neighbouring Llethy l prot ons to be le ss 

shielded . 

3.4 HASS- SP.i:,CTRA 

The mass - spectra of the PAP ligand , iv ( CO) 5PAP , 

vl (C0)
5

6 PAP and \'/ (C0) 4PAP were obtained . PAP was observed 

to breakdown in 2 ways : 
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hass - spectrum of the free PAP ligand 

Q-; -r (-- eJ}_Lt\_. __ _ 
N 

0-t 1h 
p - Ph 

N 

( I ) 

+ 

OC(:D (II) 

The parent ion of l:l (Co)
5

PAP cor:ip lex was n.ot observed. The 

mass- spectrum of 1d(Co) 5PAP was identical with that of 

1:J (C0 ) 4PAP which is shown below : 

A 
~)-.NH 

N 

Nass-spectrum of 

Ph 

' - P - Ph 
W(C0) 4 

-CO) - CO ) -2CO ) 0-~ 
N H 

l 

fh 
- f - Ph 

w 

+ 
(Ph) 2 - f - NH 

W (III) 

In the free ligand, 2 possible routes of breakdown 

were possible, giving rise to structures (I) and (II), while 

in W(C0) 4PAP, the pyridine component is lost giving (II I ). 

The W(C0) 46 PAP complex showed the following breakdown 
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pattern , losinc a phenyl croup giving ( IV ) instead of t he 

pyr i d i n e comp onent as in 1:l ( C0 )
4

PAP . 

O lm -r-PH - CO• - CO;) _-2_c_o_> D NH -r-
CI-13 IJ .d (CO ) 

4 
CH

3 
_, 1.·J 

1 
+ 

Ph 

D iIB - f - Pn 
CH 1 

3 

I'-l a ss - spectrum of W( C0),
1
6 PAP 

3. 5 EXP~RHIEHTAL 

\I 

(IV) 

Preparat ion of t etracarb onyl/2- (diphenylphos ph i noam i no) ­

pyr i d i n e7t un5st en (O) hemi b enzene (W( C0 ),
1
PAP 0 . 5 C~ 

Thi s co• pound was prepared by irradiating 1·J ( CO ) 
5

PAP i n 

THF . 0 . 7g ( 2 mmole) of '·J (C0 ) 6 in ab out 80cm3 of THF was 

i rradiated f or 1 hr . To t h e irradiated solution 0 . 556g ( 2 

mIJole) of PAP was added . The i nfr a-red spectr um i n ch lorof orm 

conf i rmed t he presence of W(Co) 5PAP . Thi s solution was t hen 

irr adiated f urther and the course of t he reaction was follo wed 

by withdrawing a sample at half hourly intervals and recording 

the infra-red spectrum in chloroform. After a period of about 

1-1/2 hr ., the infra- red spectrum in chloroform s howed that 

the W(Co) 5PAP species had been converted to the W(C0) 4PAP 

species . The irradiation was stopped at this stage . The THF 

was removed under vacuum and the residue was pumped on a 

vacuum line overnight . The residue was dissolved in benzene , 

filtered throus h kieselguhr and the volume reduced by a rotary 

evaporator . The product crystallised out fr om a benzene/hexane 
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mi xture, as yellow crystal s . These crystal s wer e f ilter ed , 

washed wi th hexane and then wi th d i et hy l ether and dr ied on 

a vacuu• l ine . 'i'he sa• pl e for anal;ys i s was puri fi ed by pass inc 

do\·m a s ilica i;e l column and e l ut i nc with benzene . Yi e l d G•,- ; . 

Infra- red spe ctra i n cra- 1 (obtai ned u s i ns a nuj ol null) : 

1613 ( s ), 1573 ( 1;1), 

1103 ( s ), 1063 ( w), 

973 ( w), 900 ( s ), 

700 ( s ), 693 ( sh), 
17> 
✓c nr:ir spectrum (in 

112 . 1 , 116 . 6 , 

137 . 6 , 140 . 2 , 

1323 ( ::1 ), 1277 ( \•/) , 

1038 ( vw), 1025 ( VH) , 

814 ( w), 764( s ), 

678 ( s ). 

ppm ; obt a ined in 

129 , 129 . 6 , 

14 -5' 154 . 5 . 

11 86( w), 

1013 ( m), 

753 ( • ), 

THF ): 

131 . 2 , 

11 63 ( sh), 

1000 ( w), 

746 ( s ), 

108 . 7 , 

132 , 

Preparation of t etracarbonyl/2- ( diphenylphosphinoam i no)­

pyridine7 clcor:1iuI:1 ( 0 ) heoibenzene ( C:r ( CO ) qPAP . 0 . 5 C~..)_ 

Cr ( CO ) 4PAP was prepared by a s i r.:ilar • ethod to t~1e 

ab ove, us i nr; 2 r:1r:10le of Cr ( CO ) 6 and 2 mmole of PAP . Ye l l ow 

crystal s were obta i n ed fr om a benzene/h exane mi xtur e . 

50 ( - 1 · d · 11. p . 17 C. Infra- red spectra c r:i , obtai ne us i ng a 

nuj ol mull) : 1616 (vs ), 1575( m), 1321( w), 1276 ( w), 

11 86(w) , 1156 ( s ), 1100(s), 1011( • ), 

847 ( w), 816 ( m), 766(s), 751(m), 

691(sh), 681(s), 646(s), 638 (s). 

13c nmr spectr um (in ppm, obtained in 

111. 6 , 11 6 . 0 , 128 . 8 , 129 . 5 , 

132.4, 138 . 0 , 139 - 2 , 140. 8 , 

998 ( m), 

741(s) , 

THF ): 

130. 8 , 

154.0, 

896 ( s ), 

701( s ), 

111 . 1, 

131.7, 

154.5. 

A synthesis of Cr(C0) 4PAP by t he displacement of 

norbordiene ligand f rom t he complex Cr(C0) 4Nbd by PAP was 

also attempted . 

Cr(C0 ) 4Nbd +PAP-->-- Cr(C0) 4PAP + Nbd . 

Nbd = Norbordiene. 
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Prep arat ion of t e trac arbonyln orbordi ene chroo i um ( O) 

The proc edure of Ki ns35 was f ollowed . 0 . 5 g ( 0 . 023 mole) 

of Cr(C0 ) 6 and 8 c m3 ( 0 . 079 mole ) of n orb ord i ene in 40c m3 of 

nethylcy clohexane were ref l uxed f or 2 days under n i tro0 en 

and with stirrins . After the reaction p e r iod was over , the 

reaction mixture was cooled t o r ooo temperature and taken to 

dryness usinc a r ota~y evaporator . T~e residue was sub l i • ed 

under vac uum yie l d i n5 golden ye llow c rystals . H. p . 90° C. 

Literature val ue : 92- 93uC. The c arbonyl stret c hinc 

abs orptions obtai ned i n c arb on t e trac h loride were : 2024 ( vs ), 
76 

1 954( s ), 1939 ( vs ), 1914 ( vs ) . Literature val ues? : 

2033 ( vs ), 1959 ( s ), 1944 ( vs ), 191 3 ( vs ) . 

Preparat ion of tetrac arbonyl ( 2 - (di phenyl phosphino amino )­

pyridine ) ch2..~0L1irn.1(0 ) . her.1 i benzene( Cr( CO ) qPAP . 0 . 5 C~ 

0 . 34g (1 . 3 m• o l e) of Cr(C0 ) 4ITbd and 0 . 36G (1 . 3 cmole) 

of PAP were refluxed i n 20c m3 of n - heptane under a n i trogen 

at• osphere. Aft e r about 10 mi ns ., the s olu tion be c ame cloudy 

and the produc t precip itated out of t h e r e f lux i ng s olut ion 

as y ellow c rystal s . The s olution was then ref l uxed f or 

anoth er 1/2 hr . The c rystal s we r e filte r e d off , washed wi th 

diethyl eth e r and d r ied under vacuum. A small quant ity was 

r ecryst a llised fr om a benzen e/h e xane mi xture . The 1H nmr 

spectrum of the complex obtained from t h e above was co mpared 

with t h e s p ectr um of the compound obtained by recrystallisation 

fr om a benzene/h exane mixture . Th e presen ce o f benzene of 

crystallisation in the latter was evident f rom the strong 

signal f or benzene at 2 . 73 ,:. Yield : 755'6 . M. p . 175°C . 

Analyses calcd. f or Cr(C0) 4PAP 0 . 5 C6H6 C 5 9 . 88 , H 3 . 74 . 

F ound: C 5 9 . 6 7 , H 3 . 6 9 . The infra- red spectra in nujol and 

ch lorof orm (carb onyl stretching absorption s) were compared 
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with and found to be identical to that prepared by UV irradi­

ation . 

Preparat ion of tetracarbonyl L2-(diphenylphosphinoamino)­

pyridin~wolybdenur:-i(O ) hemibenzene . (Lo(CO)qPAP) . 0 . 5 c~6 

i io (CO) 4 PAP was prepared by a similar method to the 

above usinc 2 • :nole of l·io(C0) 6 and 2 mr.10 le of PAP . Light 

ye llow crystals were obtained from a benzene/hexane mixture. 

i·i . p . 150°C . Yield : 5a;; . Infra- red spectrum (c r:1- 1 in nujol 

Lrnll): 1611(s), 1573(w), 1318 ( I:1 ), 1273(s), 1183 ( m), 

11 61(s), 1098 (sh ), 1078 (w), 1038 (w), 1028(w), 995 ( \-J) , 

968(w), 953(w), 895(vs), 848 ( \-l) , 803( • ), 763 (s), 

746(s) , 733(s) , 720(w) , 693 (s), 683(s ), 643(w), 

623(s ) . 

Preparation of tetracarbonyl/2-( diphenylphosph i noa• ino)-6-

r.,ethy lpyr idiniz:tun12sten(O) . ( 1.·J (CO)'l 6 PAP) 

1.'! (C0) 46 PAP was prepared by a similar procedure to 

t he above . 2 • mole of 6 PAP in 3cr:13 of THF \·Jas added to a 

UV - irradiated solution of ~-J (C0) 6 , (2 mmole in 80cm3 of THF) 

for 1 ~r . The mixture was then irradiated until the infra­

red spectrum in chlorof orm showed that the reaction had gone 

to completion (usually over a period of 1- 1/2 hr . from the 

time of addition of the ligand) . The THF was then removed 

under vacuum and pumped on a vacuum line overnight . The 

residue was dissolved in benzene and filtered through 

kieselguhr to rer:1.ove the brown insoluble material . The 

filtrate was passed through a column (2-3 inches) of silica 

ge l (100-200 mesh) . Benzene was used to elute the column. 

The resulting solution was concentrated using a rotary 

evaporator and treated with hexane in an ice-bath . Needle­

like yellow crystals of analytical purity were obtained, 
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which wer e fi l tered off , \•le.shed with hexane and then dr ied 

on a vacuum line . 

spe ctrum C -1 in cm , 

1305 ( w), 1232 ( w), 

1102 ( s ), 1023 ( m), 

752 ( H), 742 ( w), 

r,;. P . 175- 176° 0 . Yie l d 609; . 

using a nujol mull): 1616 ( s ), 

1207 ( \·l), 1187 ( w), 11 73 ( w), 

994( w), 952 ( w), 852 ( s ), 

695- 692 ( split ) 612(s ) . 

Infra- red 

1581 ( w), 

11 62 ( H), 

782 ( s ), 

Preparation of tetracarbonyl/2-( di phenylphosphi noarnino)-6-

methylpyr i dine7chron ium(O) . (Cr ( CO ) q6 PAP) 

Cr ( CO ) L~6 PAP was prepared and pur i f ied i n a s i milar 

method to that f or \-l (C0) 46 PAP , us i ng 2 mmole of Cr ( C0 ) 6 and 

2 m• ole of 6 PAP . Deep ye llow colour ed, ne edle-like crystals 

wer e obtained from the benzene/hexane mi xtur e aft er pass i nc 

through a column of s ilica gel (2- 3 i nche s ) and e l ut i ng wi th 

benzene . E. p . 157-1 58° C. Yield 650 . Infra- red spectruo 

(incm- 1 , using a nujol mull): 1613( vs ), 1583(r.1), 1312(r2), 

1234( m), 1215( w), 11 93 ( m), 11 73 ( m), 1163 ( ra ), 1103 ( s ) , . 

1078( w), 1032(s), 998( s ), 987 ( w), 973 ( w), 953 ( s ), 

918 ( w), 853 ( vs), 843 ( sh), 783 ( vs ), 753- 744( split ), 

703 (vs ), 698 ( sh), 675 (vs ), 653 - 643 ( split ) . 

Preparation of tetracarbonyl8--( d iphenylph osphi noami no)-6-

methylpyr idine7molybdenum(O) . (Mo(C0) 116 PAP) 

Mo(C0) 46 PAP was p r epar ed in a similar way t o t hat f or 

\v ( C0) 4 6 PAP and Cr ( C0) 46 PAP above, using 2 mmole of 6 PAP . 

Yellow crystals of analytical purity wer e obtained f rom a 

benzene/hexane mi xture af ter passing t hrough a column of 

s ilica gel (2-3 inches) , and eluting with benzene . 

M. p . 147- 149uC. Yield : 65%. Infra- red spectr um (in cm- 1 

obtained using a nujol mull) : 1616(s), 1580( m), 1310( m), 

1233(w), 1188(w), 11 76(w), 11 63 (w), 1100(s) , 1028 ( m), 

998 (m), 953( m), 858(s), 783(s) , 753- 748(split), 
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700(s), 628(sh), 620(s ), 598( rn ) . 

TABLE 6 

Analytic al Data 

Cor.ipound Calcd . 
C H N 

Found 
c H r i-i . p .( 0 c) 

\•l ( CO) 4PAP O . 5C6H6 46 . 98 2 . 9L~ 4 . 56 47 . 34 3 - YI- 4 . L~9 121 - 123 

Cr(C0) 4PAP 0 . 5c6H6 59 . 88 3 . 74 5 . 82 60 . 1 3 - 99 5 . 68 168 

Ilo(C0) 4PAP 0 . 5C6H6 54 . 85 3 . 43 5 . 33 5L~ . 63 3 . 76 5 . 30 150 

tJ (CO) 4 6 PAP 44 . 92 2 . 91 4 . 76 44 . 91 3 . 12 4 . 46 175 -1 76 

Cr(C0) 46 PAP 57 . 90 3 . 75 6 . 14 57 . 92 3 . 78 6 . 20 157- 158 

I·lo (CO) 4 6 PAP 52 . 82 3 . 42 5 . 60 52 . 46 3 _43 5 . 78 185- 186 
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CHAPTER 4 

4 . 1 .!. 3ACTIVITY S1I1UDIES 

.Ltecently , a few reactions in which HX ( where X = Cl 

Br - or I - ) causes the cleavage of the P - N bond i n some 

meta l carbonyl comp lexes have been reported . According to 

Hof ler and Schnitzler37 anhydrous hydrogen halides either as 

liquid or i n hydrocarbon solutions reidil y cleave the P - IT 

bond . 

e . g . 1".nCp(C0 ) 2 (PPh(N3t 2) 2 ) + HX 

some bnCp(C0) 2 (PPhXNEt 2 ) 

X = Cl, Br , I 

Hofler and harre38 obtained the f ollowi ng result s : 

h o( Co ) 5P( Nli e2 ) 3 + HC l /pentane 

(n = 1, 2 , 3 ) 

trans - I·,10(C0) 4 (P(I'11'l e2 )
3

) 2 + HC l(V ·"7 trans- h o( C0 ) 4 ( PC 1
3

)
2 

l·l o( C0 )
5

P( NF e2 )
3 

+ HI/pentane -
200

) Ho( C0 )
5

PI 2Nl le2 

\ -5' ._ _ _____..____ __ ..,,., I'110 ( CO ) 
5 
PI 

+ Mo(Co)
5
Pr

2
NI1Ie

2 

Douglas and Ruff39 also reported similar results but with 

some notable differences : 

___ H_I ___ Fe(C0)
4

I
2 

Fe(C0) 4PF ( NEt 2 ) 2 

M(C0 ) 5PF2 ( NEt 2 ) 

HC l y ---...,.~) F e(C0) 4PF ( NC12 )
2 

HBr ----7• M(C0) 5PF2Br 

M = Cr , Mo or W. 
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I n t h i s study , t he r eactivity of the P - N bond i n PAP , 

6 PAP and the complexe s of t h e s e ligands have been exami ned 

wi th HX . (1:Jhere x- = Cl -, 3r-, I -, PF 
6
-, BF 4 - • ) I t was 

f ound that (i) the PAP and 6 PAP ligands i n the com~ lex e s 

1! ( Co )
5

L were prot onat ed when a stoich ionetr ic aoount of HX 

I -, PF6-, BF4 - ) was added t o f orn 

co mp lexes of the typ e / i;J (C0 )
5

( LH2_7X, and that (ii) on addi tion 

of exce ss H:3r the P - if bond of the coord i nat ed PAP ligand 

i n t he complex W(Co )
5

PAP was cleaved , f ormi ng \J ( Co ) 5P ( Ph) 2Br 

and t he protonat ed am i ne . 

4 . 2 .i.~EACTION OF 1:J ( C0 )
5

PAP AND W( C0 )
5

6 PAP WI TH HX , ( WHEHE 

X- = Cl -, Br-, I -, PF6-, BF q-) I N A '1 : '1 FtOLAR l TI O 

Comp lexe s con t a i n i ng positively char ged phosphorus 
+ 

li0ands , e . g.L ( CO ) 5 '.'l ( c 6H5) 2PcH2cH2P ( c6n5) 2cH2c 6H5--} 'FF &7 
1.1ave been reported by Xe i ter '1 0 et a l . Corr:pounds contai nine; 

a prot onat ed phosphor us - n itr ogen li~and syst eo such as 

/ a2Hifo 2H4PPh2J x - ( wher e R = Meo , Et , x- = Cl -, Br-, I - ) 

have been r epor ted by Taylor and ~olodny40 • Ot her comp l exes 

contai n inc cat ionic l i gands have b een rep ort ed by Guagliano 

and coworkers 11 , 12 , 41 ,42 . In t h is pro j ec t , cooplexes of t he 

t ype W( C0 ) 5L , (where L = PAP or 6 PAP) were f ound to reac t 

wit~ a stoi ch i ometric amount of HX t o f or m c omplexes of t he 

type ,Lw( C0 )
5

( LH2_7X ( where X- = Cl-, Br -, I -, PF
6

- or BF4-). 

( See React ion Scheme '1 p . 111). 

The react ions wer e carr i ed out by dissolvi ng the 

W( C0 ) 5L complexes , ( where L = PAP or 6 PAP) i n diethyl ether 

and adding a stoich iometric amount of anhydrous HX . The 

comp lexes could be i s olated by d i rect prec ip i t ation fr om 

diet hyl ether and wer e gen erally stable except f or the bromo-
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and iodo- complexes which were light sensitive and appeared 

t o have decomposed to a certain extent on beins stored for 

a few months . ;rhe comp lexes were all white and powdery in 

appearance except for the /:7(Co)
5

(PAPII.2_7Cl co• plex 1.-1hich 

was obtained fr om diethyl ether as larGe, needle - like white 

crystals . 

The £3( CO) 
5 

( 6 PAEI_2_7P:8' 6 complex was prepared from 

/U(Co) 5 (PAPHl.7Cl by ion- exchange with i>rfi4PF6 in acetone : 

/ W(C0) 5 (PAPH.2_7Cl + NH4PF6 > / 'd (C0) 5 (PAP£I.2_7PF6 + NH4Cl . 

The /7!(C0 ) 5( 6 PAPH.2_7PF6 complex was also prepared by the 

ion- exchange method (with NH4PF6 in acetone) as well as by 

the direct addition of 651J HPF6 to a solution of ".'/ (C0) 56 PAP 

i n diethyl ether . The infra- red and 1u nmr spectra of both 

products were f ound t o be i den·t ic nl . 

The / •,.1(C0)
5

(PAP.dJ7.:31:1 4 and /".f(Co)
5

(6 FAPI·I.2_7B:c·4 comp l exes 

\-Jere prepared by t~1e dropwise addition of IIBi4 to diethyl 

ether solutions of c1H'" .-(~;o )
5

J~·.L' 2nd W(C0 )
5

6 PAP comp lexes . 

For experimental details and analytical results see 

Sect ion 4 . 14. p ., ~, ' ~ y ,.... .1 ' ... 
'-" ....... v - ~ ,._ ..... .... ·-

4 . 3 IKFRA - RED SPECTRA 

The Y(r - H) bands f or all the protonated complexes 

((1) - (10)) be come broader and shift t o lower energies , 

when they are compared with their precursors , W(Co) 5PAP(11) 

and W( Co ) 56 PAP(1 2). The trend to lower energie s of the 

y(N - H) stretching frequencies f or both the PAP and the 

6 PAP systems is the same and increases a ccording to the 

s er ies : BF 4 - r-, PF 6 - < I - < Br - < C 1 -
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For the case of X = Cl- , the Y (l - H) bands cannot 

be assigned with confidence because they are masked by the 

aromatic C - H stretchinc frequencies , also observed in the 

same region . 

The general downward shift i n enercies can be 

explained as foll ows. The fact that the YCN - H) bands have 

broadened considerably in the protonated comp lexes as well 

as occurring at muc h lower frequencies is indicative of the 

existence of hydrogen- bonding in the solid state . A small 

anion like Cl has a much stronger interaction ( hydrogen 

b onding ) due t o an intense force field , than Br or I -, 

where as the anion gets larger , the force field weakens as 

the effect of the anionic charge is diminished by more and 

• ore completed electron shells . For the coopounds containing 

polyatomic anions such e.s Pli' 
6 

- , BI'4 - , where there are weaker 

peripheral f orce fields , the frequencies rise to higher 

values . Conductivity studies support these conclusions . 

( See 3ection 4 . 4 . ) S i milar studies in the trend of y( N - H) 

stretching frequencie s have been n oted by Cook43 and by 

Nuttall et al . 44 in s ome 

in s ome ammine complexes 

pyr i dinium salts , by Nakamot o et al . 45 

and by Ne l s on et a1.46 in Co( II ) 

and r i( II ) complexes of the p os itively charged ligands , 

2 - (diphenyl- phosphinomethyl )-6- methylpyridinium ion . These 

authors commented that hydrog en - bonding between the hydrogen 

of the N - H group and the corresponding anion i s the cause 

of the shift o f the y( N - H) stretching fr e quencies, to lower 

energies; f or the more bul ky anions (polyatomic), suc h 

cation - anion interaction is negligible for the r easons 

state d above (see Table 7). 



V ~,. 

Cl 

Br 

I 

i'J03 

Comp ound: 

= 

Cl04 

TABLE 7 

I NFl-:A - P...S D DATA 
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y (If - H) 3tretchins 

Ca 3070 (broad) 

Ca 3120 (broad) 

Ca 3150 (broad) 

3290 , 3200 

3320, 3240 

/Cr( nH
3

) 67( Cl04 )
3 

/}~i( i-JH
3

)&7(Cl04 ) 2 

3330 , 

3397 , 

3280 

(3312) 

Pyridinium salts : b 

Cl 

Br 

I 

2-ZnC14 

"'nB 2-u r 6 
2-SnC16 

Cl04 
BF

4
-

Rein- c 

2439(vs, broad) , 2375(vs, broad) 

2591(s, broad) 

2833(s , broad) 

3213(vs), 3155(vs), 

3251(s), 3236(s), 

3260(s) 3240(s) , 

3268(s) , 3195(s) , 

3290(vs) , 3205(s) , 

3335(s , sh), 

a see Ref . 45 . 

b see Ref. 43 . 

c = pyridinium reineckate . 

3105(vs) 

3185(s ) 

3188(s ) 

3118 ( m) 

3122(m) 

3302(s) 



Fig. 3. Infra-red spectra in the 4000-2000cm - 1 region. 

(i) W(CO) 5 6 PAP 

3415 

(ii) [W(CO) 5 (6 PAPH)) Cl 

48 . 



Fig. 4. Infra-red spectra in the 4000-2000cm - 1 region. 

(i) [W(C0)5 (6 PAPH)] PF6 

(ii) [W(C0)5 (6 PAPH)] BF4 

4-9. 



50 . 

Protonation in these comp lexes ((1) - (10) ) c ould occur 

at (i) the pyridine nitrogen or (ii) at the internal nitrogen* 

i1 = H or CH.., . 
) 

If protonation has occurred on the pyridine nitrogen , the 

symmetrical )/( N - H) band of the internal nitrogen* would 

not be expected to differ very muc h in position from that in 

the unprotonated co mp lexes (11) and (12). A very small 

shift to lower energy perhaps nay be observed because of the 

possibility of a part ial delo c alisation of t h e positive c harge 

onto the (N - H) nitrogen , thus weakening the (1 - H) 

stretching . But if protonation has occurred on the internal 

ni trocen a very large shift to lo\rnr energy is expected due 

to the weakening effect of the posit ive charge on the stret ­

c h ing of the ( N - H) bond . As Table 8 shows , the ),/( N - H) 

o f the protonated comp lexes L\v (Co)
5

(LH2_7X , (where X = PF 6 

and B:f'4 -) differ on ly to a small extent ( 50- 70c m- 1 ) when 

compared with the unprotonated co mp lexes; the effect of 

hydrogen- bonding is least felt when X = PF6 or BF4 f or 

reasons g i ven above . Hence, it appears that prot onat ion 

occurs at the pyridine nitrogen . 

It i s apparent from Tab l e 8 that the CO stretc hing 

abs orptions are marg i nall y higher than the precurs ors 

\·l ( Co ) 5PAP and W(C0)
5

6 PAP . The small increases i n c arbonyl 

stretch ing frequencie s are cons i stent with the increase in 

the electron withdrawing p ower of the meta l . This r esults 

in les s negative charge delocalising into the ant i b onding n* 



'rADLE 8 

Compound 

(1) [ W(C0)5( PAPHl7Cl 

(2) LW(Co) 5( PAPHl7Br 

(3) /W(C0)5(PAPHl7I 

(4) / W(C0) 5(PAPHl7PF6 

(5) / W(C0)5(PAPHl7BF4 

(6) LW(C0)5(6 PAPHl7Cl 

(7) LW(C0) 5(6 PAPHl7Br 

(8 ) / W(C0)5(6 PAPHl7I 

(9) /W( C0 )5(6 PAPHl7PF6 

(10) LW(C0 )5(6 PAPHl7BF4 

(11) W(C0) 5PAP 

(12) W(C0) 56 PAP 

(N-H)a(cm- 1) 

3080(br) 

3091(br) 

3330(br) 

3340,3130(br) 

3130(br) 

3182(br) 

3340,3241 

3300 ,3151 

3398 

3415 

CO stretc hing absor ptions (cm- 1 )b 

A
1

( 2) 

2074 (m) 

2076 (m) 

2076(m) 

2073 (m) 

2077 (m) 

2077(m ) 

2077(s) 

2077(m ) 

2075(m) 

2074 (m) 

2072(m) 

2074 (m) 

B1 

1984 ( sh ) 

1986(sh) 

1986(sh) 

1963 (s h) 

1995( sh ) 

1987(sh) 

1991(sh) 

1992 ( sh) 

1995(sh) 

1992 (sh) 

1~86 (sh) 

1~82 (sh) 

E , A1 

1942 (vs) 

194 6(vs) 

1945 (vs) 

1944(vs) 

1941(vs) 

1945(vs) 

1944(vs),1919(vs ) 

1944(vs ),1919(vs) 

1945 (vs) 

1937(vs ),1929(vs) 

1944(vs) 
C 1944(vs) 

a: in nujol mull using CsI plates . b: i n cc14 unless otherwise stated . 
c: in CHC1 3 . br: brocd 

\Jl 
~ 
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orbitals of t h e CO's fro m the metal, thereby increasing t h e 

CO stretching f requen cies. Co mp ound s ( 1) - ( 6) a n d ( 9) 

(Table 8 ) s h ow acci d en tal de g en eracy in the E and A1 (1) modes. 

In comp ounds (7), (8) and (10J, t h e E and A1(1) modes appear 

to b e r e solvable . 

It has previously been estab lish ed 1o, 33 , 4 7 that with in 

e xperimen tal error , t h e c a rbon yl inf ra-re d s pectra o f t h e 

follo wing compounds are superimposable: 

(Oc)
5

W£"(C6H5 ) 2PcH 2CH2P(C6H5 ) 2J and 
+ 

t0C) 5wf"(C 6H5)2PcH2CH2P(C6H5)2c H2C6H5J/-PF6J, (OC) 5wP(OCH2 ) 3P and 
+ 

L-(OC)
5

WP(OCH2 )
3

PcH
3
Jf"BF4 -J,( OC)

5
cr(C6H5 ) 2PCH 2 CH2P(C6H5 ) 2 and 

+ 
[""(Oc) 5cr(C6H5)2PcH2cH2P(C6H5 ) 2cH3JLBF4J . 
Small increas es in carbonyl stretching frequencies were 

observed i n (Oc) 5wrcc6H5)2Pc = CP( c 6H5)2J and 

,L( OC )
5

W(C 6H
5

) 2PC:: C;(C 6H5) 2c H3JI- by Ta ylor et al. 19 a n d i n 
+ 

(Oc) 5wL( c 6tt 5)2PcH2P(C 6H
5

) 2Jand(Oc )
5
wL-( c 6H

5
) 2PcH2P(C 6n

5
) 2cH3JI-

by Keiter a n d Shah 1°. These results are reasonable, con sid-

ering t h e fact that t h e positive charg e is quite remote from 

the site of coordination . The CO stretch ing a b sorptions 

obtained for t h e proton ated complexes (1) - (10) in t h is 

study are quite simi lar to t h e pr ecursors (11) a n d (12), 

supporting the concept that protonation has oc curred on the 

remotely situated pyridine n itrogen . 

4 .4 CONDUCTIVITY 

The molar conductivities of the complexes in both the 

1:'AP and 6 PAP systems decrease along t h e series: 

(I) 

( see 'fable 9). The degree of hydrogen-bonding in the solid 

state , a s we found above from the (N - H) stretching 
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TABLE 9 

Lolar Conductivit ie sa at 25° C 

Comp ound ( mhos 

L\1 ( C0 ) 5 ( 6 PAP5l7Cl 2 . 70 

/ U(Co ) 5 ( 6 PAPHl7Br 5 -5 

L\~ (C0)5( 6 PAPH2,7I 29 

LW( C0)5( 6 PAPH2,7PF6b 11 9 . 9 

/ w(co)
5

( 6 PAPH2,7BF4 75 

lU(C0)5(PAPHl7Cl 3 . 0 

LW(Co)
5

(PAPH.2_7Br 7 . 6 

IJ!( C0)5(PAPHl7I 37 . 0 

!Jj( CO ) 
5 

(PAHLJ7PI1' 6 b 110 . 4 

L\J ( C0 )5( PAPHJ7BF4 71 

LJj(Co )
5

( 6 PAPHl7PF6c 38 

a : all conductivities were measured in acetone unless 

otherwise stated . 

b : prepared by ion-exchange method . 

cm2
) 

c: prepared by direct addition of HPF6 to a diethyl ether 

solution of W(Co) 56 PAP . 



frequencies , shows the following trend depending on the 

nature of the anion . 
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(II) 

The trend observed in the molar conductivities in (I) may 

also be explained in terms of the degree of hydroc;en- bonding; 

prevailing in solution , assuming that the extent of hydrog en­

bonding between the hydrog en of the two ( N - H) ' s and the 

anion in solution , reflects that prevailing in the solid 

state . For example, the Cl has been noted above to exhibit 

the greatest degree of hydrogen-bonding with the hydrogen of 

the (N - H) group in the solid state . Hence the low values 

of the molar conductivities in the chloride complexes ((1) 

and (6)) may be attributed to the Cl anion being held 

tightly (existing as an ion-pair) to the cation in solution 

by extensive intra or inter- molecular hydroGen- bonding . 

The /W(Co) 5(6 PAPHl7 PF 6 and /W(Co) 5(PAPHl7FF6 complexes 

prepared by the ion-exchange method have molar conductivities 

of 11 9. 9 and 110.4 mhos cm 2 (in acetone) respectively . 

These values are consistent with that of 1 : 1 electrolytes, 

which usually have 100 - 130 mhos cm 2 in acetone . The 

analytical data (Table 17) shows a fairly high value for 

nitrogen indicating that the compounds may be contaminated 

with NH4Cl or NH4PF6 • Therefore, it is conceivable that the 

conductivity figures obtained above may perhaps be contributed 

by NH4 Cl (or NH4PF6 ). This is supported by the fact that 

the molar conductivity for LW(Co) 5(6 PAPHl7PF6 prepared by 

the direct addition of HPF6 to a diethyl ether solution of 

W(Co ) 56 PAP has been found to be 38 mhos c m2
• 
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4 . 5 13c nmr SP~CTRA 

In a recent review of 13c nmr chemical shifts of 

organometallic compounds , hann48 commented that the factors 

determining the 13c chemica l shi fts of metal carbonyl s have 

not as yet been fully i dentified . Changes i n lic and- metal TI 

bonding are senerally a ccepted t o dominate changes i n carbonyl 

stretching frequencie s and force constants in octahedral 

metal carbonyl s and the ir substitution product s . Gans ow 
~a 13 et al . · 7 obtained very good corre lation between the C 

chemical shifts and the Cotton- Krai hanzel f or ce constants for 

the complexes I·J ( CO ) 
5

L (L = Group Vb donor ligand). Si milar 

linear relationships have subsequently48 , 50- 52 been f ound f or 

the comp lexes Cr( CO ) 
5

L , I·i o ( CO ) 5L , ; c5H5Fe ( CO ) 2x7 and 

cis - / nuC12(co) 2L2_7, succesting that changes in h - C- 0 

TI - bondi ng exert a do~inant inf luence on 13c carbonyl chemical 

s hifts . 

The 13c carbonyl resonance of tungsten hexacarbonyl 

( W(C0) 6 ), the monosubst ituted comp lexes W( C0 )
5

PAP and 

W(Co)
5

6 PAP , and the prot onated co mp lexes / W( C0 )
5

(PAFH2_7Cl 

and L'W(C0)
5

( 6 PAPH2.7Cl are listed in Table 10 . The spe ctra 

were difficult t o obtain due t o the poor solubility of the 

complexes . In the W(C0)
5

6 PAP comp lex , both the cis and t he 

trans carbonyl resonances were observed. Similar compounds 

reported in the literature are listed i n Table 10 f or the 

purpose of compar ison. W(Co)
5

PAP and W(Co)
5

6 PAP both show 

a downfield chemical shift (ppm relative to tetramethylsilane) 

when they are compared with W(C0) 6 • This shift has also been 

observed in other similar compounds as shown in Table 10 and 

i ncreases along the series : 
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CO Z phosphi te <phosphine~ arsine < 2mine < carbene . 

i.e . with increasing ligand O'-donor power. As pointed out 

by Bodner a n d Todd53 , this seque~ ce is also cons isten t with 

a decrease i n the ~ - acceptor abilities of th ese ligands . 

Thus , it i s appa rent that t h e carbony l reson ance is 

desh ielded with increasing el ec tron de nsity at the tran siti on 

metal . Transition metal-..::::, carbony l J\ bac k - donation 

increases wi th increasing el e ctron density on t he transition 

metal . It a ppears ther efore , that t h e carbonyl res onance 

is deshielded as th e transition metal---o/ carb onyl~ back­

donation incr eases i n t .tiis s eries . Re cen tly , Bodner and 

Todd 53 carried out some studies o f t h e complexes 

~ -( C6H5X)Cr(Co) 3, the isoelectronic 1c5H5 )M(Co) 3, a n d in 

1t.(C6H
5

)M(CO) 2L. A linear corr elation between the 13c nmr 

carbonyl chemical s h ifts and the extent of tran s ition 

metal~ carbonyl j( back-donation was a gain obs er v ed i n 

both cases . 

The tran s CO resonance always oc curs at a greater down­

field shift from TMS than the cis. The reason for t h is , 

being that the er-bonding orbitals on t h e metal are sha red 

by ligands which are mutual ly trans . If a good tJ" donor such 

as the carbene ligand is pre sent , a larger cis-trans s eparation 

of carbonyl resonances and larger chemic a l shift of the 

trans CO with respect to W(CO) 6 is expected. In W(Co) 56 PAP, 

b oth the cis and the trans CO resonances are observed to be 

split. The splitting could be due to P-W-C coupling , and is 

of the order o f 37 . 5 Hz . ( See Table 10. ) 

In l:-w( co) 5 (PAPH )JCI and L-W( Co) 5 (6 PAPH)JCI, only the 

cis carbonyl resonan ce was observed at 194.9 ppm and 195.4 ppm 



TABLE 10 

13c nmr DATA 

Compound Carbonll resonances (ppm) ( J 1p - M - 1JC) So lvent 
cis trans cis(Hz) trans( Hz ) 

W(C0 )6 191 • 0 CDClJ 

V(C0 )
5

6 PAPa 196 . 9 199 . 4 7 . 5 25 . 5 CDClJ 

LW(co) 5 (6 PAPHl7Cla 195 . 4 CDClJ 

W(C0)
5

PAPb 195 . 6 CDClJ 

/W(C0)5( PAPHl7Clb 194 . 9 

W(C0) 5EPhJc 198 . 0 199 . 8 7 22 CH2c1 2 
W(C0)

5
P(OMe )

3
d 196 . 2 198 . 8 10 36 Neat liquid 

W(C0 )5PEt
3

d 198 . 5 200 . 2 19 Neat liquid 

W(C0) 5l'(OPh)Jc 194 . 5 197 . 0 10.5 45 . 4 CH2c1 2 
W(C0) 5NH2c6tt11 

C 199 . 1 201 . 9 CH2c12 

a: recorded in CDC1 3 + Cr(acac) 3 
b: recorded in GDC1 3 + (CD

3
) 2co + Cr(acac 0 

ref . 48. \Jl 
C: --.,_] 

• 
d: re f . 55 . 
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respective l y . These represent chang es of the order of 0. 7 

ppm and 1 . 6 ppm upfield from the correspondinG unprotonated 

complexes, as would be expected for a slightly more pos i tive 

pho sphorus atom . These changes are insignificant when they 

are cor:ipared with the downfield shifts of U(C0)
5

PAP (by 4 . 6 

ppm) and ':J(Co )
5

6 PAP (by 5 - 9 ppm) , with respect to \·J (C0) 6 , 

1v1hen one of the CO ' s is replaced by either PAP or 6 PAP . 

Hence it appears that the electron density on the metal is 

not perturbed t o any great extent when the ligands in these 

complexes are protonated . Th i s is consistent with the 

evidence from infra- red spectroscopy that protonat ion has 

occurred on the pyridi ne nitrog en . 

The J (P - C ) couplins constants of W( CO) 
5

6 PAP observed 

for the cis and the trans carbonyl resonances are 7 . 5 Hz and 

25 . 5 Hz respective l y . These values are consistent with the 

trend observed i n the other related compounds in which the 

J(P - C) coupl i ng constant f o r the trans 13co are usually 

higher than the cis (see Table 10) . 

The 13c nmr spectra of the aromatic c arbons have b een 

recorded i n THF f or s ome of the complexes . Owing to a l a c k 

of inf ormation on t he 13c resonances of similar model com­

pounds , these spectra could not be assigned . The carbony l 

res onances were obtained by the addition of about 0 . 2M of 

Cr (acac) 3 , (about 70 mg/cm3 ) which serves to decrease the T
1 

relaxation times . A forty fold increase in the intensity of 

the carbonyl resonance signal has been reported in F e(Co)
5 

without causing any detectable contact shift54 • 
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4. 6 31P nmr SPECTRA 

Although the factors governing 31P chemica l shifts are 

not completely understood it is thought the isotropic para­

magnetic term56 is the most important effe ct . Accord ing to 

Reddy and Schmutz ler 20 , a negative contribution to 31P 

chemical shi f t on coordination is due to the increas e in the 

paramagnetic term. This term is influenced57 by 

(i) the occupancy of the d orb itals 

(ii) the electronegativity of t he substituents on phosphorus 

(iii) the changes in the bond angles 

(iv) and t h e mean excitation energy . 

The 31P nmr spectral data for the protonated complexe s 

as we ll as data obtai ned by Grim et a1 . 58 are listed in 

~: ab le 11 . As • entioned i n Section 2 . 4, in W(Co ) 5PAP and 

1·J(Co) 56 PAP , the 31P nmr resonance s shi ft do\•mfield by 24 . 0 

and 25 . 3 respe c tive l y on coordi nat ion . The 31P ch emical 

shifts of LW(Co) 5(PAPH27'Cl and LW(Co) 5( 6 PAPH2JC1 move 

downfie ld by - 8 . 9 ppm and - 8 . 25 ppm when these are cor.J.pared 

with the unprotonated complexes . The f ormat ion of a f ormal 

+ 1 charge on a phosphorus atom causes a much greater shift 

(-. 40- 50 ppm). Thus it appears that for t he prot onated 

complexes, the positive charg e is far removed fr om the metal ­

bonded phosphorus atom , and is probably consistent with 

protonation occurring on the pyridine nitrogen . Unfortunately , 

no information is available on the effect of placing a f ormal 

positive charge immediately adjacent to a phosph orus atom . 



TABLE 11 

31p nmr SP~CTRAL DATA 

Compound 

(1) LU(C0) 5(PAPH2,7Cla 

(2) l.Ji(C0)
5

(6 PAPH.2JCla 

(3) l(C6H5)2P(O)CH2P(C6H5 ) 2CII3--7Brb 

(4) [("c
6

H
5

)2P(O)CH(CH
3

)P(C6H
5

) 2c H
3

J Brb 

6._p(ppm2 

- 8 . 91 

- 8 . 25 

-49 . 2 

-41. 2 

60 . 

Solvent 

THF 

rrH? 

CH2c12 
CH2c12 

a : 

b : 

.6..P = ~ protonated comp lex 

6 P = ~ protonated ligand 

$ unprotonated co• plex 

'iJ unprotonated ligand 

4 . 7 1H nmr SPBCTRA 

As discussed in Section 3 - 3 the 1H nmr signal for the 

methyl protons of \1 (CO) Li 6 PAP shifts dmmf ie ld ( de shielded) 
r 

~ro~ tetrarnethylsilane by 0 . 51( when it is co• pared with that 

diaro.cteristic of ':J ( CO) 
5

6 PAP . The 1H n~r resonance for the 

• ethyl protons of /W(C0) 5 (6 PAPHl7Cl ( 7 . 34L, see Table 12) 

in deuterochloroform also shows a downfield shift of 0 . 41 ~ 

fro• that of W(Co)
5

6 PAP . This indicates a deshieldine; of 

the methyl protons and is consistent with the protonation 

of the complex at either site (the pyridine nitrogen or the 

( N - H) nitrogen). 

Compound 

PAP 

TABLE 12 
1H nmr DATA 

W(Co)
5

6 PAP 

W(C0) 46 PAP 

LW(C0)5(6 PAPH.2_7Cl 

Cr(C0)4-6 PAP 

Mo(C0) 46 PAP 

Meth~'.:1 Protons 

7 . 64 

7 - 75 

7 . 24 

7 _34-

7 . 30 

7 . 41 

All spectra were obtained in dauterochloroform . 

~ "(., 2 



61 . 

4.8 UV SPECTRA 

The UV spectra of \'J (C0)
5

L (where L = PAP or 6 PAP) 

(see Section 2.5) and / W(Co)
5

LH7X (where L = PAP or 6 PAP, 

X = Cl-) were recorded in tetrahydrofuran solution . As 

shovm in Fi g . 5 and Table 13a, the spectra of the protonated 

comp lexes are very similar to the unprotonated complexes 

(showing two shoulders at 295 nm . and 350 nm .). The spectra 

would be expected to show significant changes if protonation 

had occurred on the nitrogen adjacent to the phosphorus atom . 

For example, the spectra of complexes Cr(Co)
5

P(OPh)
3

, 

Cr(C0)
5

P(I-IT'-ie2 )
3 

and Cr(Co)
5
P(Ph)

3
, are sensitive59 to the 

nature of the atoms adjacent to the phosphorus atom (Table 

13b) . The spectral results therefore support the evidence 

obtained from infra- red and 13c nmr spectra, that protonation 

probably occurs on the pyridine nitrogen . 

TABLE 13a 

UV SPECTRAL DATA 

Compound (nm) 

W(C0)
5

6 PAP 350(2736)a 295(1800) 

f_W(C0)
5

(6 PAPH.2_7Cl 350(2373) 295(1260) 

W(C0)
5

PAP 350(3086) 295(1653) 

LW(C0)5(PAPHl7Cl 350(2434) 295(1374) 

a: coefficients of extinction are quoted within 
brackets. 

All spectral data were obtained in tetrahydrofuran 
t . -4 a concentration of ...-v10 M. 
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.Fig 5: U. V. Spectra of protonated and unprotonated complexes. 

A=W(C0) 5PAP 

B=W(C0)56PAP 

C = [W(CO )5 (PAPH)] Cl 

D =[W(C0)5(6PAPH)]CI 
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TABLE 12b 

FIRST CHARGE TRANSFER BOND IN Cr(C0) 5L 

L (nm) Solvent 

coa 280 CH
3

CN 

(Ph0 )
3

Pb 329 hexane 

(I'-1e2N) 
3

Pb 340 hexane 

(C6H11)3P 
b 

340 hexane 

a = ref . 60 

b = ref . 59 

4 . 9 REACTIONS OF W(CO)§PAP , W(C0),
1
PAP AND PAP WITH EXCESS 

HBr 

The reaction of W(Co) 5PAP with a s toichiometric amount 

of HBr has been dis cussed in section 4 . 2 . The reaction of 

W(Co) 5PAP with an excess of HBr in benzene has also been 

investigated and f ound t o bri ng about the cleavage of the 

P - N bond to give W(Co)
5

P( Ph ) 2Br and the 2- aminopyridine 

hydrobr omide . The products were identified by infra-red 

and mass- spectra . In the mass- spectrum , traces of 

W(Co )5P(Ph) 20Et were also observed . It is possible that 

trace s of ethanol present in the chlorof orm in which the 

spectrum was obtained , react with W(Co) 5P(Ph) 2Br t o f orm 

W(Co) 5P( Ph ) 20Et. Excess HBr was also f ound to bring about 

the cleavage of the P - N bond in the free PAP and 6 PAP 

ligands (see Reaction Scheme 2) . The products identified 

by mass-spectra are shown in Table 14. The reaction of 

W( C0 )4PAP with excess HBr in diethyl ether solution was 

also studied . The pyridine-tungsten and the P - N bonds 

were found to be cleaved. The products identified in the 

mass-spectrum were: 



TABLE 14 

Reaction Products identified by mass-spectra: 

PAP+ Excess HBra Ph 2POH +0-1 ¥ fh 
~ N- P- Ph 

I " 0 

6 PAP+ Excess HBra Ph2POH 

W(C0) 5PAP+ Excess HBra W(C0) 5P(Ph) 2Br+ (Ph) 2- P-0Et 
I 
W(C0) 5 

W(C0) 4PAP+ Ex cess HBrb ( Ph ) 2POH+ ( Ph ) 2PH + ( Ph) 2P-0-P-( J?h) 2 + traces of + vv ( CO )
6 I I I 

W(C0) 5 Vl ( C0) 5 d ( C0) 4 2-amino-pyridine 
b W(Co) 4PAP + Excess HCl ( Ph )

2
POH 

a: reactions were carried out only in benzene . 

b: rea ctions were carried out only in diethyl ether so lution. 

Product s i dentified 
by infra-red spectra 

2 aminopyridine ­
hydrobromide 

2 am ino-6-me thyl 
pyridin ehydrobromide 

O'i 
.j::-
• 



(CO) 5WP(Ph) 2OH + (CO) 5WP(Ph) 2H + Ph2-r-O-P(Ph) 2 

W(CO) 4 

+ traces of 2- aminopyridine . 

65. 

The reaction of W(CO) 4PAP with excess HCl was also studied 

and the phosphorus-tungsten, pyridine-tungsten and the P - N 

bonds were found to be cleaved. Ph2POH was observed in the 

mass- spectrum . 

'.l:h,e synthesis of the protonated form of the free ligand 

was attempted but it was not possible to isolate it as such . 

Infra- red evidence showed that the P - N bond was cleaved. 

The fact that the protonated complexes could be isolated at 

all suggests that the P - N bond is stabilised to a greater 

extent than is the case in the free ligands. 

Table 14 summarises the reactions studied and the 

products obtained. For experimental details see Section 4 . 14 . 

4 .10 BRIDGING W(Co) 5PAPW(CO) 
5 

A few bridging compounds of the type M(Co) 5LM'( CO) 5 
(where M = Cr, M' = W or Ivi = M' = W, L = Me0s . S .As . Me 2 ) have 

been reported by Ainscough and Brodie61 • Similar compounds 

such as (W(Co) 5)2DTO and (W(Co) 5)2en (where DTO = 3,6-

dithiaoctane and en= ethylenediamine), have also been 

prepared by Birch62 • Bridged carbonyl complexes containing 

phosphorus-phosphorus and mixed phosphorus-arsenic ligand 

systems have been reported by Grim et a1. 6 3 and by 

H. Vahrenkamp and W. Ehr164 respectively. In this work, 

W(Co )5PAP has been found to act as a ligand (through the 

pyridine nitrogen) towards W(Co )5THF (produced by UV 

irradiation of W(CO) 6 in THF). The complex W(CO)
5

PAPW(CO ) 5 
has been isolated. This formulation has been confirmed by 
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Fig. 6. Carbonyl stretching spectrum of W(CO)5 PAP W(CO)5 in cyclohexane. 

2073 

1922 

1947 
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analytical results (see Section 4 .14) . The mixed chromium, 

tungsten bridged complex could not be obtained. Also , 

bridged compounds of 6 PAP similar to the above were 

attempted but could not be obtained. 

The YC N - H) stretching fre quency is split and occurs 

at 3400 cm- 1 and 3280 cm-1 , both of which occur at higher 

frequencies than free PAP . As previously discussed in 

Chapter 3 , this indicates a lack of coordination of the 

nitrogen of the ( N - H) group . (The V( N - H) stretching 

frequencies of W(Co)
5

PAP and W(C0) 4PAP occur at 3398 cm-1 

and 3320 cm- 1 respectively .) Hence coordination must be 

through the pyr idine nitrogen as shown below: 

h H ~ 
~N.Jl.-N - I - Ph 

I W(C0)5 
W( C0 )

5 
The CO stretching absorptions in cyclohexane are 

shown in Table 15 together with the data on similar compounds, 

obtained by Ainscough and Brodie65 , and by Grim et al . 

(W(C0)
5

) 2PAP has a new band at 1922 cm-1 when its spectrum 

is compared with that of W(Co)
5

PAP and has been assigned as 

the A1 (1) mode . This band could also possibly be the E or 

A1 (1 ) mode s originating from the coordination of the pyridine 

nitrogen to W(Co )
5

L; as has been discussed in Section 2 . 3 

the A1( 1) and E modes are genera lly lower f or nitrogen 

than for phosphorus types of ligands . The spectrum is similar 

to the other bridging compounds listed in Table 15 . 

The mass-spectrum of (W(Co)
5

) 2PAP complex was obtained. 

The parent ion was not observed , but W(C0) 6 and W(C0) 5PAP 

were observed . 



Compound 

(W(C0) 5 ) 2PAP 

W(C0) 5PAP 

(Cr(C0) 5 )2 (en) 

( W( C0) 5 ) 2(en) 

(Cr(C0) 5 )2(dad) 

( W( C0) 5 ) 2 (dad) 

(W(C0}5 ) 2(MePhPCH2CH2PPh2) 

(Mo(C0) 5 )2(MePhPCH2CH2PPh2) 

TABLE 15 

A1(2) 
CO stretching absorEtions 

~1 E 

207J(m) 1982(sh) 1947(vs) 

2072(m) l984(sh) 1941(vs) 

2072(w) 1970(sh) 1940(vs) 

207J(w) 1975(sh) 19JO(vs) 

2065(w) 1975(w) 19J2(vs) 

207J(w) 1972(w) 1928(vs) 

2075(w) 1980(vw) 19J8 (s) 

2075(w) 1988( w) 1942(s) 

en= ethylenediamine 

dad = Hz-\J ( CH2 ) 112NH2 

A1ill 

1922(sh) 

1885(m) 

1879(m) 

1900(sh) 

1900(sh) 

1949(s) 

1957(s) 

Solvent 

Cyclohexane 

Cyclohexane 

Ni tromet han e 

Chloroform 

Chloroform 

Chloroform 

Cyclohexane 

Cyclohexane 

Reference 

56 

56 

56 

56 

54 

54 

(j\ 
(XJ 
• 
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4.11 W(C0)
5

PAP ACTING AS A LI GAN~ TOWARD Co C1 2 

Keiter 13et al. recently reported using the complex 

(OC)
5

wP(C 6H
5

) 2cH 2CH 2P(C 6H
5

) 2JHg2u1
4 

and 

cis-L(oc) 5wP(C6H
5

) 2~H2cH 2P(C6H
5

) 2:-1PtC1 2 

The c omplex W(Co)
5

PAP has been found to react with 

CoC1 2 to form the c omplex ( W(C0)
5

PAP) 2CoC1 2 , the W(C0)
5

PAP 

is acting her e as a l i gand towards CoC1
2

• This formulation 

was confirmed by a nalytical results. The infra-red spectra 

shows the s ymmetrical t N - H) stretching freque n cy to be 

split and oc curs at 3218 cm- 1 and 317 5 cm- 1 . It is possible 

that the splitting could arise from the coordination of one 

of the W(Co)
5

PAP ligands t hrough the pyridine nitrogen while 

the mode of coor dination of t he second ligand is through the 

nitrogen of the \ N - H) group. It is notable that t h e 

VtN - H) stretching frequencies h a ve s h ifted to lower 

en ergies with respect to the W(COJ
5

PAP liga nd. This 

phenomenon could pe rhaps be attribu ted ot some hydrogen­

bonding type of interaction between the t wo ~N - H) groups 

and the chloride. ttecently, Nassimbeni and Hodgers66 

reported the elucidation of t h e structure of polymeric - u­

dichloroimidazolecadmium(IIJ, and postulated t he existence 

of a trifurcated N - H ••••• C1 interaction between three 

chlorine atoms and the ( N - H) group of the imidazole moiety, 

holding the polymeric structure together. The electronic 

spectrum of (W(Co)
5

)
2

PAP in nitromethan e is characterized 

by peaks a t 6 4 5 ( £, = 3 5 0 ) , 5 8 2 ( sh , €' = 2 7 0 ) , 5 9 5 ( € = 3 3 0 ) 

and 730 (E= 280) . The spectrum of tetrahedral cobalt is 

more intense than that of the octahedra167 and is 
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characterised by a more strongly structured peak in the 

visible region. From the intensity observed, the compound 

appear to have a pseudo-tetrahedral stereochemistry. 

4 .1 2 ViSTHYLATION OF PAP AND W(C0) 5PAP 

The PAP l igand v,as methyl ated by treating with I-IeI . 

The i nfra- red spectrum was different from that of PAP . The 

r;iass - spectrum shous the presence of lJ?AFEer, 2- aminopyr idine 

and P(O)(Ph) 2Me . The 1H nmr spe ctrum in cnc1
3 

is charac­

terised by three raethyl peaks at 6 . 92 "'(, 7 .1 5 L and 7- 92 'C. 
It is apparent from the 1H nmr spectrum that there may be a 

variety of products i . e . methyl ation may have occurred at 

any one of th~ee possible sites : 

pyridine nitrog en , ( NH ) nitrogen or the phosphorus atom . 

These sites are shown i n the fiBure below . 

A H Ph 
~ ,TJ-k i1 - i) 

ir t 'I 
- Ph 

Analytical data obtained is consistent with a single methyl-

ation , supportinc t he evidence obt a ined from the mass ­

spectrurn . It i s pvobable that the phosphorus atom has been 

methylated and supporting evidence comes from the identif i­

cation of 2- aminopyridine and P(O )(Ph ) 2Me in the rnass ­

spectrum . 

The methylation of \1l(Co )
5

PAP was attempted in the same 

way . Evidenc e obtained from 1H nmr and mass- spectra support 

the view that no methyl ation has occurred . No methyl peaks 

b d . th 1.T l:; were o serve in e t1 nmr spe c·-rum. Its mass - spectrum is 

identical t o that of H(C0) 5PAP. 

Coordination of PAP may render the pyridine and N - H 

nitrogens less susceptible to methylation , than for the free 
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PAP, however as we have observed previously HX acids do 

interact with the comp lexes. 

4.13 OXIDATION O:B' THE T:2;TRACARBONYL CHELATE DERIVATIVES 

WITH IODINE 

A wide range of substituted halocarbonyl derivatives 

of molybdenum and tungsten have been made by t he controlled 

oxidation, with bromine or iodine, of zero-valent substi­

tuted carbonyl derivatives, (called method A in this 

discussion). Only a few chloro-derivatives have been pre­

pared by this method since oxidation usually proceeds to 

higher oxidation states. An alternative method (called 

method B here) can be used to prepare halogenocarbonyl 

complexes involving the direct interaction of the ligand 

with the halocarbonyls. In a recent review of the substi­

tuted halocarbonyls of the Group VI transition metals , 

Colton et a1. 68 commented that the oxidation of the zero --
valent molybdenum and tungsten carbonyl complexes (-method A) 

often produces complexes which are usually seven-coordinate 

in the solid state . 

e. g . Mo(C0) 4 (dipy) + I 2 --7~ Mo(C0) 3(dipy)I2 + CO 

The f ormation of six-coordinate species where one of the 

iodides is ionic in the solid state does not appear to be 

co mmon for method A. Edwards and Dunn69 reported the 

oxidation of fac-M(Co)
3
T derivatives with iodine (where Tare 

terdentate nitrogen donor ligands e.g. bis-2-pyridylmethyl) 

amine) and obtained seven-coordinate divalent metal com­

pounds of the type L_M(co)
3

(T)I+7I-. 

In this investigation, the tetracarbonyl chelate 

complexes M(C0) 4L (where M = Moor W, L = 6 PAP) have been 

oxidised with iodine to yield the divalent metal complexes 
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M(Co)
3
Lr2 • Analytically pure complexes were difficult to 

obtain. Oxidation of W(C0) 4PAP with iodine and W(C0) 46 PAP 

with bromine were attempted but the complexes formed were 

unstable. 

W(C0)
3

(6 PAP)I2 and Mo(C0)
3

(6 PAP)I2 have molar 

conductivities of 35 mhos cm 2 and 75 mhos cm 2 in acetone 

respectively . The molar conductivity of Mo(Co)
3

(6 PAP)I2 
has also been measured in nitrobenzenegi.ving a value of 

11 rnhos cm 2
• A 1 : 1 electrolyte is expected to have a 

molar conductivity of 100-130 rnhos cm 2 in acetone or 

20- 30 mhos cm 2 i~ nitrobenzene. For the purpose of comparison, 

the molar conductivities of the precursors W(C0) 46 PAP 

(0.04 mho cm 2
) and Ivi o(C0) 46 PAP (0 rnho cm 2

) were measured 

and as expected these were confirmed to be non-electrolytes . 

The conductivity measurements thus show that Mo(C0)
3

(6 PAP)I2 
and W(Co)

3
(6 PAP)I2 dissociate to varying extents in 

solution depending on the solvent but in the solid state 

seven-coordinated structures are expected . In solution one 

of the iodides seems to be more easily dissociated as was 

found in similar complexes (which are listed in Table 16) . 

The Y(N - H) stretching frequencies of W(Co)
3

(6 PAP)I2 
(at 3260 cm- 1 ) and Mo(Co)

3
(6 PAP)I2 (at 3230 cm-1 ) have 

shifted to lower energies by 110 cm-1 and 150 cm-1 respec­

tively when these are compared with their tetracarbonyl 

precursors (W(C0) 46 PAP and Mo(C0) 46 PAP) . The trend to 

lower energies of the Y(N - H) stretching frequencies may 

perhaps be explained in terms of (i) some form of inter­

molecular hydrogen-bonding between the proton of the (N - H) 

group and the semi-covalent iodide or (ii) the nitrogen 

atom of the (N - H) group may have a small positive charge 
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Compound (N-H)a CO stretching Absorptions (cm- 1) 

(1) W(C0) 3(6 PAP)I2 3260 2024 ( s) 1944(s) 1892(m) 

(2) W(C0) 3( PAP)I2 20J4(s) 198J(w) 1909(s) 

(3) Mo( C0) 3 (6 PAP)I2 3230 2022(s) 1964(w) 1897(m) 

(4) W(C0) 3 (6 PAP )Br2 2032 1957. 1874 

W(C0) 46 PAP 3370 

Mo( C0 )46 PAP 3380 

(5) W(C0) 3(Dipy)Br2 
b 2037(s) 1959(s) 1908(s) 

(6) W(C0)
3

(Dipy)I2b 202J(s) 1952(s) 1910(s) 

(7) Mo(C0 )3(Dipy)I2b 2038(s) 1970(s) 1931(s) 

a= obtained in nujol mull with CsI plates 

b = ref. 70 

Dipy = 2,2'dipyridyl 

Solvent 

CHClJ 

C6H6 

CHC1 3 
CCl 4 

CHC1 3 
CHC1 3 
CH3No2 

---.,J 
~ . 
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due to the oxidation state of Mo or W being+ II . 

The CO stretching absorptions are shown in Table 1 6 

and are compared with those of similar compounds reported 

in the literature . Comparing the CO stretching absorptions 

of 1:J (C0)
3

(6 PAP)I2 and W(C0)
3

(PAP)I2 (('1) and (2)) with 

:J (C0)
3

(Dipy)I2 ( 6 ) and \·J(C0 )
3

( 6 PAP ) Br2 (4) with 

W(Co)
3

(Dipy)Br2 (5), it is seen that they are similar61 • 

Hence fr om infra- red data , W(C0)
3

(6 PAP)I2 , W(C0)
3

(PAP ) I 2 
and I'-I o(Co)

3
( 6 PAP)I2 appear to be seven-coordinate . The 

crystal structures71 - 73 of the seven-coordinate comp lexes 

LPio( CO) 2c12 (PMe 2Ph) 
3
J r•Ie0H , Mo( CO ) 2Br2 ( dam) 2 , W( CO ) 

3
Br2 ( dam) 2 

( where darn = Ph0sCH0sPh2 ) and LJvI'oBr2(co)
3

(Ph2PcH2cH2PPh227-
He2co , have been determined and f ound to adopt a seven­

coordinate capped octahedral geometry around t he metal atoQ, 

with a CO Group occupying the capping position , e . g .: 

c;o 
Br 

j 
Oc CC' Ph2 

Ph P.J 
2 

W(C0)
3

(PAP)I2 , W(Co)
3

(6 PAP)I2 and Mo(C0)
3

( 6 PAP)I2 are 

likely to adopt a similar structure . 

4 . 14 EXPERI MENTAL 

Preparation of Pentacarbony1L~-(diphenylphosphinoarnino)­

pyridine7tungsten(O) gydroch loride 

0 . 31 gm of W(Co) 5PAP , dissolved in the minimum volume 

of diethyl ether was Lre~Led wi h HCl gas , care being taken 

not to add an excess . A white precipitate appeared within 
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a f ew minutes , and was filtered off, washed with diethyl 

ether and dried on a vacuum line for 6 hours . Yield: 70% . 

M. p . 121°C. Infra- red spectrum (in cm-1 , obtained using a 

nujol mull): 1638 (s), 1618 (s), 1370(s), 1318 (w), 

1300(w), 1271(w), 11 90 (w), 1160(w), 1100(m), 1032( m), 

932(sh), 910(s), 790(s) , 760(sh), 750(s) , 722(w) , 

700 (s), 632 (w). 13c nmr spectrum (in ppm ; obtained in 

TI-IF solution) : 115-3, 117, 129 . 3 , 130.1, 131 . 4 , 

131. 9 , 132.2, 134.7, 137.6, 140.7, 144.1, 153-5, 154.0. 

Preparation of pentacarbonyl8-(diphenylphosphinoamino)-

6 - methylpyridine7tungsten(O) hydroch loride 

i_w(Co)
5

(6 PAPH27Cl was prepared by a simil ar method to 

t:O.e above . 0 . 4g of W(Co)
5

6 PAP was used in diethyl ether . 

( -1 
Vi . p . 152-153° C. Yield : 8096 . Infra- red spectrum in cm , 

obtained using a nujol mull): 1632(s), 1328 (s), 1308(w) , 

1278 (s), 1182 ( m), 1098(s), 1038 (w), 101 3(w) , 1000(w), 

928(w), 813( m), 793(s ), 758(s ), 698(s ), 595(s). 

Preparation of pentacarbonyl8,-(diphenylphosphinoamino)­

pyridinytungsten(O) hydrobromide 

L\,J (Co)
5

(PAPH.),7Br was prepared by a similar method when 

HBr gas was passed into a diethyl ether solution of 

W(Co)
5

PAP and W(Co)
5

6 PAP respectively, care being take n not 

to add an excess of HBr . A white compound precipitated out 

of solution within a minute . It was filtered , washed with 

diethyl ether and dried under vacuum . A second yield of the 

product was obtained when the filtrate was treated with more 

HBr . Yield: 50% . M. p . 150-153°C. Infra-red spectrum 

(in cm- 1 ; obtained using a nujol mull): 1648(s), 1623(vs), 

1318 (s), 1278(w), 

778(w), 748(w), 

1163(w), 1093(w), 1003(w), 

695(w) . 

913(s), 
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Preparation of pentacarbony1L2-(diphenylphosphinoamino)-6-

methylpyridinytungsten(O)hydrobromide 

f_W(Co)
5

(6 PAPH.2_7Br was prepared in a similar way to 

the above when HBr gas was passed into a diethyl ether 

solution of \'/(Co)
5

6 PAP . The product which precipitated 

fro • diethyl ether was filtered , washed with fresh diethyl 

ether and dried under a vacuum line overnight. Yield: 50;6 

H. p . 166-168°C. Infra-red spectrum (in cm-1 obtained 

using a nujol mull) : 1628(s), 1327(m), 1272(s), 1179 (s), 

1166(w), 1157(w), 1092(s), 1072( w) , 1032(s), 1007(s), 

997(s) , 977(w) , 966(w) , 930(m) , 887(m) , 876(sh), 

856( \v), 846(w) , 807(s) , 787(s), 749(s ), 737(s) , 

692(s) , 607(sh) , 589(s) . 

Preparation of pentacarbonyll2-(diphenylphosphinoamino)­

pyridin.,e7tungsten(O)hydroiodide 

A few drops of HI (neat) from a freshly opened ampoule 

was added to 0 . 22 g of W(Co)
5

PAP dissolved in the minimum 

volume of diethyl ether. The white precipitate which was 

formed immediately, was quickly filtered . The product was 

washed several times with diethyl ether, then finally with 

pentane and dried on a vacuum line overnight . Decomposed 

0 % (. -1 168- 170 C. Yield: 65 . Infra-red spectrum in cm ; 

obtained using a nujol mull): 1646(s), 1621(vs), 1565(w), 

1333(s), 1281(s), 

1047(w), 1005(s), 

738(s), 721(w), 

1196(w), 1171(m) , 1164(m), 

898(s), 866(w), 760(s), 

693(s) . 

1096(s), 

751(s), 

Preparation of pentacarbonyl[2-(diphen.ylphosphinoamino)-6-

methylpyridine7tungsten(O)hydroiodide 

LJl(Co)
5

(6 PAPHl7I was prepared in a similar way as the 

above using 0 . 2g of W(Co)
5
6 PAP in a diethyl ether solution . 
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M. p . 184-1 85°C . Yield : 6()9) . Infra- red spectrum (in cm- 1 

obtained usin6 a nujol mull): 1628 (s), 131 3(w), 1275 ( m), 

11 78 ( m), 1089( s ), 1038 ( w), 1005 ( w), 995 ( w), 928 (w), 

848(w), 798 ( m), 778(s), 748 (s), 715(w), 688 ( s ), 

705(w), 588 ( s ). 

Preparat ion of pentacarbony1L2-(diphenylphosphinoamino)­

pyridin~7tune;st en(0) hydro-hexaf luorophosphate 

0 . 075g (0.46 mole) of NB4PF6 in about 5 cm3 of acetone 

1vas added dr opwise to 0 .28g (0.44 mole) of i)·l (Co)
5

(PAPH2.7Cl 

dissolved in the minimum volume of acetone . The mixture was 

allowed to stand f or about 10 mins. before filtering off the 

ammonium chloride. The volume was reduced using a rotary 

evaporator , and t he product \•1as obtained as whi te crystal s 

fr o• an ace t one/diethyl ether mixture . These were filtered 

off , washed with pentane , and dried on a vacuum line . 

M. p . 152-153°C. Yield : 70io. -1 Infra- red spectrum (in cm 

obtained using a nujol mull): 1648(s), 1628(s), 1323 (w), 

1274( w) , 11 78 (w), 1098 (w), 1010(w), 

843(sh) , 833 (s), 783 (w), 760 (s), 

688(w). 

908 (w), 

743(s ), 

853(sh), 

698 (w), 

Preparation of pentacarbony1L2-(diphenylphosphinoamino)-6-

methylpyridine7tungsten(0) hydro-hexafluorophosphate 

L\·l (Co)
5

( 6 PAPH2,7PF6 was prepared in a similar way to 

t h e above , using 0 . 3g of LW(Co)
5

(6 PAPHl7Cl and 0.082g of 

NH4PF6 • Yield: 8()96 . M. p . 176°C. Infra-red spectrum 

(in cm- 1 ; obtained using a nujol mull) : 1653(s), 1638 (s), 

1294(s), 1274(sh), 11 85(w), 1173(w), 1094(s), 

933 (w), 

605(w), 

858(s), 

598(s) . 

823(s), 782(s), 753(s), 

998 (w), 

693(s) , 

1Jj(co)
5

( 6 PAPH27'PF6 was also prepared by the f ollowing 
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ANALY'rI CAL DATA 

Compound Calcd. Found 0 M.£.!..l_ C) 

C H N Cl C H N Cl 

_wcco) 5 (PAPH1Tc1 41 . 35 2. 51 4 . 39 5 . 55 41 . 51 2 . 76 4 . 61 5 . 63 121 
_W(C0) 5 (PAPH17Br 35 .5 4 2. 20 3 . 80 35 . 12 2 . 87 3 . 85 150-153 
_W(C0) 5(PAPH17I 36 . 17 2.1 9 3 -83 36 . 70 2 .56 3 .62 168-1 70 
- W(C0) 5(PAPH17PF6 35.3 2. 0 3 . 75 36.64 2 . 31 4 . 13 152-1 55 
_W(C0) 5 (PA PH17BF4 38 . 29 2. 33 4.06 38 . 31 2 .42 4 . 07 173-175 
_W(C0)5(6 PAPHlTCl 42 . 33 2 . 78 4 . 29 42 . 31 2 . 95 4.34 152 ... 153 
_W(C0) 5(6 PAPH17Br 39 . 63 2. 60 4 . 02 39 . 75 2.64 4 -34 166-1 68 
LW(C0)5(6 PAPH17I 37. 12 2 . 44 3.76 37.21 2 . 57 3 .73 184-1 85 
- W(C0) 5 (6 PAPH17PF6 a 36 . 24 2 . 38 J.68 35 . 43 2.61 4. 50 176 

b 
_W(C0)5(6 PAPH17PF6° ½C6H14 38 . 77 J. 12 3 . 48 38.20 2. 59 3 . 68 172 
_W(C0) 5 (6 PAPH17BF4 39 . 24 2. 58 3 . 98 39 . 38 2 . 75 3. 97 191 

a: prepared by ion exchange method 

b: prepared by adding 1IPF6 to W( C0 )
5

6 PAP --..J 
()'.) . 
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procedure : 6596 HPF6 was added dropwise to 0 . 52g of 

W(C0)
5

6 PAP dissolved in the minimum volume of diethyl ether 

A white powdery compound which formed almost immediately 

was filtered off, washed with diethyl ether and finally with 

hexane , and dried under a vacuum line overnight . 

Yield : 75%. H. p . 172-174°C . The infra-red and 1H nmr 

spectra are compared with and found to be identical to that 

obtained by the ion-exchang e method above . 

Preparation of pentacarbonyll2-(diphenylphosphinoamino)­

pyridingtungsten(O)hydro-tetrafluoroborate 

0 . 152 of W(Co)
5

PAP was dissolved in the minimum volume 

of diethyl ether . Two drops of 4096 HBF4 were added . A white 

compound which crystallised out almost immediately, was 

f iltered of f , washed well with diethyl eth er and finally 

with p entane . A second yield of product was obtain e d by 

addinE 2 drops of HBF4 to the filtrate; the product was 

filtered , washed with diethyl ether and finally with pentane . 

Th e product was then dried on the vacuum line for 10 hrs . 

M. p . 173-175°C . Yield : 45%. 
-1 Infra- red s pectrum (in cm ; 

obtained using a nujo l mull) : 1648 (s), 1628(s), 1323(s) , 

1274(s), 1183- 1173(split) 1118(s), 1093(vs), 1008 (w), 

993 ( w), 938 ( s ), 888(s ), 853(w), 784(sh), 753(vs) 

793(sh), 693 (vs), 624(s) . 

Preparation of pentacarbonyll2-( diphenylphosphinoamino) - 6 -

methylpyridin_v.tungsten(O) hydro-tetraf luoroborate 

{_w(C0)
5

(6 PAPH.27BF4 was prepared in the same way to the 

above, using 0.4g of W(Co) 56 PAP in diethyl ether and 2 drops 

of 40% HBF4 • The white compound was filtered , washed well 

with diethyl ether and finally with pentane . The product 

was dried on the vacuum line f or 10 hrs. M.p. 191°C. 
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yie l d : 4Q5S. Infra- red spec trum (in cw- 1 ; obtained usinc; 

a nuj o l mull ) : 1641(vs ), 1596(w), 1576 ( w), 1331( w), 

1 3 1 6 ( w), 1267(vs), 1226(w), 1181(vs), 11 65 (s), 1091(vs), 

996 ( w), 956(w), 935 (w), 851(s), 806(s), 782(vs), 

752(vs) , 738(m) , 706(sh), 696(vs), 607 (s) . 

Reac tion of 6 PAP and PAP with excess HX a c ids in benzene 

0 . 118c of 6 PAP ligand was dissolved in the minimum 

volume of benzene , and excess HBr gas was passed into the 

s olution . After 10 mins ., the s olution was taken t o dryness 

under vacuum and the residue was extracted three times with 

a small volume of c y clohexane . The cy clobexane frac t ion 

was decanted off and evaporated to dryness . Its mass ­

spe c tru• was obtained (see Tab l e 14) . The residue left 

behind after extractinc with c yclohexane, was dr ied on a 

vacuu• line . Its infra- red spectra in the 4000- 2000 c• - 1 

rec;ion was obtained in hexachlor obutadiene and f ound t o be 

identical t o that of 2 - ami n o - 6 - methylpyridinehydrobromide . 

These results could be explained as f ollows . The P - N b ond 

was cleaved by exc ess HBr , f or • ins the diphenyl bromopho sphine 

and the 2- ami n o - 6 - methyl pyr i d i nehydrobromide : 

Ph 
I 

- P - Ph 

Excess HBr 
benzene 

2 - amino- 6 - methylpyr idinehydrobromide + P(Pb) 2Br 

l 
In o ubJe i n cyclohexane 

Remain in residue . 

Identified by infra-red spect~um . 

lExtracted with 
c y clohexane 

In eye ohexane fraction 
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The diphenylbromophosphine being fairly soluble in cyclo­

hexane was separated from the 2- amino-6-methylpyridine­

hydrobromide which remained in the res idue . The P- Br bond 

of the diphenylbromophosphine is readily attacked by traces 

of moisture whether in solution or in air to give Ph2POH . 

The reaction f or PAP was carried out in the same way 

with HBr in benzene solution, using 0 . 13g of PAP . The mass ­

spectrum of the cyclohexane fraction showed some Ph2POH as 

we ll as quit e a large amount of the oxidised form of the 

ligand (see Table 14 . ) 

Reaction of W(Co) 5PAP with excess HBr in benzene 

The reaction of W(Co)
5

PAP with excess HBr was carried 

out in a similar way to the above in benzene solution . An 

initial precipitate redissolved to give an orange coloured 

solution . Yellow crystals and an oil were observed when t he 

solution was taken to dryness . The residue was extracted 

wi th cyclohexane . The oil r emained insoluble . The cyclo­

hexane was decanted and taken to dryness . It was protected 

from moisture on a vacuum line . Its infra-red spectrum is 

different from that of W(Co)
5

PAP with the notable absence 

of the symmetrical ( N - H) stretching and the ( N - H) 

bending vibrations . The compound was identified i n the mass­

spectrum as the W(Co)
5
P(Ph) 2Br . Its carbonyl stretching 

absorptions in CC14 : 2078 (m) , 1993(sh) , 1952(s) . Traces 

of W(Co)
5

P(Ph) 20Et were also observed . The compound was 

mass - spectrographed in chloroform , which contains about 1% 

of ethanol as a stabiliser . Hence it is conceivable that 

the W(Co) 5P(Ph) 20Et compound could arise from the reaction : 

W(C0)
5

P(Ph) 2Br +EtOH ) W(C0)
5
P(Ph) 2 - OEt + HBr 

EtOH = ethanol . 
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Reaction of W(C0 ) ,
1
PAP with excess HBr in benzene 

W(C0) 4PAP dissolved in benzene, was treated with 

excess ( gaseous) HBr for about 20 mins . The solution changed 

to a deeper yellow colour . The solution was taken to dryness 

g iving an oil which was pumped on a vacuum line overniE;ht . 

A mass-spectru• of this oil showed the presence of traces of 

2 - aminopyridine and a larg e amount of W(C0) 6 • The oil was 

redissolved in benzene and filtered to g ive a clear yellow 

solution . It was then brought to dryness; its mass­

spectrum showed the presence of W(C0) 5P(Ph) 20H and 

W(Co) 5P(Ph) 2H. Clearly , excess HBr cleaves the P - N bond 

as well as the pyridine-tungsten bond in W(C0) 4PAP . 

Reaction of W(C0)qPAP with a limited amount of HCl in 

diethyl ether 

In contrast to W(Co)
5

PAP which formed the comp lex 

LW(Co) 5(PAPHl7Cl with a stoichiometric amount of HC l , no 

visible sign of reaction was observed . The solution was 

brought to dryness , g iving a yellow residue . Its infra- red 

spectrum was found to be identical to that of W(C0) 4PAP . 

Reaction of W(C0)qPAP with excess HCl in diethyl ether 

The reaction of W(C0) 4PAP and excess HCl was also 

investigated . Excess HCl was passed into a solution of 

W(C0) 4PAP in diethyl ether for 30 mins . The solution was 

then evaporated t o dryness; the residue was extracted with 

c hlor o f orm and then filtered . The mass- spectrum of the 

chloroform extrac t showed the presence of P(Ph) 20H . Clearly , · 

the P - N b ond , the pyridine- tungsten b ond and the tungsten 

c arbonyl b ond are cleaved by exc ess HCl . 
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Attempted reaction of 6 PAP with a limited amount of HC l 

The synthesis of the protonated f orm of the ligand, 

by reacting 6 PAP in benzene with HC l was attempted , but 

t h e P - N bond was f ound to be cleaved as shown by the 

inf ra-red spectrum of the residue on bringing the solution 

t o dryness . 

Preparation of bridg i ng W(C0 )
5

PAPW (C0)
5 

0 . 2 1g (6 rnmole) of W( C0 ) 6 was irradiated in about 

8 0 c m3 o f THF f or 1 hr . 0 . 325g ( 6 mmole) of the W(Co )
5

PAP 

comp lex was then added and stirred for 20 mins . The solution 

was evaporated to dryness . Benzene was used to dissolve the 

residue . The solution was filtered to remove s ome brown 

insoluble material . When the filtrate was concentrated 

usins a rotary evaporator , more brovm materials appeared 

which were f iltered t hrough k ieselguhr . The clear ye llow 

f iltrate was concentrat ed using a rotary evaporator and 

treated with hexane in an ice-bath . Yellow crystals were 

obtained. These were recrystallised from a b enzene/hexane 

mixture . M. p . 110°C. Anal yses calcd. for 

1 
C27H15N2PN2010~6H6 and observed wwr e respectively : 

C 37 . 31 H 

C 37 . 18 H 

1 . 86 

1 . 97 

N 

N 

2 . 90 

3 . 42 

- 1 Infra-red spectrum (in cm obtained using a nujol mull) : 

1618 (m) , 1598 (m), 1326(m) , 1233(w), 1168(w) , 1157(w), 

1090(m), 1063(w), 1010(w), 903(s), 778(w) , 765(w), 

763(w) , 740(s), 718(w), 698(s) . 

Preparation of ( W(C0) 5PAP) 2CoC12 
0 . 12g (2 mmole) of W(Co) 5PAP and 0 . 0129g (1 mmole) of 

Coc12 were stirred in about 30 cm3 of acetone for 6 hrs . 
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At the end of this period, the volume was reduced using a 

rotary evaporator and the solution was treated with diethyl 

ether dropwise . A few drops of triethylorthoformate were 

added . On warming the solution slightly above room tempera­

ture and stirring the solution, deep blue coloured crystals 

precipitated from the solution . Th ese were filtered and 

washed with pentane . Yield : 3056. I·1. p . 175°C . Analyses 

calcd . for ( W(C0)
5

PAP) 2CoC12 : C 39 . 61, H 2 . 26 , N 4 . 20, 

F ound C 39 -5 8 , H 2 . 68 , N. 4 . 23 . Infra- red spectrum (in c m- 1 

obtained using a nujol mull) : 1618 (s), 1573(w), 1382(s), 

1323(s), 1168 (w), 1102(m), 1024(w) , 1000(w), 

802(w), 773(m), 758 ( m), 745(sh), 714(s) , 

Methylation of PAP 

918 (s), 

703(s) . 

0.4g of PAP was dissolved in 8 c m3 of MeI, and left 

aside f or 3 day s . At t h e e n d of t h is period, t h e MeI was 

removed using a rotary evaporator . The residue was pumped 

on a vacuum line for 8 hrs . M. p . 107-110°C . Analyses calcd . 

f or {FAPFyI: C 51.45, H 4 . 32, N 6 . 66, Found: C 50. 30 , 

H 4 . 4 6 , N 6 . 45. 

Attempted methylation of W(Co)
5

PAP 

0 . 192g of W(Co)
5

PAP was dissolved in 8 cm3 of MeI and 

then left aside for 3 days . At the end of this period, the 

solution was taken to dryness using a rotary evaporator . 

The residue was pumped on a vacuum line overnight . Infra- red 

and mass - spectra of the residue were identical to that of 
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Preparation of diiodotricarbonyl/2-( diphenylpho sphinoamino) -

6 - methylpyridine7 tungsten(II) 

Benzene was purg ed with nitrogen before use . 0 . 4 g 

(0 . 68 mmole) of \'/ (C0) 4 (6 PAP) in 30 cm3 of benzene was 

treated with 0 . 161 G (0 . 68 mmole ) of iodine (in 10 cm3 of 

benzene) in dropwise fashion , with stirring and under a 

nitrogen at• osphere . The volume was reduced and the solution 

treated with h exane in an ice - bath . Brown crystals were 

obtained which were f iltered, washed with benzene and finally 

with pentane and dried under a vacuum line for 5 hrs . 

Yield : 80?6 . H. p . 129-1 32°C . 1H nrnr spectrum in dimethyl 

sulphoxide (deuterated) shows the methyl peak at 7 -55 -C. 

Analyses calcd . for W(C0)
3

(6 PAP)I2 or c21H
17

N2Pwo
3
r2 : 

C 30 . 99 , H 2 . 11, H 3 . 44, I 31 . 18 , F ound C 30 . 5 9 , H 2 . 10, 

N 3 . 63 , I 31 . 24 . Infra- red spectrum (in c m- 1 , obtained u s i ng 

a nujol mull) : 1623 (s) , 1589 (m) , 1320(w) , 1242(w), 

1080(w), 1104(s), 1034(w) , 1004(s),- 964(m), 879 (s), 

786(s ), 754- 749(split) , 734(m), 704(s) , 694(sh ), 624(m) , 

5 90(w) . 

Attempted preparation of diiodotricarbonyl~- (diphenylphos­

phinoamino)pyridine7 tungsten(II) 

A similar procedure was followed with W(C0) 4PAP and 

iodine in a 1 : 1 molar ratio in benzene . After all the 

i odine was added , the solution was concentrated using a 

rotary evaporator and treated with hexane . The product which 

c rystallised out was unstable and decompo sed into a blac k 

mass . 
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Preparation of diiodotricarbonyl/~~diphenylphosphinoanino)-

6 - methylpyridine7molybdenum(II) 

1'lo(Co)
3

( 6 PAP)I2 was prepared in a similar way by 

treating 0 . 3 g ( 6 mmole) of fJi o(CO)L~6 PAP in 30 cm3 of benzene 

with 0 .155g ( 6 • mole) of iodine in 15 c m3 of benzene . When 

the solution was concentrated using a r otary evaporator, 

the brown crystals which f a rmed , were filtered and washed 

with cold benzene , and finally with hexane . The crystals 

were dried under a vacuum line for 6 hrs . M. p . 137°c . 

Yield : 7596. Analyses calcd . for Mo(Co)
3

(6 PAP)I2 or 

c 21H
17

N2PMoI20
3

: C 34 . 74 , H 2 . 36 , N 3 . 86 , I 35 . 0 . 

Found C 30 . 39, H 2 . 71 , N 3 . 84 , I 39 . 53 . The analytical 

results confirmed the presence of excess iodine which 

consequently lowered t h e f i gure obtained f or c arbon . 1H nmr 

res onance for the methyl protons occur at 7 . 71~ in 

deuterated dimethyl s ulphoxide. 

Preparation of dibromotricarbony1L~-( diphenylphosphinoamino) -

6 - methylpyridine7tungsten(II) 

0 . 1 g (0.1 7 mmole) of W(C0) 4 6 PAP dissolved in the 

minimum volume of carbon tetrachloride , was treated with 

0 . 026g of bromine in 2 cm3 of c arbon tetrachloride, drop­

wise , with stirring , and under a nitrog en atmosphere. On 

concentrating the solution , the pale yellow compound which 

c ame out of solution was filtered , and dried on a vacuum 

line for a few hrs . The infra- red spectrum in a nujol mull 

showed that a small amount of W(C0 ) 4 6 PAP was present . A 

re c rystallisation of the compound was attempted from 

benzene/hexane but it turned green and decomposed. The 

infra-red spectrum in carbon tetrachloride of the initial 
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crude product showed the following CO stretching absorptions : 

- 1() - 1() - 1 ) 2032 cm w , 1 957 cm w and 1874 cm ( m . This was 

s imilar to the spectra recorded for analogous comp ounds 

above andhencewas consistent with the compound formulated 
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CHAPI'ER 5 

5 .1 MONO AND BIS CHELATE MAN GA NESE COI"PLEXES 

Recently, Reimann and Singleton74 reported a study of 

the reactions of Mn(Co)
5

Br with the chelating disphosphine s 

Ph2P(CH2) 2PPh2 (DPE) and Ph2PCH2PP?2 (DPM), to prepare 

compounds of the type Mn(Co) 3(DP.c..)Br , and Mn(CO)(DPE) 2Br etc. 

Little has been done with mixed phosphorus-nitrogen ligand 

systems and in this work, complexes of the type I1ln(Co)
3

LBr 

and (Mn(C0) 2L2 )Br (where L = PAP or 6 PAP) have been 

synthesised and then characterised by analysis, infra-red 

spectroscopy and conductivities . The derivative 

Mn(C0)
3

6 PAP s2P(CH
3

)2 obtained from Mn(C0) 36 PAPBr and 

Nas 2P(CH3) 2 (see Reaction Scheme 3) has also been synthesised 

and then characterised by analysis and infra-red spectro­

scopy . 

The mono-chelate I· n( CO) 
3

LBr complexes were prepared 

by refluxing an equimolar ratio of Mn(Co) 5Br and the PAP or 

6 PAP ligands in chlorof orm (see Reaction Scheme 3) . The 

complexes were isolated from a chloroform/hexane mixture 

as orange coloured crystals . The bis-chelate (Mn(C0) 2L2)Br 

comp lexes were prepared by refluxing an equimolar ratio of 

Mn(Co) 3LBr (obtained as above) and Lin chloroform 

(L = PAP or 6 PAP) . See Rr ~c+ · or SchP _ ~ ~ 1 1?. 

The complexes were only slightly soluble in chloroform, 

benzene and acetone . An attempt to record the 1H nrnr 

spectra of Mn (Co)
3

PAPBr and Mn(Co)
3

6 PAPBr in deuterochloro­

form, failed due to the poor solubilities of these complexes . 

The bis chelate complexes L_Mn(C0) 2 (PAP~JBr and 

L1n(C0) 2 (6 PAP) 2JBr were comparatively more insoluble in 

most common organic solvents than the mono - chelate complexes, 
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and dur i ng the course of t he preparat ion t hey crystallised 

out of the ref l uxing chlor of orm . ( See Exp e r i mental Se ction 

5. 6) . The poor s olubi l it i es of the comp l exes in common 

or canic s olvents limi ted t he i r i nve st i gation by phys ica l 

te chniques . 

5 . 2 I NFHA - RED SP:ZCTl A OF ViONO CH3LAT~ f'JANGAl .83E COliPLEXBS 

A substituted carbonyl compound of the type f·In ( CO ) 3Li3r 

can occur as t h e cis or trans i s omer as shown below: 

Br Br 

C 

co 
co 

cis trans 

The trans i s omer has c2v symmetr y wh ich ( fr om Group 

The ory ) give s r i s e t o t hree carbonyl s t retch i ng absorptions , 

the A1a , A1b and B1 modes (as s hown below) . 
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B r Br 

L 

The Ab mode does not involve any change in dipo l e 1 
mooent but is observed partly due to the lowering of the 

c2 v symmetry of the molecule and partly due to some inter­

action with the A1a mode . 

The cis isomer can be represented by C
8 

symmetry . 

1 1 From Group Theory , three absorption bands , the A a ' Ab 

and A '' (see Figs . below) are expected t o be infra- red 

active . Since all modes involve dipole changes , they should 

give strong abs orptions . 
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A I I 

Angelici et a1 . 75 assigned the lowest frequency band to be 

t h e A1b mode , and the remaining two bands t o be the A1a and 

A '' modes . ( Some authors use "fac" to designate the cis 

isomer) . The cis isomer can be distinguished fr om the trans 

form by the intensity of the CO stretching bands ; in the 

former , three strong bands of approximately equal intensity , 

and in the latter, a weak , very strong , strong , sequence 

from h i gh to low energy . 

The CO stretching modes of Mn(Co)
3

(PAP)Br and 

Mn(C0)
3

(6 PAP)Br (compounds (1) and (2)) are tabulated with 

data on similar compounds obtained from the literature 

(see Table 18 ). It appears that the CO stretching frequencies 

for Mn(Co)
3

(PAP) Br and Mn(C0)
3
(6 PAP)Br for a mixed phosphorus­

nitrogen ligand system) do not differ very much from 

Mn(C0)
3

(Ph2PcH2PPh2)Br and .Mn(C0)
3

(Ph2P(CH2 ) 2PPh2)Br 

compounds (3) and (4) (for a phosphorus- phosphorus ligand 

system) . They are also very similar to other related 

compounds ((5) - (10)) which have been assigned by other 



TABLE18 

Compound (N-H)(cm- 1) - 1 CO Stret ching Modes (cm ) Solvent Reference 

(1) Mn (C0) 3 (PAP )Br 3190a 2030(vs) 1957(s) 1920(s) CHClJ 

(2) Mn(C0) 3 (6 PAP)Br 3190a 20JO(vs) 1957(s) 1920(s ) CHC lJ 

(3) Mn (C0) 3(DPM )Br 2025(s) 1955(m) 1920(s) CH2c1 2 74 

(4) Wu1(C0) 3 (DPE)Br 2023 ( s) 1956(m) 1917(m) CH2Cl~ 74 

(5) Mn (Co) 3(PMe
3

)2Br 2030(s) 1954(s) 1910(s) CH2Cl ;:: 76 

(6) Mn(C0) 3(disulph)Br 2037 (s) 1966(s) 1931 ( s ) CHC13 
(7) Mn(C0) 3I(Py) 2 2037 1954 1906 CHC13 76 

(8) Mn(C0) 3I(Dipy) 2036 1943 1929 CllC13 76 

(9) Mn (C0) 3(Py) 2(o2CCF3 ) 2040(vs) 1952(vs) 1914(vs) CHClJ 77 

(10) Mn(C0) 3 (bipy)(o2ccF
3

) 20J8 (vs) 1949(vs ) 1925 (vs) CHC1 3 77 

(1 1) Mn (C0) 3 (phen)(o2ccF
3

) 2039(vs) 1952( vs) 1926(vs) CIIC13 77 

(12) Mn (C0) 3(dte)(02CCF3 ) 2046(vs) 1959 (vs) 1922(vs) CHC1 3 77 

a= in nujol mull with CsI plates DPM = Ph2PCH2PPh2 bipy = 2 , 2 ' bipyridyl 

DPE = Ph2P(GII2 )2Pl->h 2 phen = 1,10 penanthroline \..0 
f\) 

disulph = 1,2(bisphenyltbio)- dte = 1, 2 bis(diethylthio) -
ethane ethane 



workers to h&ve a cis (or fac ) typ e of stereochemistry . 

Hence the CO stretching modes of these compounds ((1) and 

(2)) are consistent with a cis stereochemistry as shown 

below : 

(2 optical isomers are possible from this arrangement) 

co co 

p co 

(/ r---+--------, 

co p 

Br Br 
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The Y( N-L) stretching frequencies of Mn(Co)
3

(P.AP )Hr 

and Mn(Co)
3

(6 PAP)Br occur at 3190 cm- 1 . The former shows 

a shift to higher energy of 75 cm- 1 with respect to PAP and 

t h e latter shows a sh ift to lower energy (of 100 cm- 1 with 

respect to 6 PAP . The se values are inconsistent with 

coordination through the nitrogen atom of the (N-H) group 

since coordination is expected to cause a larger downward 

shift (about 200 cm- 1 ). Hence , the PAP and 6 PAP are 

presumably acting as chelating ligands through the pyridine 

nitrogen and the phosphorus atom . 

The molar conductivities were obtained in dimethyl 

sulphoxide giving a value of 12 mhos cm2 for Mn(Co) 3PAPBr 

and 10 mhos cm2 for Mn(Co) 3 (6 PAP)Br . (In dimethyl sulphoxide, 

for a 1 : 1 electrolyte a molar conductivity in the range 

of 50-7 0 mhos cm 2 is observed .) Hence , t he mo de of bonding 
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of bromine is more consistent with a covalent type. 

5. 3 CIS- DICARBONYL BIS(2-(DIPHENYLPHOSPHINOAMINO)PYRIDINE )­

hANGA1'J""ESE(I) BROMIDE CHLOROFORM SOLVATE / Vin(C0) 2(PAP) 2_7Br 

AND CIS- DICARBONYL BI S(2-(DIPHENYLPHOSPHINOAMi r 0) - 6-

HETHYLPYRIDI1'TE) ViANGAHESE(I) BROVi IDE /Mn(C0) 2( 6 PAP) 2J-
1 Br .~Hc13 

Hi ghly substituted halogenocarbonylmanganese complexes 

are not common . Recently, Tolman7 8 proposed that steric and 

chelation factors play an important role in phosphine 

substitutions of nickel carbonyl and nickel phosphine 

complexes . The few highly substituted complexes of the type 

L_Mn(C0) 2 (L) 2_7Br (where L = Ph2P(CH2) 2PPh2 (DPE) or 

L = Ph2PcH2PPh2 (DPM)) obtained with the DPE and DPH ligands 

can be attributed to the chelation effect74 • 

Only a few h i ghly substituted cationic carbonyl 

complexes of manganese (I) have been reported79 e . g . 

ffen(C0) 2 (DPE) 2_r and /Mn(C0) 4L2_7A1Cl4 (where L = monodentate 

tertiary phosphine) . Osborne and Stiddard79 attempted to 

prepare similar derivatives containing other bidentate 

ligands such as 2,2'-bipyridyl but observed only simple 

substitution. 

In this study, the complexes Mn(Co)
3

(PAP)Br and 

Mn(Co)
3

(6 PAP)Br were refluxed (see Reaction Scheme 3) with 

the PAP and 6 PAP ligands respectively in chlorof orm and 

the cationic type of complexes L_Mn(C0) 2 (L) 2J Br (where 

L = PAP or 6 PAP) were obtained in good yield . The molar 

conductivities of these complexes (obtained in dimethyl 

sulphoxide) were consistent with that of 1 : 1 electrolytes 

and f or this reason they were formulated as above . 
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/ Mn(C0) 2 (6 PAP) 2JBr has a molar conductivity of 48 mhos cm 2 

while /Tin(C0) 2 (PAP) 2_7Br has a molar conductivity of 

44 rnhos c m2
, compared with a 50- 70 mhos cm 2 value f or a 1 1 

electrolyte in dimethyl sulphoxide . lTin(C0) 2 (PAP) 2_7Br 

possesses one mole of chlor oform of crystallisation per mole 

of co mp lex, while l Mn(C0) 2 ( 6 PAP) 2_7Br has one third of a 

mole . These were deduced from analytical data (see Section 

5 . 6 ) . It i s interesting to note t hat a similar observation 

\·ms also made in the comp lex /Mn(C0) 2 (DPE) 2_7 Br in which 2 

moles of methanol of crystallisation (per mole of comp lex) 

were present77 . Thes e could be replaced by 2 moles of 

chloroform \.•Jhen the complex was recrystallised from chloro­

form . Osborne and St iddard68 stated that the salvation of 

the covalently bound bromine by for example chloroform 

facilitates the expulsion of the bromine as Br-. 

5 . 4 HTFRA - RED SPECTRA 

F or M(C0) 2L4 comp lexes two different stereoisomers are 

possible . These are the trans- M(C0) 2L4 and the cis~I(C0) 2L4 • 

The trans - h (C0) 2L4 can be represented by D~h symmetry which 

g ives rise to an A2u mode (which is infra- red active) and 

to an A1g mode (which is Raman active) . See Figure below . 

L 

L 

A1 g ( Raman a ctive) A2u (infra- red active ) 



Compound 

TABLE 19 

co 
Absor 

A1 

Stretch in5 
tions ( cri 1 ) 

cisLJ:rn(CO) 2 (PAP ) 2_)_7Br . CHC1
3 

1954(s) 

cis -/(I•,n( CO) 2( 6 PAP) 2J Br .~Hc1
3 

1962 ( m) 1863 (s) 

A2u 

1897 (s) 
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Solvent 

The cis isomer has c 2v stereochemistry and two inf ra-red 

active (A1 and B1) mode s are expected from Group Theory . 

These are shown in t he Fi gure below. 

L 

·CO 

L 

A1(infra-red active) 

L 

L 

B1(infra-red active ) 

Since 2 bands were observed (see Table 19) in the infra-red 

spectrum in chloroform, it appears that the stereochemistry 

of these complexes is consistent with the cis conf i guration. 

There are three different geometrical isomers arising from 

the cis form depending on the way in which the PAP (or 6 PAP) 

ligand is arranged . See F i g . below. 



P. 
N 

~ 
P N = PAP or 6 PAP 

L_f,In(C0) 2 ( DPE ) 2J Br has one band at 1897 cm- 1 in 

chlorof orm 79 , irJhich is consistent with a trans isomer as 

shown in the Fig . be low: 

co 

l 
P------~-------P 

p 

co 

97 -

The VCN - H) stretching fr equencies of L_Frn(C0) 2 (FAP) 2J-
Br and LMn(C0) 2(6 PAP)uBr have both shifted to about 



Fig. 7. Carbonyl Stretching Spectra in Chloroform 

(i) Mn(C0) 3(6 PAP)Br 

1957 

2030 

(ii) lMn(C0)z(6 PAP)z) Br 

1962 

98 . 

1863 
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3000 cm- 1 (fr om 3190 cm- 1 in both Mn (Co)
3

(PAP) Br and 

Mn (Co)
3

( 6 PAP) Br ) . Ti1ey could not be assigned with confidence 

because of the presence of the aromat ic C - H stretching 

frequencies of the PAP and 6 PAP ligands in this region . 

It is interesting to note that the shift t o lower energies 

observed here parallels that observed with the protonated 

complexes in Chapter 4 , e . g . in the ;ry( co ) 5 (PAPHl7Cl complex 

the Y( N - H) stretching frequency also shifted to lower 

energy fro m 3400 cm- 1 in the unprotonated W(Co) 5PAP complex, 

i nto the aromatic C - H stretching frequency reg i on ( f rom 

ab out 3050 cm- 1). This phenomenon was explained in terms of 

hydrogen- bonding between the anion Cl- and the ( N - H) group . 

( See chapter 4) . Hydrogen- bonding causes the Y (N - H) 

stretching frequency t o shift to lower energy15, 16 • 

Conductivity measureoents show that these comp lexes are 1 1 

electrolytes, suggesting that bromine is present as the 

anion Br- thus g iving the f ormulation LFfn(C0) 2L2J Br (where 

L = PAP or 6 PAP). The lowering in energy of the PCN - H) 

stretching frequencies in these complexes may be attributed 

to s ooe f orm of hydrogen-bonding between the anion Br- and 

the ( N - H) group in the solid state and also to the positive 

charge on the complex resulting in a small delocalisation of 

positive charge on to the ( N - H) nitrogen . 

5.5 REACTION OF Mn(C0) 3(6 PAP)Br WITH Na+s2 - P(CH
3
l 2 

The complex Mn(Co)
3

(6 PAP) S2P(CH
3) 2 is derived from 

Mn(Co) 36 PAPBr by refluxing the latter with sodium dimethyl­

dithiophosphinate dihydrate . See Reaction Scheme 3. 

(CH3) 2P(S)( S)- + Mn(C0)§ 6 PAP)Br -->~ Vin (CG "f.6PAP)( S)( S)P(CE3) 2 

+ NaBr 

,J • 
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The infra- red spectrum recorded in chlorof orm is characterised 

by 3 bands at 2025(vs), 1950(s), and 1920(s ) . The positions 

and intensities of the bands are very similar to the 

cis - i'1n ( CO) 
3

L2Br complexes ( where L2 = PAP or 6 PAP) discussed 

above . Hence the complex Vin(Co)
3

(PAP)( S)( S)P(CH
3

) 2 must 

have a cis-type of stereochemistry. The mode of coordination 

of the dithio- group with Pd(II) and Pt (II) has been exten­

sively studied by Steele and Stephenson78 • They found that 

the unidentate, bidentate or ionic modes of coordination are 

characterised by bands in the infra- r ed spectrum at 600 (s), 

572(s) and 610(s) respectively . The mode of coordination 

here is not clear as these bands cannot be assigned due to 

the presence of ligand bands in this reg ion . As Mn(I) has 

a coordination number of 6 , it is expected that probably 

(CH
3

) 2P(S)S- f un ctions as a unidentate ligand , assuming that 

t h e PAP is acting as a bidentate ligand . A conductivity 

measurement could not be made due to poor solubility . 

5. 6 EXPERH'iENTAL 

Preparation of cis-bromotricarbonyl8,-(diphenylphosphino­

amino ) - 6- methyl- pyridine7manganese (I) . ( Mn(C0~6 PAPBr ) 

0 . 34 g (1 . 2 mmole) of Mn(Co)
5

Br and 0 . 3 g (1 mmole) 

of 6 PAP were refluxed in about 30 cm3 of chloroform under 

nitrogen for 1- 1/2 hr . , after which reaction was comp lete . 

The solution was concentrated using a rotary evaporator and 

treated with hexane in an ice- bath . Orange coloured crystals 

were obtained which were recrystallised fr om hot methanol . 

M. p . 165- 168° C. Yield : 80%. Analyses calcd . for 

c21H17N2PMnBro
3 

(or Mn(C0)
3

(6 PAP)) : C 49 . 34, H 3 . 35, 

N 5 . 48 , Br 15 . 63 . Found : C 49 . 43, H 3 . 54 , N 5 -33, Br 15 . 16 . 
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Infra- red spectra (in cm- 1 ; obtained using a nujol mull) : 

1655 ( m), 1606(s), 1565 (w), 1305(w), '1225(w), 1155(w), 

1 '125 ( w) , '1094(s), '1020(w) , 986( m), 950 ( m), 870 (s), 

775 (s) , 730 (s), 7 '15(sh), 700 ( sh), 688 (s), 675 ( sh), 

665(s) , 625 ( s ), 6'10( s ) , 600(sh) . 

Preparation of cis - bromotricarbonyl,l'2'-(diphenyl phosphi no ­

amino)pyridin£:manganese(I) . (Mn (C0) 3 (PAP)Br ) 

I'-ln( CO):;;,; (PAP) Br was prepared by t he same method as the 
:J 

above , using 0 . 5 g ('1 . 8 mmole) of PAP and 0 . 59 (2 mmole) of 

I-ln (Co)
5
Br . Orange coloured crystals were obtained which 

wer e recrystallised from a chloroform/hexane mixture . 

M. p . 187-'1 90° C. Yield : 65% . Analyses calcd . f or 

c20H15N2PI11nBr0
3 

,a.cHc13 : C 44 . 22 , H 2 . 8'1, N 5 . 03 , Br '14. 34 . 

Found C 44 . 05 , H 3 . '1 8 , N 4 . 99 , Br '17 . 90 . The analysis for 

Br was complicated by the presence of CHc 1
3

• Infra- red 

spectra (in cm- '1; obtained using a nujol mull): '1 622(s), 

'1 578 (w), '1 342(w), '1 328(w), '1283 (w), '1233(w), 1'1 88 (w), 

'1'1 63 ( w), '1'1'1 3 (w), '1 098(s) , 1084 (w), '1028 (w), '1014( rn), 

998(w), 963 (w), 902(vs), 821(w), 763(vs) , 

743- 735(split ), 704(sh) , 694- 687(split), 668(s), 634(s), 

6'10(s) . 

Preparation of cis-dicarbonylbis(2-(diphenylphosphinoarnino)­

pyridine manganese (I) brornide . /Mn(C0) 2(PAP) 2J Br 

0 . '169 g (2 . 2 mmole) of Mn(Co)
3

PAPBr and 0 .107 g 

(4 mrnole) of 6 PAP were refluxed in about 35 cm3 of chloro­

form under nitrogen f or 7 hrs . The yellow compound which 

crystallised out from the refluxing solution was filtered 

off , washed with a small volume of hexane and dried under a 

vacuum line overnight . Yellow crystals of analytical purity 
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were obtained . I'-I . p . 210- 211°C . Yield : 805'L Analytical 

results confirmed the presence of one mole of chloroform of 

crystallisation per mole of comp lex . Analyse s calcd . for 

c 36H30N4Pl~no2Br . CHc1
3

: C 51 . 26 , H 3 . 60 , N 6 . 46 , Br 9 . 22 , 

Cl 12 . 27 . Found : C 51 . 19 , H 3 . 61, N 6 . 00 , Br 9 . 43 , Cl 12 . 44, 

Infra- red spectrum (cm- 1 , obtained using a nujol mull) : 

1615(vs) , 1581(s) , 1320(s), 1286 (m) , 1135(m), 1190 (w), 

1159( s ), 

998(m), 

840 ( w), 

670 ( m), 

1115(w), 1090 (vs ), 1075(w) , 1028(w), 1010(s), 

970(w), 950(w), 895(vs), 862(w) , 850(w), 

830- 820(split), 765(vs ), 745(vs ), 695(vs ), 

6G0(sh), 630 (vs ), 605(w). 

Preparation of cis - dicarbonylbis(2- (diphenylphosphinoamino)-

6- methylpyridine manganese (I) bromide 

LJ;n(C0) 2( 6 PAP) 2J Br was prepared by ref luxing 0 . 2g 

(4 mmole) of Mn (Co)
3

( 6 PAP )Br with 0 . 143 g (5 mmole) of 

6 PAP in 30 cm3 of chloroform under nitrogen for 10- 1/2 hrs . 

A yellow comp ound which crystallised from the refluxing 

solution , was filtered off , washed with hexane and dried under 

a vacuum line overnight . M. p . 178- 180°C . Yield : 60% . 

Analyses calcd. f or c38H34N4Pl'ln02Br .~HC1
3

: C 55 . 98 , 

H 4 . 24 , N 6 . 87 . Found: C 56 . 45 , H 4 . 33, N 6 . 81. Infra- red 

spectrum (cm- 1 ; obtained using a nujol mull): 1613(s), 

1577 ( m), 1317(w), 1236(s), 1212(w), 11 93 (w), 1172(w), 

1162(sh), 1177(sh), 1100(s), 1097(sh), 1077(w), 1027(s), 

994(s), 957(s), 927(w) , 887 ( sh), 873(vs), 800-(vs) , 

752(sh), 749(vs ), 707(sh), 696(vs ), 626(s ), 613(w) . 
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Preparation of dimethyldithiophosphinatocis- tricarbonyl-

8 - diphenylphosphinoamino) - 6 - methylpyridin_v.manganese(I) 

0 . 144 5 (7 . 8 mrnole) of NaS2P(CH
3

) 2 and 0 . 4 g (7 . 8 

mmole) of Mn(Co)
3

6 PAPBr were refluxed for 1 hr . in a mixture 

of chloroform/acetone . At the end of the reaction period , 

the solution was taken to dryness using a rotary evaporator . 

The r esidue was dissolved in benzene . Yellow crystals were 

obtained by treating with hexane . Analyses : calc d . f or 

1 b n(C0) 3( 6 PAP) S2P(CH3) 2 .~ 6H14 : C 46 . 07 , H 3 . 87 , N 4 . 67, 

F ound : C 45 . 6 9 , H 5 .1 1 , N 4 . 29 . Infra- red spectrum (in 

- 1 cm obtained in a nujol mull) : 1600(s) , 1575(s) , 

1375(s) , 1290(w) , 1235(w) , 1192(w) , 1180(w) , 1165(w) , 

1125(w), 1100(w) , 1065(w) , 997(w) , 940(s) , 904(s), 

845(w), 782(s) . 
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CHAPr~R 6 

6 . 1 INSTRUHEN TATI0N 

I0licroanalyses were carried out by Professor Campbell 

and his staff at 0tago University . 

1H nmr spectra were recorded on a JE0L J Nh- C- 60Hz 

external lock mode high resolution spectrometer using field 

sweep . 

31P nmr spectra was obtained on the same instrument 

as f or 1H nmr using a 31P nmr probe . Ph
3

P in chloroform 

was used as external reference and all spectra were run in 

the external lock mode in tetrahydrofuran . 

13c nmr spectra were obtained in deuterochloroform and 

tetrahydrofuran with a FX60 Fourier transform pulsed n• r 

spectrometer operating at 15 . 0 MH z using a 2H internal lock . 

Deuteroacetone was added to tetrahydrofuran solution to 

provide an internal deuterium lock . The 13c nmr chemical 

shifts were measured relative to the internal solvent 

resonance and are reported in ppm downfield from T 11S . 

Concentration of about 100 mg/cm3 were used in the spectra 

recorded in deuterochloroform . Concentration of about 

50 mg/c m3 were used in the spectra recorded in tetrahydrofuran . 

The 13c carbonyl resonances were observed only by the 

addition of about 0 . 2M Cr(acac)3 in deuterochloroform . 

Infra- red spectra in the range 4000 c m- 1 to 600 c m- 1 

were recorded in nujol mulls on cesium iodide plates using 

a Beckmann I . R. 20 spectrophotometer . 

Electronic spectra were recorded in the range 200 nm 

to 500 nm using a Shimadzu MPS 5000 spectrophotometer . 

Mass- spectra were recorded on an AEI MS9 instrument 
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with a nominal beam energy of 70 ev . 

Conductivities were measured using a Philips PW9510 

conductivity measuring cell with a Philips PR9500 bridge . 

6 . 2 Vi.ATERIALS 

2 amino - pyridine was supplied by Koch-Light Laboratories 

Ltd . and was recrystallised from benzene before use . 

Diphenylchlorophosphine was purified by vacuum 

distillation . 

Triethylamine was redistilled and stored over potassium 

hydroxide . 

40;; HBF4 and 65% HPF6 were used without further 

purification . Hydroiodic acid in 6 cm3 ampoule supplied by 

the British Drug Houses Ltd . was used as such . 

Sodiu• di• ethyldithiophosp~inate supplied by Dr . 3 . H. 

Ainscough and Dr . A. ~ . Brodie, was used without further 

purif ication . 

Bromopentacarbonyl manganese(I) was purchased from 

Strem Chemicals Inc . , Massachusetts . 

Triethylorthoformate was supplied by Hopkin and 

Williams Ltd . England . 

Chromium hexacarbonyl was supplied by Strem Chemicals 

as well as by Pressure Chemical Company, Pittsburgh . 

Tungsten hexacarbonyl was supplied by the Pressure 

Chemical Company . 

2- amino - 6- Picoline was supplied by Kand K Laboratories, 

California , and was recrystallised from toluene before use . 

Ammonium hexafluorophosphate was supplied by Alfa 

Inorganics , Inc ., Massachusetts. 

Silica Gel of M. F . C. 100- 200 mesh was supplied by 

Hopkin and Williams Ltd . 
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Analar Cobaltous Chloride supplied by BDH Chemicals 

Ltd . was used . 

Purification of Solvents for Spectral and Preparative Work : 

Nitrornethane was redistilled over phosphorous 

pentoxide . 

Benzene was dried over anhydrous calcium chloride for 

2- 3 days, after which it was distilled and stored over 

sodium wire . Toluene , hexane and diethyl ether were purified 

and stored in exactly the same way . 

Purific ation of Tetrahydrofuran 

Traces of peroxide can be removed by treatment with 

Copper (I) chloride (cuprous c h loride ) see Organic Syntheses, 

45, 57 ('1 965) . The preparation should be carried out in the 

fu~e h ood . The THF is dried over c a lcium chloride for 2 to 

3 days . Check for the presenc e of peroxides ; traces of 

peroxide can be removed by refluxing with cuprous ch loride . 

Add 4 to 6g of lithium aluminium hydride c aut ious ly in small 

portions . After the vigorous bubbling has stopped , the 

solution is warmed sliGhtly . The THF is then distilled and 

stored over s odium wire . 

Other s olvent s : 

Acetone was dry Analar grade of 9CJJ6 purity . 

Cyclohexane was spectr oscop ic grade supplied by Koch ­

Light Laboratories Ltd . 

Methylcy clohexane and n-heptane were used without 

further purification . 



APPENDIX 

Synthesis and Characterisation of the New Ligand 2-ldimethyl -:­

pho sphinothioylamin.,Q]pyridine 

Th is ligand was synthes i sed by reacting 2 amino­

pyridine with dimethylchlorophosphine sulphide . 

r) ,H 
2 ~ 2 >0-¥ 0-. N 

fi 

The compound was isolated with great difficulty and character­

ised by 1H nrnr and mass - spectra . Analysis f or carbon, 

hydrog en and nitrogen were attempted but the analytical 

results were not c oed . 

Mass- spectrum 

Besides the parent ion (of molecular weight 18 6 . 038) 

several other fragments of molecular weights 171, 155, 153 and 

94 were observed . It is not c ertain exactly how these frag ­

ments arose . The mechanisms sho~m in Fig . 8 have been 

p ostulated . A c6tt8 N2 fragment (of molecular weight= 108) 

was observed. The r oute to this species is certain to involve 

a methyl migration fr om the phosph orus atom onto the pyridine 

component. This type of methyl migration is very unusual . 

The methyl migration may probably proceed by the following 

postulated mechanism: (seep. 109 .) 
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Methyl migration mechanism 

Q 'T'/ :::r 
-1'i 

I 
p = s 

+ 

/\ 
h e b e 

0-N-H 
N 

r!re 
mh 1H t . h t . db t ' t ' 1 1 e nnr spe c r u r:1 is c arac erise y ne me 11y 

protons ( showing a d oub le t ) at 7 . 88 L and the ( N - H) 

proton at 4 .401: • 

Exper i mental 

Prenaration o f 2-@.imetnylph osph inoth ioylamino7pyridin e 

3g (0 . 01 6 r:1ole) of dimethylphosphinothioic c h loride 
7-: 

in 15 cm' of benzene was added dropwise to 4 . 39g (0 . 04 mole) 

of 2-a• inopyridine in 150 c m3 of benzene (cooled to 0°C) 

over a period of 20 mins . The mixture was stirred f or 30 

mins . at room temperature before filtering through kieselguhr 

g iving a clear solution . The solution was taken to dryness 

using a rotary evaporator giving a yellow oil . Several 

attempts at isolating the product from a benzene/hexane 

mixture failed. The solvent was taken off using a rotary 

evaporator, yielding an oil a gain . It was redissolved in 

benzene, passed through a column of alumina and brought to 

dryness yielding the crude product . Two methods of 
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purification were employed : 

(i) The product was dissolved in ether and recrystallised 

with great difficulty from a reduced volume of ether, 

cooled in liquid nitrogen . 

(ii) A vacuum sublimation was attempted but the sublimed 

product was f ound to be more impure than the recryst ­

allised product (from the infra-red spectrum) . 

Analysis calcd. for c
7

H11N2PB C 45 .1 5 , H 5 . 91, N 15.06 , 

F ound 44 . 33 , H 6 . 57 , N 14.47, I"l . p . 91-92°C. Infra­

red spectrum (in cm-1 ; obtained using a nujol mull): 

)~N - H) 3270 , 1563(s), 1545(s), 1283 (s), 1273(s), 

1258 (s), 1235(w), 1200(m), 1123(s), 1023(w), 963 (w), 

898(vs ), 833(s ), 788(w), 751(s) , 695(s) , 593(s) . 

Attempted Synthesis of i !'Jn(C0)
5

(6 PAPJ7Cl0,
1 

0 . 053g of AgCl04 dissolved in the minimum volume of 

acetone was added to 0 . 070g of Mn(Co )
5
Br in acetone . The 

mixture was left to stand for 30 mins . At the end of this 

period, the solution was filtered through kieselguhr . The 

solution was concentrated using a rotary evaporator , and 

then treated with hexane in an ice-bath. An orange coloured 

comp ound which crystallised from the solution gradually 

decomposed into a black mass . 



REACTION SCHEME 1 

LW( CO )5( LHl7X 
X = Cl , Br ,I, PF6, BF4 
L = PAP or 6 PAP 

vV ( co) 5P( Ph) 2Br ( ex c ess HX W( Co )
5

1 ____ uv ____ ~ \1 ( co ) 4 L + co 

+ 2aminopyridinehydrobromi d e 

X = Br 

L = PAP 

( W(C 0 ) 5J 2L 

L = PAP 

UV 

W( C0 ) 5THF 

L = PAP or 6 PAP 

CoC1 2 
2 : 1 ratio of 
complex : CoC1 2 

( 1i ( C0 ) 51 ) 2 CoC1
2 

L = PAP 

I2 

t.' ( CC )
3

1 r 2 

L = 6 PAP 

~ 

~ 

~ 



REACTION SCHEJviE 2 

h (C0) 5PAP (M = Cr ,Mo or W) 

UV 

M(C0) 5THF 

112 . 

PAP Cr(C0)4Nbd Cr(CO) PAP+Nbd 
----) 4 

Excess HBr 

P(Ph) 2Br + 2- aminopyridinehydrobromide 



REACTION SCHEME 3 

L2 = PAP or 6 PAP 

reflux in chloroform 

Na+s2-J:'(CH3)2 

L2 = J:'AP or 6 PAP 

reflux in chloroform 

113, 

> Mn(C0) 3L2S2P(CH3 )2 + NaBr 

L2 = 6 PAP 
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ABBREVIATIONS 

br : broad 

dad : H2N( CH2 ) 12NH
2 

dipy : 2,2 ' dipyridyl 

en : ethylenediamine 

nmr : nuclear magnetic resonance 

Ph : phenyl 

PPh
3

: triphenylphosphine 

ppm : parts per million 

py : pyridine 

THF : tetrahydrofuran 

TMS : tetramethylsilane 

s : strong 

w: weak 

vw : very weak 

vs : very strong 

UV : ultra- violet 
- rnol r> : "" il · rr ri l P 
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