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The p-Dinitrogen-bis([1,2-bis(dimethylphosphino)ethane] hydrido- 
[q-(I ,3,5-trimethyl benzene)]molybdenum) Cation 
By Malcolm L. H. Green and William E. Silverthorn, Inorganic Chemistry Laboratory, South Parks Road, 

The complex [(Me,C,H,) (dmpe)Mo(p-N2)Mo(dmpe) (Me,C,H,)] [Me,C,H, = q-1,3,5-trimethylbenzene and 
dmpe = 1,2-bis(dimethylphosphino)ethane] has been protonated by tetrafluoroboric acid to give the cation 
[(Me,C,H,) (dmpe)HM~(y-N,)MoH(dmpe)(Me,C,H,)]~+. The complex [(C,H,)Mo(P(cy),Me),(N,)] (cy = 
cyclohexyl) i s  also described. 
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WE have shown that dinitrogen derivatives of the 
grouping [(q-arene)iUo(PR,),] occur both with terminal 
or bridging dinitrogen as in [(MeC,H,)Mo(PPh,),(N,)J, 

respective1y.l The complexes [ (C,H,R3)A4o(PR',),] 
(R = H, R' = Et; R = R' = Me) protonated readily 
forming mono- and di-hydrido-cations [ (C6H3R3) Mo- 
(PR'3)3Hn])Lk (72 = 1 or However, we were unable 
to prepare the analogous cations [( 3-arene)hIo (PR,) 2- 

(N,)H]+. A possible reason for this is that the addition 

(I), Or [(C6H6) (P113P)~Jfo(~-N~)R~o(pph3)~(c~H~)]~ (I1), 

(R'Le,C,H,)] with 1,2-bis (dimet hy1phosphino)et hane 
(dmpe), followed by addition of ammonium hexafluoro- 
phosphate to an aqueous extract of the reaction mixture, 
gave the salt [(hle,C,H,)Mo(C,H,) (dmpe)]PF6, (111) 
(hk,C,H, = q-1,3,5-trimethylbenzene and C,H, = -q- 
allyl). This is soluble in acetone, tetrahydrofuran 
(thf), and ethanol and solutions are kinetically stable to  
oxidation by dioxygen. Reduction using sodium amal- 
gam of tlif solutions of (111) under 1 atm dinitrogen 
gave deep purple crystals which the data in the Table 

Analytical and spectroscopic data 
Analyses (76) Selected i.r. data (cni-1) - 7 - 

Complex Colour C H N q(NEN) ?(&lo-H 
r(C6H6)Mo{P(cy) 2'Ie}2( s'2)1 Orange 89.5 (61.2) 8.6 (9.0) 4.2 ( 4 5 )  1975vsb 
L (  Me,C,H,) (dmpe)Mo(p-N,) Mo( dmpc) ( Me3C6H3)] Purple 47.5 (47.6) 7.05 (7.4) 3.6 (3.7) 1 989ms 

(1 973s dl 
[A'Ic3C6H3) (dmpe)HMo(v-NJ IIoH (clmpe) (JIe,C,H,)] - Red- 38.1 (38.5) 6-2 (6.2) 2.9 (3.0) 1 9.37~11. b ' 1 8lS.w 

P 3 F 4 1 2  brown 

CPF,I brown 
[ (Me,C,H,) (dmpc) HhIo(pN,) MoH (dmpc) (AIe,C6H3)] - Red- 33-9 (34.0) 5.5 (5-5) 2.7 (2-65) 1 93iv\\- 1 7 9 3 ~ -  9 

I( Calculated values arc: given in parentheses. b Nujol mull. c I?, 16.3 (16.3); 310, 25.6 (25 .2 )  0;. d I n  C,D,. For 
f 'H N.m.r. data:  7 4.69s (br), 
Absent in the spectrum of the 

the laN14N derivative, 1 9551ns; b for the 15N15N derivative, 1 923ms 
C,H,; 7-9c (broad), ille,C, and dmpe; and 1465,g d, [J(31P-H) 81.6 Hz], No-H cis or trmzs. 
tlcuteriated analogue, JZO-~H. P, 17.6 (17.6); I', 21.8 (31.6); and 310, 18.4 (18.1) yo. 

and 1 920 cm-l (KBr disc). 
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Sci<i:~s (i) Na-l-Ig in thl, 1 s t m  S 2 ;  (ii) HEF, in toluene-dicthyl ether. The N-3 distance in complcs ( IV)  is 1.145 + 0.007 A 

of a proton to the molybdenum in coinplexes (I) and 
(11) would cause an increase in positive charge on the 
metal atom. Tllis in turn, would cause a decrease in 
back donation from tlie metal to the dinitrogen ligand, 
thus decreasing the metal-dinitrogen bond strength and 
increasing the ease of loss of dinitrogen. The present 
work describes attempts to overcome this prolileni by 
increasing the initial electron density on the metal atom 
by methyl substitution 011 tlie ligands. 

I<ESULTS A X D  I ) I S C ~ S 3 I O N  
CJzemicnZ stiinit,s.-Treatnieiit of tlic previously 

described dimer (hIe,C6H,) (C3HS)X~(p-C1)2M~(C3H5)- 

and a crystal-structure determination show to be 
the coniples ~(RIe,C,H,) (dmpe)Mo(p-N,)Mo(dmpe)- 
(hIe3C6H3):, (11'). This complex is readily oxidised in 
air and is soluble in toluene. il crystal-structure 
determination showed the molecule lies on a crystall+ 
graphic centre of symmctrj? with the configuration given 
in the S ~ h e n i c . ~  Nonetheless the i.r. spectrum of 
complex (11') lias a band near 1980 cm-l, in mulls and 
in bcnzenc solutions, ~ v h i c h  must be assigned to a N=S 

1 31 1, I-i Giclcn and iY 1; Sill crlhorn, J C S .  Daltogz, 1973, 

2 31. L. H Glccn, L C ;\litchard, and IT. E. S~lverthorn, 
301. 

J C S. Dnlioiz, 1974, 13G1 
I< -\ Forder, pcrsonal coinmunication 
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stretching frequency. This assignment was confirmed 
by tlie observation of three strong bands at 1989s, 
1 9 5 5 ~ s )  and 1923s cm-l in the mull spectrum of an 
isotopic mixture of complex (IV) containing 14N=14N, 
I4NEl5N, and l5r\'Zl5N systems (see the Table). Careful 
examination of a crystalline mass of a sample of complex 
(TV) suggested the presence of a small proportion of a 
different form. This may arise either from a different 
crystalline modification of complex (IV), or of an isomer 
of (IV) such its a non-centrosymmetric cis-isomer, or of 
a minor impurity such as [(Me,C,H,)Mo(dmpe) (N2)]. 
\Ve do not liave any evidence to distinguish between 
these possibilities. Attempts to measure the Raman 
spectrum oi (I\l were unsuccessful. 

Careful t reatmcnt of (IV) with tetrafluoroboric acid 
gives a salt wliich tlie data showed to be [(h!e,C,H,)- 
( dm pe) 13 A I o ( p- S 4) ;\if o H (din pe) (Me,C,H,) ] [ B F, j (V) . 
This salt gives moderately stable solutions in acetone 
and dimctlij-1 sulphoxide. The formulation was sug- 
gested by the observation of a band in the i.r. spectrum 
at  1 815 cni nrliich may be assigned to a Mo-H stretch- 
ing frequency. This band was absent in the i.r. spectrum 
of the dicleuterio-analogue of (V). The lH n.m.r. 
spectruni of tlie salt showed a higli-field doublet a t  
7 14-62 w l i i t - l i  may be assigned to a Mo-H coupling to 
oiily one 31P nucleus. The proposed formulation for the 
salt was also supported by the observation that treat- 
ment of thf solutions of (V) with sodium amalgam 
reformed the parent complex (IV) in ca. 15% yield. 

Several unsuccessful attempts were made with the 
salt (1') to acliieve formation of further dinitrogen 
derivatives. 1;or this purpose 15X-enriched analogues 
of (I-) were prq~'aret1 using 15N2. No 15NH, was detected 
following treatment of reaction products of (V) with 
dilute liydrocliloric acid, or with dilute sulphuric acid in 
the present!. ot iron(r1) sulphate. During these studies 
we became interested in trying to prepare a molybdenum 
clinitrogen clerivati\,e in which steric access to the 
molybdenuiii atom was restricted. The new ligand 
c l i cyc lo l~c~~ l i i i u t l i~~ l~~ l i c~s~~ 'h ine  was prepared and used in 
turn to p r t p r e  the orange complex [ (hIe,C,H,)MO- 
{ P ( c ~ ) J I ~ ) ~ ( X ~ )  :. The evidence for the characterisation 
of this coniplcs is given in the Table and the Esperi- 
nicntal sectloll. 

EX PE R I AI E s'rri L 

l'reparations and reactions were carried out under an 
atmospherc: of argon except where stated. Solvents were 
freshly distillctl from calcium dihydride. 1.r. spectra were 
measured on an Infracord 457 instrument and were cali- 
brated usin: ;L polystyrene film. IH N.m.r. spectra were 
tleterniinecl on a Japan Electron Optics laboratory instru- 
ment a t  G O  MHz;  calibration was against external tetra- 
methylsilan c'. 'l'l ie complex [ (Me,C,H,) (C3H5)Mo ( p-C1) 2- 

llo(C,H,) (Alc,C,HJ was prepared as described.l 
(?-A llyl) i 1,2-2~~s( t l i~~ze t l iy l~hos~J~ino)e t l zane][r ) - (  1,3,5-tri- 

iiietla~~lbetzze~ze)] i i io l~~bdenz t~n  HexafEuorophosphafe, (111) .- 
The complex [ (J3e,C,H3) (C,H,)Mo(p-C1),Mo(C3H5) (Me3c6H3)] 
(1.5 g) in etl~anol (50 cm3) and 1,2-bis(dimethylphosphino)- 
d i m e  (0.9 cniB) were heated under reflux for G h. The 

solvent was then removed under reduced pressure, and the 
residue was extracted with water. The aqueous extract 
was treated with saturated ammonium hexafluorophosphate 
to give a yellow precipitate. This was recrystallised from 
dichloromethane-diethyl ether to give orange-red crystals. 
These were washed with diethyl ether and dried iiz vacuo, 
yield ca. 85%. 

(1,3,5-trinietlzylbe~1zene)]molyb~enuln~, (TV) .--The salt (111) 
(3.0 g) in dry tetraliydrofuran (thf) (125  cm3) under di- 
nitrogen a t  1 atm was treated with an excess of sodium 
amalgam ( a % ,  10 g) for 5 11. A further amount of the salt 
(2.0 g) was added and the mixture was stirred for another 
4 h uncler an argon atmosphere. The resulting solution was 
decanted from the residual amalgam and solvent was 
removed under reduced pressure. The residue \vas  washed 
with light petroleum (50 cm3) and then extracted with warm 
benzene (150-200 cm3; 50 "C). The extract 1 ~ ; ~ s  filtered 
and the filtrate was concentrated under reduced pressure 
(25  cm3). The concentrate was cooled giving purple 
crystals (1.6 g) which were washed with light petroleum and 
dried under vacuum. The washings and mother liquors 
were coiiibiiied and concentrated slowly ( 1  week) giving a 
further yield of purple crystals (0-4 g), total combined yield 
ca. 400,;. 

hydrido[q-( 1,3,5-trimethylbenzene)]molybdenz.lnl) Bis(tetra- 
Jluoroborate), (V) .-Complex (IV) (0.8 g) in dry toluene 
(400 cm3) a t  -95 "C was treated with a solution of aqueous 
tetrafluoroboric acid (0.5 cm3, 4076) in diethyl ether (50 cm3) 
a t  -95 "C. The mixture was allowed to warm first t o  
-10 "C and then, after 2 h, to  room temperature for 2 11. 
The supernatant liquor was separated from the deep red- 
purple precipitate, which was then washed with dry diethyl 
ether (400 cm3) and dried in vacuo, yield 0.83 g. 'The 
product was recrystallised from acetone a t  - 1 0  'C (0.8 mg 
in 50 cm3 concentrated to 5 cm3), yield 0.8 g. 

The hesafluorophosphate salt of the cation (V)  \\-as pre- 
pared as follows. The tetrafluoroborate salt (0.13 g) was 
slowl>- addccl to cold water (450 cm3, 0 "C) with stirring 
giving a purple-red solution. The solution lvas  filtered 
into a solution of ammonium 1iexaRuorophosphate a t  0 "C 
giving a red-brown solid. This was separated, ~vashed with 
water (500 cm3, 0 "C), and dried uncler vacuuiii a t  40 "C, 
cn. S070. 
Di (cycloh exyl) nzethylpk osphine .-Clilorodic ycloh e s ylphos- 

phine (5.0 g) in diethyl ether (26 cm3) was added slowly 
( 1  h) to methylmagnesium iodide in diethyl ether ( I d  cm3 of 
1 . 3 ~ )  a t  -15 "C.* The mixture was heated uncler rcflus 
€or 15 inin then cooled to -15 "C and satul-atctl aqueous 
ammonium chloridc (50 cm3) was added slo\\ly. The 
ether layer was separated from the hydrolysecl product 
and the remaining aqueous layer was extracted witli 
diethyl ether ( 2  x 50 ~ 1 1 1 ~ ) .  The ether solutions were 
collected and concentrated giving an oil which wa? distilled 
a t  112-114 "C ( 2  mmHg), yield 2-65 g. 113 N.m.r spectrum 
of the pure liquid: 7 7.T1, t ;  8-21, complex niultiplet, 
(cy), ( 2 2 H )  ; 8.69, rel. intensity 3, cl [J(31P-h'k) 4.5 Hz!, Me. 

(?-Benzene) bis (dic_licloliexyliz2et~iylphosphine) clini tvoge Fi- 
moZybdenum.-The comples [(C,H,) (C,H,)Mo(p-CI),Mo- 
(C,H,)(C,H,)] (1.0 g) in dry thf (75  cm:]) was heated with 
dicyclohexj-lmethylphosphine ( 1.3 cm3) und er rcflus for 
30 min until all the complex had di~solve~l.  lhccss of 

p-Dinitrogen-bis( [ 1,2-bis (d imetl~ylphosplaiizo) etlzn ize J [q- 

p-Dinitvogen-bis( [ 1,2-bis (diunetkyl~kosphino) ethane] - 

* 131 = 1 in01 d ~ n - ~ .  
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sodium amalgam (2%, 5.0 g) was then added and the reduced pressure until the total volume was 100 cm3. 
mixture was stirred in the presence of excess of dinitrogen Orange crystals which formed were collected, washed with 
at atmospheric pressure for 40 h. The solvent was removed ethanol, and dried in vacuo, yield 0.50 g (cn. 20%). 
under reduced pressure and the residue was washed with 
diethyl ether (100 cm3). The resulting violet solution was 
separated and the residue was dissolved in dry thf (100 cm3). 
After filtration the filtrate was treated with ethanol (100 
cm3) and solvent was removed from the mixture under 
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