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Molybdenum-95 NMR spectra of a series of phosphine and phosphite 
substituted molybdenum carbonyls Mo(CO)6_ ~Ln [L = P(OCHa) 8 n = 1,2, 3, 4, 
5, L = P(OC2H~) a n = 1, 2, 3, L = P(C6H~)3 u = 1] including isomers (cis, trans, 
fac, m, er) are reported. A large range of chemical shifts is found for the title 
compounds. The coupling constants 1d(%Mo-alP) are derived either f=com 9SMo- 
NMR spectra or alP-NMR spectra. Syntheses of the measured compounds were 
performed by thermal or photochemical ligand substitution. 
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Molybdiin-95 N M R  einer Reihe yon Pho~phin- und Pho~phit-sub,stituierten 
Molybdiincarbonylen Mo(CO)6~.n(L)n (n = 1, 2, 3, 4, 5) 

Es werden die 95Mo-NMR-Spektren der im Titel genannten Verbindungen 
m i t L = P ( O C H 3 )  3 n =  1 5, L=P(OC2Hs)  3 n =  1 3 u n d L = P ( C 6 H s ) 3 n =  1, 
einschliel31ich yon isomeren (ci.~, trans, fac, mer) angegeben. Fflr die chemischen 
Verschiebungen wurde ein sehr weiter Bereich beobachtet. Die Kopptungs- 
konstanten 1J(95Mo-31P) wnrden entweder yon den 95Mo_ oder 31P-NMR- 
Spektren ermittelt.  Die Synthese der Verbindungen erfolgte mittels thermi- 
schem oder photochemischem Ligandenaustausch. 

We wish to  r epor t  the  95Mo-NMR chemica l  shift  and  spec t r a  we 
o b t a i n e d  of a series of s u b s t i t u t e d  m o l y b d e n u m  c a r b o n y l  species at  
n a t u r a l  a b u n d a n c e  (15.8 atom~o) wi th  a B r u k e r  W P S O N M R  spec t ro-  
me te r  ope ra t i ng  in the  pulsed  Fourier T r a n s f o r m  mode  at  1.88T. All  
s amples  were measu red  at  31 °C. T h e r m a l  l igand  subs t i t u t i on  ti l l  the  
Mo(CO)2L 4 species was found  to be a conven ien t  s y n t h e t i c  rou te  using 
an " '@~le-Birne "'1. H i g h e r  s u b s t i t u t e d  c o m p o u n d s  were p r e p a r e d  by  
the  p h o t o c h e m i c a l  m e t h o d  '), 4, a. 
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Table 1. ~SMo N M R  parameter~ (reference: external aqueous" 2 M-Na2MoO 4 at 
pH = 12, all coneentration~ were approx. 0.4 M, Thf  = dried C4HsO under N:~) 

Compound 8 Mo (ppm) Solvent 

Mo(CO)6 - -  1 856 Thf 
Mo(C0)sP(C~Hs)3 - -  1721 d Thf  
Mo(CO)sP(OCH3)3 - -  1 864 d neat 
Mo(CO)aP(0C2Ha)3 - -  1 851 d neat 
Mo(CO)4[P(OCH3)3]2 cis - -  1 827 t neat 
Mo(CO)4[P(OCH3)3]. ~ tran~. - -  1 845 t Thf  
Mo(C0)4[P(OC2H5)312 ci~ - - 1  802 t Thf  
Mo(C0)3[P(OCH3)3]3 fae - -  1 756 q Thf  
Mo(C0)3[P(OCHa)3]3 met - -  1 780 m Thf  
Mo(CO)a[P(OC2Hs)3] 3 fac - -  1 721 q Thf 
Mo(CO)2[P(OCH3)3] 4 ci~" - -  1 667 m a Thf  
Mo(C0) [P(OCH3)3] 5 - -  1 556 m a Thf  

d = d o u b l e t ,  t = t r i p l e t ,  q = q u a r t e t ,  m = m u l t i p l e t ,  a = b r o a d e r  
multiplet. 

lines 

Table 2. ~b'pin-~pin coupling con,~tant~ 1J(95Mo-31P) 

Compounds Coupling constants obtained from 

9~Mo NMt/. [Hz] alp NMR [Hz] 

Mo(CO)aP(C6Hs)3 
Mo(CO)aP(OCH3)3 
Mo(C0)4[P(OCtt3)3J ~ cis 
Mo(CO)4[P(OCH3)3]2 tran~ 
Mo(C0)3[P(0CH3)~]3 Jae 

135 124 ± 106 
217 216 
217 215 
245 
214 213 

While  this work was in progress two repor ts  appeared  of%Mo N MR  
of some m o l y b d e n u m  carbonyls  and  related compounds  showing 
eoincidenee with our measu remen t s  a, s. 

A very  large range  of chemical  shifts is found for the near ly  
complete  subs t i t u t ed  series of p roducts  f rom 8 - -  1 856 p p m  for Mo(CO)6 
to 8 - - 1 5 5 6 p p m  tbr Mo(CO)[P(OCtta)aJ a reflect ing the n u m b e r  of 
Mo(CO)~ carbonyls  replaced and  their  geometry .  

Scheme 1 shows the geometr ical  isomers and  their  symmetr ies ,  
Fig. 1 bhows the large chemical  shift range covered by  subs t i t u t ed  
m o l y b d e n u m  carbonyl  species al lowing the observa t ion  of subt le  
electronic effects at the m o l y b d e n u m  site. 
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Sche'me 1 
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Molybdenum-phosphorus spin-spin coupling is detected for phos- 
phine and phosphite substituted species. Table 2 lists the coupling 
constants obtained either from 9SMo NMR spectra or alp NMIR spectra. 

:~lp NMR chemical shills and coupling constants (P- -P)  of some of 
the prepared compounds are listed in Table 3. 

Similar 95Mo chemical shifts of methoxy-  and ethoxy-phosphite 
substituted molybdenum carbonyls [Fig. 1 : L = P(O('.H3)3, 
L = P(OC2H~)a] were tbund reflecting their similar ,-:-aeeeptor ability 
and cone angle (107:' and 109' respectively). With increasing substi- 
tution 3-%No is becoming more positive and phosphorous ligands show 
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Fig. 1. ChemieM shifts for Mo(CO)6 nLn vs. n [ L  = P(OCH3) 3 A, L = P(0CeH.5)3 *] 

Table 3.31p IYMR parameter~ (reference: H3PO4, 85°/£) 

Compounds S 31p [ppm]. j (alp_31p) 

I 
168.3 t [Hz] pat tern intensity 

Mo(CO)a[P(OCH3)3] a mer 42 d t 2 : 1 
~,176.3 d 

I 167.9t 
Mo(CO)u[P(OCHa)s] 4 cis' 43 t t 1:1 

[174.7 t 

Mo(CO) [P(OCH3)3]~ ~163.8 q 47 dq  4 :1  
f 

[174.7 d 

Mo[P(OCH3)3] G 171.9 s 

s t rong  desh ie ld ing  effects upon  the  m o l y b d e n u m  nucleus.  F u r t h e r  
i nves t iga t ions  of comple t e  s u b s t i t u t e d  series (e.g. L = A s R  3, SbR3, P X a  
X = C1, Br,  I)  in o rder  to  es tab l i sh  a comple t e  a n d  de t a i l ed  95Mo 
chemica l  shif ts  and  coupl ing  c o n s t a n t s  1 j  (95Mo_31p) scale, will e luc ida te  
the  exac t  n a t u r e  of the  m e t a l - - p h o s p h o r o u s  bond  wi th  respect  to  a- 
a n d / o r  n - in t e rac t ions  be tween  the  m o l y b d e n u m  nucleus  and  the  l igand.  
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