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Fischer-type carbene complexes react with BX3 to afford transition- 

metal carbyne complexes where an OR group on the carbene carbon is 

> + 
2 (CO) Cr=C-NR BX3 OR 

(CO) 5Cr=C’ “R2 5 

abstracted by BX 

reaction of BX with a phosphite coordinating to a transition- 

metal in the hope of producing a complex containing a double bond 

between a transition-metal and phosphorus. The reaction of BX 
with P(OR13 uncoordinated to transition-metal is known to produce 

stepwise P(OR)2X, P(OR)X2, or PX3, depending on the reaction 

conditions. 

We have chosen [Mo (bipy) (CO) 3P (OR) 3] (bipy = bipyridine) 

as an anion.’ We have been interested in the 3 

3 

3 

2 

as a 

transition-metal complex containing phosphite. The reaction of 
the molybdenum complex with 2 equiv of BF eOEt2 in dichloromethane 
at - 7 8 O C  yielded a dark red powder. The 31P{1H) NMR data showing 
a doublet with about 1170 Hz coupling constant and l9F{’H} NMR 

data showing a doublet with the same coupling constant, and other 

spectroscopic data listed in Table 1 indicate the formation of 

fac-[Mo(bipy) (C0)3P(OR)2Fl (yield: 80%, 50%, 20% for R = Me, Et, 

i-pr, respectively), 

P(OR)2FI with 1 equiv of BF3.0Et 

which [Mo (bipy) (CO) 3P(OR) F21 was not contained. 

The reaction of isolated fac-[Mo(bipy)(C0)3- 

caused an intractable oil in 2 
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2BX3 O E t Z  
fac- [Mo(bipy) (C0)3P(OR)3] > 

( R = M e ,  E t ,  i - P r  ) 
fac- [Mo (bipy) (CO) 3P(OR) 2F] 

The r e a c t i o n  of fac-[Mo(bipy) (CO)jP(OMe)3] w i t h  2 equiv of 

B C 1 3  generated mer- [Mo(bipy) (C0)3P(OMe)C12] (80% y i e l d ) ,  where 

t h e  t w o  OR groups w e r e  d i sp l aced  by two C1 atoms and geometr ical  

2BC13 
fac- [Mo(bipy) (CO)3P(OMe)3] - mer- [Mo(bipy) (C0)3P(OMe)C121 

rearrangement around t h e  Mo atom took place.  The r e a c t i o n  wi th  1 

equiv of BC13 gave m e r -  [Mo (bipy) (CO) jP (0Me)Cl2] (25%) and f r e e  

TABLE I Spectroacopic data of M(CO),(bipy)L 

V(C0) 

P ( W ) ,  1929 7-9 (0, 811, bipy) 153.3 (a) 
1831 
1795 

P ( O w 2 P  dl 1939 
1844 
1805 

3.30 (d, J=lO.UHa, 911, W,) 

7-9 (m, 811, bipy) 
3.46 (d, J-10.0Hz. 68, CH3) 

lSl.9 (d, J-ll7lBd 

P(OEt1, 1925 7-9 (m, 88% bipy) 149.1 (a) 
1826 0.93 (t, J-~.OHZ, 98, tx3) 
1792 3.67 (m, 6H; C12) 

P (OEt ) 2P 1937 
1842 

7-9 (m, 8H, bipy) 149.8 (d, J-1169Hz) 
1.02 (t, J-7.0Izs 68, CH3) 

1801 3.88 (m, 4n, C H ~ )  

P(0-t-Pr)3 1920 7-9 (m, 8A, bfpy) 147.8 (a) 
1822 
1790 4-53 b s  38, ce) 

0.97 (d, Jd.OHz, 18n, a,). 

P(O-i-Pr)2P 1934 7-9 b, 88, bipy) 152.0 (d, J-ll688.) 
1839 
1800 4.60 (m, 2H. Cli)  

1880 3.62 (d, 3-12.1, lH, CH3) 
1840 3.85 (d, J-14.8, 211, CH,) 

0.97 (d, J.b.OHZ, 128, Ca,) 

P(QI.)C12 1960 7-9 ( 1 s  biPY) 146.0 (a) 
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P(0Me) C1 (25%), b u t  d id  no t  y i e l d  mono-substituted product ,  

[Mo (bipy) (CO) 3P (OMe)2C11 . 
halogen(s)  can be thought t o  be poss ib l e .  One is a concerted 

p rocess  l ike a mechanism proposed i n  t h e  r e a c t i o n  of f r e e  phosphi te  

and BX3, and t h e  o t h e r  is t h e  p rocess  where a 3 e l e c t r o n  donor 

t e rmina l  phosphide complex is formed as an in t e rmed ia t e  owing t o  

the  a b s t r a c t i o n  of an OR group on t h e  phosphorus a s  an anion by 

BX3. 

i n  t h e  p re sen t  r e a c t i o n ,  i t  i s  c a t i o n i c ,  and t h e  fol lowing reso- 

nance can be considered. I f  2 i s  OR, t h e  in t e rmed ia t e  may be 

2 

Two mechanisms i n  terms of t h e  OR group(s) exchange by 

I f  a 3 e l e c t r o n  donor t e rmina l  phosphide complex i s  generated 

c 
+ ,OR + ,OR 4 OR ,OR 

Z 2 2 * z +  
MoGP, MotP, +--+ Mo-P, Mo-P 

h igh ly  s t a b i l i z e d  by t h e  resonance, bu t  i f  2 is a s t r o n g  e l e c t r o n  

withdrawing group, such as F, t h e  resonance would n o t  s t a b i l i z e  

t h e  in t e rmed ia t e ,  t hus  t h e  in t e rmed ia t e  formed may decompose 

be fo re  n u c l e o p h i l i c  a t t a c k  of X- on t h e  phosphorus atom. 

i t  i s  d i f f i c u l t  t o  r u l e  ou t  t h e  concerted mechanism, t h e  mechanism 

Though 

mcr I 
SCHEME 1 
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via a terminal phosphide complex is compatible wi th  t h e  experi-  

mental r e s u l t s  mentioned above, The reac t ion  sequence w e  

t e n t a t i v e l y  proposed is  summarized i n  Scheme 1. 
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