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ABSTRACT 

Re a c t i o n of [MoS^][PPh^]^ w i t h methyl i s o c y a n i d e (CNMe) a f f o r d s 
species formulated as [Mo 0S,(SCNMe) 0][PPh.] or [Mo„S,(CNMe)(CNH)(SCN)][PPh.] 

Z O Z 4 Z D H 

i n which the i s o c y a n i d e or the d e r i v e d l i g a n d s undergo c a t h o d i c CN bond cleavage 
to g i v e ammonia, methane and ethy l e n e , i n processes i n v o l v i n g sulphur as a 
reductant of the s u b s t r a t e . 

INTRODUCTION 

Although molybdenum has been considered [1] as a component of the 
a c t i v e c e n t r e (formed by Mo, Fe and S atoms p o s s i b l y arranged i n a c l u s t e r ) o f 
n i t r o g e n a s e , the ̂ - r e d u c i n g enzyme, and the a c t i v a t i o n os i t s s u b s t r a t e s 
thought to occur v i a c o o r d i n a t i o n at the metal (whereas i r o n would be i n v o l v e d 
i n the e l e c t r o n t r a n s f e r p r o c e s s ) , a l t e r n a t i v e forms of t h i s enzyme (without 
molybdenum but s t i l l w i t h sulphur and i r o n ) have been r e c e n t l y d i s c o v e r e d [ 2 ] , 
r a i s i n g new questions as to the mechanisms i n v o l v e d i n i t s r e a c t i o n s . 

As p a r t of our study on the a c t i v a t i o n of n i t r o g e n a s e - s u b s t r a t e s 
by molybdenum or r e l a t e d metal c e n t r e s [3], we now re p o r t our p r e l i m i n a r y 
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i n v e s t i g a t i o n of the r e a c t i o n s of methyl i s o c y a n i d e w i t h a thiomolybdato 
centre which suggests that the s u l f i d o l i g a n d p l a y s an a c t i v e r o l e on the 
b i n d i n g and r e d u c t i o n of that s u b s t r a t e . 

RESULTS AND DISCUSSION 

[Mo S 4 ] [ P P h ^ ] 2 r e a c t s w i t h CNMe ( i n a 1:3 molar r a t i o ) , i n CH 2C1 2, 
at room temperature and under d i n i t r o g e n , to g i v e a v a r i e t y of i l l - d e f i n e d 
products. However, on the b a s i s of m i c r o a n a l y t i c a l , Ĥ n.m.r. s p e c t r o s c o p i c 
and e l e c t r o c h e m i c a l data, the attempted f o r m u l a t i o n s 
[ M o 2 S 6 ( S C N M e ) 2 ] [ P P h 4 ] 2 (J) and [Mo ?S^(CNMe)(CNH)(SCN)][PPh^] (2) are proposed 
f o r species which p r e c i p i t a t e d o f f the s o l u t i o n , i n low y i e l d s , on a d d i t i o n 
of d i e t h y l e t h e r ; p o s s i b l e s t r u c t u r e s of these compounds, c o n s i s t e n t w i t h the 
a v a i l a b l e data, are the f o l l o w i n g : 

MeNCS -*Mo 
||\S 
S 
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s 
II 

'Mo 
' Il S 

SCNMe and 
MeNC ̂  || || ^ SCN 

Mo —S — Mo 
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S S 

(2) 

The formation of complex (] ) i n v o l v e s the a d d i t i o n of i s o c y a n i d e 
to s u l f i d o l i g a n d s to form l i g a t i n g m e t h y l i s o t h i o c y a n a t e s , r a t h e r than the 
d i r e c t c o o r d i n a t i o n of the i s o c y a n i d e to the metal. Such a type of r e a c t i o n 
r e l a t e s to the known [4] a d d i t i o n of alkynes to s u l f i d o l i g a n d s and to the 
r e c e n t l y r e p o r t e d [5] a d d i t i o n of the h y d r o s u l f i d o (SH) l i g a n d to a c e t o n i t r i l e 
to form ligating^S-C(Me)=NH, e.g. i n the r e a c t i o n of NCMe w i t h 
[ { ( r i - C 5 H 5 ) M o } 2 ( u - S 2 C H 2 ) ( u - S ) ( y - S H ) ] + ; moreover, a d d i t i o n r e a c t i o n s of the 
S-H bond have been suggested [5] to be i n v o l v e d i n the homogeneous c a t a l y t i c 
hydrogenation of a v a r i e t y of unsaturated s u b s t r a t e s by some molybdenum 
complexes w i t h u - s u l f i d o and u - h y d r o s u l f i d o l i g a n d s . 

The s y n t h e s i s of compound (2) may be e x p l a i n e d by c o n s i d e r i n g the 
d e a l k y l a t i o n of SCNMe or CNMe by s u l f i d o l i g a n d s ( w i t h p o s s i b l e formation of 
SMe ) to generate the SCN and the CNH s p e c i e s , the l a t t e r b eing formed i n 
the presence of moisture. 

Complexes (1) and (2) are diamagnetic and undergo catho d i c r e d u c t i o n s 
a t v a l u e s of p o t e n t i a l which are c l o s e to that observed f o r the r e d u c t i o n of 
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the parent [MoS^] compound (see below). These ob s e r v a t i o n s suggest t h a t , 

i n a l l these complexes, molybdenum has the o x i d a t i o n s t a t e VI. 

The i . r . s p e c t r a of compounds (_1_) and (2) e x h i b i t , b e s i d e s the 
c h a r a c t e r i s t i c bands a s s o c i a t e d w i t h the tetraphenylphosphonium i o n , a band 
at £a. 465-470 cm ^ which i s assigned to v(Mo=S). Furthermore, i n complex (J_), 
strong bands observed at 2220 and 2160(sh) cm 1 are a t t r i b u t e d to v(CN) of 
the m e t h y l i s o t h i o c y a n a t o l i g a n d s , whereas, f o r (2),the corresponding bands f o r 
the bonded i s o c y a n i d e s are detected at 2190(s) and 2140(w,m) cm 

In the Ĥ n.m.r. s p e c t r a (25°C) of these complexes,the resonances 
of the methyl group are observed as s i n g l e t s , w i t h the expected i n t e n s i t i e s , 
a t 6 c a . 1.7 p.p.m. (SCNMe) and 1.6 p.p.m. (CNMe), f o r (J_)(in CDC1 3) and (2) 
( i n CD 2C1 2), r e s p e c t i v e l y . In the l a t t e r compound, the CNH resonance occurs at 
& ca. 0.8 p.p.m. and, as expected, i n t e g r a t e s f o r a s i n g l e p r o t o n , i s broad 
and i s almost l o s t on a d d i t i o n f o r D 20; no a p p r e c i a b l e change i n the spectrum 
i s observed when the temperature i s lowered to ca. -40°C. 

By c y c l i c voltammetry, at a Pt e l e c t r o d e and i n 0.2M[Bu^N][BF^]/tetra-
hydrofuran or CH 2C1 2, complexes (J_) and (2) undergo i r r e v e r s i b l e c a t h o d i c 

r e d u c t i o n s at E r e d c a ^ -1.8 V v s ^ SCE [e.g., -1.77 or -1.81 V f o r (2) i n 
t e t r a h y d r o f u r a n or CH 2C1 2, r e s p e c t i v e l y ] , a value which i s c l o s e to that 
observed f o r [MoS^][PPh^],, under i d e n t i c a l experimental c o n d i t i o n s (-1.80 or 
-1.87 V, i n t e t r a h y d r o f u r a n or CH 2C1 2, r e s p e c t i v e l y ) , i n agreement w i t h 
the hypothesis of a common o x i d a t i o n s t a t e of the metal. 

By c o n t r o l l e d p o t e n t i a l e l e c t r o l y s i s at t h i s c a t h o d i c wave, c a r r i e d out 
at 25°C, under argon i n a c l o s e d e l e c t r o c h e m i c a l c e l l , r e d u c t i v e cleavage of 
the unsaturated CN bond of the i s o c y a n i d e or d e r i v e d l i g a n d s occurs to g i v e 
ammonia (analysed by the indophenol t e s t ) and hydrocarbons (methane and 
ethylene detected by g l c ) . 

The mechanism of t h i s r e d u c t i v e cleavage, however, i s not s t r a i g h t f o r w a r d . 
For i n s t a n c e , a f t e r a measured charge corresponding to 2.3 e l e c t r o n s / m o l e c u l e 
of complex (2),ammonia was detected i n a y i e l d of 2.4 mol NH^/mol complex. Thi s 
y i e l d corresponds to a minimum consumption of 5.2 e l e c t r o n s / m o l e c u l e of 

Values measured by u s i n g the f e r r o c e n e / f e r r i c i n i u m redox couple as an 
i n t e r n a l standard w i t h E°* = 0.54(5)V vs. S.C.E. 
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complex, a v a l u e which i s w e l l above that measured d u r i n g the e l e c t r o l y s i s . 

The h i g h e r y i e l d of ammonia suggests that the c o o r d i n a t e d sulphur 
may behave as a source of e l e c t r o n s (reductant) to the r e d u c i b l e s u b s t r a t e 
( o x i d a n t ) , c o n c e i v a b l y through an i n t e r n a l redox process known to occur 
i n other systems. For i n s t a n c e , an i n t e r n a l e l e c t r o n t r a n s f e r from S to Mo 
induced by an e x t e r n a l oxidant (RSSR) was demonstrated [6] to occur i n the 

2- -
r e a c t i o n of RSSR w i t h [MoS^] to g i v e RS and the f o l l o w i n g complex of Mo(V) 

9 2-wiht d i s u l f i d o l i g a n d s ( S ~ z ~ , d e r i v e d from the o x i d a t i o n of bonded s u l f i d o , S ): 

Z -

Mo Mo 

A chemical r e d u c t i v e cleavage of i s o c y a n i d e s to ammonia, amines and 
hydrocarbons was p r e v i o u s l y achieved by t r e a t i n g e l e c t r o n - r i c h i s o c y a n i d e 
complexes, e.g., trans-[Mo(CNMe) 2L 4] [ 7 ] , m e r - [ W ( C N M e ) ] [7] (L =PMe 2Ph) or 
mer-[ReCl(N 2) (CNR){P(OMe) 3} 3) (R = Me, BuZ or C^Me-4) [ 8 ] , w i t h a m i n e r a l 
a c i d . However, i n c o n t r a s t to these systems where the d^ metal behaves as the 
reducing agent, those s t u d i e d i n the present work have the metal i n i t s h i g h e s t 
o x i d a t i o n s t a t e , hence the r e d u c t i o n of the s u b s t r a t e r e c u i r e s an e x t e r n a l e l e c t r o n 
source ( c a t h o d i c r e d u c t i o n ) and, a p p a r e n t l y , the involvement of s u l f i d o 
l i g a n d s as i n t e r n a l reducing agents. 

CONCLUSIONS 

The r e s u l t s of the present work suggest a novel type of i s o c y a n i d e 
r e d u c t i o n at a metal-sulphur s i t e , r e q u i r i n g an a c t i v e r o l e of the s u l f i d o 
l i g a n d , not only by adding to the s u b s t r a t e (formation of i s o t h i o c y a n a t o ) or 

* This may be evaluated by c o n s i d e r i n g the f o l l o w i n g p a r t i a l l i g a n d r e d u c t i o n s : 

Mo-SCN~ + 3H + + 2e~ — NH 3 + 'Mo-CS' 
Mo-CNH + 2H + + 2e" — NH 3 + 'Mo-C' 
Mo-CNMe + 3H + + 3e~ — NH + 'Mo-C(Me)' 

The formation of a t o t a l of 2.4 mol NH 3 r e q u i r e s a minimum of 4e (2 mol NH 3 

from SCN~ and CNH) + 0.4x3e" (0.4 mol NH 3 from CNMe) = 5.2 e". 

— 139 — 

behaving as a d e a l k y l a t i n g agent (f o r m a t i o n of SCN or CNH), but a l s o by 
a c t i n g as an e l e c t r o n source (reducing agent). These r e a c t i o n s of i s o c y a n i d e , 
summarized i n the scheme below, may have some b i o l o g i c a l s i g n i f i c a n c e s i n c e 
the p a r t i c i p a t i o n of sulphur (at the a c t i v e s i t e of n itrogenase) i n the enzymatic 
r e d u c t i o n of i s o c y a n i d e s and r e l a t e d s u b s t r a t e s i s now c o n c e i v a b l e . 

Mo-SCNMe 

Mo = S CNMe 

-SMe" 

CNMe 
I 
Mo = S 

CNH 

Mo = S 

r / H + > NH_ + (S)° X 

H' 

Scheme - Reactions of methyl i s o c y a n i d e at thiomolybdate-derived c e n t r e s . 

h4 [(S)° X represents a product of s u l f i d o o x i d a t i o n , e.g., S„ 2 ]. 
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