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Abstract - The cunplex R u 3 { u - H , ~ C ( ~ ) 1 ( 0 0 ) 1 0 ,  [ l l ,  reacts with aryl 
acetylenes a t  25 % (Ar = ph, p-CH3C@4, or p(CX3O)C&Hq) giving only 
dinuclear products R~~I~O=CM&~,~-IY,~~-C(A~)=U~(A~) 1 ( 0 0 ) ~ ~  [5a,b,cl i n  
50-80% yield, and ~21c1-1\2,~4-C(Ar)=c(Ar)-C(Ar)=cc(Ar) 1 (00)6, [6a,b,cl 
20-29 yield. Crystal and molecular structures have been determined for 
[5bl and for R~~{~-CM~MQ,W,~C(P~)=U~(P~) 1 (00)5(PPh3) , [91 , both 
existing exclusively as the & ismers i n  the solid state. A t  -50 OC, l H  
or 1% 
and Sem, w h i c h  are rapidly interconverting. Through mplexes of Ph213c2, 
it is possible to assign the predaninant species i n  solution as the gem 
isuner i n  both cases. DReaction of phenylacetylene with [11 gives an un- 
stable product which can be isolated only as the PPh3 substi tuted canplex 
R u 2 { u ~ , u s , n - C ( P h ) ~ 2 1  (aO)5(PPh3) I [ lo] .  Only the Markownikoff ad- 
duct is seen, and 11p NMR signal averaging occurs between the & and gem 
isuners a t  23 OC. Crystal and molecular structure reveal exclusively the 
gem isuner i n  the solid state. 
gives the dinuclear adduct, R u 2 { l r H , ~ ~ r ~ ~ ( C F 3 ) = c C ( C F J )  1 (0016, [111, 
in 56% yield, with no evidence of a p-Gpisaner. UCunplex  [5bl reacts 
with p r w e  a t  23 OC to give the all-&-1-butadienyl canplex Ru2{u-O= 
-,po;-(H)R1(00)6, R= & - c ( g t C & ) = C R ( g t O l ) ,  1121, 48% yield; 
crystal and molecular structure shw the gem iscmer i n  the solid state. 

in 

spectra of these -exes indicate two isaners i n  solution (& 

UReaction of i l l  with hexafluorobut-2-yne 

INTRODUCTION 

Previously, we reported the reaction of but-2-yne with Ru3{u-H,-C(tWq) 1 (00)10, [11 , which 
gives the trinuclear +methallyl 
as principal product along with mall amounts of two dinuclear canplexes Ru2{pO=-,pa;p 

By contrast, we found that aryl ace lenes or hexafluoro-2-butyne give principally dinuclear 

synthetic studies are presented here. 

Ruj~q3-CH2CXCH(Me) I IP-C(O) ,WC(IWQ) I (00) 8, [21, 

c ( & ) a ( & )  1 (0016, [31, and R u 2 { p 4 = ~ , ~ 4 ~ ( T ? - ~ C ? = ~ ( b k )  1 (0015, t41 (ref.  1). 

products whose elucidation through 1 3 c-enriched materials and further structural and 

STUDIES OF THE p,-o,a-VINYL COMPLEXES OF DIARYL ACETYLENES 

%re is a problem in assigning snlution structures of the us,bvinyl ctn@lexes, as illus- 
trated i n  Fig. 1. The presence of principal resonances accanpnied by a closely matching set 
of smaller peaks indicates two isuners i n  solution in  unequal poplation. For example, two 
doublets are identified, each as the 2~ resonance of the pu,pvinyl group i n  the two 
isaners. lhe two sets of signals merge a t  +30 OC (ref. 1) indicating rapid equilibration i n  
solution. 

Aasigment of the sets of r e ~ ~ ~ l l ~ e s  to the buo iscmers was not possible, nor was it possible 
to identify the l C  remnance of the p q v v i n y l  group. For example, eight maxima are observed 
i n  the carbonyl region (6 = 210 to 185 ppd, thus the resonance of 1 C  must be located there. 
Hwever, m e  of the lH-coupled resonances (see insert i n  Fig. 1) aham doubling, due to the 
fact that the coupling constant J 2 ( l d 3 C )  must be close to zero (ref. 2) .  we thus prepared 
a 13C-anriched acetylene and its dirutheniun caaplexes according to the equations shown i n  
&hew 1 (ref. 3 ) .  
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Fig. 1. 13C( lH  coupled) IWR, 125.8 MHz, R C l 2  sol'n for 15al a t  -50 %. 

me 1% NMR spectra of r c u 2 ( ~ ~ q , ~ ~ ~ * ~ ( ~ h ) = * ~ ~ ( ~ h )  I (0D)6,  171, and RU~{WO=CNM~, 
w,r*C(Ph)= CH(Ph))(03)5(PPh3), 181, 
easily identified i n  each of the two spectra as the strong doublets arising fran 13C-13C 
coupling i n  the doubly labelled a,rvinyl group. strong doublet represents the 1~ reso- 
nance of the major isaner i n  solution and is accatlpanied by a corresponding resonance of 
laver intensity due to the minor isaner. In the upper scan of Fig. 2, both the principal and 
the accunpanying l C  resonances are doublets. In the lcwer scan, hcwever, the 1 C  resonance of 
the major isaner is a doublet but that of the minor isaner is a & & l e e & ! .  This 
must arise fran 31P coupling, and would be expected to be greater i n  the yiE isaner (10 Hz) 
than i n  the gan isaner (not resolvable). 

13C, are shown in Fig. 2. The 1 C  resoMnces are 

Fran the above analysis, we assign the gem iscmer as predaninant in solution for 181, which 
is presumably also the case for [71. Due to the similarity i n  the 13C NMR spectra of the di- 
phenyl and di(gtoly1) acetylene derivatives, [5al and [5bl, we assme similar distribution 
of i m e r s  i n  their solutions. !Ihus, predaninance of the qem isaner is indicated i n  solution 
while the single crystal obtained for 15bl is exclusively the yFc isaner (ref.1). 

a. SOC12 b. Bu3SnH > Ph*C(O)H 
(WLp cat.) IF m3 I 

Ph*c (0) OH > Ph*C(O)Cl 
I c. Nam 

I 
e* p y 2  

Ph*c(M2)- C("H2)Pfi f ' > Ph*E*C& (averall yield: 25%) 

111 l 2 5  Oc/ 24 hr/ hexane 

[81 < 171 (60% yield, based on C11) 
pph3/ 25 Oc/ 1 min./ hexane 
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In order to ascertain the predominant isomer in the solid state for a substituted derivative, 
a structure was determined for R u 2 I u ~ , ~ - o ;rrC(~tol).CH(gtol) 3 (CO)5(PPh3) , I91 , see 
Fig. 3; only the Yic isaner appsars in the solid state, as in the unsubstituted derivative 
I5bl (ref. 1). 
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A t  r m  temperature, the separate 13C NMR signals of the 9gn and 

3 tlz i n  canplex I81 (laver trace), observed i n  the limiting spectrun 

imers  are seen t o  

t o  11it the spli t t ing observed i n  these peaks is the 1 3 ~ 1 3 ~  coupling w i t h  a 
merge giving signals shm i n  part i n  Fig. 4 above. The averaged !Y C resonances do not shav 

a t  -50 OC . 
!he resonances for the 2C atans have not canpletely coalesced at  23 O C r  the highest we could 
reach without thermal decanposition. In both the upper and laver traces of Fig. 4 these still 
broadened resonances shaw a peak-tepak separation close to the h-13C coupling observed i n  
the limiting spectra (see Fig. 1). Preservation of the f u l l  l d 3 C  coupling in  the averaged 
2~ signals indicates a tautanerization pathvay involving the intact viryl  group, see path A 
i n  Fig. 5. Motion of iydrogen i n  the equilibration (Path B) can be excluded since t 

= M. 0 Hz and J (1&3C(2)) - 157 IIZ. 
have required a smaller peak--peak sewration arising fran an average between J ( I: 14 Tld ~(1))  

kr 

d c 

A 

B 

Fig. 5. Possible pattways for cr,vvi!yl group tautanerism. 
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STUDIES WITH OTHER ACETYLENES 

Scheme2 - -  

h d  25 OC 
tll + cQ3cEccF3 > 

24 h 

1111 (yield: 56% baeed on [11) 

The reaction of phenylacetylene w i t h  [11 gives an unstable product which can be isolated only 
as the PFh3 substituted cunplex 1101, Scheme 2. NlR spectra again indicate the presence of 
two isamers, y k  and gen, but only of the Wrkmikoff adduct as ahm i n  Scheme 2: the 2C 
resonances n the 1H-,coupled-13C NMR spectrun of [lo1 aFpear as triplets, bc 92.88 and 59.24 
m, J(h-&(2)) = 159 Hz, respectively. 

h& merging of the signals of the Y& and gen iscmers of [lo1 is observed a t  23 OC, denoting a 
much alcwer tautanerim as canpared to canplexes of diphenyl or di(ptoly1) acetylenes. There 
is no ~ h e n y l  group substituent on 2c of the a r v i n y l  group i n  1101: this suggests a phenyl 
group stabilized chargetransfer intermediate or transition state may be traversed for the 
intact vinyl group tautanerism, Path A of Fig. 5. Chargetransfer structures for the taut- 
mrim are suFported ty molecular orbital studies of 

P 2  metkylenebridged transition metal cunplexes (ref. 

thus favoring a polar structure for the vinyl- 
Qc 

4).  F e z  
The %C ring system may accarmodate s i x  electrons, I"\ / \  

(OC)grn-?rn(tao)3 \ 0  cc)3m7-(tao)3 
dimetallocyclopropane. RIzc$-H A w +>-* 

Ph 
Crystal and molecular structure of [lo1 reveal exclusively 
the gem isaner i n  the solid, see Fig. 6. 

L 

The reaction of 111 w i t h  hexafluorobut-2-yne (ref. 5) is shm in Scheme 2. The product, 
1111, contains an 1 H  resonance a t  -14.60 p indicating the presence of hydrogen bridging 
between the metal atans. We thus assign a structure as aham i n  Scheme 2; there is no evi- 
dence for any 0;rvinyl adduct. 13C NMR of [111 (ref. 5) shws two distinct resOnances for 
each of the two types of carbon atcms i n  the crC(CF3)=Cc' (C'F3) group. NMR studies fran -60 to 
+90 OC shcw no equilibration of the signals: thus cunplex 1111 does not participate i n  any 
rapid tautanerim i n  this temperature range. This structure type was also excluded fran rapid 
tautanerim for the diMenyl and di (g ta ly1)  derivatives, see Fig. 5. 

The reaction of [5bl w i t h  CH33X was examined, see Scheme 3 (ref. 6). An a l l  Eia butadiene 
telanerization product is obtained which crystdllizes as the g m - I p ~ , w p v i n y l l  
isaner, Fig. 7. This product may represent the intermediate leading to the type of canplexes 
141 and [61 isolated i n  the reaction of 111 w i t h  other acetylenes (ref. 1). 
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Scheme 3 
L a  

It8 

Rn 

15bl 
Ri k (cf.[41: 

RR'-Rn=W 

Fig. 7. 0- of U21. 

d 6  
R~(l)-Ru(2)= 2.725 (2) 
Ru(l)-C(l)  = 2.107(15) 
Ru(2)-C(1) = 2.257(17) 
Ru(2)-C(2) = 2.327(19) 
C(l)-C(2) = 1.442(20) 
C(2)-C(3) - 1.493(22) 
C(3)-C(4) = 1.306(20) 
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