
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
BISCARBYNE CLUSTERS BY ALKYNE CLEAVAGE: A GENERAL REACTION

Permalink
https://escholarship.org/uc/item/1bd957cq

Author
Fritch, John R.

Publication Date
1980-06-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1bd957cq
https://escholarship.org
http://www.cdlib.org/


LBL-1 0568 (! 
Preprint 

Submitted to Angewandte Chemie 

BISCARBYNE CLUSTERS BY ALKYNE CLEAVAGE: A GENERAL REACTION 

John R. Fritch and K. Peter C. Vollhardt 

June 1980 

TWO-WEEK LOAN COP 

is a Library Circulating Copy 

wh may be borrowed for two weeks. 

call 

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain cmrect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any wananty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



DL', K, P. C. of 

and 

, La.~vrence 

9Lr720 

of 

unde:c 

, ancl. 

Inc . 1C P , C. V ,. A. P. Sloc-m 

19'7 , cccnd a 

( ,'.md a (1978)" 



Surface carbyne have recently in the H~D exchange 

of polymethylcycloalkanes mediated by cobalt films, [l] the isomerization of 

satu:r.ated hydrocar,bons on iridium catalysts~ [ 2] the interaction of acetylene 

and ethylene with platinum, nickel, and rhodium single crystals,[ 3] and the 

hydrogenation of ccu"'bon monoxide (Fischer·~Tropsch reaction) on heterogeneous 

2 

systems, [ 4] We describe a rrc"'"""'"' synthesis and preliminary physical and chemical 
~----

proper>ties of ~l?yn~ clusters prepared by a conceptually most 

the direct cleavage of alkynes . Biscarbyne clusters, those 

derived from apar·t from their novelty and 

potential application to organic synthesis, :have excellent potential to serve 

as suitable substrates on which to study surface-homogeneous cluster analogies.[S] 

[6] . . . 5 
We have found that (n -C5H5)Co(C0) 2, which ordinarily functions as a 

mediator of alkyne oligomerizations to furnish catalytic and stoichiometric 

products (e.g. benzenes, and complexed cyclopentadienones and cyclobutadienes)[ 7] 

5 assembles a t~inuclear [(n -C5H5)CoJ 3 cluster which inserts into alkyrne functions 

(a) 

(1) R1 * 
( 2) ::: \56 
( 3) ::: co2cH3 ( 16%} 
(4) H3)3; * H (32"/o) 

with remarkable ease according to equation (a). Thus, when a solution of 

diphenylacetylene and <n 5-c5H5)Co(C0) 2 (3 equiv.) in decalin slowly added 

(syringe ptunp) to boiling and nitrogen flushed decalin over 24h only 9% of the 



d . . . h b . . . d' l b [S] . or 1.nar1.ly expected ·cei.-rap enylcyclo utad1.ene cyclopenta 1.eny. co alt J.s 

isolated on alum.ina chromatography. The major product (72%) is the biscarbyne 

cluster (1), [
9] In similar fashion hyd:r'ogen, alkyl, silyl, and carbomethoxy 

(5) 
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funct:ionalized derivatives (~)~(_!±) may be isolated. [g] This finding is impor~ 

tant in view of the lack: of generality the mcmy reactions of transition 

metals with opganic subst:cates. In the cleavage of trimethylsilylated alkynes 

traces of other clusters are observed derived fpom acetylide coupling and 

decoupling, hydrolysis, and dimerization processes. For exa.mple, complete 

analysis of all chromtogr•aphable products from the conversion of bis(trimethyl~ 

silyl)butadiyne (§) with equivalents of (n 5~c5H5 )Co(C0) 2 reveals seven 

clusters (4) and (6)~ 11 It should be noted that the "multiple decker11 

sandwich (2) is formed despite the considerable steric crowding in ·the system. 

Compounds (~1) and (2) most liJ(ely arise via metathesis of (.§_) to trimethyl~ 

silylacetylene and bis(trimethylsilyl)butatriyne (12) (or their equivalents) 

:m the coordination sphere of cabal t. A control experiment showed that (2) 

is an unlikely source of (_!±) via cleavage of the carbidobridge under ·the 

reaction conditions. Ketone (_§) may be thought of as a hydrolysis pPoduct 

of (6) and cluster (10) derived from (.§.) by prot:odesilylation under the 

reaction conditions (vide infra). The formation of (11) points to the presence 

of 1,4-bis(tr:imethylsilyl)-l, 3-butenyne in the reaction mixture, possibly 

derived by dimerization of trimethylsilylacetylene.[lO] 

Asimliar array of products is obtained in the analogous reaction of 

bis(trimethylsilyl)hexatriyne (12), but again the mjor com.ponents of the 

reaction mixture are the singly inserted (14), and the "multiple deckers" 

(_~) and (13). [ 9] 

'I'rea~onent of (§) with 1% KOH-EtOH gave quantitative monodesilylation to 

the unstable terminal acetylene (}5),[ 9] whereas the action of !!.-Bu4N+F- in 

hot THF led to complete desilylation to the unsilylated analog of(§), compound 

(16).[g] 

The parent biscarbyne [JJ 3n1~HCJ 2 [(n 5-c5H5 )Co] 3 (17 is available from <:t) 

by protodesilylation [C6H5CH2N(CH3)/ F-, DMSO, 105°C, 6h, 87%).[g] Remarkably, 
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exposed to CF3co2D-C6D6(1:1, 25°C, deep green solution) in an NMR tube under 

conditions which lead to neither deuterodesilylation nor deuterium incorporation 

into the cyclopentadienyl ligands (lh). [ll] In contrast, cluster (_;)) inert 

to alcoholic HCl, but reacts with hot CF3so3H to flwnish penzene and_toluene. 

On the other hand, when <:±) is exposed to !!:_~butyllithium~TMEDA('IHF, 25°C, 30 JILin.) 

followed by D20-work~up unchanged <:±) is isolated. 

To tes~c for the potential of carbyne exchange, ( 1) was heated in boiling 

decalin with excess (4 equiv.) of £~ditolylacetylene[l2 ] for 39d. Only traces 

of 1, 2-dipheny1~3, 4~ito1yl- and tetratolylcyclobutadiene cyclopentadienyl 

cobalt were recovered, in addition to diphenylacetylene {21%), starting cluster 

(74%), a~nd ditolylacetylene (74%). Biscarbynes may act as, or' be precursors of, 

catalytically active species. Heati.ng (~) with 1-heptene in a stainless steel 

bomb to 200°C for 36h in the presence of C0(400 psi) and H2(800 psi) gave 
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l ~octanal, l ~octanol, 2 ~methylheptailal, and 2 ~methylheptailol with r>especti ve turn,~ 

overs of 30, 6.8, 15.4, and 5.0 peP equivalent of cobalt. Starting (4) was 

completely consc1med. 

The spectral dat} 9] of the repor>ted biscarbynes are unusual, r>evealing 

the pr>ofoundly deshielding effect ar1d the strong electron releasing ability 

of the cluster> unit. [l3] 
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8.13 (dd, J=L , 7.8 Hz, 4H), 7.37 6H), 4.33 (s, 15H); 

o[CDC1
3

, .3, 127.4, 126.7, 125.3, 85.2; 

(2): r1ecdles, 510 (l1+' 78%)' 508 (40%)' 

370 (100%), 247 (38%), 189 (87%); NMR cS(C
6
D

6
) t},97 (t, J=8.0Hz, 4H), 4.33 

( C' o, 15H), 2.61 (q, J=7. 39 (sex, J=7.0Hz, 4H), 1.26 (t, J=7.0Hz, 

needles, at 

+ 250 ~310°C,thendec.; ~~~'+70 (N, 100%), 370 (54%), 247 (28%), 189 

(85%); NMR o(C
6
D

6
) 18.25 (s,JJD, 4.42(s, 15H), 0.83 (s,9H); (6):[ 6] 13c-NMR 

o (CDC1
3

) 373.4, 279.LJ., 127.5, 127.0, 83.9, 4.00, 0.76; (7): red~bronze 

crystals, dec p 400°C; ~~ 938 (!1+, 22%), 749 (M-Cp
2
Co, 12%), 189 (100%); 

NMR o (CS 0 ) LJ-.63 (s, 30H), 0.94 (s, 18H);C_§): r>ed pui'ple needles, dec 
/" 

p 399°C; ~~ 512(M+, 19%), 370 (l %) , 2'+7 (12%), 189 (lOO%); NMR o 

(CC14 ) 4.43 (s, l5H), 3.09 (s, 3H), 0.78 (s, 9H); IR (QlCl
3

)vCO 1618 

~1 + 
em ; ~:maroon crystals, dec p 392°C; ~~ 962 (M, 70%), 773 (H-Cp2Co, 

8%), 189 (100%); NMR O(CC1
4

) 4.54 (s, 30H), 0.83 (s, 18H); (10: 

red-purple flakes, mp 2l3-2l7°C; !::£l.l~ 49!+ (M+, Lr94), 370 (14<?&), 271 (2 ) , 

247 (49%), 189 (lOO%), 124 (22%); NMR o(C
6
D

6
) 18.60 (s, liD 4 .ltlt 

(s, 15H), 0.52 (s,9H) ;IR CCIJ.Cl 3 )vc::c 2062 em ; (11): purple needles, 

l78-180°C; ~~ 568 (M+, 69%), 370 (16%), 247 (14%), 189 (100%); NHR 

l9.0Hz, IH), IL35 (s, lSH), 

0.78 (s, 9H), 0.44 (s, 9H); (13): r>ed-bronze flakes, dec p 393°C; ~~ 

962 (11+ 44%), 773 (l1--Cp
2
Co, 21%), 189 (100%), Nl·m. o(CDC1

3 
~. G8 (s, l5H), 

4.62 (s, lSH), 0.92 (s, 9H), 0.53 (s, 9H); IR (KBr VC::::C 
-l 2069 em ; 

( l LJ.) : purple l6L5-·l65°C; !11)~ 590 (H+, 37%), 189 (100%); 

-1 
2061 ern ; , 

mp 



(h~): purple flakes, dec p 102~116°C; f}}/~ 49tf (M+, 32%), 189 (100%); 

NHR o(C6D6) 6.78 (s, lH), 4.45 (s, 15H), 0.79 (s, 9H); (CHC13) 
~1 

vCCH 3300 em ,vc::c 2CJ2LI. em ;<,:!~):purple prisms, dec p 25°C; !!!!!~ li·22 

9 

(H+, 1+5%), 271 (17%), 189 (100%); NMRo(C
6
D

6
) 18.68 (s, lH), 6.72 (s,Jl1) 

~1 
tt,il-3 (s, 15H); IR (CHC1

3
)vCCH 3295 em , vc 2020 em ; qz): purple 

-3 crystals, sublimation 160°C, 10 Torr; dec p 

6t..l-%), 370 (42%), 247 (45%), 189 (100%), 12i+ (10%); Nl"IR o(C6D6) 

18.37 (s, 2H), 4.38 (s, 15H). 
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3
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3
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1978; D. Seyferth, Adv. Organometal. Chern., 1~, 97 (1976); B.R. 
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