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s p a n t w o  m et als,  L m M C x M ′L ′m ′ (I ; S c h e m e 1),2 c o nstit ut e t h e
m ost f u n d a m e nt al cl ass of c ar b o n- b as e d  m ol e c ul ar  wir es. 3 S u c h
o n e- di m e nsi o n al ass e m bli es  m ust b y d efi niti o n b e c o m p os e d
o nl y of s p- h y bri di z e d c ar b o n.  T h e y b e ar a n o b vi o us c o n c e pt u al
r el ati o ns hi p t o t h e cl assi c t w o- a n d t hr e e- di m e nsi o n al p ol y m eri c
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T h e p ol y m eri c s p c ar b o n all otr o p e is oft e n r ef err e d t o as
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H o w e v er,  m ost s a m pl es ar e i ntr a ct a bl e or diffi c ult t o c h ar a ct er-
i z e.  As s h o w n i n S c h e m e 1, diff er e nt v al e n c e str u ct ur es ar e

p ossi bl e.  O n e f e at ur es alt er n ati n g tri pl e a n d si n gl e b o n ds
( al k y n yl or p ol y y n e di yl),  wit h s p c ar b o n t er mi ni b e ari n g o n e
e n d gr o u p X ( II).  A n ot h er c o nsists s ol el y of d o u bl e b o n ds
( c u m ul e ni c),  wit h s p2 c ar b o n t er mi ni b e ari n g t w o e n d gr o u ps X
(III ). I n t h e c as e of s p3 c ar b o n t er mi ni  wit h t hr e e e n d gr o u ps X
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b y a si n gl e r e d o x- a cti v e  m et al c a p a bl e of f or mi n g o n e, t w o, or
t hr e e b o n ds t o c ar b o n.
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There is a fascinating older literature involving polyynes with
bulky endgroups.7-9 For example, tert-butyl-capped species
Me3C(CtC)nCMe3 (n ) 4-8, 10, 12) have been prepared by
classical techniques and characterized by UV-visible spectra
and melting points.7 Similar R3Si(CtC)nSiR3 species have been
reported (n ) 4-10, 12, 16), but the higher oligomers were
generated in solution, characterized by UV-visible spectra, and
not purified further.8 The physical properties of both series
remain to be probed by modern methods. More recently, Hirsch
et al. have prepared mixtures of cyano-capped species NC(Ct
C)nCN (n ) 3-8) by graphite vapor deposition, and following
HPLC separation carefully documented their properties.10 Lagow
et al. have claimed similar syntheses of higher oligomers (n )
35-75) with cyano and trifluoromethyl endgroups.6 However,
systems with smaller endgroups are generally less stable and
often explosive. Cumulated species (III) also appear to be less
stable. Isolable examples are so far limited to C6 chains (n )
2).11
Complexes of the type I have attracted the attention of

numerous researchers from the standpoints of fundamental
physical and chemical properties, materials attributes, molecular
electronics, and catalysis, as summarized in reviews2 and
previous full papers in this series.12,13 In this paper, we describe
the systematic synthesis and detailed physical characterization
of C6-C20 polyynes with the chiral rhenium endgroup ( 5-C5-
Me5)Re(NO)(PPh3) (Re). This constitutes, together with the
work of Hirsch et al. noted above, the first modern investigation
of a homologous series of long polyynes. We carefully document
the effect of chain length upon the IR, Raman, 13C NMR, and
UV-visible spectra, as well as redox potentials and thermal
stabilities. Portions of this work have been communicated.14,15
Other important background details are as follows. In a

previous full paper,12 we described the isolation and physical
properties of the three “consanguineous” or redox-related C4
complexes ReC4Ren+n(PF6-) shown in Scheme 2. This il-
lustrates the interconversion of neutral polyynediyl and dica-
tionic cumulenic valence structures, and the electrochemical
generation of higher homologues is described below. Related
FeC4Fe, RuC4Ru, and MnC4Mn species, some of which can be
even further oxidized, have been characterized by Lapinte,
Bruce, and Berke.16-18 Some partially characterized C6 and C8
complexes of the type I had been reported at the outset of this

work.19 Additional examples are now available,20-23 the most
noteworthy of which is an FeC8Fe system of Lapinte that can
be isolated in both neutral octatetraynediyl and radical cation
oxidation states.16d Outside of the title compounds, only two
other complexes with longer chains (C12) have been described
to date.21b,23

Results

1. C6 and C8 Complexes. We first sought an efficient route
to the octatetraynediyl complex ReC8Re, and we attempted a
synthesis analogous to that of ReC4Re (Scheme 2).12 This
employed the racemic butadiynyl complex ( 5-C5Me5)Re(NO)-
(PPh3)(CtCCtCH) (ReC4H), which is available in three steps
and 75-81% overall yields via a sequence that starts with the
methyl complex ReMe and HCtCCtCSiMe3.13a As shown in
Scheme 3, oxidative coupling with Cu(OAc)2 (1.5 equiv) in
pyridine at 80 °C gave ReC8Re in 70% yield as an air-stable
orange powder.24
We next sought homologues with odd numbers of alkyne

linkages. Accordingly, a 50:50 mixture of ReC4H and ReC2H25

was similarly combined with Cu(OAc)2 in pyridine (Scheme
3). Subsequent silica gel column chromatography easily sepa-
rated the desired cross-coupling product, hexatriynediyl complex
ReC6Re (44%), from smaller amounts of the homocoupling
products ReC4Re (14%) and ReC8Re (15%). The order of(7) (a) Jones, E. R. H.; Lee, H. H.; Whiting, M. C. J. Chem. Soc. 1960,

3483. (b) Johnson, T. R.; Walton, D. R. M. Tetrahedron 1972, 28, 5221.
(8) Eastmond, R.; Johnson, T. R.; Walton, D. R. M. Tetrahedron 1972,

28, 4601.
(9) (a) Bohlmann, F. Angew. Chem. 1953, 65, 385. (b) Sladkov, A. M.;

Kudryavtsev, Yu. P. Russian Chem. ReV. 1963, 32, 229.
(10) (a) Schermann, G.; Grösser, T.; Hampel, F.; Hirsch, A. Chem. Eur.

J. 1997, 3, 1105. (b) Schermann, G. Ph.D. Thesis, Universität Erlangen-
Nürnberg, 1999.

(11) Bildstein, B.; Schweiger, M.; Angleitner, H.; Kopacka, H.; Wurst,
K.; Ongania, K.-H.; Fontani, M.; Zanello, P. Organometallics 1999, 18,
4286 and references therein.

(12) Brady, M.; Weng, W.; Zhou, Y.; Seyler, J. W.; Amoroso, A. J.;
Arif, A. M.; Böhme, M.; Frenking, G.; Gladysz, J. A. J. Am. Chem. Soc.
1997, 119, 775.

(13) (a) Weng, W.; Bartik, T.; Brady, M.; Bartik, B.; Ramsden, J. A.;
Arif, A. M.; Gladysz, J. A. J. Am. Chem. Soc. 1995, 117, 11922. (b) Falloon,
S. B.; Szafert, S.; Arif, A. M.; Gladysz, J. A. Chem. Eur. J. 1998, 4, 1033.
(c) Bartik, T.; Weng, W.; Ramsden, J. A.; Szafert, S.; Falloon, S. B.; Arif,
A. M.; Gladysz, J. A. J. Am. Chem. Soc. 1998, 120, 11071.

(14) (a) Brady, M.; Weng, W.; Gladysz, J. A. J. Chem. Soc., Chem.
Commun. 1994, 2655. (b) Bartik, T.; Bartik, B.; Brady, M.; Dembinski,
R.; Gladysz, J. A. Angew. Chem. 1996, 108, 467; Angew. Chem., Int. Ed.
Engl. 1996, 35, 414.
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Gladysz, J. A. New J. Chem. 1997, 21, 739. (b) Dembinski, R.; Lis, T.;
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(17) (a) Bruce, M. I.; Denisovich, L. I.; Low, P. J.; Peregudova, S. M.;
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Scheme 2. Interconversion of the C4 Complexes
ReC4Ren+n(PF6-)
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el uti o n p ar all el e d t h e a bs ol ut e s ol u biliti es (l o w er  wit h l o n g er
c h ai n l e n gt h).  M or e c o n v er g e nt a p pr o a c h es t o R e C 6 R e w er e
n ot s u c c essf ul. 2 6

T h e n e w c o m pl e x es R e C 6 R e a n d R e C 8 R e , a n d all hi g h er
h o m ol o g u es,  w er e c h ar a ct eri z e d b y I R,  R a m a n,  N M R, a n d  U V -
visi bl e s p e ctr os c o p y, c y cli c v olt a m m etr y ( C V), 2 7 diff er e nti al
s c a n ni n g c al ori m etr y ( D S C), 2 8 m a ss s p e ctr o m etr y, a n d  mi-
cr o a n al ysis.  K e y d at a ar e s u m m ari z e d i n  T a bl es 1 a n d 2 a n d
Fi g ur es 1 - 4, a n d r e pr es e nt ati v e I R a n d  R a m a n s p e ctr a ar e
r e pr o d u c e d i n t h e S u p p orti n g I nf or m ati o n. S p e ci al f e at ur es of
i nt er est i n cl u d e t h e eff e ct of c h ai n l e n gt h u p o n ( 1) I R a n d  R a m a n
ν C t C p att er ns, ( 2) 1 3 C  N M R c h e mi c al s hifts, ( 3) c ol ors a n d
visi bl e a bs or pti o ns, ( 4) r e d o x p ot e nti als, a n d ( 5) t h er m al
st a biliti es.  Tr e n ds ar e a n al y z e d i n d et ail i n t h e  Dis c ussi o n
s e cti o n.

Si n c e r a c e mi c  m o n or h e ni u m e d u cts ar e us e d i n S c h e m e 3,
t h e dir h e ni u m pr o d u cts s h o ul d b e  mi xt ur es of m es o a n d dl
di ast er e o m ers.  L o w-t e m p er at ur e 1 3 C a n d 3 1 P  N M R s p e ctr a of
R e C 6 R e s h o w e d t w o cl os el y s p a c e d s ets of si g n als ( 5 0: 5 0),
c o nsist e nt  wit h t his pr e mis e.  H o w e v er, R e C 8 R e g a v e a si n gl e
s et of  N M R si g n als u n d er all c o n diti o ns ass a y e d, pr es u m a bl y
d u e t o t h e gr e at er dist a n c e b et w e e n st er e o c e nt ers. 2 9 T h e di a-
st er e o m ers of R e C 4 R e s e p ar at e b y cr yst alli z ati o n, b ut all
att e m pts t o o bt ai n e nri c h e d s a m pl es of R e C 6 R e or R e C 8 R e ,
i n cl u di n g a n al yti c al  H P L C,  w er e u ns u c c essf ul.  A c c or di n gl y, t h e
titl e c o m p o u n ds  w er e c h ar a ct eri z e d as  mi xt ur es of di ast er e o m ers.
I m p ort a ntl y, t h e di ast er e o m ers of R e C 4 R e n + n ( P F6 - ) gi v e i d e nti-
c al I R,  U V - visi bl e,  C V, a n d  E S R d at a. 1 2 H e n c e, t h es e pr o p er-
ti es ar e n ot s e nsiti v e t o t h e r el ati v e r h e ni u m c o nfi g ur ati o ns.

A n ot h er str at e g y f or di ast er e o m eri c all y p ur e R e C 8 R e w o ul d
utili z e e n a nti o m eri c all y p ur e R e C 4 H .  T h e pr e c urs or R e M e is
a v ail a bl e i n r es ol v e d f or m, 3 0 a n d a p ar all el s e q u e n c e  w as
c o n d u ct e d.  U nf ort u n at el y,  m et h o ds t o ass a y t h e e n a nti o m eri c

p uriti es of t h e r es ulti n g R e C 4 Si M e 3 , R e C 4 H , or R e C 8 R e ( w hi c h
w er e o pti c all y a cti v e) c o ul d n ot b e f o u n d. 3 1, 3 2 T h e l ast g a v e
cr yst als  m ar gi n all y s uit a bl e f or  X-r a y a n al ysis, b ut t h e str u ct ur e
di d n ot r efi n e s atisf a ct oril y.  Alt h o u g h t h e  m etri c al p ar a m et ers
ar e n ot us a bl e, a n  O R T E P di a gr a m is gi v e n i n Fi g ur e 5, t o g et h er
wit h t h at of R e C 4 R e o bt ai n e d e arli er. 1 2 T hi s s h o ws t h at t h e
c ar b o n c h ai n is  m u c h  m or e e x p os e d i n R e C 8 R e t h a n i n R e C 4 R e ,
a n d it  w o ul d l o gi c all y u n d er g o bi m ol e c ul ar r e a cti o ns  m or e
r a pi dl y.  D es pit e e xt e nsi v e eff orts,  w e  w er e u n a bl e t o gr o w  X-r a y
q u alit y si n gl e cr yst als of a n y ot h er dir h e ni u m c o m pl e x i n t his
p a p er.  T h e pr es e n c e of di ast er e o m ers li k el y c o ntri b ut es t o t his
diffi c ult y.

2.  C 1 0 , C 1 2 , a n d  C 1 6 C o m pl e x es .  W e s o u g ht t o e xt e n d t h e
m et h o d ol o g y i n S c h e m e 3 t o hi g h er h o m ol o g u es.  T h us, e d u cts
wit h l o n g er  C x H c h ai ns  w er e r e q uir e d.  As s h o w n i n S c h e m e 4,
R e C 4 H w as tr e at e d  wit h n - B u Li a n d  C uI i n  T H F t o g e n er at e
a n al k y n yl c o p p er s p e ci es of e m piri c al f or m ul a ( η 5 - C5 M e 5 ) R e-
( N O)( P P h3 )( Ct C C t C C u) ( R e C 4 C u ).  T his us ef ul s y nt h o n h as
b e e n d es cri b e d i n pr e vi o us n ot es i n v ol vi n g h e x atri y n yl a n d
o ct at etr a y n yl c o m pl e x es. 1 5 It  m a y b e is ol at e d as a t h er m all y

( 2 6)  T h e  m ost i nt e nsi v e eff orts i n v ol v e d r e a cti o ns of R e C 2 C u (s e e hi g h er
h o m ol o g u es b el o w) a n d I C t CI ( 0. 5 e q ui v).  Ot h er c o u pli n g  m et h o ds
d es cri b e d b el o w a n d els e w h er e 1 5 b w er e als o u ns u c c essf ul.

( 2 7) I n r es p o ns e t o c o n v e nti o ns pr o p os e d i n a r e vi e w t h at a p p e ar e d
f oll o wi n g o ur c o m m u ni c ati o n ( C o n n ell y,  N.  G.;  G ei g er,  W.  E. C h e m.  R e V .
1 9 9 6 , 9 6 , 8 7 7),  w e pr es e nt o ur  C V d at a r el ati v e t o a n e w E °′ v al u e f or
f err o c e n e. S e e als o f o ot n ot e 2 5 i n r ef 1 2.

( 2 8)  D S C p ar a m et ers ( C a m m e n g a,  H.  K.;  E p pl e,  M. A n g e w . C h e m . 1 9 9 5 ,
1 0 7 , 1 2 8 4; A n g e w.  C h e m., I nt.  E d.  E n gl. 1 9 9 5 , 3 4 , 1 1 7 1): T i, i niti al p e a k
t e m p er at ur e; T e , e xtr a p ol at e d p e a k- o ns et t e m p er at ur e; T p ,  m a xi m u m p e a k
t e m p er at ur e.

( 2 9) ( a) I nt er esti n gl y, t h e di ast er e o m ers of a n al o g u es  wit h b ul ki er
tri ar yl p h os p hi n e li g a n ds s h o w s e p ar at e  N M R si g n als. ( b)  M e y er,  W.  E. P h. D.
T h esis,  U ni v ersit y of  Ut a h, 1 9 9 9.

( 3 0)  H u a n g,  Y.- H.;  Ni e d er c or n, F.;  Arif,  A.  M.;  Gl a d ys z, J.  A. J.
Or g a n o m et.  C h e m. 1 9 9 0 , 3 8 3 , 2 1 3.

( 3 1)  T h e p e nt a m et h yl c y cl o p e nt a di e n yl s eri es is  m u c h  m or e c o nfi g ur a-
ti o n all y l a bil e t h a n t h e c y cl o p e nt a di e n yl s eri es. F or c o m p aris o ns, s e e: ( a)
P e n g,  T.- S.;  Wi nt er,  C.  H.;  Gl a d ys z, J.  A. I n or g.  C h e m. 1 9 9 4 , 3 3 , 2 5 3 4
a n d r ef er e n c es t h er ei n. ( b) S al z er,  A.;  H os a n g,  A.;  K n u p p ert z, J.;  E n gl ert,
U. E ur. J. I n or g.  C h e m. 1 9 9 9 , 1 4 9 7.

( 3 2)  A n a n al o g o us s e q u e n c e fr o m e n a nti o m eri c all y p ur e R e M e t o
R e C 4 R e g a v e a 7 0: 3 0  mi xt ur e of dl a n d m es o di ast er e o m ers.

S c h e m e 3. H o m o c o u pli n g a n d  Cr oss- C o u pli n g of t h e
B ut a di y n yl  C o m pl e x R e C 4 H

T a bl e 1. K e y I R a n d  R a m a n  D at a f or P ol y y n e di yl  C o m pl e x es
( c m- 1 )

I R

c o m pl e x  m e di u m ν N O ν C C

R a m a n
ν C C

a ( C H2 Cl 2 )

R e C 4 R e b, c T H F 1 6 3 0 s 1 9 6 7  w 2 0 5 6 s
C H 2 Cl 2 1 6 2 3 s 1 9 6 4  w
K Br 1 6 2 9 s br 1 9 6 8  w

R e C 6 R e T H F 1 6 4 5 s 2 0 6 4  m 1 9 5 1 s
C H 2 Cl 2 1 6 4 0 s 2 0 6 1  m 2 1 0 0 s
K Br 1 6 3 8 s 2 0 5 8  m

R e C 8 R e T H F 1 6 5 1 s 1 9 5 6  m 2 0 0 0 s
2 1 1 2 s 2 1 0 0 s

C H 2 Cl 2 1 6 4 8 s 1 9 5 9  m
2 1 0 8 s

K Br 1 6 4 2 s 1 9 5 4  m
2 1 0 7 s

R e C 1 0 R e T H F 1 6 4 9 s 2 0 0 0  m -
2 1 2 0 s

K Br 1 6 4 7 s 1 9 9 3  m
2 1 1 4 s

R e C 1 2 R e T H F 1 6 5 3 s 1 9 5 2 s 1 9 5 1 s
2 0 5 6 vs 2 0 3 0  m
2 1 1 7  m 2 1 3 5  w

K Br 1 6 5 3 s 1 9 4 6 s
2 0 5 0 s
2 1 1 2  m

R e C 1 6 R e T H F 1 6 5 4 s 1 9 4 1 vs 1 9 2 1 s
2 0 1 4 vs 2 0 0 0  w
2 0 7 4  m 2 1 0 1 v w

K Br 1 6 5 5 s 1 9 3 8 s 2 1 4 0 v w
2 0 1 2 s
2 0 6 9  m

R e C 2 0 R e T H F 1 6 5 3 s 1 9 6 2 vs 1 8 9 9 s
2 0 3 1 vs 1 9 8 4  w
2 0 5 8 s 2 0 6 8 v w
2 1 1 6  w 2 1 0 2 v w
2 1 6 4  w

K Br 1 6 5 5 s 1 9 4 9 s
2 0 3 6 s
2 1 0 1  w
2 1 3 6  w

a R a m a n s p e ctr a di d n ot s h o w ν N O b a n ds. b S S, R R a n d S R, R S
di ast er e o m ers g a v e i d e nti c al s p e ctr a. c D at a fr o m r ef 1 2.

8 1 2 J.  A m.  C h e m. S o c.,  V ol. 1 2 2,  N o. 5, 2 0 0 0 D e m bi ns ki et al.



stable powder, but it is normally used in situ. All attempts to
obtain crystals or a crystalline derivative have been unsuccess-
ful.33

The adduct ReC4Cu can be employed in the variation of the
Cadiot-Chodkiewicz reaction depicted in Scheme 4.34 Accord-
ingly, reactions with BrCtCSiEt315b or BrCtCCtCSiMe315a
in the presence of excess EtNH2 (-20 °C) gave the analytically
pure hexatriynyl and octatetraynyl complexes ReC6SiEt3 and
ReC8SiMe3 in 84-77% yields after crystallization.35 Both of
these compounds have been fully described in notes,15 including
the crystal structure of the latter.15a Hence, optimized prepara-
tions are given in the Supporting Information, and key spec-
troscopic data are presented below with those of new higher
homologues.
As shown in Scheme 4, ReC6SiEt3 and ReC8SiMe3 could

easily be converted to the corresponding CxH complexes ReC6H
and ReC8H. The K2CO3/methanol recipe in our communication
required 8-12 h for completion.12,15b That in Scheme 4, wet
n-Bu4N+F-/THF, requires only 0.5 h. These compounds were,
unlike their precursors, moderately air sensitive as solids and
more air sensitive in solution. The complex ReC6H has also
been described in a note,15b but for convenience the preparation
is given in the Supporting Information.
As shown in Scheme 5, ReC6H and ReC8H were separately

combined with Cu(OAc)2 in pyridine at 50 °C. Workups gave
the dodecahexaynediyl and hexadecaoctaynediyl complexes
ReC12Re and ReC16Re in 71-67% yields as orange, air-stable,
analytically pure powders. These were characterized analogously
to the lower homologues, and data are summarized in Tables 1
and 2 and Figures 1-4. More convergent syntheses were also

(33) (a) Copper alkynyl complexes have been extensively studied (see:
Janssen, M. D.; Köhler, K.; Herres, M.; Dedieu, A.; Smeets, W. J. J.; Spek,
A. L.; Grove, D. M.; Lang, H.; van Koten, G. J. Am. Chem. Soc. 1996,
118, 4817 and references therein) and commonly exist as aggregates (e.g.,
tetramers). We speculate that the difficulty in crystallizing ReCxCu is due
to the mixtures of diastereomers that are likely present. We have investigated
polydentate ligands that are capable of binding copper and deaggregating
these structures, but the adducts have so far resisted crystallization. (b)
Procedures for the isolation of ReCxCu (x ) 2, 4, 6) are given in the
Supporting Information. (c) Procedures that utilize t-BuOCu in place of
n-BuLi and CuI have also been developed. However, this milder base is
not commercially available. These procedures are also given in the
Supporting Information, except for one case where there is a distinct yield
advantage.

(34) Sonogashira, K. In Metal Catalyzed Cross-coupling Reactions;
Diederich, F., Stang, P. J., Eds.; Wiley-VCH: Weinheim, 1998; Chapter
5.2.1.

(35) The use of two different silicon endgroups reflects a variety of
factors. The C4 building block BrCtCCtCSiMe3 is available in two easy
steps from commercial Me3SiCtCCtCSiMe3,15a but BrCtCCtCSiEt3
must be prepared in three steps from commercial HCtCSiEt3 (Experimental
Section). On the other hand, BrCtCSiEt3 has a greater shelf stability than
BrCtCSiMe3 or ICtCSiMe3, and the synthesis15b is less demanding. In
general, SiEt3 endgroups impart somewhat greater stabilities but sometimes
higher solubilities than optimal for crystallizations.

Table 2. Summary of 13C NMR Chemical Shifts for Polyynediyl
Complexes (ppm)a

complex solvent
ReCt

[2JCP, Hz] ReCtC
ReCtCC
[4JCP, Hz] other

ReC4Reb CD2Cl2c 96.6/96.5 116.7/
[13.0/13.0]d 116.5

THF-d8e 96.4 116.4
[12.7]

C6D6e 95.8 117.5
[10.9]

ReC6Re CD2Cl2c 106.8/106.5 112.6 65.0/64.9d
[16.8/16.0]

THF-d8c 104.2/103.3 114.3/ 65.7/65.2d
[15.7/16.0] 113.9

ReC8Re CD2Cl2 111.0 112.7 66.8 63.8
[18.4]d [2.9]

THF-d8 109.7 113.3 66.6 64.5
[16.9] [2.7]

ReC10Re CD2Cl2 117.3 112.7 66.1 66.3, 64.1
[15.7] [2.7]

ReC12Re CD2Cl2 116.8 113.7 66.0 67.1, 66.3, 64.4
[15.6] [3.3]

C6D6 117.6 114.1 66.5 67.4, 66.8, 66.0
[15.7] [2.8]

ReC16Re CD2Cl2 125.1 113.2 66.6 66.7, 66.4, 65.6,
[15.2] [2.4] 65.5, 65.2

ReC20Re CD2Cl2 127.3 113.2 66.6d 67.0, 66.5, 65.5,
[14.6]d 65.4, 65.3, 64.9,

64.8
a Mixtures of SS,RR and SR,RS diastereomers unless noted. b 13C

labeled. c Some signals of the two diastereomers were resolved. d Due
to the spectral resolution, this 2JCP value has a larger uncertainty, or
the 4JCP value could not be assigned. e SS,RR diastereomer; data from
ref 12.

Figure 1. UV-visible spectra of polyynediyl complexes (CH2Cl2) and
(inset) relationship between max (eV) and 1/n (n ) number of alkynyl
units).

Figure 2. Representative cyclic voltammograms under the conditions
of Figure 3.
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probed. For example, ReC4Cu was treated with excess EtNH2
and then the dibromide building block BrCtCCtCBr.36
Workup gave ReC12Re in 45% yield. However, analogous
sequences involving the tetrayne BrCtCCtCCtCCtCBr37
were often complicated by violent detonations. In no case was
any ReC16Re detected.
We again sought homologues with odd numbers of alkyne

linkages. Accordingly, a 50:50 mixture of ReC6SiEt3 and
ReC4SiMe3 was converted to ReC6H and ReC4H (n-Bu4N+F-/
toluene). The sample was treated with Cu(OAc)2 (pyridine, 60
°C). Unlike the case in Scheme 3, the products could be only
partially separated by silica gel column chromatography. A
center cut from the center band was rechromatographed to give
a sufficient quantity of pure ReC10Re for characterization (9%
yield). Attempts to develop preparatively useful syntheses from
ReC4Cu and ICtCI (excess EtNH2, THF, -20 °C) or ReC4Li and [PhICtCIPh]2+2(TfO-) (THF, -80 °C) gave complex

mixtures, with trace quantities of ReC10Re detectable by mass
spectrometry.
3. C20 and C24 Complexes. We sought to extend the

methodology in Scheme 4 to still higher homologues. Thus,
precursors with longer CxH chains were required, and “second-
generation” chain extensions were attempted. As shown in
Scheme 6, reactions of ReC6H and ReC8H with n-BuLi and
CuI similar to those above gave alkynyl copper species of
empirical formulas ReC6Cu and ReC8Cu. The former could
be isolated33b,c but was normally treated in situ with EtNH2 and

(36) (a) Straus, F.; Kollek, L.; Hauptmann, H. Chem. Ber. 1930, 63, 1886.
This paper details the explosive properties of BrCtCCtCBr, as does a
letter by Pettersen and Cash: Pettersen, R. C.; Cash, G. G. Chem. Eng.
News 1977, 55 (Nov 28), 36. (b) Heilbronner, E.; Hornung, V.; Maier, J.
P.; Kloster-Jensen, E. J. Am. Chem. Soc. 1974, 96, 4252.

(37) We characterized this previously unreported compound by IR (cm-1,
THF, CtC 2197 vs, 2070 w), 13C{1H} NMR (C6D5CD3, 66.3 (s, CCCCBr),
62.0 (s, CCCCBr), 59.9 (s, CCBr), 42.9 (s, CCBr)), and mass spectrometry.
To avoid the ethical dilemma of reporting an extremely hazardous procedure
in the open literature, we will provide synthetic details upon request to
laboratories that have experience with and proper facilities for manipulating
highly explosive compounds.

Figure 3. Cyclic voltammetry data for polyynediyl complexes.
Conditions: (7-9) 10-5 M in 0.1 M Bu4N+BF4-/CH2Cl2 at 22.5 (
1 °C; Pt working and counter electrodes, potential vs Ag wire pseudo-
reference; scan rate, 100 mV/s; ferrocene ) 0.46 V; additional details
are given in the Supporting Information. Table footnotes: aImproved
reversibility is generally seen at lower temperatures. bKc ) Compro-
portionation constant; calculated as described in footnote 34 of ref 12.
cExcept for ReC20Re, each compound exhibits two, one-electron
oxidations.

Figure 4. Summary of DSC and capillary thermolysis data for
polyynediyl complexes (°C). See footnote 28 for definition of terms.
Table footnotes: aSealed; conventional melting point apparatus. bSS,-
RR diastereomer. cForms viscous liquid. dDecomposition without
melting, as assayed by IR (see text).

Figure 5. Molecular structures of the butadiynediyl and octatet-
raynediyl complexes ReC4Re and ReC8Re.
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BrCtCCtCSiMe3 as described for ReC4Cu. Workup gave the
analytically pure decapentaynyl complex ReC10SiMe3 in 51%
yield. Similar reactions of ReC6Cu and BrCtCCtCSiEt338 or
ReC8Cu and BrCtCSiEt3, gave the triethylsilyl analogue
ReC10SiEt3 in 44-26% yields.35 An analogous coupling of
ReC8Cu and BrCtCCtCSiMe3 gave the dodecahexaynyl
complex ReC12SiMe3 in 43% yield.
Reactions of ReC10SiMe3 and K2CO3/MeOH or wet n-Bu4-

N+F-/toluene (Scheme 6) gave ReC10H, which was much more
labile than the lower CxH homologues and characterized only
by IR, 31P NMR, and mass spectroscopy. Crude ReC10H was
treated with Cu(OAc)2 in pyridine at 50-60 °C. Workups gave
the eicosadecaynediyl complex ReC20Re as a black powder in

41-34% yields.39 An analogous sequence with ReC10SiEt3 and
Bu4N+F- gave a slightly higher yield (52%). Samples were
characterized identically to lower homologues. However, correct
microanalyses could not be obtained. Figure 6 shows the 13C
NMR spectrum of ReC20Re, together with that of ReC16Re.
The stabilities of the title compounds merit careful description.

Solid-state data are summarized in Figure 4. DSC gave a
relatively high Te or decomposition point28 of 155 °C for
ReC20Re. The lower homologues exhibited still higher values
(178-217 °C), but without any obvious trends. All were stable
to air at room temperature on the time scale of hours. Samples
were also slowly heated in sealed capillaries. Both ReC6Re and
ReC8Re decomposed to viscous liquids. The other complexes
decomposed gradually and without melting. To complement
visual observations, several capillaries of a given sample were
simultaneously heated. At various temperatures, one was
removed, broken, and analyzed by IR (KBr).
In the case of ReC20Re, the IR spectrum of material that had

been heated to 130 °C showed no change. Material that had
been heated to 140 °C showed a new, broad, medium-to-strong
CtC band at 2101 cm-1, and shifted bands at 2043 (medium
to strong) and 1960 (s) cm-1 (slightly diminished relative to
the NO band). Little change occurred at 150 °C. Material that
had been heated to 160 °C showed loss of resolution (but not
intensity) in the CtC region. These data are consistent with,
but do not by themselves establish, some type of chain-chain
cross-linking process akin to the polymerization of 1,3-diynes.40

(38) Ghose, B. N.; Walton, D. R. M. Synthesis 1974, 12, 890.
(39) The procedure that uses n-Bu4N+F- is given in the Supporting

Information.

Scheme 4. Syntheses of Hexatriynyl and Octatetraynyl
Building Blocks

Scheme 5. Syntheses of Dodecahexaynediyl (C12) and
Hexadecaoctaynediyl (C16) Complexes

Scheme 6. Synthesis of an Eicosadecaynediyl (C20)
Complex
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Si mil ar e x p eri m e nts  wit h R e C 1 2 R e s h o w e d littl e d e c o m p ositi o n
at 1 7 0 ° C b ut a dr a m ati c l oss of si g n al i nt e nsit y at 1 8 0 ° C.  At
1 9 0 ° C, n o r esi d u al ν C t C or ν N O b a n ds  w er e a p p ar e nt.

I n s ol uti o n, R e C 1 6 R e a n d l o w er h o m ol o g u es e x hi bit e d n or m al
st a bilit y pr o p erti es a n d  w er e n ot p arti c ul arl y air s e nsiti v e.
H o w e v er, R e C 2 0 R e s h o w e d err ati c b e h a vi or. F or e x a m pl e, it
c o ul d b e r e c o v er e d fr o m s o m e b ut n ot all s p e ctr os c o pi c
m e as ur e m e nts. F or e v er y  N M R s a m pl e t h at u n e x p e ct e dl y
d e c o m p os e d, a n ot h er  w o ul d r e m ai n f or s e v er al d a ys u n d er t h e
m ost c as u al st or a g e c o n diti o ns.  W e  w er e u n a bl e t o r e pr o d u ci bl y
c orr el at e t his b e h a vi or t o li g ht, s ol v e nt,  O 2 l e v els, or p urit y.

R e a cti o n s of R e C 1 2 Si M e 3 a n d  w et n - B u4 N + F - i n t ol u e n e
i m m e di at el y g a v e bl a c k, s o otli k e pr e ci pit at es. P ol y y n e di yl
s p e ci es  wit h h y dr o g e n e n d gr o u ps c o m m o nl y s h o w  m u c h gr e at er
d e cr e as es i n st a biliti es  wit h c h ai n l e n gt h. 4 1 H e n c e, t his  w as
pr es u m e d t o r efl e ct t h e r a pi d d e c o m p ositi o n of R e C 1 2 H .
T h er ef or e, t h e t etr a c os a d o d e c a y n e di yl c o m pl e x R e C 2 4 R e ,  w hi c h

w o ul d pr o b a bl y b e c o nsi d er a bl y  m or e st a bl e, c a n n ot b e a c c ess e d
b y t h e  m et h o d ol o g y d es cri b e d i n t his p a p er.

Dis c ussi o n

1.  C h ai n  L e n gt h  Eff e cts .  T h e  wir eli k e titl e c o m p o u n ds
c o nstit ut e a u ni q u e a n d h er et of or e u n a v ail a bl e s eri es of or g a n o-
tr a nsiti o n  m et al c o m pl e x es.  T h e r h e ni u m at o ms i n t h e l o n g est
m e m b er, R e C 2 0 R e , ar e li n k e d b y 2  R e- C, 1 0  C t C, a n d 9 t
C - C t b o n ds, or a t ot al of 2 1 σ a n d 2 0 π b o n ds.  A r h e ni u m -
r h e ni u m dist a n c e of 2 8. 7  Å c a n b e esti m at e d fr o m e xisti n g
d at a. 1 2, 1 5, 2 3 Alt h o u g h t h er e is  m or e a n d  m or e pr e c e d e nt f or s u c h
m et al - m et al s e p ar ati o ns i n t h e r a pi dl y e v ol vi n g ar e a of  m o-
l e c ul ar n a n ostr u ct ur es,4 2 t h e titl e c o m p o u n ds r e m ai n u ns ur p ass e d
b y t h e si m pli cit y of t h e c o n n e cti n g u nit.

As n ot e d i n t h e I ntr o d u cti o n, o nl y a f e w c o m p ar a bl e f a mili es
of p ol y y n e di yl c o m p o u n ds, all  wit h c ar b o n or sili c o n e n d gr o u ps,
h a v e b e e n pr e vi o usl y is ol at e d.  T h es e pr o vi d e i m p ort a nt o p-
p ort u niti es t o d efi n e t h e eff e ct of c h ai n l e n gt h u p o n  m ol e c ul ar
pr o p erti es,  w hi c h s h o ul d as y m pt oti c all y a p pr o a c h t h os e of
v al e n c e f or ms II or I V of t h e p ol y m eri c s p c ar b o n all otr o p e
c ar b y n e ( S c h e m e 1). I n pri n ci pl e, a n y o bs er v a bl e q u a ntit y c a n
b e pl ott e d a g ai nst 1/ n ,  w h er e n is t h e n u m b er of al k y n e u nits.
E xtr a p ol ati o n t o t h e y i nt er c e pt ( 1/n ) 0) gi v es t h e v al u e f or
t h e c orr es p o n di n g ( Ct C) ∞ s p e ci es. I n c oll o q ui al us a g e,  w e fi n d
t h e t er m “tri pl e b o n d eff e ct ” us ef ul.  T his u n d ers c or es t h e
diff er e n c e fr o m c u m ul at e d s yst e ms s u c h as v al e n c e f or m III .

C o nsi d er first t h e eff e ct of c h ai n l e n gt h u p o n b o n d l e n gt hs.
T w o t y p es of as y m pt oti c str u ct ur al li mits ar e p ossi bl e.  Will t h e
C t C a n d t C - C t dist a n c es c o n v er g e t o o n e v al u e, or a p pr o a c h
t w o diff er e nt v al u es ?  T h e f or m er ( b o n d l e n gt h e q u ali z ati o n)
i m pli es a v a nis hi n g  H O M O/ L U M O e n er g y g a p.4 3 T h e l att er
( b o n d l e n gt h alt er n ati o n) r e q uir es a p ersist e nt e n er g y g a p, or
fr o m a s oli d-st at e p h ysi cs p ers p e cti v e a P ei erls dist orti o n. 4 3 b W e
l a c k str u ct ur al d at a f or t h e titl e c o m p o u n ds b e y o n d t h at
r e pr es e nt e d b y Fi g ur e 5.  H o w e v er, t h e or eti c al st u di es of t h e
p ar e nt s yst e m  H( C t C) n H pr e di ct t w o li miti n g v al u es ( 1. 1 9 5 6-
1. 2 0 3 1 a n d 1. 3 5 7 4 - 1. 3 7 2 6  Å). 4 4 T h e l o n g est p ol y y n es str u ct ur-
all y c h ar a ct eri z e d t o d at e, t h e di pl ati n u m a n d dir o n d o d e c a-
h e x a y n e di yl c o m pl e x es V a ,b i n Fi g ur e 7, s h o w tri pl e a n d si n gl e
b o n ds i n t h e r a n g es 1. 2 1 0( 5) - 1. 2 3 3( 4)/ 1. 1 9( 1) - 1. 2 3( 1) ( a /b )
a n d 1. 3 4 4( 7) - 1. 3 5 6( 4)/ 1. 3 5( 1) - 1. 3 8( 1)  Å. 2 1 b, 2 3 B o n d l e n gt h
alt er n ati o n  w o ul d als o b e e x p e ct e d b y a n al o g y t o e xt e nsi v e d at a
o n p ol y e n es a n d p ol y a c et yl e n e, ( C H d C H) n .4 5 A d diti o n al as p e cts
of t his iss u e h a v e b e e n el e g a ntl y a n al y z e d b y  Hirs c h et al. 1 0

B ef or e a dis c ussi o n of t h e s p e ctr os c o pi c pr o p erti es of t h e titl e
c o m p o u n d s, k e y f e at ur e s of  m o n o m et alli c or p ur el y or g a ni c
a n al o g u es  m erit a bri ef s u m m ar y. First, al k y n yl li g a n ds ar e
c o m m o nl y p o or π a c c e pt ors. 4 6 I n 1 8- v al e n c e- el e ctr o n c o m-
pl e x es, r e p ulsi v e i nt er a cti o ns b et w e e n o c c u pi e d  m et al- b as e d
or bit als a n d li g a n d π or bit als d o mi n at e.  T h e first f e w  H O M Os
ar e  m et al c e nt er e d,  wit h c o nsi d er a bl e d x y , dxz , a n d dyz c h ar a ct er

( 4 0) F or a r ef er e n c e list, s e e: F ol e y, J.  L.;  Li,  L.; S a n d m a n,  D. J. C h e m.
M at er. 1 9 9 8 , 1 0 , 3 9 8 4.

( 4 1)  Y a m a g u c hi,  M.; P ar k,  H.-J.;  Hir a m a,  M.;  T oris u,  K.;  N a k a m ur a,
S.;  Mi n a mi,  T.;  Nis hi h ar a,  H.;  Hir a o k a,  T. B ull . C h e m . S o c . J p n . 1 9 9 4 , 6 7 ,
1 7 1 7.

( 4 2) ( a)  T h e J ul y 1 9 9 9 iss u e of C h e mi c al  R e V i e ws is d e v ot e d t o t his
s u bj e ct. ( b) F or n a n ostr u ct ur es b as e d u p o n si m pl e a xi al r o ds, s e e: S c h w a b,
P. F.  H.;  L e vi n,  M.  D.;  Mi c hl, J. C h e m.  R e V . 1 9 9 9 , 9 9 , 1 8 6 3.

( 4 3) ( a)  H off m a n n,  R. A n g e w.  C h e m. 1 9 8 7 , 9 9 , 8 7 1; A n g e w.  C h e m., I nt.
E d.  E n gl. 1 9 8 7 , 2 6 , 8 4 6. ( b)  Ri c e,  M. J.;  Bis h o p,  A.  R.;  C a m p b ell,  D.  K.
P h ys . R e V . L ett . 1 9 8 3 , 5 1 , 2 1 3 6.

( 4 4)  T ot o, J.  L.;  T ot o,  T.  T.; d e  M el o,  C. P.;  Kirt m a n,  B.;  R o bi ns,  K. J .
C h e m . P h ys ., 1 9 9 6 , 1 0 4 , 8 5 8 6 (s e e  T a bl e 1).

( 4 5)  C urr a n, S.; St ar k- H a us er,  A.;  R ot h, S. I n H a n d b o o k of  Or g a ni c
C o n d u cti V e  M ol e c ul es a n d  P ol y m ers ;  N al w a,  H. S.,  E d.;  Wil e y: 1 9 9 7;  V ol.
2,  C h a pt er 1.

( 4 6)  M a n n a, J.; J o h n,  K.  D.;  H o p ki ns,  M.  D. A d V . Or g a n o m et . C h e m .
1 9 9 5 , 3 8 , 7 9.

Fi g u r e 6. 1 3 C  N M R s p e ctr a ( C D 2 Cl 2 , 2 0 ° C) of R e C 1 6 R e (t o p, 7 5
M H z) a n d R e C 2 0 R e ( b ott o m, 1 2 6  M H z) a n d e x p a n d e d i ns ets; x )
i m p uriti es i n s ol v e nts, d ) d o u bl et.

8 1 6 J.  A m.  C h e m. S o c.,  V ol. 1 2 2,  N o. 5, 2 0 0 0 D e m bi ns ki et al.



i n o ct a h e dr al g e o m etri es.  T his b o n di n g  m o d el is s u p p ort e d b y
n u m er o us c o m p ut ati o n al st u di es 1 2, 1 7 b, 4 7 a s  w ell as p h ot o el e ctr o n
s p e ctr os c o p y. 4 8, 4 9 P h ot o el e ctr o n s p e ctr a of c o nj u g at e d p ol y y n es
h a v e als o b e e n r e c or d e d 5 0 a n d e x hi bit π M O e n er g y p att er ns i n
a c c or d  wit h si m pl e  H ü c k el t h e or y. P ol y y n es als o h a v e a σ
i n d u cti v e el e ctr o n- wit h dr a wi n g eff e ct,  w hi c h a ci dit y  m e as ur e-
m e nts s h o w t o i n cr e as e  wit h c h ai n l e n gt h. 5 1

2. I R,  R a m a n, a n d  N M R S p e ct r a. C hir al r h e ni u m c o m-
pl e x es [ R e L ]n + e x hi bit a n i nt e ns e I R ν N O b a n d t h at s hifts
a c c or di n g t o b ot h t h e a m o u nt of b a c k- b o n di n g fr o m a n d t h e
c h ar g e o n r h e ni u m, a n d h e n c e t h e n at ur e of t h e a n cill ar y li g a n d
L.  D at a f or  m o n or h e ni u m c o m pl e x es R e C x Si R 3 a n d R e C x H
ar e t a b ul at e d i n t h e S u p p orti n g I nf or m ati o n.  Alt h o u g h t h e  m e di a
e m pl o y e d v ar y, v al u es i n cr e as e fr o m 1 6 2 7 t o 1 6 3 7 c m - 1 f or x
) 2 t o a n a p p ar e nt li mit of 1 6 6 0 - 1 6 6 2 c m - 1 f or x ) 1 0 - 1 2.
T h us, b a c k- b o n di n g t o t h e nitr os yl li g a n d d e cr e as es.  T his tr e n d
is o p p osit e t o  w h at  mi g ht h a v e b e e n e x p e ct e d fr o m t h e
pr o gr essi v el y hi g h er π M O e n er gi es of t h e ( C t C) n Si R 3 / H
fr a g m e nts,  w hi c h t hr o u g h r e p ulsi v e i nt er a cti o ns c a n r ais e t h e
e n er g y of o n e d or bit al us e d f or nitr os yl li g a n d b a c k- b o n di n g.
It is c o nsist e nt  wit h a pr o gr essi v el y gr e at er σ el e ctr o n- wit h dr a w-
i n g eff e ct,  w hi c h  w o ul d g e n er all y l o w er t h e r h e ni u m b asi cit y.5 2

I R d at a f or t h e dir h e ni u m c o m pl e x es R e C x R e ar e s u m m ari z e d
i n  T a bl e 1. I n e a c h c as e,  m e as ur e m e nts h a v e b e e n  m a d e i n  T H F.
T h e ν N O v al u es si mil arl y i n cr e as e fr o m 1 6 3 0 c m - 1 f or x ) 4 t o
a cl e ar li mit of 1 6 5 3 - 1 6 5 4 c m - 1 f or x ) 1 2 - 2 0, c o nsist e nt
wit h a d o mi n a nt i n d u cti v e eff e ct.  H o w e v er, t h e y r e m ai n l o w er
t h a n t h os e of  m o n or h e ni u m c o m pl e x es of i d e nti c al c h ai n l e n gt h.
T his  mi g ht r efl e ct s o m e w h at hi g h er ( C t C) n π M O e n er g y l e v els

d u e t o r e p ulsi v e i nt er a cti o ns  wit h o c c u pi e d r h e ni u m d or bit als
at e a c h t er mi n us.  T his o p p osi n g s e c o n d ar y eff e ct  w o ul d sli g htl y
i n cr e as e b a c k- b o n di n g t o t h e nitr os yl li g a n ds, as a n al y z e d a b o v e.

T h e I R ν C t C r e gi o ns ar e ri c hl y f e at ur e d.  T h e  m o n or h e ni u m
c o m pl e x es g e n er all y s h o w o n e b a n d p er al k y n e u nit, a n d
r e pr es e nt ati v e s p e ctr a ar e pr o vi d e d i n t h e S u p p orti n g I nf or m a-
ti o n.  T h e e xti n cti o n c o effi ci e nts of t h e  m ost i nt e ns e b a n ds
i n cr e as e  wit h c h ai n l e n gt h, as g a u g e d fr o m ν N O a bs or pti o ns t h at
s h o ul d r e m ai n c o nst a nt. 5 3 T h e dir h e ni u m c o m pl e x es e x hi bit
a p pr o xi m at el y h alf t h e ν C t C b a n ds of  m o n or h e ni u m c o m pl e x es
of e q u al c h ai n l e n gt h, c o nsist e nt  wit h t h eir hi g h er s y m m etr y
a n d I R s el e cti o n r ul es.  As e x p e ct e d,  R a m a n s p e ctr a s h o w
c o m pl e m e nt ar y a bs or pti o ns, es p e ci all y at s h ort er c h ai n l e n gt hs.
S ur prisi n gl y, t h e or eti c al st u di es of vi br ati o n al s p e ctr a of p ol y y n es
a p p e ar t o b e s c ar c e. 5 4

K e y 1 3 C  N M R d at a f or t h e  m o n or h e ni u m c o m pl e x es ar e
t a b ul at e d i n t h e S u p p orti n g I nf or m ati o n.  T h e  R eC t si g n als
s h o w st e a d y d o w nfi el d s hifts  wit h l o n g er c h ai n l e n gt hs (i n
p p m: R e C 4 Si M e 3 / H, 1 0 2. 1- 1 0 5. 8; R e C 6 Si M e 3 / Si Et3 / H, 1 1 2. 3-
1 1 3. 6; R e C 8 Si M e 3 / H, 1 1 7. 2- 1 1 7. 6; R e C 1 0 Si M e 3 / Si Et3 , 1 2 2. 7-
1 2 2. 9; R e C 1 2 Si M e 3 , 1 2 5. 2).  Li miti n g v al u es of 1 3 3- 1 3 8 p p m
f or R e C ∞ X c a n b e o bt ai n e d gr a p hi c all y.  At t h e o p p osit e
t er mi n us, t h e  Ct C Si si g n als s h o w a si mil ar b ut l ess pr o n o u n c e d
a p pr o a c h t o a 8 8 - 9 0 p p m li mit. I n c o ntr ast, t h e  R e C t C si g n als
v ar y o nl y sli g htl y ( 1 1 0. 8 - 1 1 3. 4 p p m).  T h e 2 J C P v al u es of c hir al
or g a n or h e ni u m c o m pl e x es [ R e C x H y ]n + ar e s e nsiti v e t o t h e
r h e ni u m- c ar b o n b o n d or d er. 1 3 c H o w e v er, t h e y r e m ai n c o nst a nt
wit hi n e x p eri m e nt al err or ( 1 5. 1 - 1 6. 4  H z), s u g g esti n g n o
si g nifi c a nt i n cr e as e of al k yli d e n e c h ar a ct er  wit h c h ai n l e n gt h.
A d diti o n al c o u pli n g f e at ur es ( 2 J C P > 4 J C P > 3 J C P ) h a v e b e e n
a n al y z e d e arli er. 1 3 a

Si mil ar c h e mi c al s hift a n d c o u pli n g c o nst a nt p att er ns ar e
e vi d e nt f or t h e dir h e ni u m c o m pl e x es R e C x R e i n  T a bl e 2 a n d
Fi g ur e 6.  T h e  R e C t si g n als s h o w a br o a d er r a n g e of 2 J C P v al u es
( b ut a n arr o w 1 5. 7- 1 4. 6  H z s pr e a d f or x > 8) a n d e xtr a p ol at e
t o 1 3 3 p p m f or R e C ∞ R e .  A n ot h er i m p ort a nt f e at ur e b e c o m es
es p e ci all y e vi d e nt  w h e n t h e c ar b o n c h ai ns t er mi n at e i n i d e nti c al
e n d gr o u ps.  As ill ustr at e d i n Fi g ur e 6, t h e i nt eri or  R e C t C( C t
C )n C t C R e si g n als cl ust er i n t h e n arr o w r a n g e of 6 4 - 6 7 p p m.
T his c a n b e t a k e n as t h e c h e mi c al s hift of c ar b y n e i n v al e n c e
f or ms II a n d I V ( S c h e m e 1). I d e nti c al li miti n g v al u es ar e f o u n d
f or t h e s eri es of di c y a ni d es  N C( Ct C) n C N p urifi e d b y  Hirs c h
et al. 1 0 a n d t h e  mi xt ur es c h ar a ct eri z e d b y  L a g o w et al. 6

3.  U V - Visi bl e S p e ct r a . S ol uti o ns of t h e titl e c o m p o u n ds
d e e p e n i n c ol or fr o m or a n g e ( R e C 8 R e ) t o r e d (R e C 1 2 R e ) t o
bl a c k c h err y ( R e C 1 6 R e ) t o br o w n- bl a c k (R e C 2 0 R e ).  A c c or d-
i n gl y,  U V- visi bl e s p e ctr a e x hi bit pr o gr essi v el y r e d-s hift e d a n d
m or e i nt e ns e b a n ds, as ill ustr at e d i n Fi g ur e 1.  T h e  m ol ar
e xti n cti o n c o effi ci e nts of R e C 1 6 R e a n d R e C 2 0 R e r e a c h n e arl y
1 5 0 0 0 0 a n d 2 0 0 0 0 0  M - 1 c m - 1 .  T h e l att er c o m pl e x a bs or bs
o v er t h e e ntir e visi bl e r a n g e, r efl e cti n g a  m ultit u d e of el e ctr o ni c
tr a nsiti o ns.  M o n or h e ni u m c o m pl e x es  wit h i d e nti c al c h ai n l e n gt hs
s h o w r o u g hl y c o m p ar a bl e a bs or pti o ns ( R e C 1 2 R e /R e C 1 2 Si M e 3 ,
f o ur l o n g est  w a v el e n gt h b a n ds: 4 2 2/ 4 1 4, 4 7 0/ 4 6 8, 5 1 2/ 5 0 8, 5 6 8/
5 5 4 n m; 8 3 0 0 0/ 7 0 0 0 0, 3 7 0 0 0/ 1 3 0 0 0, 1 7 0 0 0/ 1 4 0 0 0, 3 9 0 0/
1 1 0 0 0  M - 1 c m - 1 ).

I n c o ntr ast, p ol y y n e di yls  wit h t ert- b ut yl, tri al k ylsil yl, or c y a n o
e n d gr o u ps e x hi bit  m u c h si m pl er s p e ctr a a n d ar e n ot as d e e pl y

( 4 7)  K e y p a p ers p u blis h e d aft er t h e p eri o d r e vi e w e d i n r ef 4 6: ( a)
M c Gr a d y, J.  E.;  L o v ell,  T.; Str a n g er,  R.;  H u m p hr e y,  M.  G. Or g a n o m et alli cs
1 9 9 7 , 1 6 , 4 0 0 4. ( b)  B el a n z o ni, P.;  R e,  N.; S g a m ell otti,  A.; Fl ori a ni,  C. J.
C h e m. S o c.,  D alt o n Tr a ns. 1 9 9 8 , 1 8 2 5.

( 4 8)  Li c ht e n b er g er,  D.  L.;  R e ns h a w, S.  K.;  W o n g,  A.;  T a g g e,  C.  D.
Or g a n o m et alli cs 1 9 9 3 , 1 2 , 3 5 2 2 a n d r ef er e n c es t h er ei n.

( 4 9) P h ot o p h ysi c al st u di es of ot h er o ct a h e dr al r h e ni u m al k y n yl or
b ut a di y n e di yl c o m pl e x es ar e als o c o nsist e nt  wit h t h es e g e n er ali z ati o ns: ( a)
Y a m,  V.  W.- W.;  L a u,  V.  C.- Y.;  C h e u n g,  K.- K. Or g a n o m et alli cs 1 9 9 6 , 1 5 ,
1 7 4 0. ( b)  Y a m,  V.  W.- W.;  C o n g, S.  H.- F.;  C h e u n g,  K.- K. J.  C h e m. S o c.,
C h e m.  C o m m u n. 1 9 9 8 , 2 1 2 1 a n d r ef er e n c es t h er ei n.

( 5 0)  Gl eit er,  R.; S c h äf er,  W. I n T h e  C h e mistr y of Tri pl e- B o n d e d
F u n cti o n al  Gr o u ps ; P at ai, S.,  E d.; J o h n  Wil e y  & S o ns:  C hi c h est er, 1 9 9 4;
p 1 5 3.

( 5 1)  E ast m o n d,  R.; J o h ns o n,  T.  R.;  W alt o n,  D.  R.  M. J.  Or g a n o m et.
C h e m. 1 9 7 3 , 5 0 , 8 7.

( 5 2)  Of c o urs e, t h e ( Ct C) n Si R 3 / H fr a g m e nts  will e x hi bit pr o gr essi v el y
l o w er π *  M O e n er gi es.  T his c a n d e cr e as e t h e e n er g y of o n e d or bit al us e d
f or nitr os yl li g a n d b a c k- b o n di n g.  H o w e v er,  w e pr es e ntl y vi e w t his as a
s e c o n d ar y i nfl u e n c e i n vi e w of t h e st u di es cit e d a b o v e a n d ot h er d at a b el o w.

( 5 3) F or q u a ntit ati v e e xti n cti o n c o effi ci e nt  m e as ur e m e nts of r el at e d
al d e h y d e c o m pl e x es, s e e:  Q uir ó s  M é n d e z,  N.; S e yl er, J.  W.;  Arif,  A.  M.;
Gl a d ys z, J.  A. J.  A m.  C h e m. S o c. 1 9 9 3 , 1 1 5 , 2 3 2 3.

( 5 4) ( a)  D u d e v,  T.;  G al a b o v,  B. S p e ctr o c hi m.  A ct a,  P art  A 1 9 9 7 , 5 3 ,
2 0 5 3. ( b) F or a d et ail e d I R a n d  R a m a n st u d y of p ol y m ers  wit h [ - Pt( P R 3 )2 -
( Ct C) - ]n (n ) 2, 3) r e p e at u nits, s e e:  M ar k w ell,  R.  D.;  B utl er, I. S.;
K a k k ar,  A.  K.;  K h a n,  M. S.;  Al- Z a k w a ni,  Z.  H.;  L e wis, J. Or g a n o m et alli cs
1 9 9 6 , 1 5 , 2 3 3 1.

Fi g u r e 7. Ot h er r el e v a nt str u ct ur es.

T o w ar d  M et al- C a p p e d 1 D  C ar b o n  All otr o p es J.  A m.  C h e m. S o c.,  V ol. 1 2 2,  N o. 5, 2 0 0 0 8 1 7



c ol or e d. F or e x a m pl e,  Et 3 Si( C t C) 8 Si Et 3 i s is ol at e d as  w hit e
cr yst als 8 a n d  M e 3 C( C t C) 1 0 C M e 3 as or a n g e or s al m o n n e e dl es. 7 a

T h e l att er r e pr es e nts t h e l o n g est c h ai n f or  w hi c h q u a ntit ati v e
e xti n cti o n c o effi ci e nts ar e a v ail a bl e.  T h e l o n g est  w a v el e n gt h
b a n d ( 3 2 0 n m) is t h e  m ost i nt e ns e, a n d t h e n e xt l o n g est
w a v el e n gt h b a n d ( 3 0 3 n m) is t h e n e xt  m ost i nt e ns e ( 3 4 5 0 0 0
a n d 1 4 0 0 0 0  M - 1 c m - 1 , h e x a n e). Si mil ar v al u es ar e r e p ort e d
f or  Et3 Si( C t C) 8 Si Et 3 ( 4 4 7 0 0 0/ 3 3 1 0 0 0 a n d 3 9 8 0 0 0/ 2 9 5 0 0 0
M - 1 c m - 1 ( h e x a n e/ m et h a n ol), 3 3 6/ 3 3 5 a n d 3 1 6/ 3 1 5 n m).8

A n al o g o us i nt e nsit y p att er ns ar e e x hi bit e d b y all of t h es e
c o m p o u n ds, 7 a, 1 0 i n cl u di n g  m atri x-is ol at e d  H( Ct C) n H s p e ci es. 5 5

D e s pit e t h e c o m pl e xit y of Fi g ur e 1, it is p ossi bl e t o s u g g est
s o m e assi g n m e nts.  T h e l o n g est  w a v el e n gt h b a n ds i n p ol y y n e di yls
wit h c ar b o n, sili c o n, or h y dr o g e n e n d gr o u ps c a n c o nfi d e ntl y
b e attri b ut e d t o π f π * tr a nsiti o ns.  T h es e ar e s y m m etr y all o w e d,
i n a c c or d  wit h t h e hi g h e xti n cti o n c o effi ci e nts.  As d es cri b e d
m ost r e c e ntl y b y  Hirs c h et al., pl ots of e n er gi es v ers us 1/ n ar e
li n e ar.1 0 I m p ort a ntl y, t h es e gi v e v al u es of a p pr o xi m at el y 5 5 0
n m f or t h e a n al o g o us b a n ds at i nfi nit e c h ai n l e n gt h, irr es p e ctiV e
of e n d gr o u p .  T his c orr es p o n ds t o t h e li miti n g  H O M O/ L U M O
e n er g y g a p f or e a c h s eri es of c o m p o u n ds. Si n c e t h e y ar e
ess e nti all y e q u al, a si mil ar v al u e c a n c o nfi d e ntl y b e assi g n e d
t o v al e n c e f or ms II a n d I V of c ar b y n e.

As s h o w n b y Fi g ur e 1, t h e l o n g est  w a v el e n gt h b a n ds of
R e C x R e ar e n e v er t h e  m ost i nt e ns e. P er t h e  H O M O a n al ysis
a b o v e, t h es e tr a nsiti o ns  w o ul d b e e x p e ct e d t o ori gi n at e fr o m
or bit als  wit h hi g h r h e ni u m d c h ar a ct er.  A p ossi bl e a n al o g y
w o ul d b e t h e n f π * a bs or pti o ns of k et o n es,  w hi c h ar e
s y m m etr y f or bi d d e n a n d s h o w  m u c h l o w er e xti n cti o n c o ef-
fi ci e nts.  R e g ar dl ess,  w e h y p ot h esi z e d t h at t h e  m ost i nt e ns e b a n d
i n e v er y s p e ctr u m r e pr es e nt e d t h e tr a nsiti o n fr o m t h e or bit al
wit h t h e gr e at est d e gr e e of ( C t C) n π H O M O c h ar a ct er.  T h e
e n er gi es  w er e pl ott e d v ers us 1/ n , usi n g  m a xi m a o bt ai n e d fr o m
G a ussi a n c ur v e fitti n g ( E x p eri m e nt al S e cti o n).  As d e pi ct e d i n
t h e i ns et i n Fi g ur e 1, a g o o d li n e ar c orr el ati o n  w as f o u n d, gi vi n g
5 6 5 n m f or t h e c orr es p o n di n g a bs or pti o n i n R e C ∞ R e .

I n vi e w of t h e a gr e e m e nt of t his v al u e  wit h t h os e of c ar b o n-,
sili c o n-, a n d h y dr o g e n- c a p p e d p ol y y n e di yls,  w e pr o visi o n all y
assi g n t h e c orr es p o n di n g tr a nsiti o ns as t h os e  wit h t h e hi g h est
d e gr e e of π f π * c h ar a ct er.  H o w e v er,  w e c a uti o n t h at t h e sl o p e
diff ers gr e atl y fr o m t h os e of ot h er pl ots. 1 0 A n e n d gr o u p eff e ct
is t o b e e x p e ct e d, b ut it  will b e i m p ort a nt t o ass a y ot h er
L m M( C t C) n M L m s yst e ms.  A n a n al o g o us pl ot i n v ol vi n g t h e
b est- d efi n e d l o n g est  w a v el e n gt h b a n ds of R e C 1 2 R e , R e C 1 6 R e ,
a n d R e C 2 0 R e ( 4 7 2, 5 4 8, 6 1 0 n m aft er c ur v e fitti n g) gi v es a
v al u e of 1 0 8 2 n m f or R e C ∞ R e .  T his  mi g ht c orr es p o n d t o t h e
li miti n g e n er g y of a n n f π * t y p e tr a nsiti o n.  Ot h er p ol y y n e di yls
wit h e n d gr o u ps t h at b e ar l o n e p airs, s u c h as  R 2 N( C t C) n N R 2 ,
w o ul d c o nstit ut e us ef ul t est c o m p o u n ds.  H o w e v er, n o n e ar e y et
a v ail a bl e.

4.  R e d o x  P r o p e rti es .  T h e titl e c o m p o u n ds ar e u ni q u e a m o n g
C 1 2 - C 2 0 p ol y y n e di yl f a mili es i n h a vi n g r e d o x- a cti v e e n d gr o u ps.
T h e c y cli c v olt a m m o gr a m of R e C 4 R e i n Fi g ur e 2 s h o ws t w o
s u c c essi v e r e v ersi bl e o n e- el e ctr o n o xi d ati o ns c orr es p o n di n g t o
t h e r a di c al c ati o n R e C 4 R e + P F 6

- a n d di c ati o n R e C 4 R e 2 + 2( P F 6
- )

is ol at e d i n S c h e m e 2.1 2 T h e ot h er v olt a m m o gr a ms ill ustr at e t h e
pr o gr essi v e d e cr e as e i n r e v ersi bilit y  wit h c h ai n l e n gt h.  R e v ers-
i bilit y is als o l o w er i n  C H3 C N t h a n i n  C H 2 Cl 2 .  N o r e d u cti o ns
ar e o bs er v e d pri or t o s ol v e nt-i m p os e d li mits.  D at a ar e s u m-
m ari z e d i n Fi g ur e 3, a n d s e v er al tr e n ds ar e e vi d e nt.

First, as t h e c h ai n l e n gt h e ns, t h e first o xi d ati o n p ot e nti als
b e c o m e t h er m o d y n a mi c all y l ess f a v or a bl e ( R e C 4 R e vs R e C 1 6 R e ,

∆ E ° ) 0. 5 6  V).  T h e s e c o n d o xi d ati o n p ot e nti als ar e l ess str o n gl y
aff e ct e d ( R e C 4 R e /R e C 6 R e vs R e C 1 6 R e , ∆ E ° ) 0. 1 2/ 0. 1 8  V).
C o ns e q u e ntl y, t h e E ° v al u es a p pr o a c h e a c h ot h er.  Wit h R e C 2 0 R e ,
o nl y a si n gl e s pr es u m a bl y t w o- el e ctr o n s o xi d ati o n is o bs er v e d.
T his si g nifi es t h e c h ai n l e n gt h at  w hi c h t h e t w o r h e ni u ms st art
t o b e h a v e i n d e p e n d e ntl y, at l e ast i n a r e d o x s e ns e. F or st atisti c al
r e as o ns, a s m all 0. 0 3 6  V g a p s h o ul d p ersist.5 6 H o w e v er, t his
diff er e n c e is oft e n n ot r es ol v e d. 5 6 b

T h e tr e n d i n first o xi d ati o n p ot e nti als c a n b e a n al y z e d fr o m
s e v er al p ers p e cti v es. First, i n a c c or d  wit h ot h er d at a a b o v e, it
is i n c o nsist e nt  wit h  H O M Os t h at h a v e d o mi n a nt ( Ct C) n π
c h ar a ct er.  Ot h er wis e, o xi d ati o n  w o ul d b e t h er m o d y n a mi c all y
m or e f a v or a bl e at l o n g er c h ai n l e n gt hs. S e c o n d, i n d u cti v e eff e cts
c a n c o ntri b ut e. F or e x a m pl e, R e C 4 M e is 0. 0 8  V  m or e diffi c ult
t o o xi di z e t h a n R e C 2 M e .1 3 a T hir d, r es o n a n c e eff e cts ar e als o
p ossi bl e.  As a n al y z e d i n a pr e vi o us f ull p a p er, 1 2 R e C 4 R e + P F 6

-

i s a cl a s s III  mi x e d- v al e n c e s yst e m,5 7 wit h t h e o d d el e ctr o n
c o m pl et el y d el o c ali z e d b et w e e n t h e t w o r h e ni u ms o n t h e r a pi d
I R a n d  E S R ti m e s c al es.  B y a n al o g y t o ot h er s yst e ms i n t h e
lit er at ur e,5 6 b, 5 7 t h e el e ctr o ni c c o u pli n g or r es o n a n c e e n er g y
s h o ul d d e cr e as e  wit h bri d g e l e n gt h.  H e n c e, t his a d diti o n al
t h er m o d y n a mi c dri vi n g f or c e  will b e gr e at est f or R e C 4 R e .

T h e s e c o n d o xi d ati o n p ot e nti als f all i nt o a n arr o w er r a n g e.
E x c e pt f or R e C 4 R e + X - , t h e y als o s hift  m o n ot o ni c all y i n a
t h er m o d y n a mi c all y l ess f a v or a bl e dir e cti o n.  T h e u ni q u e p ositi o n
of R e C 4 R e + X - c o m p ar e d t o t h os e of t h e t hr e e n e xt hi g h er
h o m ol o g u es  mi g ht b e d u e t o a n e xtr a or di n aril y hi g h r es o n a n c e
e n er g y, or  C o ul o m bi c r e p ulsi o n ass o ci at e d  wit h i ntr o d u ci n g t h e
s e c o n d p ositi v e c h ar g e.  T h e s e c o n d a n d first o xi d ati o n p ot e nti als
yi el d c o m pr o p orti o n ati o n c o nst a nts ( K c , Fi g ur e 3),  w hi c h ar e
d efi n e d as e x e m plifi e d i n S c h e m e 2.  T h es e g e n er all y tr a c k ot h er
m e a s ur e s of el e ctr o ni c c o m m u ni c ati o n b et w e e n t h e e n d-
gr o u ps 1 2, 1 6, 5 7 a n d, as e x p e ct e d, d e cr e as e  wit h c h ai n l e n gt h.

D es pit e t h e q uit e r e v ersi bl e el e ctr o c h e mi c al g e n er ati o n of t h e
C 6 a n d  C 8 r a di c al c ati o ns a n d di c ati o ns, att e m pts at pr e p ar ati v e
o xi d ati o n s h a v e b e e n di s a p p oi nti n g. S u b stit ut e d f err o c e ni u m
s alts gi v e r a pi d o xi d ati o ns at - 8 0 ° C, a n d I R ν N O b a n ds
c o nsist e nt  wit h r a di c al c ati o ns ( as  w ell as ot h er n e w ν N O b a n ds)
c a n b e d et e ct e d.  H o w e v er, t h e pri m ar y pr o d u cts ar e u nst a bl e at
l o w t e m p er at ur es. Si mil ar e x p eri m e nts  wit h 2 e q ui v of f err o-
c e ni u m s alts gi v e s o m e  N M R si g n als c o nsist e nt  wit h di c ati o ns,
b ut r a pi d d e c o m p ositi o ns a g ai n e ns u e. Fi g ur e 5 s h o ws t h at t h e
c ar b o n c h ai ns b e c o m e  m u c h  m or e “ e x p os e d ”, a n d t h us s us c e p-
ti bl e t o i nt er m ol e c ul ar r e a cti o ns,  wit h i n cr e asi n g l e n gt h.  O n e
p ossi bilit y f or t h e r a di c al c ati o ns  w o ul d b e c ar b o n - c ar b o n b o n d-
f or mi n g di m eri z ati o ns a n al o g o us t o t h os e of s o m e 1 7- v al e n c e-
el e ctr o n al k y n yl c o m pl e x es. 1 6 a, 5 8

A c c or di n gl y,  w e h a v e d esi g n e d  m o difi e d r h e ni u m e n d gr o u ps
t h at pr o vi d e r a di c al c ati o ns a n d di c ati o ns  wit h hi g h er t h er m o-
d y n a mi c a n d ki n eti c st a biliti es.  T h e is ol ati o n of  C 8 s p e ci es  will
b e r e p ort e d s o o n. 2 9 b T h es e  m o difi e d s yst e ms e x hi bit  m u c h  m or e
r e v ersi bl e c o u pl es,  w hi c h  will all o w b ett er i nt er pr et ati o n of t h e
tr e n ds i n Fi g ur e 3 a n d ot h er i m p ort a nt pr o p erti es. F or e x a m pl e,
t h er e s h o ul d b e a c h ai n l e n gt h at  w hi c h r a di c al c ati o ns ar e n o
l o n g er d el o c ali z e d o n t h e I R ti m e s c al e, a n d p er h a ps a n ot h er at
w hi c h t h e y ar e n o l o n g er d el o c ali z e d o n t h e sli g htl y sl o w er  E S R

( 5 5) S e e Fi g ur es 1 a n d 4 i n t h e f oll o wi n g p a p er:  Gr utt er,  M.;  W yss,
M.; F ul ar a, J.;  M ai er, J. P. J . P h ys . C h e m . A 1 9 9 8 , 1 0 2 , 9 7 8 5 (H C 1 2 H
t hr o u g h H C 2 4 H ).

( 5 6) ( a) Fl a n a g a n, J.  B.;  M ar g el, S.;  B ar d,  A. J.;  A ns o n, F.  C. J.  A m.
C h e m. S o c. 1 9 7 8 , 1 0 0 , 4 2 4 8. ( b)  M c W hi n ni e, S.  L.  W.;  T h o m as, J.  A.;
H a m or,  T.  A.; J o n es,  C. J.;  M c Cl e v ert y, J.  A.;  C ollis o n,  D.;  M a b bs, F.  E.;
H ar di n g,  C. J.;  Y ell o wl e es,  L. J.;  H ut c hi n gs,  M.  G. I n or g.  C h e m. 1 9 9 6 , 3 5 ,
7 6 0.

( 5 7) ( a)  Cr e ut z,  C. Pr o g . I n or g. C h e m . 1 9 8 3 , 3 0 , 1. ( b)  Cr ut c hl y,  R. J.
A d V . I n or g. C h e m . 1 9 9 4 , 4 1 , 2 7 3.

( 5 8) ( a) I y er,  R. S.; S el e g u e, J. P. J.  A m.  C h e m. S o c. 1 9 8 7 , 1 0 9 , 9 1 0. ( b)
U ns el d,  D.;  Kri v y k h,  V.  V.;  H ei n z e,  K.;  Wil d, F.;  Art us,  G.; S c h m all e,  H.;
B er k e,  H. Or g a n o m et alli cs 1 9 9 9 , 1 8 , 1 5 2 5.

8 1 8 J.  A m.  C h e m. S o c.,  V ol. 1 2 2,  N o. 5, 2 0 0 0 D e m bi ns ki et al.



time scale. In the same vein, Lapinte et al. have found a diiron
C4 dication with closely lying S ) 0 (cumulenic) and S ) 1
(biradical) states.16a,c Such equilibria should also be highly chain-
length-dependent.
5. Syntheses and Stabilities. The key factors controlling the

pace of future progress in this field are synthetic methods and
product stabilities. The reaction types employed above have been
discussed in previous full papers or notes,12,15 so strategic issues
are emphasized here. First, the number of steps required to
access ReC20Re, and the yield drop-off with the “second-
generation” chain extensions in Scheme 6, clearly point to the
desirability of longer sp carbon building blocks. Earlier, we
reported an efficient route to Me3SiCtCCtCCtCCtCSiMe3.13a
However, we have been unable to develop methods that utilize
this material directly or efficiently desymmetrize it to a
monohaloalkyne that could undergo Cadiot-Chodkiewicz cou-
pling. We are not aware of other useful C8 building blocks that
meet reasonable standards of accessibility or safety.
Convergence is also highly desirable in syntheses, especially

for symmetrical molecules. One route to ReC12Re makes use
of three C4 building blocks: ReC4Cu, BrCtCCtCBr, and
ReC4Cu (Scheme 5). However, attempted extensions involving
ReC6Cu and BrCtCCtCBr or BrCtCCtCCtCCtCBr37
were unsuccessful. Also, XCtCX coupling partners would lead
to systems with odd numbers of alkyne units, which are
otherwise available only as mixtures (ReC6Re, Scheme 3;
ReC10Re). As noted above, all cases investigated gave at best
traces of the target complex. Regardless, the procedures given
for mono- and dihaloalkynes in this paper and previous ones15
are highly optimized and should be of utility to others.
As summarized in Figure 4, the title compounds exhibit

remarkable stability in the solid state. Over years of study, no
explosions have occurred. With respect to synthesis, these
favorable characteristics suggest that ReC24Re should, in
principle, be accessible. However, we are presently blocked by
the instability of ReC12H, which is not detectable under the
standard deprotection conditions in Scheme 6. Thus, oxidative
couplings that avoid hydrogen-capped chains should prove
valuable in future work. One literature protocol did convert
ReC4SiMe3 directly to ReC8Re,59 but it was judged unpromising
due to the slow rate, workup problems due to excess oxidant,
and the likely intermediacy of ReC4H. Interestingly, reactions
of ReCxH and Cu(OAc)2 become more rapid at higher chain
lengths, despite an opposite trend in oxidation potentials.
On the basis of the limited IR CtC and NO data above, we

propose that the thermal decompositions in Figure 4 involve
initial chain-chain cross-linking. This has abundant precedent
with a broad spectrum of 1,3-diynes.40 The resulting oligomers
or polymers would feature an extended unsaturated network of
CdC and CtC units, some possible motifs for which are shown
in Figure 7 (VI). Such materials also constitute attractive targets
for future research. They are related to polyacetylene and might
similarly give conducting materials when doped.45 The lability
of ReC20Re in solution might reflect an analogous impurity-
catalyzed cross-linking or an entirely different decomposition
mechanism.
The kinetic stabilities of polyynediyls are known to be strong

functions of the endgroups.8-10 Hydrogen obviously offers
unique decomposition pathways. Smaller groups such as methyl
are believed to facilitate chain-chain reactions. At present, there
is no quantitative way to compare the stabilities of ReCxRe
with those of related tert-butyl, trialkylsilyl, or cyano systems.

However, we suggest that bulky electropositive endgroups,
which complement the somewhat electronegative sp carbon
terminus, will generally be good choices. Thus, transition metals
are likely to play leading roles in the future development of
this field.
6. Conclusion and Outlook. Rational syntheses of rhenium-

capped polyynediyls that are as long as 20 carbons have been
developed. These wirelike systems provide valuable models for
valence forms II and IV of the polymeric sp carbon allotrope
carbyne (Scheme 1). Their spectroscopic, stability, and redox
properties have been rigorously characterized as a function of
chain length. Ongoing work involves analogues with modified
phosphines that afford radical cations and dications with much
greater stabilities. The latter provide new models for valence
form III of carbyne. These second-generation complexes allow
a variety of properties to be even more precisely defined.

Experimental Section60,61

ReC8Re. A Schlenk flask was charged with ReC4H (0.066 g, 0.10
mmol),13a Cu(OAc)2 (0.027 g, 0.15 mmol), and pyridine (3 mL). The
mixture was stirred at 80 °C for 2 h. Solvent was removed by oil pump
vacuum. The residue was dissolved in THF (ca. 2 mL). Silica gel
column chromatography (15 2 cm; THF) gave an orange-red band.
Solvent was removed by oil pump vacuum to giveReC8Re as an orange
powder (0.047 g, 0.036 mmol, 70%).62,63 Anal. Calcd for C64H60N2O2P2-
Re2: C, 58.08; H, 4.57. Found: C, 58.08; H, 4.98. Rf 64 ) 0.50. UV-
vis (3.3 10-5 M):65 234 (58 000), 262 sh (36 000), 340 sh (56 000),
360/360 (67 000), 390/390 (60 000). MS:66a 1324 (ReC8Re+, 100%),
614 (Re+, 37%); no other peaks above 310 of >13%.
NMR:67 1H (THF-d8) 7.60-7.54 (m, 12H of 6C6H5), 7.40-7.36 (m,

18H of 6C6H5), 1.73 (s, 2C5(CH3)5); 13C{1H} (CD2Cl2/THF-d8) 134.9/
135.8 (d, JCP ) 52.9/51.6, i-Ph), 134.4/134.9 (d, JCP ) 9.6/10.4, o-Ph),
130.8/130.9 (s, p-Ph), 128.8/128.9 (d, JCP ) 9.3/9.6, m-Ph), 112.7/
113.3 (s, ReCC), 111.0/109.7 (d, JCP ) 18.4/16.9, ReC), 101.7/101.5
(s, C5(CH3)5), 66.8/66.6 (d, JCP ) 2.9/2.7, ReCCC), 63.8/64.5 (s,
ReCCCC), 10.3/10.1 (s, C5(CH3)5); 31P{1H} (THF-d8) (ambient tem-
perature/-80 °C) 20.7/20.8 (s).
ReC6Re. A Schlenk flask was charged with ReC2H (0.100 g, 0.157

mmol),25 ReC4H (0.104 g, 0.157 mmol), Cu(OAc)2 (0.085 g, 0.47
mmol), and pyridine (5 mL). The mixture was stirred at 80 °C for 2 h.
Solvent was removed by oil pump vacuum. The residue was dissolved
in THF (ca. 3 mL). Silica gel column chromatography (8 2 cm;
THF) gave an orange-red band. Solvent was removed by oil pump
vacuum. A second silica gel column (20 2 cm; 3:1 v/v hexane/THF)

(59) Haley, M. M.; Bell, M. L.; Brand, S. C.; Kimball, D. B.; Pak, J. J.;
Wan, W. B. Tetrahedron Lett. 1997, 38, 7483.

(60) General procedures, solvent and reagent purifications, and instru-
mental methods are described in the Supporting Information. Re ) ( 5-
C5Me5)Re(NO)(PPh3).

(61) The compounds in this paper have distinctive IR CtC fingerprints
that facilitate reaction monitoring. This footnote is used to highlight steps
where IR monitoring is especially recommended.

(62) DSC data for this material are given in Figure 4.
(63) IR data for this material are given in Table 1.
(64) TLC plates, Merck, DC-Fertigplatten, Kieselgel 60 F254, 1:1 v/v

hexanes/THF.
(65) All UV-visible spectra were recorded in CH2Cl2. Absorbances are

in nm (ε, M-1 cm-1). Italicized values were obtained by Gaussian curve
fitting of digitized spectra (PeakFit 4.0, Jandel Scientific; autofit peaks III
deconvolution option with amplitude threshold 3%, width 5.0, and filter
75). These maxima were used in all graphical analyses (Figure 1, inset).

(66) Positive FAB, 3-NBA, m/z, are for the most intense peak of isotope
envelope; relative intensities are for the specified mass range. (a) Benzene;
(b) toluene; (c) THF; (d) CHCl3; (e) CH2Cl2.

(67) The 1H, 13C, and 31P NMR chemical shifts are in , ppm, and ppm,
respectively, and J values are in Hz. Data relevant to tC 13C NMR
assignments are as follows: (a) Earlier work13a with butadiynyl complexes
ReC4X established the trend 2JCP > 4JCP > 3JCP/5JCP. The last two have
not yet proved detectable. Therefore, any broadened signal is provisionally
assigned to ReCtCCtCC (6JCP). (b) The ReCtC signals are normally
farthest downfield. (c) Any tCH signal is the most intense. (d) The Ct
CSi signals are normally downfield of internal CtC signals, which are the
most shielded due to well-established anisotropy effects. (e) A useful table
of 13C NMR data for various LmM(CtC)nX species has been compiled.21a
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gave three orange bands, which were collected separately. Solvents
were removed by oil pump vacuum to give ReC4Re (0.028 g, 0.022
mmol, 14%), ReC6Re (0.088 g, 0.068 mmol, 44%), and ReC8Re (0.030
g, 0.023 mmol, 15%) as orange powders. Data for ReC6Re:62,63 Anal.
Calcd for C62H60N2O2P2Re2: C, 57.30; H, 4.64. Found: C, 57.25; H,
4.78. Rf 64 ) 0.51. UV-vis (1.6 10-5 M):65 232 (62 000), 328/326
(39 000), 354/352 (37 000). MS:66a 1300 (ReC6Re+, 100%), 614 (Re+,
62%); no other peaks above 330 of >18%.
NMR:67 1H (THF-d8) 7.64-7.58 (m, 12H of 6C6H5), 7.40-7.35

(m, 18H of 6C6H5), 1.72 (s, 2C5(CH3)5); 13C{1H} (CD2Cl2/THF-d8,
-80 °C) 135.3/136.3 (d, JCP ) 52.7/49.2, i-Ph), 134.5/135.1 (d, JCP )
10.7/10.5, o-Ph), 130.6/130.7 (d/s, JCP ) 2.2/-, p-Ph), 128.7/128.8 (d,
JCP ) 10.7/10.0, m-Ph), 112.6/114.3 + 113.9 (s/2s, RR,SS + RS,SR
ReCC), 106.8 + 106.5/104.2 + 103.3 (2d/2d, JCP ) 16.8 + 16.0/15.7
+ 16.0, RR,SS + RS,SR ReCC), 101.3/100.8 (s, C5(CH3)5), 65.0 +
64.9/65.7 + 65.2 (2br s/2br s, RR,SS + RS,SR ReCCC), 10.3/10.0 (s,
C5(CH3)5); 31P{1H} (THF-d8, ambient temperature/-80 °C) 21.2/21.1
(s).
ReC6SiEt3,15b ReC8SiMe3,15a and ReC6H.15b These syntheses were

published in connection with other studies, and optimized procedures
are given in the Supporting Information.
ReC8H. Procedure A. A Schlenk flask was charged with ReC8SiMe3

(0.0455 g, 0.0581 mmol), freshly ground K2CO3 (0.0081 g, 0.058
mmol), and MeOH (5 mL). The mixture was stirred vigorously. After
24 h, solvent was removed by oil pump vacuum. The residue was
extracted with toluene (2 3 mL). The extract was filtered through a
1-cm Celite pad, concentrated by oil pump vacuum (ca. 1 mL), diluted
with hexane (10 mL), and kept at -40 °C (freezer) for 16 h. A red-
brown powder was collected by filtration and dried by oil pump vacuum
to give ReC8H (0.0297 g, 0.0418 mmol, 72%), mp 128 °C dec. Anal.
Calcd for C36H31NOPRe: C, 60.86; H, 4.39. Found: C, 60.21; H, 4.50.
IR (cm-1, THF/KBr): CtC 2109/2101 s, 2036/2031 s/m, 1971/1969
m/s, NO 1659/1656 vs. UV-vis (2.8 10-6 M):65 232 (54 000), 262
sh (35 000), 312 sh (31 000), 336 sh (64 000), 378 (11 000), 418 (6300),
450 (4100). MS:66b 711 (ReC8H+, 100%), 614 (Re+, 25%); no other
peaks above 560 of >25%.
Procedure B. A Schlenk flask was charged with ReC8SiMe3 (0.2810

g, 0.3588 mmol) and THF (10 mL). Then n-Bu4N+F- (1.0 M in THF/5
wt % H2O; 0.089 mL, 0.089 mmol) was added dropwise with stirring.
After 0.5 h, the mixture was filtered through a 1-cm silica gel pad.
Solvent was removed from the filtrate by oil pump vacuum. The residue
was dissolved in a minimum of benzene (ca. 3 mL), and hexane (50
mL) was added. The sample was kept at -20 °C (freezer) for 16 h. A
dark red powder was isolated by filtration and dried by oil pump
vacuum to give ReC8H (0.1864 g, 0.2622 mmol, 73%).
NMR (C6D6):67 1H 7.64-7.58 (m, 6H of 3C6H5), 7.06-6.95 (m,

9H of 3C6H5), 1.48 (s, C5(CH3)5), 1.43 (d, JHP ) 1.0, tCH); 13C{1H}
135.3 (i-Ph),68 134.5 (d, JCP ) 10.7, o-Ph), 130.9 (s, p-Ph), 128.7 (d,
JCP ) 10.0, m-Ph), 117.2 (d, JCP ) 15.8 ReCC), 113.2 (s, ReCC), 101.5
(s, C5(CH3)5), 70.2 (s, CCH), 65.0, 64.1 (2 s, ReCCCCCC), 68.2 (s,
CCH), 65.4 (d, JCP ) 2.8, ReCCC), 64.5 (br s, ReCCCCC), 10.2 (s,
C5(CH3)5); 31P{1H} 20.4 (s).
ReC10Re. A Schlenk tube was charged with ReC4SiMe3 (0.161 g,

0.219 mmol),13a ReC6SiEt3 (0.175 g, 0.219 mmol), and toluene (20
mL). Then n-Bu4N+F- (1.0 M in THF/5 wt % H2O; 0.22 mL, 0.22
mmol) was added dropwise with stirring. After 0.5 h, the sample was
cannulated into a 60 °C solution of Cu(OAc)2 (0.119 g, 0.657 mmol)
in pyridine (20 mL). After 0.5 h, solvent was removed by oil pump
vacuum. The residue was extracted with THF (3 10 mL). The extract
was filtered through a 7-cm silica gel pad. Solvent was removed by
oil pump vacuum. Silica gel column chromatography (50 6 cm; 3:1
v/v hexane/ THF) gave three partially resolved bands. The center cut
of the middle band contained ReC10Re and minor amounts of ReC8Re
and ReC12Re. A second identical column gave ReC10Re as an orange
powder (0.0261 g, 0.0194 mmol, 9%).62,63 Anal. Calcd for C66H60N2O2P2-
Re2: C, 58.83; H, 4.49. Found: C, 58.58; H, 4.75. Rf 64 ) 0.46. UV-
vis (1.2 10-5 M):65 230 (58 000), 268 (32 000), 274 (32 000), 338
sh (41 000), 366 sh (59 000), 394/394 (76 000), 426/418 sh (50 000),

474/470 sh (10 000). MS:66c 1348 (ReC10Re+, 100%), 614 (Re+, 56%);
no other peaks above 400 of >10%.
NMR (CD2Cl2):67 1H 7.54-7.46 (m, 12H of 6C6H5), 7.45-7.39 (m,

18H of 6C6H5), 1.74 (s, 2C5(CH3)5); 13C{1H} 134.4 (d, JCP ) 10.7,
o-Ph), 131.0 (s, p-Ph), 128.9 (d, JCP ) 10.1, m-Ph),68 117.3 (d, JCP )
15.7, ReCC), 112.7 (s, ReCC), 101.9 (s, C5(CH3)5), 66.3, 64.1 (2 s,
ReCCCCC), 66.1 (d, JCP ) 2.7, ReCCC), 10.3 (s, C5(CH3)5); 31P{1H}
19.9 (s).
ReC12Re. Procedure A. A Schlenk flask was charged with ReC6H

(0.069 g, 0.10 mmol), Cu(OAc)2 (0.018 g, 0.10 mmol), and pyridine
(5 mL). The mixture was stirred at 50 °C for 0.5 h. Solvent was removed
by oil pump vacuum. The residue was extracted with THF (2 5 mL).
The extract was concentrated (ca. 2 mL). Silica gel column chroma-
tography (20 2 cm; 2:1 f 1:2 v/v hexane/THF) gave an orange-red
band, which was concentrated by oil pump vacuum (ca. 2 mL). Hexane
(10 mL) was added. The orange-brown powder was collected by
filtration and dried by oil pump vacuum to give ReC12Re (0.048 g,
0.071 mmol, 71%).62,63 Anal. Calcd for C68H60N2O2P2Re2: C, 59.11;
H, 4.37. Found: C, 59.25; H, 4.65. Rf 64 ) 0.43. UV-vis (1.4 10-5

M):65 230 (61 000), 280 (48 000), 364 sh (47 000), 390/390 (63 000),
422/422 (83 000), 470/472 (37 000), 512 sh (17 000), 568 (3900).
MS:66a 1372 (ReC12Re+, 100%), 614 (Re+, 55%); no other peaks above
555 of >26%.
Procedure B. A Schlenk flask was charged with ReC4H (0.066 g,

0.10 mmol) and THF (5 mL) and cooled to -45 °C (CO2/CH3CN).
Then n-BuLi (2.2 M in hexane; 50 mL, 0.11 mmol) was added with
stirring. After 2 h, the cold bath was removed, and CuI (0.019 g, 0.10
mmol) was added. After 30 min, the mixture was cooled to -20 °C,
and EtNH2 (ca. 0.5 mL) was added. A solution of BrCtCCtCBr (0.01
g, 0.05 mmol)36 in THF (1 mL) was added dropwise. After 10 min,
solvent was removed by oil pump vacuum. The residue was extracted
with THF (2 5 mL), and chromatography as in procedure A gave
ReC12Re as an orange-brown powder (0.031 g, 0.022 mmol, 45%).
NMR:67 1H (CD2Cl2/C6D6) 7.52-7.46/7.68-7.60 (m, 12H of 6C6H5),

7.46-7.42/7.05-6.94 (m, 18H of 6C6H5), 1.75/1.51, (s, 2C5(CH3)5);
13C{1H} (CD2Cl2/C6D6)/135.0 (d, JCP ) 49.7, i-Ph),68 134.4/134.5
(d, JCP ) 10.4/10.7, o-Ph), 131.0/130.8 (s/d, JCP ) 2.0, p-Ph), 128.9/
128.9 (d, JCP ) 10.1/10.1, m-Ph), 116.8/117.6 (d, JCP ) 15.6/15.7,
ReCC), 113.7/114.1 (s, ReCC), 102.1/101.5 (s/d, JCP ) 1.2, C5(CH3)5),
67.1/67.4, 66.3/66.8, 64.4/66.0 (3 s, ReCCCCCC), 66.0/66.5 (d,
JCP ) 3.3/2.8, ReCCC), 10.3/10.2 (s, C5(CH3)5); 31P{1H} (C6D6) 22.2
(s).
ReC16Re. A Schlenk flask was charged with ReC8H (0.032 g, 0.045

mmol), Cu(OAc)2 (0.008 g, 0.045 mmol), and pyridine (2.5 mL). The
mixture was stirred at 50 °C for 0.5 h. Solvent was removed by oil
pump vacuum. The residue was extracted with THF (2 2 mL). The
extract was filtered through a 2-cm silica gel pad. Silica gel column
chromatography (30 2 cm; 3:1 f 2:1 v/v hexane/THF) gave a dark
red band. Solvent was removed by oil pump vacuum to give ReC16Re
as a dark red powder (0.043 g, 0.030 mmol, 67%).62,63 Anal. Calcd for
C72H60N2O2P2Re2: C, 60.91; H, 4.26. Found: C, 60.99; H, 4.32. Rf 64
) 0.39. UV-vis (2.1 10-5 M):65 232 (63 000), 328 (62 000), 348
(65 000), 402 sh (82 000), 430/432 (140 000), 470/470 (130 000), 548/
548 (61 000), 644 (9900). MS:66d 1420 (ReC16Re+, 50%), 614 (Re+,
100%); no other peaks above 225 of >40%.
NMR:67 1H (CD2Cl2) 7.55-7.46 (m, 12H of 6C6H5), 7.46-7.40 (m,

18H of 6C6H5), 1.66 (s, 2C5(CH3)5); 13C{1H} (CD2Cl2) 134.4 (d, JCP
) 52.6, i-Ph), 134.4 (d, JCP ) 10.1, o-Ph), 131.2 (s, p-Ph), 129.0 (d,
JCP ) 10.4, m-Ph), 125.1 (d, JCP ) 15.2, ReCC), 113.2 (s, ReCC),
102.5 (s, C5(CH3)5), 66.6 (d, JCP ) 2.4, ReCCC), 66.7, 66.4, 65.6, 65.5,
65.2 (5 s, ReCCCCCCCC), 10.3 (s, C5(CH3)5); 31P{1H} (C6D6) 22.0
(s).
ReC10SiMe3. Procedure A. A Schlenk flask was charged with

ReC6H (0.069 g, 0.10 mmol), CuI (0.019 g, 0.10 mmol), and THF (5
mL) and cooled to -45 °C. Then n-BuLi (2.2 M in hexane; 50 mL,
0.11 mmol) was added with stirring.61 The cold bath was removed.
After 30 min, the mixture was cooled to -20 °C, and EtNH2 (ca. 0.5
mL) was added. A solution of BrCtCCtCSiMe3 (0.022 g, 0.11
mmol)15a in THF (2 mL) was added dropwise. After 10 min, solvent
was removed by rotary evaporation. The residue was extracted with
toluene (2 3 mL). The extract was filtered through a 2-cm silica gel

(68) The i-Ph resonance is not observed, or the upfield line of the doublet
is obscured by the o-Ph or solvent resonance.
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pad, and solvent was removed by oil pump vacuum. The residue was
dissolved in a minimum of toluene (ca. 1 mL), and hexane was added
(ca. 10 mL). The mixture was kept at -90 °C (freezer) for 24 h. Orange-
brown microcrystals were isolated by filtration (-80 °C) and dried by
oil pump vacuum to give ReC10SiMe3 (0.041 g, 0.051 mmol, 51%),
mp 160-165 °C dec. Anal. Calcd for C41H39NOPReSi: C, 60.65; H,
4.84. Found: C, 60.88; H, 4.97. Rf 64 ) 0.61. IR (cm-1, THF): CtC
2158 w, 2133 w, 2070 w, 2037 vs, 1955 vs, NO 1662 s. UV-vis (1.7
10-5 M):65 270 (54 000), 280 (55 000), 296 (45 000), 330 (33 000),

356 (51 000), 382 (80 000), 434 (8900), 470 (10 000), 514 (8100). MS:
66e 807 (ReC10SiMe3+, 100%), 614 (Re+, 25%); no other peaks above
100 of >15%.
For procedures B and C, see Supporting Information.
NMR (CD2Cl2):67 1H 7.53-7.39 (m, 3C6H5), 1.75 (s, C5(CH3)5), 0.20

(s, SiMe3); 13C{1H} 134.3 (d, JCP ) 46.8, i-Ph), 134.3 (d, JCP ) 11.0,
o-Ph), 131.1 (s, p-Ph), 128.9 (d, JCP ) 9.7, m-Ph), 122.9 (d, JCP )
15.1, ReCC), 112.7 (s, ReCC), 102.2 (s, C5(CH3)5), 88.7, 88.6 (2 s,
CCSi), 65.7 (d, JCP ) 3.0, ReCCC), 64.2 (d, JCP ) 1.8, ReCCCCC,
tentative), 65.5, 65.2, 63.7, 63.5 (4 s, ReCCCCCCCC), 10.2 (s, C5-
(CH3)5), 0.2 (s, SiCH3); 31P{1H} 21.8 (s).
ReC10SiEt3. Procedure A. A Schlenk flask was charged with ReC6H

(0.226 g, 0.329 mmol), CuI (0.0658 g, 0.345 mmol), and THF (10
mL) and cooled to -45 °C. Then n-BuLi (2.4 M in hexane; 0.144 mL,
0.345 mmol) was added with stirring.61 After 0.5 h, EtNH2 (ca. 1 mL)
was added. A solution of BrCtCCtCSiEt3 (0.080 g, 0.33 mmol) in
THF (5 mL) was added dropwise. After 30 min, solvent was removed
by rotary evaporation. The residue was extracted with benzene (3 5
mL). The extract was filtered, and solvent was removed by oil pump
vacuum. Silica gel column chromatography (20 2 cm; benzene) gave
a red-brown band. Solvent was removed by oil pump vacuum. Boiling
hexane (50 mL) was added. The sample was kept at -90 °C for 24 h.
Orange-brown microcrystals were collected by filtration and dried by
oil pump vacuum to give ReC10SiEt3 (0.123 g, 0.145 mmol, 44%).
DSC (Ti/Te/Tp):28 135/150/183 °C. Anal. Calcd for C44H45NOPReSi:
C, 62.24; H, 5.34. Found: C, 62.16; H, 5.41. Rf 64 ) 0.59. IR (cm-1,
THF) CtC 2157 vw, 2132 vw, 2069 w, 2035 vs, 1955 vs, NO 1660 s.
UV-vis (9.8 10-6 M):65 232 (57 000), 240 sh (54 000), 246 sh
(53 000), 270 (55 000), 280 (55 000), 296 (45 000), 330 (33 000), 354
(50 000), 382 (77 000), 430 (8900), 470 (9900), 514 (7700). MS:66e
849 (ReC10SiEt3+, 100%), 614 (Re+, 33%); no other peaks above 300
of >5%.
Procedure B. A Schlenk flask was charged with ReC8H (0.0998 g,

0.140 mmol) and THF (5 mL) and cooled to -45 °C. Then n-BuLi
(2.2 M in hexane; 70 mL, 0.15 mmol) was added with stirring.61 After
2 h, the cold bath was removed, and CuI (0.0294 g, 0.154 mmol) was
added. After 30 min, the mixture was cooled to -20 °C, and EtNH2
(ca. 0.5 mL) was added. A solution of BrCtCSiEt3 (0.0338 g, 0.154
mmol)15b in THF (2 mL) was added dropwise. After 10 min, solvent
was removed by oil pump vacuum. The residue was extracted with
benzene (2 3 mL). The extract was filtered through a 2-cm silica
gel pad, and solvent was removed by oil pump vacuum. The residue
was extracted with boiling hexane (100 mL). The extract was filtered,
and ReC10SiEt3 (0.0306 g, 0.0360 mmol, 26%) was isolated as in
procedure A.
Procedure C.33c A Schlenk flask was charged with ReC8H (0.132

g, 0.186 mmol), t-BuOCu (0.0330 g, 0.241 mmol),69,70 and THF (50
mL). The mixture was stirred for 1 h and cooled to -20 °C. Then
EtNH2 (ca. 0.5 mL) was added. A solution of BrCtCSiEt3 (0.0407 g,
0.186 mmol) in THF (2 mL) was added dropwise. After 0.5 h, the
cold bath was removed and solvent was removed by oil pump vacuum.
The residue was extracted with toluene (3 5 mL). The extract was
filtered through a 2-cm silica gel pad, and solvent was removed by oil
pump vacuum. The residue was dissolved in THF (ca. 1.5 mL). Silica
gel column chromatography (35 2 cm; 3:1 v/v hexane/THF) gave a
red band. Solvent was removed by oil pump vacuum. The residue was
dissolved in a minimum of toluene (ca. 0.3 mL). Hot hexane (30 mL)
was added, and ReC10SiEt3 (0.0585 g, 0.0360 mmol, 37%) was isolated
as in procedure A.

NMR:67 1H (C6D6) 7.66-7.52 (m, 6H of 3C6H5), 7.14-6.94 (m,
9H of 3C6H5), 1.52 (s, C5(CH3)5), 0.92 (t, JHH ) 8.1, 3CH2CH3), 0.47
(q, JHH ) 8.1, 3SiCH2); 13C{1H} (CD2Cl2) 134.5 (i-Ph),68 134.3 (d, JCP
) 10.7, o-Ph), 131.1 (d, JCP ) 2.4, p-Ph), 128.9 (d, JCP ) 10.7, m-Ph),
122.7 (d, JCP ) 15.1, ReCC), 112.6 (s, ReCC), 102.2 (s, C5(CH3)5),
89.7, 87.1 (2 s, CCSi), 64.2 (d, JCP ) 1.8, ReCCC), 66.5, 66.5, 65.0,
64.0, 63.0 (5 s, ReCCCCCCCC), 10.2 (s, C5(CH3)5), 7.7 (s, CH2CH3),
4.7 (s, CH2CH3); 31P{1H} (C6D6) 20.8 (s).
ReC12SiMe3. A Schlenk flask was charged with ReC8H (0.243 g,

0.342 mmol), CuI (0.0652 g, 0.342 mmol), and THF (10 mL) and
cooled to -45 °C. Then n-BuLi (2.4 M in hexane; 0.14 mL, 0.34 mmol)
was added with stirring.61 After 15 min, EtNH2 (ca. 0.9 mL) was added.
A solution of BrCtCCtCSiMe3 (0.0688 g, 0.342 mmol)15a in THF
(5 mL) was added dropwise. The cold bath was removed. After 10
min, solvent was removed by rotary evaporation. The residue was
extracted with benzene (3 5 mL). The extract was filtered through
a 10-cm silica gel column, and solvent was removed by oil pump
vacuum. Silica gel column chromatography (35 5 cm; 3:1 v/v hexane/
THF) gave a brick red band. Solvent was removed by rotary evapora-
tion. The residue was extracted with a minimum of toluene (ca. 5 mL).
Hexane (30 mL) was added. The sample was kept at -90 °C for 24 h.
The supernatant was decanted (-80 °C), and the red-black microcrystals
were dried by oil pump vacuum to give ReC12SiMe3 (0.1220 g, 0.1468
mmol, 43%).75 Rf 64 ) 0.58. DSC (Ti/Te/Tp):28 90/106/140 °C. IR (cm-1,
THF): CtC 2136 w, 2074 w, 2016 vs, 1942 vs, NO 1660 s. UV-vis
(1.9 10-5 M):65 230 (48 000), 280 sh (52 000), 292 (58 000), 306
(59 000), 324 (52 000), 346 (43 000), 386 (53 000), 414 (70 000), 468
(13 000), 508 (14 000), 554 (11 000). MS:66c 831 (ReC12SiMe3+, 100%),
614 (Re+, 23%); no other peaks above 400 of >8%.
NMR:67 1H (CD2Cl2) 7.58-7.32 (m, 3C6H5), 1.74 (s, C5(CH3)5), 0.19

(s, SiMe3); 13C{1H} (CD2Cl2) 134.3 (d, JCP ) 11.3, o-Ph), 134.0 (i-
Ph),68 131.1 (s, p-Ph), 128.9 (d, JCP ) 10.5, m-Ph), 125.2 (d, JCP )
15.4, ReCC), 112.9 (s, ReCC), 102.4 (s, C5(CH3)5), 89.2, 88.2 (2 s,
CCSi), 66.0 (d, JCP ) 2.4, ReCCC), 66.2, 65.5, 64.7, 64.5, 64.2, 63.4,
63.0 (7 s, ReCCCCCCCCCC), 10.2 (s, C5(CH3)5), -0.4 (s, SiCH3);
31P{1H} (CD2Cl2/C6D6) 22.7/19.6 (s).
ReC20Re. Procedure A.39 A Schlenk flask was charged with

ReC10SiMe3 (0.085 g, 0.10 mmol), freshly ground K2CO3 (0.014 g,
0.10 mmol), and MeOH (10 mL). The mixture was stirred vigorously.
After 8 h, solvent was removed by oil pump vacuum. The residue was
extracted with toluene (2 5 mL). The extract was filtered through a
2-cm silica gel pad to give a brown solution of ReC10H.74 Pyridine (5
mL) and Cu(OAc)2 (0.018 g, 0.10 mmol) were added. The mixture
was stirred at 60 °C for 0.5 h. Solvent was removed by oil pump
vacuum. The residue was extracted with THF (2 5 mL). The extract
was filtered through a 2-cm silica gel pad and concentrated (ca. 2 mL).
Silica gel column chromatography (40 2 cm; 3:1 f 1:3 v/v hexane/
THF) gave a greenish brown band. Solvent was removed by oil pump
vacuum. The residue was dissolved in benzene (2 mL). A second
column (40 2 cm; 3:1 v/v benzene/hexane) gave a dark brown band.
Solvent was removed by oil pump vacuum. The residue was dissolved
in a minimum of CH2Cl2 (2 mL), and hexane (10 mL) was added. A
black powder was collected by filtration and dried by oil pump vacuum
to give ReC20Re (0.030 g, 0.020 mmol, 41%).62,63,75 Rf 64 ) 0.31. UV-
vis (3.7 10-6 M):65 228 (78 000), 384 sh (110 000), 430/432
(130 000), 466/466 (190 000), 508/510 (140 000), 582/586 (73 000),
602/610 (73 000). MS:66c 1469 (ReC20Re+, 100%); no other peaks
above 325 of >18%.

(69) Tsuda, T.; Hashimoto, T.; Saegusa, T. J. Am. Chem. Soc. 1972, 94,
658.

(70) This compound was added in an inert atmosphere glovebox.

(71) This synthesis is based upon methodology reported in the following
paper: Hofmeister, H.; Annen, K.; Laurent, H.; Wiechert, R. Angew. Chem.
1984, 96, 720; Angew. Chem., Int. Ed. Engl. 1984, 23, 727.

(72) Caution: It has been reported that 1-halobutadiynes can explode
upon heating (de Graaf, W.; Smits, A.; Boersma, J.; van Koten, G.; Hoekstra,
W. P. M. Tetrahedron 1988, 44, 6699.). However, we have yet to experience
any problems with BrCtCCtCSiR3 (R ) Me, Et).

(73) This synthesis is based upon methodology reported in the following
paper: Nishikawa, T.; Shibuya, S.; Hosokawa, S.; Isobe, M. Synlett 1994,
485.

(74) Data for ReC10H: IR (cm-1, MeOH/toluene) CtC 2162/2164 w,
2114/2116 w, 2058/2058 m/s, 2028/2031 s/vs, 1960/1962 s/vs, NO 1652/
1653 vs/s; MS66b 735 (ReC10H+, 100%), 614 (Re+, 25%), no other peaks
above 460 of >7%; 31P{1H} NMR (C6D6)67 20.3 (s).

(75) Repeated attempts to obtain correct microanalyses were unsuccessful.
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Procedure B. A Schlenk tube was charged with ReC10SiEt3 (0.0300
g, 0.0353 mmol) and toluene (20 mL). Then n-Bu4N+F- (1.0 M in
THF/5 wt % H2O; 0.01 mL, 0.01 mmol) was added dropwise with
stirring. After 0.5 h, the sample was cannulated into a 50 °C solution
of Cu(OAc)2 (0.0083 g, 0.046 mmol) in pyridine (20 mL). After 0.5 h,
solvent was removed by oil pump vacuum. The residue was extracted
with benzene (3 10 mL). The extract was filtered through a 3-cm
silica gel pad and concentrated by rotary evaporation (ca. 1 mL). Silica
gel column chromatography (25 2 cm; benzene) gave a brown-black
band. Solvent was removed by oil pump vacuum. The residue was
dissolved in a minimum of CH2Cl2 (ca. 1 mL), and hexane (5 mL)
was added. A black powder was collected by filtration and dried by
oil pump vacuum to give ReC20Re (0.0134 g, 0.00912 mmol, 52%).75
NMR:67 1H (THF-d8) 7.57-7.48 (m, 12H of 6C6H5), 7.47-7.40 (m,

18H of 6C6H5), 1.77 (s, 2C5(CH3)5); 13C{1H} (CD2Cl2) 134.3 (d, JCP
) 11.0, o-Ph), 131.1 (s, p-Ph), 129.0 (d, JCP ) 10.6, m-Ph),68 127.3 (d,
JCP ) 14.6, ReCC), 113.2 (s, ReCC), 102.5 (s, C5(CH3)5), 66.6
(ReCCC), 67.0, 66.5, 65.5, 65.4, 65.3, 64.9, 64.8 (7 s, ReC-
CCCCCCCCC), 10.2 (s, C5(CH3)5); 31P{1H} (C6D6/THF-d8) 20.2/21.7
(s).
HCtCCtCSiEt3.8 A Schlenk flask was charged with Et3SiCtCCt

CSiEt3 (8.475 g, 30.42 mmol)8 and ether (100 mL). Then MeLi LiBr
(1.0 M in ether; 36.5 mL, 36.5 mmol) was added with stirring. After
24 h, the dark green mixture was slowly poured into saturated aqueous
NH4Cl (200 mL, 0 °C). The aqueous layer was extracted with pentane
(3 50 mL). The combined organic layers were dried (Na2SO4).
Solvents were removed by rotary evaporation below room temperature
(ice water bath). The residue was vacuum transferred to give HCt
CCtCSiEt3 as a colorless liquid (2.615 g, 15.91 mmol, 52%) that was
stored in a freezer. IR (cm-1, ether): CtC 2187 vs, 2033 s.
NMR (CDCl3):67 1H 2.06 (s, HCt), 0.98 (t, JHH ) 7.8, CH3), 0.61

(q, JHH ) 7.8, CH2); 13C{1H} 88.6 (s, CCSi), 83.1 (s, CCSi), 68.7 (s,
HCC), 66.2 (s, HCC), 7.6 (s, CH3), 4.3 (s, CH2).
BrCtCCtCSiEt3.38,71,72 A round-bottom flask was charged with

HCtCCtCSiEt3 (2.03 g, 12.3 mmol), AgNO3 (0.629 g, 3.70 mmol),
and acetone (100 mL). The mixture was stirred. After 10 min, NBS
(2.42 g, 13.6 mmol) was added. After 8 h, pentane (100 mL) was added.
The mixture was filtered, and the flask was rinsed with pentane (2
10 mL). Ice water (40 mL) was poured onto the combined filtrates
with stirring. The aqueous layer was extracted with pentane (2 20

mL). The combined organic layers were dried (Na2SO4). Solvents were
removed by rotary evaporation (ice water bath). The residue was
distilled by oil pump vacuum (49 °C, 0.1 mmHg) to give BrCtCCt
CSiEt3 as a colorless liquid (1.63 g, 6.71 mmol, 54%) that was stored
in a freezer. IR (cm-1, film/ether/THF): CtC 2172/2175/2172 vs/s/s,
2091/2093/2091 m.
NMR (C6D6):67 1H 0.94 (t, JHH ) 7.82, 9H, CH3), 0.49 (q, JHH )

7.89, 6H, CH2); 13C{1H} 90.4 (s, CCSi), 82.2 (s, CCSi; m without 1H
decoupling), 67.1 (s, BrCC), 40.9 (s, BrCC), 7.88 (s, CH3; qt without
1H decoupling, 1JCH ) 126.4, 2JCH ) 4.9), 4.73 (s, CH2; tm without 1H
decoupling, 1JCH ) 119.9).
BrCtCCtCBr.36,73 A Schlenk flask was charged with Me3SiCt

CCtCSiMe3 (5.00 g, 25.7 mmol) and acetone (150 mL) and wrapped
with Al foil (light shield). Then AgNO3 (2.20 g, 13.0 mmol) and NBS
(18.5 g, 104 mmol) were added with stirring. After 15 h, saturated
aqueous NH4Cl (500 mL) was added. The water layer was extracted
with pentane (5 50 mL). The combined organic layers were dried
(Na2SO4). Solvent was removed by rotary evaporation (ice water bath)
to give a brown residue that was immediately extracted with pentane.
The extract was filtered through a 2-cm silica gel pad and kept at -90
°C for 15 h. Long white needles were isolated by pipeting (or decanting)
the supernate and a denser yellow liquid at the bottom the flask. These
were washed with cold pentane and dried by oil pump vacuum (<0
°C) to give BrCtCCtCBr (0.93 g, 4.5 mmol, 17%), mp 51.5-52.0
°C. The product rapidly decomposes at room temperature but can be
stored at -30 °C (stock solution or slowly discoloring needles). IR
(cm-1, THF): CtC 2121 vs. MS (EI, 70 eV): 208 (M+, 100%).
NMR (C6D6):67 13C{1H} 66.7 (s, CCBr), 39.0 (s, CCBr).
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