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Small cyclic alkynes are usually unstable because of ring strain, is close to that 08.13 Elemental analysis also satisfied the structure
and much effort has been devoted to their preparation and isolation. 5a.
Generally, substituents adjacent to a triple bond decrease the

reactivity of cycloalkynes and make them more stable. For example, ﬁ/ cl ﬁ/ R
3,3,7,7-tetramethylcycloheptyng Figure 1) was isolatetivhereas \ e - 2MgCly \
the nonsubstituted cycloheptyne/(Go) has not been obtained in :'Zr\CI Ol Mg — ‘__Zr<j| (1)
a pure form? 1,2,3,4-Tetrasilacyclohex-5-yne®)( which are %\ 5'810'-"% %\
isolable six-membered cycloalkynes, also have alkyl groups on all R (o] ultrasonic R
silicon atoms Cyclooctyne is the smallest nonsubstituted cyclo- 5a: R=H
alkyne that has been isolated. Sb: R = £Bu
R A zirconocene bearingert-butyl groups on Cp rings also gave
R\ /R R 1-zirconacyclopent-3-yngb in a similar manner. The molecular
R, _si structure of5b is shown in Figure 24 The structure of the
E || R'S|i ]‘ CpoZr. ‘ | Cp2M j metallacyclopentyne moiety was fundamentally the same as that
R—/Si\Si observed in the moiety bearing trimethylsilyl group8an It should
R N\ R R be noted, however, that there are a few slight differences. The bond
E=CH,, S, RR R = SiMes, By, length C2-C3 (1.237(3) A) is slightly longer than the corresponding
80, SiMe; R = Me, Pr 50 R = SiMle ,\Pnh':'\gf ste bond of3a (1.206(7) A), while C+C2 and C3-C4 are in the same
1 2 3b: R = £BU 3 '4 range (1.415(7) and 1.400(6) A ®8). The angles C+C2—C3

and C2-C3—C4 are smaller than those 8a (156 and 159). The
slightly longer triple bond is consistent with more strained &=

We recently reported preparation and structural characterization C angles. These structural data are in good correspondence with
of organozirconium complexe8)(by the reaction of CgZr(n-Bu), the calculated resulfs.
(Negishi reagent, Cp= 7°-CsHs) and 1,4-disubstituted-1,2,3-
butatriene$. These compounds could be considered a 1-zircona-
cyclopent-3-yne, that is, the smallest ever isolated cyclic alkyne.
They have bulky substituents (R MesSi, t-Bu) at the carbons
adjacent to the triple bond. The suggestion was made that these
may contribute to the stability d3.68 Five-membered metallacy-
clocumulene complexegt( were reported by Rosenthal and co-
workers? The molecular structure & was found to be similar to
those of4. They synthesized a variety of related compounds and
extensively studied their reactivity.However, a five-membered
metallacyclocumulene without substituents$RH in 4) has not
been prepared so far, although it was studied theoretitaliwus
it is challenging and intriguing to pursue the possibility of
“nonsubstituted” metallacyclopentynes. We herein report the syn-

thesis and characterization of 1-zirconacyclopent-3-yne compoundsFigure 2 Molecurltellr stucture °f5|b-_tDr%WI” ‘;Vit(? bSOZ)Ipro?habi("}?)/' §
. . : ydrogens are partly omitted for clarity. Selected bond lengths an

(5) that have no sub§tltuents adjgcent Fo the triple bpnd. angles (deg): ZrCl 2.414(2), ZF-C2 2.311(2), Zr C3 2.305(2), Zr C4

The reduction of zirconocene dichloride and 1,4-d|chlorobut-2- 2.433(2), C+C2 1.418(3), C2C3 1.237(3), C3-C4 1.417(3); C+Zr—

yne using magnesium in tetrahydrofuran (THF) g&aein good C4 100.6(1), ZrC1-C2 68.6(1), C+C2—-C3 150.8(2), C2C3—-C4
yield (eq 1)12 TheH NMR spectrum showed two singlets at 4.99 152.3(2), Zr-C4—-C3 67.7(1).
and 2.73 ppm assignable to the cyclopentadieny! rings and-r-C These results showed that metallacyclopentynes are stable enough

respectively. In the*C NMR spectrum, a signal for quaternary to be isolated in a pure form, even though they have no substituents
carbons appeared at 102.45 ppm. The alkynyl carbon observed, s ent to the triple bond. Complex&ab can be stored at room

downfield sa CharaCte”St"_: of zirconacyclopentyne comppﬁnds. temperature under an inert atmosphere for at least a month as well
IR absorption of &C stretching was observed at 2018 dnwhich

Figure 1. Isolable small cycloalkynes and related compounds.

as3.
T RIKEN. When 5a was treated with an equimolar amount of .Zp
* Saitama Institute of Technology. (but-1-ene)(PMg,*® a ligand exchange between but-1-ene &ad
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Figure 3. Molecular structure 06. Drawn with 50% probability. Hydrogen
atoms are partly omitted for clarity. Selected bond lengths (A) and angles
(deg): Zri-C1 2.279(4), Zr+C2 2.495(3), Zr+C3 2.461(3), Zr+-C4
2.270(3), Zr2-C2 2.292(3), Zr2-C3 2.221(3), C+C2 1.490(4), C2C3
1.336(4), C3-C4 1.480(4); C+Zr1—C4 103.3(1), C+C2—-C3 136.7(3),
C2—C3-C4 140.6(3).

took place to give a bimetallic complekin excellent yield (eq
2).18 Figure 3 shows the molecular structure6of

- butene Co.Z ‘ } 71G @
r ---Zr!
Cp2Zr, ] | + Cp22¥ | T P2 P2
°C, 1h
5a PMey so0*C, PMeg
R R
Cp2M ) ---MCp2 Cp',M j ---M'L,
R
7-M=Ti, Zr 8: M =Ti, Zr; M'Ly = Ni(PPh3)2

9: M =Ti, Zr, M'L,, = VCp,

The zirconacyclopentyne coordinates to the other metal with its
alkyne moiety. The two metals and EC2—C3—C4 are almost
coplanar, and the plane is nearly perpendicular)& the (Cp
centroidy-Zr2—(Cp centroid) plane. The C2C3 bond length
(1.336(4) A) is significantly longer than the triple bonds in known
Zr—cyclopentyne (1.296 Aj and Zr-cyclohexyne complexes
(1.30, 1.32 A)8 The 13C NMR chemical shifts of C2 and C3
(133.06, 154.64 ppm) are observed upfield compared with fiem.
Although the reason for these findings on the C2/C3 is still vague,
it might be because Zrl also interact with them. The bonds C1
C2 and C3-C4 can be regarded as single bonds, showing that the
metallacycle moiety is a “flat” 1-zirconacyclopent-3-éAé. should
be emphasized th&tbehaved as an alkyne to form a metayclo-
alkyne complex! supporting its cycloalkyne character. In metalla-
cyclocumulened, similar complexed were proposed as interme-
diates in further transformatidf:22However, homobimetalli@ has
not been isolated to date, although heterobimetallic analogiies
and 924 have been reported. The similarity betwegand9 is of

interest in understanding the reactivity of these compounds. Further an

study on the related compounds is now in progress.
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