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Synthesis and Application of the Smallest Cyclic Alkynes
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Stable and isolable five-membered cyclic alkynes that contain a transition metal in the cyclic
structure, metallacyclopentyne compounds, were studied. It was found that
zirconacyclopentynes that have no substituents adjacent to the triple bond could be
synthesized. In addition to the previously reported zirconium complexes, titanium and
hafnium complexes have been prepared and structurally characterized. The
zirconacyclopentyne compound reacted with another zirconocene to form bimolecular
complexes, and their interconversion was examined. Zirconocene-ethylene and alkyne
complexes reacted with 1,2,3-butatriene to give seven-membered cyclic alkynes. In addition,
novel dimerization reactions of (Z)-1,4-bis(trimethylsilyl)butatriene was catalyzed by

palladium complexes were also achieved.
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Fig.1. Stability of Small Cyclic Alkynes
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Fig. 2. Molecular structure of 1-
zirconacyclopent-3-yne 7a.
Selected Bond Lengths (A) and
Angles (deg): C1-C2 1.415(7), C2-
C31.206(7), C3-C4 1.400(6); C1-
C2-C3 155.9(7), C2-C3-C4
156.2(6).

ARFETIIZOHFRLZ L BEREBEBRTINF AEYEEET I TFOEREES - K
I DWW TS LT,

2. WHoEREE S E 5
2-1. Bzl Ega€B 5 BERTIVFDERED FHEE

FIWCRLUEFITIE, ZERESICHEEBELZRELICRERBHREZET S, —KRIC
IR IIVFVEIL. ZEESLBICEREND 5 ENKBEED-DICRELLINS,
A S OaRIFUVEHIZBWTH DX D REMEDNRIND % D H FLIRNFE 7~
N5, T TRPTEEHL T NI o2FASE, KEFEODII/ 22D
RinZzRAIEET A, BREDODBRWI)NOAF 7 ORIF UEEDOERNTED 5N
= (K2) INEDEEDELDTHEEEZRET S IR LT,

573 Cl 7/R
N
_cl - 2MgCl, \
_.M\ + | | + 2Mg = .M ' | (2
g o in THF &

50°C, 1h
R Cl ultrasonic

8a:M=7r,R=H
8b: M=7r,R=tBu
9M=Ti,R=H

F/m, PINAZTAERBEIEETHEFIZTL, NTZTLAZDNVWTHRBEDK
INERERETE S, FAFTI2UOXRIF L 9 ENTF22ORIFUIZDODNTHE
KLU, TOEEZREL,



Selected bond lengths (A)
and angles (deg)

Cl-C2 1.393(3)
C2-C2% 1.248(4)
Ti-C1 2.353(2)
Ti-C2 2.202(2)

Ti-C1-C2  66.4(1)
C1-Ti-C1* 103.8(1)
C1-C2-C2%* 151.7(1)

Fig. 3. Molecular structure of 9. Drawn with 50% probability.
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Scheme 1. Formation of bimetallic complex 11.
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4 Zr-C1 2.415(3) C1-C2 1.406(4) Cl-CZ-C3 151.5(3)
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8 1 Zr-C32.320(3) -Zr-C4  99.9(1)

10: Selected bond lengths (A)
and angles (deg)

Zr1-C1 2.279(4)
Zr1-C2 2.495(3)
Zr1-C3 2.461(3)
Zr1-C4 2.270(3)
Zr2-C2 2.292(3)
Zr2-C3 2.221(3)
C1-C2 1.490(4)
C2-C31.336(4)
C3-C41.480(4)

C1-Zr1-C4 103.3(1)

C1-C2-C3 136.7(3)
C2-C3-C4 140.6(3)

11: Selected bond lengths (A)
and angles (deg)

Zr-C1 2.230(7)
Zr-C2 2.399(6)
Zr-C2x  2.196(6)
C1-C2  1.504(8)
C2-C2% 1.38(1)

Zr-C1-C2  77.3(3)
C1-Zr-C2*  72.3(2)
C1-C2-C2%* 129.6(7)

Fig. 4. Molecular Structure of 8, 10 and 11.
Drawn with 50% probability.
Hydrogen atoms are partly omitted for clarity.
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Scheme 2. Interconversion of 10 and 11
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Scheme 3. Preparation of the Seven-Membered Metallacyclic Alkynes
TRERIA D 13I3T0OBEEHSNCTT B LMK (Fig. 5).

7Zr-C1  2.580(2)
7Zr-C2  2.417(2)
Zr-C3  2.425(2)
Zr-C6  2.424(2)
C1-C2 1.383(3)
C2-C3 1.239(3)
C3-C4 1.465(3)
C4-C5 1.512(3)
C5-C6 1.358(3)

Zr-C1-C2  67.5(1)
Zr-C3-C4 125.1(1)
C3-Zr-C6  65.8(1)
C1-C2-C3 156.1(2)
C2-C3-C4 159.3(2)
C3-C4-C5 106.6(2)
C4-C5-C6 120.2(2)
C6-C5-C7 127.7(2)

Fig. 5. The molecular structure of 13. Drawn with 50% probability.
Hydrogen atoms are partly omitted for clarity.
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Scheme 4. Dimerization of Butatriene Catalyzed by Pd

NS 2t DOEBIZ LSS 2 TIidA s, WINSNTTY A1 7 IV EBRK
U, BIRRZRETI4Z5EZ 2D, MAOICK D AHF A ENERLIBA - B AR

LISZERTAHDEEZ NS,

3. IFERE

CBEFEFHE

L WAREZ - EBEE - AEBR - EHFEE - TEER (44€B/NEBETILF

EEVDOERE RG] % 50 RS BILENHES (KK, 2003)

- SAHZ - BBERE - AEBR - ESFIEE - TERER (P ariraRyF

CEADOERR, HEEERISE | % 83 M HALEAERTES (FE. 2004)

WARBZ - FRER TO)VaF 2 70X FUBKEEREFHIIL I )2 OR
JiR] 5 83 BIH RMLRAFEFES (FHE. 2004)

Noriyuki Suzuki, Takaaki Watanabe, Masahiko Saburi, Masakazu Iwasaki, Daisuke
Hashizume, Teiji Chihara “Synthesis and reactivity of 1-zirconacyclopent-3-ynes” XXIst
International Conference on Organometalic Chemistry (Vancouver, 2004)

WAREZ - THEAR (20372 70X 0F UEEKEBEEFHES IO )2 DOK
JRMEL 5 51 BIEHS B ime ER. 2004)

EESEY - BlEET - TH— - F5F B - BAZZ - TEAR (FY2BIUN
TZULDAG S0 RF USMRDOE R L) 6 84 B AA(LEaBERE
2 (H#&k. 2005)

WAL - FBINKE - TIREX D) aF 27 OR>F UMAD RN ETFEE
FENT) 25 84 [B] H AL P BEZTES (BEIE. 2005)

-7



Fh LR

1.

Noriyuki Suzuki, Naoto Aihara, Hidemichi Takahara, Takaaki Watanabe, Masakazu
Iwasaki, Masahiko Saburi, Daisuke Hashizume, Teiji Chihara; “Synthesis and structure of

1-zirconacyclopent-3-yne complexes without substituents adjacent to the triple bond” J.
Am. Chem. Soc., 2004, 126, 60-61.

Hiroshige Ishino, Shin Takemoto, Kenji Hirata, Yuka Kanaizuka, Masanobu Hidai,
Masaaki Nabika, Yoshinori Seki, Tatsuya Miyatake, and Noriyuki Suzuki; “Olefin
Polymerization Catalyzed by Titanium-Tungsten Heterobimetallic Dinitrogen Complexes”
Organometallics 2004, 23, 4544-4546.

Noriyuki Suzuki, Hidekazu Tezuka, Yoshiyuki Fukuda, Hajime Yoshida, Masakazu
Iwasaki, Masahiko Saburi, Meguru Tezuka, Teiji Chihara and Yasuo Wakatsuki, “An
unprecedented dimerization of 1,2,3-butatriene catalysed by palladium complexes” Chem.
Lett., 2004, 33, 1466-1467.

Noriyuki Suzuki, Takaaki Watanabe, Takuji Hirose, and Teiji Chihara, “Synthesis and
Structure of 1-Titana- and 1-Hafnacyclopent-3-yne Complexes” Chem. Lett., 2004, 33,
1488-1489.

Noriyuki Suzuki, Naoto Aihara, Masakazu Iwasaki, Masahiko Saburi, Teiji Chihara;
“Synthesis and structure of seven-membered metallacyclic alkynes” Organometallics,
2005, 24, 791-793.

Noriyuki Suzuki, Takaaki Watanabe, Masakazu Iwasaki, Teiji Chihara; “Reaction of 1-
zirconacyclopent-3-yne with ‘zirconocene’; synthesis and structure of bimetallic 1,2,3-
butatriene complexes” Organometallics, in press.



