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Abstract: Zirconacyclopentadienes, prepared from two alkynes or a diyne, reacted with the alkyl-, trimethylsilyl-,
or alkoxy-substituted third alkyne as well as an alkyne with an electron-withdrawing group in the presence of
a stoichiometric amount of NiBfPPh), to give benzene derivatives in good yields. Heteroatom-containing
diynes such as dipropargylbenzylamine and propargyl-homopropargylbenzylamine gave isoindoline and
tetrahydroisoquinoline derivatives in good to high yields. This procedure was also used for the selective
preparation of benzene derivatives from three different alkynes. The use of trimethylsilyl-substituted alkyne
as the first, second or third alkyne afforded desilylated benzene derivatives. The reaction of zirconacyclopen-
tadienes with allenes gave benzene derivatives as a mixture of two isomers.

Introduction Ry R
Ro o Rs—=——EWG Ry EWG 0
s . . rCp: I ——
Transition-metal-catalyzed or -mediated coupling of three et 2cuc Ry Rs
alkynes to give benzene derivatives has been well established R Rs

in organic synthesis? Despite intense research in this area, the group is required for the third alkyne, since the major reaction
problem of the selective intermolecular coupling of three alkynes stepy of this method is Michael addition of the dienylcopper
has remained virtually unsolved. Recently, we have reported gpecies to the third alkyne. Therefore, consequently, an alkyne
that this problem can be overcome by the reaction of zircona- it electron-donating groups such as alkyl, trimethylsilyl, and
cyclopentadienes, which can be selectively prepared from two alkoxy groups cannot be used for this reaction.

differen.t alkynes, with alkynes pea}ring ellectron-withdrawing One reasonable approach to overcome this difficulty is
groups in the presence of a stoichiometric amount of CuCl (eq gevelopment of an insertion reaction of the third alkyne into a
1)# This method was the first example of the one-pot formation gienyimetal and such insertion reaction can be expected for the
of benzene derivatives from three different alkynes in high yields |5te transition-metal compounds such as nickel. Therefore, we

(83—95%) with excellent selectivitie. However, the critical have investigated a novel and general reaction system using
limitation of this method is that at least one electron-withdrawing zirconacyclopentadienes and the late transition-metal com-

- — - i pounds. In this paper we would like to report a novel reaction
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Transmetalation of zirconacycles to other organometallic
compounds has been used for further@ bond formations.
In particular, transmetalation from zirconacycles to copper or
lithium has been intensively investigated by our group and
others*6 The transmetalation reaction of zirconacycles to nickel
compounds has not been reported yet, although the coupling
reaction of alkenylzirconocene with organic halides or Michael
addition toa,3-enones in the presence of nickel compounds is
known?

Results and Discussion

Reaction of Zirconacyclopentadienes with Alkyl-, Aryl-,
Trimethylsilyl-, or Alkoxy-Substituted Alkynes. Addition of
1 equiv of NiBr(PPh), to a mixture of tetraethylzirconacy-
clopentadiend.a and 3-hexyne in THF at 28C resulted in the
formation of hexaethylbenzer8ain 1 h in 73%yield (eq 3)

Et

X

Et
3a: 73% yield

Et

=
- ZrCp,

Et
1a

Et Et Et

Et Et
NiBry(PPhj),

3

Et Et Et

along with the precipitation of metallic nickel. It is in sharp
contrast to the reaction dfa in the presence of CuCl where
3-hexyne does not react witte.

This result encouraged us to investigate the reactions of both
mono- and bicyclic zirconacyclopentadienes with alkyl-, aryl-,
trimethylsilyl-, or alkoxy-substituted alkynes. The results are
summarized in Table 1. The reaction of tetraethylzirconacyclo-
pentadiene with 4-octyne (entry 1) ga®ke as a single product.
The reaction of bicyclic zirconacyclopentadienes gave the
corresponding indan (entries-2) and tetrahydronaphthalene
derivatives (entry 5). It is interesting to note that terminal alkynes
could be used as well (entries 6 and 7). In the case of CuCl-
mediated coupling reaction, the use of terminal alkynes did not
give a satisfactory result even with an electron-withdrawing

(5) (a) Lipshutz, B. H.; Segi, MTetrahedronl995 51, 4407-4420. (b)
Honda, T.; Mori, M.Organometallics1996 15, 5464-5466. (c) Dekura,

F.; Honda, T.; Mori, M.Chem. Lett1997 825-826.

(6) For the reaction of zirconacyclopentadienes with organolithium,
see: (a) Takahashi, T.; Huo, S.; Hara, R.; Noguchi, Y.; Nakajima, K.; Sun,
W.-H. J. Am. Chem. Socl999 121, 1094-1095. For the reaction of
zirconacyclopentanes with organolithium compounds, see: (b) Luker, T.;
Whitby, R. J.Tetrahedron Lett1994 35, 785-788. (c) Luker, T.; Whitby,

R. J.Tetrahedron Lett1994 35, 9465-9469. (d) Luker, T.; Whitby, R. J
Tetrahedron Lett1995 36, 4109-4112. (e) Gordon, G. J.; Whitby, R. J.
Synlett1995 77. (f) Fillery, S.; Gordon, G. J.; Luker, T.; Whitby, R. J.
Pure Appl. Cheml1997, 69, 639-644. (g) Kondakov, D. Y.; Negishi, B
Chem. Soc., Chem. Commui296 963.

(7) For transmetalations of organozirconium compounds to organonickel
compounds, see: (a) Loots, M. J.; Schwartd. Am. Chem. Sod.977,
99, 8045-8046. (b) Negishi, E.; Van Horn, D. B. Am. Chem. S0d.977,
99, 3168-3170. (c) Negishi, E.; Okukado, N.; King, A. O.; Van Horn, D.
E.; Speigel, B. 1J. Am. Chem. S0d.978 100, 2254-2256. (d) Schwartz,
J.; Loots, M. J.; Kosugi, HJ. Am. Chem. S0d.98Q 102 1333-1340. (e)
Dayrit, F. M.; Gladkowski, D. E.; Schwartz, J. Am. Chem. Sod.98Q
102, 3976-3978. (f) Dayrit, F. M.; Schwartz, J. Am. Chem. S0d.981,
103 4466-4473. (g) Coffen, D. L.; Manchand, P. S.; Truesdale, L. K.
Eur. Patent Appl. Ep 153689, 1985hem. Abstr1986 104, 186231v. (h)
Negishi, E.; Takahashi, T.; Baba, S.; Van Horn, D. E.; Okukaddl. Mm.
Chem. Soc1987 109, 2393-2401. (i) Hauske, J. R.; Dorff, P.; Julin, S;
Martinelli, G.; Bussolari, JTetrahedron Lett1992 33, 3715-3716. (j)
Hauske, J. R.; Dorff, P.; Julin, S.; DiBrino, J.; Spencer, R.; Williams]).R.
Med. Chem1992 35, 4284-4296. (k) Sun, R. C.; Okabe, M.; Coffen, D.
L.; Schwartz, JOrg. Synth.1993 71, 83—88.
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Table 1. Ni-Complex-Mediated Reaction of
Zirconacyclopentadienes with Alkyl-, Aryl-, or
Trimethylsilyl-Substituted Alkynes

Zirconacyclo-

Entry pentadiene Alkyne Product Yields (%)?
Et Et
Et Pr
1 ZrCp, Pr——=—Pr (3b) 70 (49)
Et Et Pr
Et Et
Et Et
Et
2 ZrCp, Et——Ft (3¢c) 76 (63)
Et
Et Et
Et Et
Pr
3 ZGC2 Pr————->"r (3d) 81 (67)
Pr
Et Et
Ph Ph
Et
4 ZGC2 Et—=——Et (3e) 90 (76)
Et
Bu Bu
Et Et
Pr
5 ZGCg Pr—=—pPr (3n 66 (46)
Pr
Et Et
Et Et
Et Et Pr
6 ZGC2 Pr—=——H 39) 70 (60)
Et Et H
Et Et
Et Et
Ph
Zr(:p2 Ph—=—H (3h) 78 (84)
H
Et Et
Et Et
H
8 ZGC2 Me—==—SiMe, @i) - (53)
Me

Et

m
-~

a GC yields. Isolated yields are given in parentheses.

group. The reaction with trimethylsilylpropyne (entry 8) afforded
the desired product; however, it was rather unstable and
underwent desilylation during the isolation by column chroma-
tography. Desilylated compoungi was obtained as a pure
product in 53% yield. It is noteworthy that in all cases the
formation of homotrimerization products of the third alkynes
was not observed.

As far as nickel complexes were concerned, N{BPh)
gave the best result. The use of other nickel complexes such as
NiCly(dppe), NiBp(dppb), and NiBs did not give benzene
derivatives due to the poor solubility of the Ni complexes. MCI
(dppe), NiBp(dppb), and NiBs were not soluble in THF at room
temperature. In a mixture of THF and @El,, use of NiBg-
(dppb) gave3ain 39% yield. NiCh(dppe) afforded precipitated
solid at reflux in THF (vide infra).

To know the generality of this reaction, we investigated the
reactions ofLawith alkynes with an electron-withdrawing group
such as COOEt and COMe groups and with an electron-donating
group such as EtO and BuO groups. The results are shown in
Table 2. In all cases the yields were comparable. The reaction
of 1awith both ethoxycarbonyl- and methylcarbonyl-substituted
alkynes (entries 3 and 4) completed in much shorter reaction
time when compared with the procedure using C#@onju-
gated alkyne such as 3,5-octadiyne also gave the desired product,
1-pentaethylphenyl-1-butyrn in 69% yield. Further reaction
of 3n with 1a was not observed. The formation of arenes was
also possible by the reaction with conjugated diynes (entry 5).
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Table 2. Ni-complex-Mediated Reaction of
Zirconacyclopentadienes with Functionalized Alkynes

Zi lo- )
Entry plerﬁ;);;g]:o Alkyne Product Yields (%)*
Et Et
Et Et OFEt
1 . ZCp; EtO—==H (6)  64(32)
Et Et H
Et Et
Et Et
Et > Et OBu
2 - ZrCp2 BuO—==Hex (3k) 66 (50)
Et Et Hex
Et Et
Et Et
Et._ Et Ph
3 _ ZiCp,  Ph—==—COOEt @n  78(54)
Et Et COOEt
Et Et
Et Et
Et Et Et .
4 _ zcp,  Et—=—COMe (3m) 68 (55) Figure 1.
Et Et COMe . . . L
Et Et of two regioisomersgdh and 4i in a 1:1 ratio (eq 6). This is
Et Et
Et Et Et Ph Ph Ph
—
5 Z1Cpy Et—————Ft (3n) 69 (63) NG Re=— 4 Ph R Ph
= 2Cp, + ®
Et Et x =~ NiBr(PPhg)2
Et Et Et Pr Pr Pr R
Pr Pr Pr
4h (R=tBu) 4

a GC yields. Isolated yields are given in parentheses. GG yield 92% (1:1 ratio)

I_:orm_ation .Of Isoindolin_es and Tetrahydroisoquinoline. because the terminal alkyne could not recognize the difference
This Nleed|a_1ted forma_tlon of arenes was applied to _the between the phenyl group and the propyl group of the
synthesis of highly substltutgd benzo-type heterocycles Wlth azirconacyclopentadienes by this system. Compodndvas
5-, 6-, and 7-membered ring (eq #)Some representative iyjated as crystals, and its single-crystal X-ray analysis was

R, performed to confirm the structure (Figure 1). The problem of

Ry . .. . . .
R
~="1 cpzmu, @f\( Ry—=—R, BnNg/@[ * w the regioselectivity of the reaction with a terminal alkyne can

BN L BN 1 #P2 NiBra(PPhy); R be circumvented by the preparation of unsymmetrical trimeth-
n(\a/\ﬂz n 4 . . n . .
f1a R R, ylsilyl-substituted zirconacyclopentadienes followed by desilyla-
' tion. It is well-known that trimethylsilylacetylene affords unsym-
examples are given in Table 3. IsoindolBe-3r (entries 1-4), metrical zirconacyclopentadienes by the reaction with other

tetrahydroisoquinolin@sand3t (entries 5 and 6), and benzop- ~ @lkynes such as 3-hexyne and 4-octyne with an excellent regio-
erhydroazepin@u (entry 7) derivatives were prepared. selectivity. These zirconacyclopentadienes were converted into
Preparation of Benzenes from Three Different Alkynes. benzene derivatives with the third alkynes in the presence of a

One attractive target of intermolecular coupling of three alkynes Nickel compound. These products upon isolation underwent
is the preparation of benzene derivatives from three different facile desilylation to give the corresponding pentasubstituted

alkynes. We have already reported the zirconacyclopentadienesPenzenegf and4g (eq 7) as single products.
CuCl system as mentioned above. However, the system with

. X SiMe, H
nickel compounds reported here is more general and useful for Me pr—— p; Me Pr ,
the preparation of benzene derivatives from three different S Z1OP2 Nigry(PPho); & pr @
alkynes (eq 5). This reaction can be done in one-pot. Et Et
single product
Ph Ph 4g: 50% isolated yield
_ Ph — Ph
CpyziEt, =P \@ZGC Me—="Me ~ “ziCp, . . . . .
: Me” Reaction with Allenes. The nickel-mediated reaction pro-
Ph Me ®) ceeds also with allenes; however, in this case a mixture of
pr—=—>p_ " Fr compounds5 and 6 was obtained as shown (eq 8). The
NiBry(PPhg), Me Pr
Me N Ry Rs Ry Ry
R R
4a: 80% yield 2 i 21Cps 4»&.: 2 3 +R2 Rs ©
Ry NiXzLo Ry Me Rj
Results are summarized in Table 4. For example, the Pe R Ry
preparation of benzene having methyl, ethyl, and propyl groups R'-R2-R?-R4-Et, RS-Ph: 65% yield; 5a : 6a = 2.5:1
4c (entry 3) was achieved in good yield (63%) in a simple R'=RA=Et, R®R*=-(CHy)s-, R®=Pent: 76% yield; 5b : 6b =1:1

reaction sequence. On the other hand, the reaction of unsym- ) ) ]

acetylene such asrt-butylacetylene resulted in the formation ©f the allene moiety, and the formation 6farises from the
attack to the terminal double bond of the allene moiety.

~ (8) Transition-metal-mediated formation.of benzo-type nitrogen-contain- Reaction Mechanism.Monitoring the reaction b)}'H NMR
ing heterocycles from diynes, for Rh, see: (a) Muller Synthesisl974 . L . . .
761. For Ni, see: (b) Chiusoli, G. P. Pallini, L.; Terenghi, ansition did not show any significant intermediate except the formation

Met. Chem1983 8, 189. For Co, see: (c) ref 2d. of zirconocene dibromide. However, the following two reaction
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Table 3. Ni-complex-Mediated Formation of Benzoheterocycles from Zirconacyclopentadienes

Takahashi et al.

Zi lo- )
Entry pgﬁg};g‘;o Alkyne Product Yields (%)*
Et Et
Et
1 BN ZGC2 Et—=—Ft BnN (30) 88 (70)
Et
Et Et
Et Et
Et
2 BuN ZGC2 Et—=—Et BuN @p) 92 (68)
Et
Et Et
£t Et
Ph
3 BuN ZGC2 Ph—=——COOEt BuN (3q) 90 (66)
COOEt
Et Et
Et Et
Ph
4 BuN Zrc;p2 Ph—=—Ph BuN @ 78 (60)
Ph
Et Et
Me Me
Et
5 ol ~ zCp, Et—=—Ft Bl (3s) 78 (65)
Et
Et Et
Me Me
COOMe
6 __7ZiCp;  MeOOC—=—COOMe (3) 64 (55)
BuN BuN COOMe
Et Et
Et Et
Et
7 BuN ZGC2 Et Et BuN (3u) 66 (58)
Et

Et

aNMR vyields. Isolated yields are given in parentheses.

Table 4. Formation of Arenes from Three Alkynes

Scheme 1
R R R
R zixcp, R——R R ‘ T “ZiXCp,
NiXoLa RN NIXL R NiXLp
R path A R R R
R 7 8
=
ZrX,
L?Zr(:pz CPz 1253
R
R path B R

1 N R
CpoZrXs _NiL
R
R

10

NiL, R
N|L2 —
R

3or4

mechanisms, path A and path B, are plausible (Scheme 1). In
path A, one of the ZC bonds transmetalates to give a
bimetallic intermediat& in which one alkyne inserts into the
C—Ni bond giving a bimetallic triene intermedia8e Intramo-
lecular transmetalation of the second-& bond affords the
nickelacycloheptatrien@ and zirconocene dibromide. Reductive
coupling of 9 gives the benzene derivatives. In path B, both
Zr—C bonds transmetalate simultaneously to give nickelacy-
clopentadiend 0 and zirconocene dibromide. The insertion of
an alkyne into one of the €Ni bonds affords the nickelacy-
cloheptatrien®. Then compoun® undergoes reductive elimi-
nation to give benzene derivativ@s 4 and a N?-complex that
decomposes to metallic nickel and free ligands.

When tetraphenylzirconacyclopentadidiewas treated with
NiCly(dppe) at reflux in THF for 24 h, brick-red solitDb was
precipitated along with the formation of ¢4rCl, in 94% NMR

yield as shown in Scheme 2.

IR spectrum of the red solid

showed the characteristic resonance at 1585'anhich was
consistent with that observed for tetraphenylnickelacyclopen-
tadienelOb which has been prepared by the reaction of MCI

Entry Alkynes Product Yields (%)®
Ph
Ph Pr
1 Ph—=—Ph Me—=—Me Pr—=—Fr (4a) 80 (62)
Me’ Pr
Me
Ph
Ph Et
2 pp—=—Ph Pr—==Pr Et—z==—Et @b} 74(60)
Pr Et
Pr
Pr
Pr- Et
3 P—=—Pr Me—=—Me Et—=—Et (dc)  63(s5)
Me Et
Me
Ph
Ph Et
4 Ph—=—Ph Me—=—Me Et—=—Ft (ad) 78 (58)
Me Et
Me
Bu
Bu Et
5 Bu—=—Bu Me—=-Me Et—=——FEt (4e) 65 (44)
Me’ Et
Me
H
Me. Et
8 MeSi—==Me Pr——=—Pr Et—=—FEt (af) - (43)
Pr Et
Pr
H
Me Pr
7 MeSi—=-Me Et—=—Ft pr—=—pr (4g) -~ (50
Et Pr
Et
SiMeg SiMe
Me. Me Me. COOE!
8 Me,Si—=Me Et Et Me COOEt * 50 (43)
Et COOEt  Et Me
Et @) 11 Et (aK)
SiMeg SiMes
Me. Ph Me. COOEt
® MeSi—==—Me pr—==—pr Ph—==—COOEt + 45 (40)

Pr

COOEt Pr

Pr @y 11

Ph

Pr (4m)

a GC yields. Isolated yields are given in parentheses.
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Scheme 2
Ph

(dppe)Ni);[

Ph

10b: red solid
isolated yield 78%

Pr
Ph Ph ASCOOH \

Ph

Ph

~
CpoZr _

Ph

Ph Ph

NiCly(dppe)

- +
THF, reflux, 24h

CpoZrCl,

Ph Ph

1b NMR yield 94%

Pr

Pr. Ph

Ph Ph isolated yield
54%
quantitative Pr Ph °

Ph

(dppe) with 1,4-dilithio-1,2,3,4-tetraphenyl-1,3-butadiéieeat-
ment of the red solid 0b with acetic acid gave 1,2,3,4-tetra-

J. Am. Chem. Soc., Vol. 121, No. 48, 18097

(t, J= 7.5 Hz, 6H), 2.6-2.1 (m, 2H), 2.61 (qJ = 7.5 Hz, 4H), 2.66
(9,3 = 7.5 Hz, 4H), 2.89 (tJ = 7.5 Hz, 4H);'3*C NMR (CDCk, Mes-
Si) 0 14.67 (2C), 16.17 (2C), 21.78 (2C), 23.58 (2C), 24.41, 31.73
(2C), 135.68 (2C), 137.79 (2C), 140.41 (2C); HRMS calcd foiHzs
230.2033; found 230.2037.

4,7-Diethyl-5,6-dipropylindan (3d): Colorless oil. GC yield: 81%.
Isolated yield: 67%'H NMR (CDCl;, MesSi) 6 1.26 (t,J = 7.3 Hz,
6H), 1.34 (tJ = 7.5 Hz, 6H), 1.7+1.74 (m, 4H), 2.26-2.27 (m, 2H),
2.74-2.78 (m, 4H), 2.79 (qJ = 7.5 Hz, 4H), 3.08 (tJ = 7.4 Hz,
4H); 13C NMR (CDCk, MesSi) 6 14.65 (2C), 15.04 (2C), 23.71 (2C),
24.40, 25.31 (2C), 31.62 (2C), 31.74 (2C), 135.73 (2C), 136.67 (2C),
140.30 (2C); HRMS calcd for fgHzo 258.2346; found 258.2340.

4-Butyl-5,6-diethyl-7-phenylindan (3e): Pale yellow oil. GC
yield: 90%. Isolated yield: 76%4H NMR (CDCl;, MesSi) 6 0.94 (t,
J=7.5Hz, 3H), 0.99 (tJ = 7.5 Hz, 3H), 1.21 (tJ = 7.5 Hz, 3H),
1.47-1.56 (m, 4H), 1.89-1.96 (m, 2H), 2.452.53 (m, 4H), 2.6+
2.65 (m, 2H), 2.71 (q) = 7.5 Hz, 2H), 2.92 (tJ = 7.5 Hz, 2H),

phenyl-1,3-butadiene quantitatively and the reaction with 4- 7.19-7.22 (m, 2H), 7.257.29 (m, 1H), 7.33-7.37 (m, 2H);**C NMR
octyne afforded the corresponding 1,2-dipropyl-3,4,5,6-tetraphe- (CDCL, Me;Si) 6 13.97, 15.97, 16.18, 21.91, 22.89, 23.52, 24.51, 30.59,

nylbenzene in 54% isolated yield as expected.

32.08, 32.78, 32.98, 126.24, 127.94 (2C), 129.28 (2C), 136.15, 136.56,

This result clearly suggests that zirconacyclopentadienes37-72, 138.05, 140.13, 140.51, 141.85; HRMS calcd fesHé

reacted with nickel complexes to form nickelacyclopentadienes

and CpZrX; and strongly supports the path B in Scheme 1.
However, the existence of the path A cannot be ruled out.

Experimental Section

General Information. All reactions involving air- or moisture-

306.2346; found 306.2351.
4,7-Diethyl-5,6-dipropyltetrahydronaphthalene (3f): Colorless oil.

GC yield: 66%. Isolated yield: 46%H NMR (CDCls, MesSi) d 1.26

(t, J = 7.3 Hz, 6H), 1.34 (tJ = 7.5 Hz, 6H), 1.76-1.80 (m, 4H),

1.95-2.10 (m, 4H), 2.722.78 (m, 4H), 2.81 (qJ = 7.5 Hz, 4H),

2.90-2.97 (m, 4H);1*C NMR (CDCk, Me,Si) 6 14.49 (2C), 15.12

(2C), 21.86 (2C), 23.26 (2C), 25.05 (2C), 27.08 (2C), 31.90 (2C),

sensitive organometallic reagents were carried out under dry nitrogen.132.95 (2C), 136.16 (2C), 138.05 (2C); HRMS calcd fosohG.
THF was distilled from sodium benzophenone ketyl. Zirconocene 272.2502; found 272.2503.

dichloride was purchased from Aldrich Chemical Co., Inc. Butyllithium
(1.6 M solution in hexane) was purchased from Kanto Chemical Co
Ltd. Alkynes were purchased from TCI Co. Ltd. Nickel(ll) compleX®s,
phenylpropadiene, and 1,2-octadi€ngere prepared according to the
previously published procedure.

H and 3C NMR spectra were recorded for CRCbr CiDs
(containing 1% TMS) solutions at 2& on Bruker NMR spectrometer.
GC analysis was performed on Shimadzu GC-14A equipped with fuse
silica capillary column Shimadzu CBP1-M25-0O25 and Shimadzu
C—R6A-Chromatopac integrator.

Typical experimental procedure. To a solution of zirconacyclo-
pentadiend. (1.0 mmol}*2in 20 mL THF were added the third alkyne
(1.5 mmol) and NiBgPPh), (0.74 g, 1.0 mmol) at room temperature.

1,2,3,4-Tetraethyl-5-propylbenzene (3 g):Colorless oil. GC
. yield: 70%. Isolated yield: 60%4H NMR (CDCls, MesSi) 6 1.01 (t,
J = 7.3 Hz, 3H), 1.15 (tJ = 7.5 Hz, 6H), 1.17 (tJ = 7.5 Hz, 3H),
1.22 (t,J=7.5Hz, 3H), 1.66-1.66 (m, 2H), 2.532.59 (m, 2H), 2.59
2.70 (m, 8H), 6.86 (s, 1H}:3C NMR (CDCk, MesSi) 6 14.53, 15.59
(2C), 15.67, 15.93, 21.74, 21.81, 22.06, 24.79, 25.65, 35.26, 127.35,
137.36, 137.47, 138.10, 139.24, 139.76; HRMS calcd feiH&
d 232.2190; found 232.2187.
5-Phenyl-4,7-diethylindan (3h):Pale yellow oil. GC yield: 78%.
Isolated yield: 64%'H NMR (CDCls;, MesSi) ¢ 1.00 (t,J = 7.5 Hz,
3H), 1.21 (t,J = 7.6 Hz, 3H), 2.08-2.15 (m, 2H), 2.53 (q) = 7.5
Hz, 2H), 2.59 (qJ = 7.6 Hz, 2H), 2.91 (tJ) = 7.4 Hz, 2H), 2.95 (t,
J=7.4 Hz, 2H), 6.88 (s, 1H), 7.287.37 (m, 5H);**C NMR (CDCl,

The mixture was stirred for 1 h, quenched with 3N HCI, and extracted Me;Si) 6 14.23, 14.62, 23.62, 24.85, 26.19, 31.19, 31.69, 126.37,

with hexane. The combined organic extracts were dried (Mgya0d

127.62, 127.80 (2C), 129.39 (2C), 134.85, 136.73, 140.23, 141.58,

concentrated in vacuo. Column chromatography on silica gel (hexane) 142.69, 142.84; HRMS calcd fori6H2, 250.1720; found 250.1717.

afforded products. For the isolation of the following compounds
mixtures of hexane/ED were used:3j, 3l, and 3m (19/1); 30, 3q,
and3r (4/1); 3p and3s (6/1); 3t and 3u (5/1).

Hexaethylbenzene (3a):White solid. GC yield: 73%. Isolated
yield: 57%.'H and3C NMR were in agreement with the published
datal®

1,2,3,4-Tetraethyl-5,6-dipropylbenzene (3b).White solid. GC
yield: 70%. Isolated yield: 49%6H NMR, (CDCk, Me,Si) 6 1.05 (t,
J=7.2Hz, 6H), 1.18 (tJ = 7.3 Hz, 12H), 1.521.58 (m, 4H), 2.49
2.65 (m, 4H), 2.61 (gJ = 7.1 Hz, 4H), 2.63 (qJ = 7.0 Hz, 4H);3C
NMR (CDCl, Me,Si) ¢ 15.19 (2C), 15.75 (4C), 22.17 (2C), 22.31
(2C), 24.88 (2C), 32.08 (2C), 136.79 (2C), 137.74 (2C), 137.90 (2C)
Anal. Calcd for GHss: C, 87.52; H, 12.48. Found: C, 87.38; H, 12.55.

4,5,6,7-Tetraethylindan (3c):Colorless oil. GC yield: 76%. Isolated
yield: 63%.'*H NMR (CDCl;, Me,Si) 6 1.15 (t,J = 7.5 Hz, 6H), 1.18

(9) Eisch, J. J.; Galle, J. E.; Aradi, A. A.; Boleslawski, M. P.
Organomet. Cheml986 312 399.

(10) (a) Venanzi, L. MJ. Chem. Socl958 719-724. (b) Hoberg, H.;
Richter, W.J. Organomet. Chen198Q 195, 355. (c) Eisch, J. J.; Galle, J.
E.; J. Organomet. Chenl975 96, C23.

4,7-Diethyl-5-methyltetrahydronaphthalene (3i):Pale yellow oil.
Isolated yield: 53%'H NMR (CDCl;, Me,Si) 6 1.05 (t,J = 7.6 Hz,
3H), 1.14 (t,J = 7.6 Hz, 3H), 1.7+1.74 (m, 4H), 2.24 (s, 3H), 2.49
(0, 3 = 7.6 Hz, 2H), 2.56 (qJ = 7.6 Hz, 2H), 2.66-2.65 (m, 2H),
2.68-2.73 (m, 2H), 6.80 (s, 1H}:3C NMR (CDCk, Me,Si) 6 13.32,
14.30, 19.41, 21.81, 22.95, 23.30, 25.41, 26.46, 26.87, 127.38, 132.64,
132.68, 134.75, 138.06, 139.33; HRMS calcd fagH3, 202.1720;
found 202.1716.
1-Ethoxy-2,3,4,5-tetraethylbenzene (3j):Pale yellow oil. GC
yield: 64%. Isolated yield: 32%H NMR (CDCl;, MesSi) 6 1.13 (t,
J = 7.5 Hz, 6H), 1.16 (] = 7.5 Hz, 3H), 1.22 (tJ = 7.4 Hz, 3H),
. 1.39 (t,J = 7.0 Hz, 3H), 2.58-2.69 (m, 8H), 4.00 (gqJ) = 7.0 Hz,
2H), 6.56 (s, 1H);'3C NMR (CDCk, Me,Si) ¢ 14.74, 15.10, 15.68,
15.83, 15.85, 19.52, 21.40, 22.10, 26.09, 63.31, 109.60, 128.55, 131.58,
140.02, 140.90, 155.05. Anal. Calcd forgH260: C, 81.99; H, 11.18.
Found: C, 81.85; H, 11.09.
1-Butoxy-2,3,4,5-tetraethyl-6-hexylbenzene (3k)Colorless oil. GC
yield: 66%. Isolated yield: 50%4H NMR (CDCl;, MesSi) ¢ 0.90 (t,
J=7.0Hz, 3H), 1.00 (t) = 7.4 Hz, 3H), 1.141.19 (m, 12H), 1.3%
1.36 (m, 4H), 1.46-1.44 (m, 2H), 1.56-1.57 (m, 4H), 1.76:1.80 (m,

(11) Allenes were prepared according to the known procedure: Brands- o) 2 53-2 55 (m, 2H), 2.57-2.65 (m, 8H), 3.76 (t) = 6.5 Hz, 2H);

ma, L, Verkruijsse, H. DSynthesis of Acetylenes, Allenes and Cumulenes
Elsevier: Amsterdam, 1981.

(12) Negishi, E.; Cederbaum, F. E.; Takahashifatrahedron Lett1986
27, 2829-2832.

(13) Jhingan, A. K.; Maier, W. RJ. Org. Chem1987, 52, 1161-1165.

' 13C NMR (CDCk, MesSi) 6 14.05, 14.08, 15.70, 15.87, 15.90, 15.96,
19.39, 20.18, 22.04 (2C), 22.16, 22.72, 27.45, 30.26, 31.47, 31.74,
32.76, 73.48, 132.10, 133.19, 135.61, 138.85, 139.01, 154.21; HRMS
calcd for G4H4,0 346.3234; found 346.3264.
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Ethyl 2-phenyl-3,4,5,6-tetraethylbenzene carboxylate (3I)\White 16.01, 20.89, 22.81, 28.50, 29.76, 50.19, 51.74 (2C), 54.48, 58.23,
solid. GC yield: 78%. Isolated yield: 54%H and**C NMR were in 130.50, 131.18, 132.67, 136.06, 136.59, 137.00, 169.21, 169.23; HRMS

agreement with the published déta. calcd for GoH2oNO,4 347.20947, found 347.2088.
Pentaethylacetophenone (3m)* White solid. GC vyield: 68%. N-Butyl-6,7,8,9-tetraethyl-3-benzoperhydroazepine (3u)Yellow
Isolated yield: 55%H NMR (CDCls, Me,Si) 6 1.14 (t,J = 7.5 Hz, oil. NMR yield: 66%. Isolated yield: 58%H NMR (C¢Ds, Me4Si) 0

6H), 1.17 (t.J = 7.5 Hz, 9H), 2.46-2.50 (m, 4H), 2.51 (s, 3H), 2.61 0.92 (t,J = 7.2 Hz, 3H), 1.09 (t) = 7.5 Hz, 6H), 1.15 (t) = 7.5 Hz,
2.70 (m, 6H):2*C NMR (CDCk, MesSi) 6 15.67 (2C), 15.72, 16.24  6H), 1.25-1.40 (m, 2H), 1.41.5 (m, 2H), 2.30 (tJ = 7.3 Hz, 2H),
(2C), 21.48 (2C), 21.95, 23.54 (2C), 33.25, 133.68 (2C), 138.24 (2C), 2.5-2.55 (M, 4H), 2.64 (o) = 7.3 Hz, 4H), 2.66 (q) = 7.4 Hz, 4H),

140.77, 141.50, 209.24. 2.9-3.0 (M, 4H);*3C NMR (CsDs, MesSi) 6 14.34, 16.14 (2C), 16.31
1-(Butyn-1-yl)-2,3,4,5-pentaethylbenzene (3npale yellow oil. GC (2C), 21.02, 22.79 (2C), 23.07 (2C), 29.73, 30.97 (2C), 56.05 (2C),

yield: 69%. Isolated yield: 63%8H NMR (CDCls, Me,Si) 6 1.19 (t, 59.08, 136.98 (2C), 137.27 (2C), 139.38 (2C); HRMS calcd foH&N

J=7.6 Hz, 3H), 1.21 (t) = 7.5 Hz, 6H), 1.25 (tJ) = 7.5 Hz, 3H), 315.29241, found 315.2917.

1.51 (t,J = 7.5 Hz, 6H), 2.47 (gqJ = 7.5 Hz, 2H), 2.6%2.67 (m, Representative Procedure from the Preparation of Benzenes

6H), 2.84 (g,J = 7.5 Hz, 4H);3C NMR (CDCk, Me;Si) 6 13.42, from Three Different Alkynes. Formation of 1,2-Dimethyl-3,4-

14.19, 14.87 (2C), 15.79 (2C), 15.82, 22.23 (2C), 22.25, 24.82 (2C), dipropyl-5,6-diphenylbenzene (4a)To solution of diethylzirconocene
78.37, 96.97, 121.40, 137.19 (2C), 139.71, 142.04 (2C); HRMS calcd (1.25 mmol) in THF (5 mL) was added diphenylacetylene (178 mg, 1

for CaoHz0 270.2346, found 270.2340. mmol), and the reaction mixture was stirred &t@for 3 h. After the
N-Benzyl-4,5,6,7-tetraethylisoindoline (30)Colorless oil. NMR addition of 2-butyne (108 mg, 2 mmol), the reaction mixture was
yield: 88%. Isolated yield: 7098H NMR (CsDs, Me,Si) 6 0.98 (t,J warmed to room temperature for 1 h, followed by the removal of the
= 7.6 Hz, 6H), 1.12 (tJ = 7.5 Hz, 6H), 2.37 (qJ = 7.6 Hz, 4H), solvent and unreacted 2-butyne. Then fresh THF (10 mL), 4-octyne
2.61 (q,d = 7.5 Hz, 4H), 3.82 (s, 2H), 3.93 (s, 4H), %Z.6 (m, 5H); (165 mg, 1.5 mmol), and NiB(PPh). (0.74 g, 1.0 mmol) were added

13C NMR (CsDg, MesSi) 6 15.23 (2C), 16.57 (2C), 22.01 (2C), 23.71  at room temperature. The mixture was stirred for 1 h, quenched with
(2C), 58.90 (2C), 60.79, 127.27, 128.73 (2C), 128.81 (2C), 134.17 (2C), 3 N HCI, and extracted with hexane. The combined organic extracts
137.28 (2C), 138.30 (2C), 140.51; HRMS calcd fogtsN 321.2455, were dried (MgS@ and concentrated in vacuo. Column chromatog-

found 321.2453. raphy on silica gel (hexane) afforded the title compound as a colorless
N-Butyl-4,5,6,7-tetraethylisoindoline (3p): Colorless oil. NMR oil. GC yield: 80%. Isolated yield: 629%H NMR (CDCl;, MesSi) o

yield: 92%. Isolated yield: 68%8H NMR (CeDs, MesSi) ¢ 0.96 (t,J 0.70 (t,J=7.4 Hz, 3H), 1.08 (t) = 7.4 Hz, 3H), 1.36-1.41 (m, 2H),

= 7.3 Hz, 3H), 1.06 (t,] = 7.6 Hz, 6H), 1.14 (t,J = 7.5 Hz, GH), 1.62-1.66 (m, 2H), 1.98 (S, 3H), 2.32 (S, 3H), 2:33.38 (m, ZH),

1.35-1.48 (m’ ZH), 1.56-1.65 (m, ZH), 2.47 (q)] = 7.6 Hz, 4H), 2.70-2.74 (m, 2H), 6.896.97 (m, 6H), 6.987.03 (m, 4H);13C NMR

2.63 (q,d = 7.5 Hz, 4H), 2.65 (tJ = 7.3 Hz, 2H), 3.92 (s, 4H}C (CDCl;, MeySi) 6 14.76, 14.93, 16.34, 18.36, 23.95, 24.85, 32.68, 33.27,

NMR (CeDs, MesSi) 6 14.10, 14.99 (2C), 16.35 (2C), 20.71, 21.79 12547, 125,52, 12691 (2C), 127.15 (2C), 130.28 (2C), 130.48 (2C),

(2C). 23.54 (2C). 31.32, 56.12, 58.74 (2C), 133.83 (2C), 137.01 (2C), 132.23, 134.18, 136.23, 138.22, 139.45, 139.64, 141.69, 142.02; HRMS

138.02 (2C); HRMS calcd for GHa3N 287.2611, found 287.2619. caled for GeHao 342.2346, found 342.2345. o
N-Butyl-5-carboxyethyl-6-phenyl-4,7-diethylisoindoline (3q):Col- 1,2-Diethyl-3,4-dipropyl-5,6-diphenylbenzene (4b)White solid.

orless oil. NMR yield: 90%. Isolated yield: 66%4 NMR (CeDe, GC yield: 74%. Isolated yield: 60%H NMR (CDCls, Me,Si) 6 0.69
MesSi) 6 0.72 (t,J = 7.1 Hz, 3H), 0.84 (tJ = 7.6 Hz, 3H), 0.98 (, (L J=7.4Hz, 3H), 0.92(t)=7.4 Hz, 3H), 1.00 (t) = 7.3 Hz, 3H),
J= 7.3 Hz, 3H) 1.21 (t) = 7.6 Hz, 3H), 1.46-1.50 (m, 2H), 1.56 1.28 (t,J= 7.3 Hz, 3H), 1.35-1.37 (m, 2H), 1.641.68 (m, 2H), 2.3%

1.65 (M, 2H), 2.30 (4] = 7.4 Hz, 2H), 2.60 (q) = 7.4 Hz, 2H), 2.65  2:35 (M, 2H), 2.44 (q) = 7.3 Hz, 2H), 2.652.69 (m, 2H), 2.76 (q,

(t, J= 7.2 Hz, 2H), 3.82 (4] = 7.1 Hz, 2H), 3.90 (s, 2H), 3.92 (s, 7= 7.3 Hz, 2H), 6.937.00 (m, 6H), 7.0L7.05 (m, 4H).**C NMR

2H), 6.95-7.25 (m' 3H) 7.257.45 (m, 2H),13C NMR (C6D61 Me45|) (CDClg, Me45|) o 14.83, 15.19, 15.68, 15.96, 22.45, 23.46, 24.71, 25.12,
6 13.80, 14.32, 14.67, 15.17, 20.87, 23.95, 24.94, 31.52, 56.10, 58.33,32:14, 33.14, 125.40, 125.42, 126.83 (2C), 126.86 (2C), 130.50 (2C),

58.71, 60,28, 12715, 127.79(2C), 130.45(2C) 132.57. 134,24, 134,37 130.55 (2C), 136.62, 137.49, 138.12, 139.23, 139.77, 139.90, 141.77
138.33, 138.97, 139.99, 140.61, 169.43; HRMS calcd fgHgNO, ~ (20) Anal. Caled for GaHa: C, 90.75; H, 9.25. Found: C, 90.68; H,
379.2510, found 379.2511. 9.412.2 Dimethyl-3,4-diethyl-5,6-dipropylbenzene (4c)Colorless oil
N-Butyl-5,6-diphenyl-4,7-diethylisoindoline (3r): Colorless oil. we-Limethyl-o,2-diethyl-5, 5-dipropyibenz ) P
NMR yie)I/d: 76% Isolated yield: 20%H NMIR (<(:6D)6, MeSi)00.04  CGCyield: 63%. Isolated yield: 55%H NMR (CDCl;, MesSi) 6 1.04
(t J = 7.5 Hz, 6H), 1.00 (tJ = 7.3 Hz, 3H), 1.45155 (m, 2H),  (&J=7.3Hz 3H),1.05(tJ=7.3 Hz, 3H), 1.13 (1) = 7.5 Hz, 3H),
155165 (. 2H) 2.40 () = 7.4 Ha, 4H) 200 (0 = 72 Hz, 117 (43 = 7.5 Hz, 3H), 147156 (m, 4H), 2.20 (s, 3H), 2.21 (s,
2H), 4.03 (s, 4H), 6.807.20 (M, 10H);°C NMR (GiDe, MesSi) 6 o1); 2:53-2.58 (m, 4H), 2.64 (q) = 7.5 Hz, 2H), 2.68 (q) = 7.5
14.35, 14.96 (2C), 20.94, 24.68 (2C), 31.60, 56.30, 58.93(2C), 126.19 2; 2H); *C NMR (CDCk, Me.Si) 0 14.84, 14.89, 15.06, 15.94, 16.13,
(20). 12751 (40). 130,86 (4C), 133,04 (20). 136.71 (2C), 14050 (2C), 16-32, 22.51, 22.93, 23.94, 25.08, 32.22, 32.68, 132.64, 132.78, 136.17,
141.40 (2C); HRMS calcd for §HaoN 383.2611, found 383.2614,  150-96, 137.30, 137.94. Anal. Caled foislag: C, 87.73; H, 12.27.
N-Butyl-1,2,3,4-tetrahydro-6,7,8-triethyl-5-methylisoquinoline (3s): Found: .C’ 87.61; H’. 12.41. . ; .
Colorless oil. NMR yield: 78%. Isolated yield: 65%4 NMR (C;Ds, 1,2-Dimethyl-3,4-diethyl-5,6-diphenylbenzene (4d)Colorless solid.
MesSi) 8 0.04 (1.0 = 7.4 Hz, 3H), 1.00 (1 = 7.5 Hy, 31, 1.11 (1,  GCield: 76%. Isolated yield: 58%H NMR (CDCl, Me:Si) 0 0.96
J=7.5 Hz, 3H), 1.15 (tJ = 7.5 Hz, 3H), 1.3-1.48 (m, 2H), 1.5- (t J=7.4 Hz, 3H), 1.25 (tJ = 7.4 Hz, 3H), 1.99 (s, 3H), 2.34 (s,

1.65 (m, 2H), 2.03 (s, 3H), 2.44 (8, = 7.2 Hz, 4H), 2.48-2.58 (m, 3"')'2'24'466(3&;924 Hzaﬁ"')% %2% (()%J = 7:;"_'12362,\"*&/]2'909'36612
4H), 2.61-2.68 (M, 4H), 3.64 (s, 2HJ3C NMR (CaDs, MeSi) 0 14.33,  (M: 2H), 6.96-6.99 (m, 4H), 7.03.7.05 (m, 4H); (CDC,

14.74, 15.07, 15.27, 16.43, 21.00, 21.56, 22.26. 22.92, 29.14, 29.99,'}"29393% 621C4'8142’7115é822'616'11§é 32'3246 221'33'533'5(1:’ 112352%81 11351?
51.33, 55.43. 58.74. 131.17, 131.71, 131.73, 135.68, 136.71, 137.98:125-96 (2C), 127.16 (2C), 130.26 (2C), 130.50 (2C), 132.31, 134.15,

HRMS calcd for GoHssN 287.2611, found 287.2616. 137.18, 139.32, 139.37, 139.71, 141.65, 141.98. Anal. Calcd for

: CoHos C, 91.67; H, 8.33. Found: C, 91.45; H, 8.42.
'N-Bl_JtyI-_l,2,3,4.-tetrahydr'o-6,7-d|c_arb_oxymethyl-8-ethy_|-5-meth- 1,2-Dimethyl-3,4-diethyl-5,6-dibutylbenzene (4e)Colorless oil.
ylisoquinoline (3t): Yellow oil. NMR yield: 64%. Isolated yield: 55%. GC yield: 65%. Isolated yield: 449 NMR (CDCh, MesSi) 6 0.97
"H NMR (CeDe, MesSi) 0 0.94 (t,J = 7.3 Hz, 3H), 1.17 (tJ = 7.5 (t, 3= 7.0 Hz, 3H), 0.98 (tJ = 7.0 Hz, 3H), 1.13 (t,J3,= 7.4 Hz, 3H)
Hz, 3H), 1.25-1.4 (m, 2H), 1.4-1.55 (m, 2H), 2.09 (5, 3H), 235 (4, 1" ' 17 2 "2 3H). 1.454.51 (m. 8H). 2.20 (s, 3H), 2.21 (s
J = 7.3 Hz, 3H), 2.40 (s, 3H), 2.59 (d,= 7.5 Hz, 2H), 3.47 (s, 2H), Y oF e ST T P O o 2 3 < :

. 3H), 2.55-2.61 (m, 4H), 2.64 (q) = 7.4 Hz, 2H), 2.68 (0] = 7.4
%!
3.56 (s, 3H), 3.57 (s, 3HJC NMR (CiDs, Me:Si) 0 14.28, 15.01, 1) "oy 1sc MR (CDCh, MeSi) 6 13.87, 13.90, 14.85, 15.93, 16.14,

(14) (2) Hopff, H. Wick, A. K.Helo, Chim. Actalo60 43, 1473-1480. 1630, 22.46, 22.93, 23.47, 23.60, 29.47, 29.98, 32.84, 33.96, 132.60,

(b) Downton, P. A.; Mailvaganam, B.; Frampton, C. S.; Sayer, B. G.; 132.74, 136.17, 136.99, 137.30, 137.92; HRMS calcd fosH&
McGlinchey, M. J.J. Am. Chem. Sod.99Q 112, 27-32. 274.2659; found 274.2659.
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1-Methyl-3,4-diethyl-5,6-dipropylbenzene (4f):Pale yellow oil. 2H), 2.70 (g, = 7.4 Hz, 4H), 2.73 (g = 7.5 Hz, 2H), 7.16-7.18
Isolated yield: 43%'H NMR (CDCls, Me,Si) 6 1.03 (t,J = 7.5 Hz, (m, 2H), 7.29-7.31 (m, 1H), 7.357.39 (m, 2H);**C NMR (CDC,
3H), 1.05 (t,J = 7.5 Hz, 3H), 1.14 (t) = 7.4 Hz, 3H), 1.21 (t) = MesSi) 6 14.59, 15.67, 15.93, 15.96, 17.39, 22.16, 22.31, 22.91, 23.51,

7.4 Hz, 3H), 1.49-1.53 (m, 4H), 2.27 (s, 3H), 2.512.63 (m, 8H), 126.14, 127.98 (2C), 129.70 (2C), 132.00, 137.27, 137.77, 138.02,
6.84 (s, 1H);33C NMR (CDCk, Me,Si) 6 14.93, 15.01, 15.63, 15.74,  139.09, 140.50, 142.85. Anal. Calcd fop:826 C, 89.94; H, 10.06.
19.83, 21.83, 23.68, 25.10, 25.57, 31.78, 32.14, 128.46, 133.59, 136.98Found: C, 90.03; H, 10.1@a 'H NMR (CDCls;, Me;Si) 6 1.08 (t,J

137.56, 138.63, 139.21; HRMS calcd fornA,s 232.2190; found = 7.5 Hz, 3H), 1.151.20 (m, 9H), 2.5%2.64 (m, 4H), 2.672.70

232.2190. (m, 4H), 3.99 (s, 2H), 6.79 (s, 1H), 7.47.18 (m, 3H), 7.247.27
1-Methyl-2,3-diethyl-4,5-dipropylbenzene (4 g):Colorless oil. (m, 2H); °C NMR (CDCk, MesSi) 6 15.25, 15.59 (2C), 15.97, 21.76,

Isolated yield: 50%*H NMR (CDCl;, Me,Si) 6 1.00 (t,J = 7.3 Hz, 21.98, 22.18, 25.56, 39.18, 125.69, 128.24 (2C), 128.72 (2C), 128.75

3H), 1.04 (t,J = 7.4 Hz, 3H), 1.13 (tJ = 7.5 Hz, 3H), 1.16 (tJ = (2C), 135.83, 138.09, 138.12, 140.18, 141.59.

7.5 Hz, 3H), 1.46-1.53 (m, 2H), 1.561.63 (m, 2H), 2.27 (s, 3H), 5,6,7,8-Tetrahydro-2-pentyl-1,4-diethylnaphthalene (5b) and 5,6,7,8-

2.49-2.57 (m, 4H), 2.63 (q) = 7.5 Hz, 2H), 2.65 (g,) = 7.5 Hz, tetrahydro-2-hexyl-1,4-diethylnaphthalene (6b):A 1:1 mixture of

2H), 6.83 (s, 1H);'3C NMR (CDCk, Me,Si) 6 14.55, 14.58, 14.95, 5b and 6b. Colorless liquid. Combined isolated yield: 62%h: H
15.94, 19.66, 22.14, 22.44, 24.77, 24.87, 31.39, 35.20, 129.20, 133.31NMR (CDCl;, MesSi) 6 0.92 (t,J = 7.1 Hz, 3H), 1.09-1.15 (m, 6H),
136.33, 137.99, 138.15, 139.89; HRMS calcd fapHGs 232.2190; 1.38-1.48 (m, 6H), 1.751.78 (m, 4H), 2.26 (s, 3H), 2.562.66 (m,
found 232.2191. 6H), 2.71-2.75 (m, 4H);*3C NMR (CDCk, Me,Si) 6 13.45, 14.09,
1,2-Dipropyl-4-tert-butyl-5,6-diphenylbenzene (4h) and 1,2- 14.59, 15.07, 21.93, 22.36, 22.53, 23.29, 23.31, 27.11, 27.20, 30.00,
Dipropyl-3-tert-butyl-5,6-diphenylbenzene (4i)Column chromatog- 30.38, 32.69, 131.38, 132.63, 132.66, 136.73, 137.70, 13651H
raphy afforded4h as a colorless liquid (23%i as a colorless solid NMR (CDCls, MesSi) 6 0.90 (t,J = 6.8 Hz, 3H), 1.12 (tJ = 7.3 Hz,

(34%), and the mixture ofth and4i (10%). 4h: *H NMR (CDCls, 3H), 1.20 (tJ = 7.5 Hz, 3H), 1.36-1.34 (m, 4H), 1.371.42 (m, 2H),
Me,Si) 6 0.62 (t,J = 7.3 Hz, 3H), 1.03 (tJ = 7.3 Hz, 3H), 1.12 (s,  1.53-1.61 (m, 2H), 1.751.78 (m, 4H), 2.52-2.58 (m, 4H), 2.61 (g,
9H), 1.24-1.28 (M, 2H), 1.66:1.71 (m, 2H), 2.172.21 (m, 2H), 2.66- J = 7.5 Hz, 2H), 2.672.70 (m, 2H), 2.742.77 (m, 2H), 6.85 (s,
2.64 (m, 2H), 6.797.07 (m, 10H), 7.34 (s, IHHC NMR (CDCk, 1H); 3C NMR (CDCk, MesSi) 6 14.12, 14.28, 14.42, 21.26, 22.69,

Me,Si) 6 14.60, 14.73, 24.31, 24.79, 32.63, 32.87 (3C), 35.52, 36.46, 22.93, 23.30, 25.50, 26.49, 26.97, 29.76, 31.82, 32.04, 33.06, 126.42,
125.25, 125.52, 126.12 (2C), 126.66 (2C), 126.85, 130.54 (2C), 132.24132.62, 134.95, 137.47, 137.65, 139.36; HRMS calcd fasHe:

(2C), 136.21, 138.73, 139.00, 141.69, 142.68, 143.46, 144i58H 272.2502, found 272.2498.

NMR (CDCls, MeySi) 6 0.78 (t,J = 7.4 Hz, 3H), 1.13 (tJ = 7.4 Hz, X-ray Crystallographic Analysis of 1,2-dipropyl-3-tert-butyl-5,6-

3H), 1.33-1.38 (m, 2H), 1.54 (s, 9H), 1.68L.74 (m, 2H), 2.552.59 diphenylbenzene(4i). A single crystal of approximate dimensions of
(m, 2H), 2.92-2.96 (m, 2H), 7.0#7.19 (m, 10H), 7.33 (s, 1H)}C 0.24 x 0.26 x 0.40 mn¥ was cut out from the large crystal, placed on
NMR (CDCls, MesSi) 6 14.84, 14.93, 24.83, 25.81, 32.36 (3C), 32.41, aglass fiber with epoxy resin, and mounted on an Enraf-Nonius CAD4
33.43, 36.18, 125.56, 125.92, 126.00, 127.21 (2C), 127.28 (2C), 129.88diffractometer. The cell parameters were obtained from the least-squares
(2C), 130.87 (2C), 138.79, 138.96, 139.11, 141.15, 141.19, 143.01, refinement of the setting angles of 25 carefully centered reflections.
146.52. Anal. Calcd for &Hss: C, 90.75; H, 9.25. Found: C, 90.86;  Crystallographic data: fw= 370.58, monoclinic, space groig2:/n

H, 9.45. (No. 14),Z=4,a=10.125(2) Ab = 24.829(2) Ac = 10.138(2) A,
Ethyl 2,4-dimethyl-3-trimethylsilyl-5,6-diethylbenzene carboxy- B =114.56(2), V = 2318.0(8) &, Dx = 1.06 g cm?, andu(Cu Ka)

late (4j) and ethyl 2,5-dimethyl-3,4-diethyl-6-trimethysilylbenzene = 4.1 cn™. The diffraction data were collected at room temperature

carboxylate (4k). A 1:1 mixture of 4j and 4k. Colorless liquid. by using graphite-monochromated CuKadiation ¢ = 1.54184 A).

Combined GC yield: 50%. Isolated yield 43%. One isomiét:NMR A total of 4984 reflections (@ = 148.52) were measured, of which

(CDCls, MeySi) 6 0.27 (s, 9H), 1.061.20 (m, 6H), 1.251.40 (m, 3658 reflections were unique witlf,| > 30(|F,|). The structure was

3H), 2.15 (s, 3H), 2.37 (s, 3H), 2.42.70 (m, 4H), 4.26-4.35 (m, solved by direct methods (SHELX-88)and subsequently completed

2H); 13C NMR 6 1.69 (3C), 14.17, 14.31, 15.68, 15.91, 16.30, 21.67, by Fourier recycling. All of the non-hydrogen atoms were refined
22.55, 23.97, 60.71, 129.27, 132.07, 133.84, 137.85, 138.71, 141.20.anisotropically by full-matrix least-squares techniques using the Xtal
The other isomer:!H NMR (CDCl;, MesSi) ¢ 0.34 (s, 9H), 1.06 3.26 crystallographic software package. All of the hydrogen atoms were
1.20 (m, 6H), 1.251.40 (m, 3H), 2.27 (s, 3H), 2.35 (s, 3H), 245 located at the calculated positions with isototropic displacement
2.70 (m, 4H), 4.26-4.35 (m, 2H);*3C NMR ¢ 4.00 (3C), 14.20, 14.39, parameters of their parent carbon atoms. Refinement of positional and
15.75, 16.02, 20.80, 22.37, 22.60,24.21, 60.68, 129.30, 133.80, 136.73thermal parameters convergedrat 0.053,R, = 0.068, and GO
137.87, 138.77, 141.44; HRMS calcd forsH300,Si 306.2015; found 2.66.

306.2017. Reaction of Tetraphenylzirconacyclopentadiene with NiC-
Ethyl 2-phenyl-3-trimethylsilyl-4-methyl-5,6-dipropylbenzene cor- (dppe). Formation of Tetraphenylnickelacyclopentadiene and

boxylate (4l) and ethyl 2-phenyl-3,4-dipropyl-5-methyl-6-trimeth- Cp2ZrCl ,. To a solution of tetraphenylzirconacyclopentadiéhg2.0

ylsilyloenzene carboxylate (4m):A 1:1 mixture of 4l and 4m. mmol) in 20 mL THF was added Nig{dppe) (2.0 mmol, 1.06 g). The

Colorless liquid. Combined GC yield: 45%. Isolated yield 40%. One mixture was refluxed under Nfor 24 h, and a brick-red solid
isomer: *H NMR (CDCl;, MesSi) 6 —0.01 (s, 9H), 0.48(t) = 7.1 precipitated along with the formation of erCl, in 94% NMR yield.
Hz, 3H), 0.53(t,J = 7.1 Hz, 3H), 0.76-0.80(m, 4H), 1.16-1.30(m, After filtration the solid was washed several times with dry diethyl
4H), 2.15(s, 3H), 2.182.31(m, 4H), 3.35(q) = 7.2 Hz, 2H), 6.85 ether until the color of the filtrate disappeared. The brick-red siiial
6.99(m, 5H):13C NMR 6 1.97 (3C), 13.29, 14.70, 14.82, 21.11, 23.34, was dried under vacuo to give the product in 78% (1.26 g) yield. IR
24.36, 24.84, 32.80, 60.36, 127.28(2C), 130.01, 130.09(2C), 136.82, ¥ni—c=c 1585 cnT’; MS m/z813. The hydrolysis of this brick-red solid
137.01, 139.98, 140.18, 140.44, 141.92, 142.41, 170.87. The other10b by acetic acid resulted in the formation of 1,2,3,4-tetraphenyl-1,3-
isomer: 'H NMR (CDCls, Me;Si) 6 —0.43(s, 9H), 0.340.39(m, 6H), butadiene in quantitative GC yield.
0.60-0.70(m, 4H), 0.93-1.0(m, 4H), 1.16-1.30(m, 2H), 1.952.00- Reaction of Tetraphenylnickelacyclopentadiene 10b with 4-Oc-
(m, 2H), 2.14(s, 3H), 3.50(¢, = 7.1 Hz, 2H), 6.85-6.99(m, 5H);:*C tyne. Formation of 1,2-Dipropyl-3,4,5,6-tetraphenylbenzeneTo a
NMR 6 2.52(3C), 13.63, 14.97, 15.07, 21.59, 23.28, 31.68, 32.16, 33.62, mixture of 20 mL of toluene antiOb prepared from 1.0 mmol of Nigl
60.36, 126.72(2C), 127.15, 130.49(2C), 132.19, 133.55, 134.20, 136.24,(dppe) as described above was added 4-octyne (4.0 mmol, 0.58 mL).
138.31, 138.80, 143.93, 170.57; HRMS calcd fegHG:0.Si 396.2483, After refluxing in toluene for 12 h, the resulting mixture was diluted
found 396.2489. with 100 mL of a 1/1 (v/v) mixture of benzene and hexane and then
1-Phenyl-2,3,4,5-tetraethyl-6-methylbenzene (5a) and 1-benzyl- -

2,3,4,5-tetraethylbenzene (6a)A 2.5:1 mixture ofsaandéa. Colorless 5 gls) .Shft".ld”%k'. G. "YI'SPCELtXt'S_SS .Prc(;)gram forlQCBr%/stal Structure
liquid. Combined isolated yield: 53%a 'H NMR (CDCls, MesSi) elermination niversity of bofiingen: &ermany, 1986. )

(16) Hall, S. R.; Flack, H. D.; Stewart, J. Mtal 3.2, Program for X-ray
0 0.90 (t,J = 7.3 Hz, 3H), 1.18 (tJ = 7.6 Hz, 3H), 1.22 (t) = 7.5 Crystal Structure AnalysjsJniversities of Western Australia, Geneva, and
Hz, 3H), 1.25 (tJ = 7.4 Hz, 3H), 1.89 (s, 3H), 2.36 (d,= 7.5 Hz, Maryland, 1992.
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filtrated. Evaporation and column chromatography on silica gel supported by the Ministry of Education, Science, Sport and
(benzene/hexarre 1/3) afforded the product as a white solid in 54%  Culture, Japan (09440212).

yield. *H NMR (CDCl;, Me;Si) 6 0.75 (t,J = 7.2 Hz, 6H), 1.43-1.49

(M, 4H), 2.49-2.53 (m, 4H), 6.7+6.75 (M, 10H), 7.047.22 (m, 10H);

13C NMR (CDCk, MesSi) 6 14.86, 24.67, 33.16, 124.81, 125.75, Supporting Information Available: Tables of crystal-
126.26, 127.04, 130.59, 131.19, 138.28, 138.79, 140.94, 140.96, 141.27]ographic data, atomic coordinates, thermal parameters and bond

HRMS calcd for GeHss 466.2661; found 466.2675. lengths and angles feli (PDF). This material is available free
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