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Hydrozirconation. Organic Synthesis via 
Organozirconium Intermediates. Synthesis and 
Rearrangement of Alkylzirconium(IV) Complexes and 
Their Reaction with Electrophiles 

Sir: 

We wish to report our observations concerning the syn
thesis and reactivity of alkylzirconium(IV) complexes of 
the type (^-CsHs)2Zr(Cl)R which we have shown to be 
useful as intermediates in rational organic syntheses. These 
compounds are of significance in that they are inexpensive 
and easy to prepare, require only moderate care in their 
handling, and undergo a wide range of transformations to 
organic products under mild conditions and in high yield. 

The organometallic complexes of interest herein were 
prepared by reaction of (^-C5Hs)2Zr(Cl)H1-3 (1) with 
olefins (hydrozirconation). In each case, the position of at
tachment of the zirconium in the alkyl product obtained is 
that one in which the transition metal moiety is attached to 
the sterically least hindered, accessible4 position of the ole
fin as a whole. Formation of this product involves either the 
regiospecific addition of Zr-H to a terminal olefin or addi
tion to an internal olefin followed by rapid rearrangement 
via Zr-H elimination and readdition5 to place the metal in 
the less hindered position of the alkyl chain. Whereas orga
noboron6 or -aluminum7 compounds positionally rearrange 
slowly at elevated temperatures, internally metalated zir-

TaWe I 

Olefin Electrophile 

1-Octene or 4-octene H+ b 

Br8
0 

h" 
PhICV 
CH3QO)Cl/ 

2-Methyl-2-butene Br2 

CH3QO)Cl 
Cyclohexene Br2 

<• Yields were determined by vpc and are based on (ij«-CsH6)aZr(] 
0° (instantaneous). d Alkyl added to I2-CCl4 at room temperature (f 
CH3C(O)Cl in C6Hj added at room temperature (slow). 
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Cp-i,5—CA 

conium analogs undergo this process rapidly at room tem
perature. Functionalization at this least hindered position4 

can then be effected by replacement of the zirconium moi
ety with various other structural groups. 

Hydrozirconation proceeds as follows. Shaking a suspen
sion of 892 mg of 1 (3.47 mmol) in 15 ml of benzene8 with 
351 mg of 1-octene (3.13 mmol) produces 2 after a few 
hours at"room temperature (reaction I) .9 In similar fashion, 
reaction of either cis- or trans- 4-octene also produces 2. 
Zirconium migration in this system is fast and when the 
course of hydrozirconation is monitored by nmr, only the 
starting olefin and the ultimate 1-substituted alkyl are de
tected. This observation suggests that rearrangement of the 
postulated 4-substituted octane to 2 proceeds with an intrin
sic rate at least as fast as olefin insertion into the Zr -H 
bond occurs. Other representative olefins react with 1 to 
yield the products shown in reaction I.10 

In contrast to their air-sensitive or pyrophoric boron or 
aluminum analogs, the alkylzirconium compounds de
scribed herein are not readily decomposed by dry air. They 
are susceptible to hydrolysis (to yield alkane) and are proto-
nolyzed rapidly by dilute aqueous acid. It is by virtue of 
their ready reaction with a range of other electrophiles that 
these organometallic reagents play their role as valuable 
synthetic intermediates. For example, mixing a benzene so
lution of the alkylzirconium with Br2, I2, or PhICl2 gives 
the alkyl halide as shown in Table I. In addition, the alkyl 
can be acylated in high yield by reaction with acetyl chlo
ride. In each case, a (7,5-CsH5)2Zr(Cl)X species is recov
erable which can be recycled to 1. 

Applications are apparent of the reactions described 
herein in which 1 adds to an olefin and then rapidly mi
grates along the alkyl chain thereby produced to generate a 
versatile synthetic handle at an unhindered part of the alkyl 

Product Yield," % 

Octane 100 
1-Bromooctane 96 
1-Iodooctane 91 
1-Chlorooctane 65 
2-Decanone 80 
l-Bromo-3-methylbutane 100 
5-Methyl-2-hexanone 72 
Bromocyclohexane 95 

3 species. 'Dilute HCl at 0° (instantaneous). 0Br2 added slowly at 
i. • Solid PhICl2 added at room temperature (fast). ' As 1.5 equiv of 
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chain. Hydrozirconation may thus prove to be an attractive 
alternate to published synthetic procedures employing hy-
droboration or hydroalumination, especially when facile 
rearrangement of the functionalization unit in the alkyl in
termediate is desired. 
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1H- Cyclobuta[cfe]naphthalene 
(1,8-Methanonaphthalene) 

Sir: 

The interatomic distance between the hydrogen atoms at 
the Ci and Cg positions in naphthalene is 2.40 A.1 There 
are as yet few examples in which the peri positions of naph
thalene or its analogs have been bridged by one atom. 
Naphth[l,8-6c]oxete (1, 1,8-monoxynaphthalene) is re
ported to be a product of dehydration of 1,8-naphthalen-
ediol;2a however, its synthesis cannot be repeated.2b Na-
phtho[l,8-6c]thiete 1,1-dioxide (2, 1,8-sulfononaphth-
alene) has been prepared and gives products of 1,8-dehy-
dronaphthalene upon thermolysis.3 We now report synthesis 
of l-bromo-l//-cyclobuta[de!naphthalene (3) and \H-
cyclobuta[de]naphthalene (4, 1,8-methanonaphthalene), 
the first examples of naphthalene bridged in its 1,8-posi-
tions by single carbon atom moieties.4 

Irradiation (450-W mercury lamp through Pyrex, N2) of 
the sodium salt (6) of 8-bromo-l-naphthaldehyde p-Xos,-
ylhydrazone (mp 193-1950)5 or (8-bromo-l-naphthyl)dia-
zomethane (7)6 in ethyl ether yields 3 (45%) along with 
?ra«5-bis(8-bromo-l-naphthyl)ethylene (5, 15%, mp 203-
204°).7 Strained bromide 3 is possibly formed from (8-
bromo-l-naphthyl)methylidene (8) as in eq 1. Bromide 3 is 

Na 
CH=NNO2S Br CW=N2 

3 (1) 

white (mp 102-104° from ethanol after chromatography on 
silica gel)5 and of the following properties:93 mje 218, 220 
(M+, theory 218), 139 (M+ - Br); mol wt (osmometry) 
215 (CHCl3); nmr (CDCl3) 5 6.76 (s, 1 H, H at C1), 7.18 
(d of d, 2 H, H at C27, J - 5 and 2 Hz), 7.30-7.68 (m, 4 
H, H at C3-6);

 13C nmr (CDCl3) S 51.9 (1 C, C1), 115.8 (2 
C, C2,7), 122.9 (2 C, C4.5), 126.3 (1 C, C9), 131.4 (2 C, 
C3,6), 143.6 (2 C, Cla,7a), 145.1 (1 C, C8). The structure of 
3 is confirmed by its rapid reaction with silver nitrate in 
aqueous dioxane at 40° to give 1-naphthaldehyde (12, 
25%), l-(l/f-cyclobuta[rfe]naphthyl) nitrate (m/e 201, 
theory 201; ir (KBr) 1630, 1275, 865, 790 cm"1), and silver 
bromide; 12 apparently arises by isomerization (eq 2) of 1-
hydroxy-l//-cyclobuta[de]naphthalene (11). Alcohol 11 is 
an (expletive deleted) unstable compound. 

H- CH=O 

(2) 

Reaction of 3 with magnesium in ethyl ether, hydrolysis 
with aqueous ammonium chloride, and gas chromatography 
at 135° yields 4 (60%), a colorless liquid:9b-10 m/e 140.0628 
(M+, theory 140.0626); nmr (CDCl3) S 4.80 (s, 2 H, H at 
Ci), 7.1 (dofd, 2 H, H at C2 7,./ = 5 and 2 Hz), 7.25-7.65 
(m, 4 H, H at C3_6);

 13C nmr (CDCl3) 8 47.31 (1 C, C1, 
Jc^-H = 143.4 Hz), 117.08 (2 C, C2 7), 121.29 (2 C, C4 5), 
125.44 (1 C, C9), 130.57 (2 C, C3,6),' 141.57 (2 C, Cla,7'a), 
and 146.27 (1 C, C8). The 90-MHz pmr spectrum of 4 re
veals that its apical protons do not display an AB pattern. 
Further the proton-coupled 13C nmr spectrum of 4 shows 
the apical carbon to be a triplet rather than a doublet of 
doublets, indicating that its C1 protons are magnetically 
equivalent. The strained hydrocarbon, 4, is thus essentially 
planar or of a rapidly equilibrating puckered conformation. 
The uv spectra of 3 and 4 are compared in Table 1 with 
naphthalene (13). The slight shift to longer wavelengths 
and the significant decrease in the extinction coefficient of 
the E] bands of 3 and 4 are indicative of perturbed x elec
tron systems. 
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