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pyrone4 in 180 ml of dry THF was placed in a photochemical reac- 
tion vessel immersed in an ice bath and irradiated for 22 hr under 
nitrogen with a Hanovia 450-W high-pressure mercury lamp fitted 
with a Pyrex filter. By this time, the pyrone had disappeared as in- 
dicated by ir spectroscopy. Iron pentacarbonyl (2.55 g, 13.0 mmol) 
was then added, and irradiation was continued for 1 hr. The reac- 
tion mixture was concentrated on a rotary evaporator a t  reduced 
pressure at  room temperature,b and the residue was washed 
through a 4.5-in. X 1.5-in. wet-packed column of alumina with 
methylene chloride (400-500-ml total volume). Crude ester IC was 
obtained by collection and evaporation of the first colored band 
eluted. This material was immediately mixed with a solution of 
0.80 g of 85% potassium hydroxide in 1 ml of water and 5 ml of 
methanol and stirred for 2 hr. The resulting mixture was combined 
with 50 ml of water, washed with 50 ml of methylene chloride, aci- 
dified with concentrated hydrochloric acid, and extracted with 2 X 
50 ml of ether. The ether extracts were dried over magnesium sul- 
fate and evaporated, and the residue was recrystallized from car- 
bon tetrachloride to give 325 mg (21%) of Ib, mp 147-149' (litzb 
mp 151-152'), the ir and nmr spectra of which were identical with 
those reported by Fitzpatrick.2b 

Tricarbonyl[methyl 1,2,3,4-~~-1,3-cyclobutadienecarboxyl- 
ateliron (IC). The crude ester obtained in the preceding experi- 
ment was purified by preparative tlc (20 cm x 20 cm silica gel 
plate, development with CHCl3) followed by evaporative distilla- 
tion [bath temperature 34-38' (1.2 mm)] to give I C  as a yellow oil: 
ir (CHC13) 2068, 1988, and 1709 cm-l; nmr (CDC13) 6 3.67 (s, 3 H, 
OCH3), 4.28 (s, 1 H, para proton), and 4.51 (s, 2 H, ortho protons). 

Anal. Calcd for CsHGFeOs: C, 43.24; H, 2.42; Fe, 22.34. Found: 
C, 43.11; H, 2.47; Fe, 22.10. 

Registry No.-lb, 52571-39-8; IC, 52571-40-1; 2,  25991-27-9; 
iron pentacarbonyl, 13463-40-6. 
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The reaction of aryl halides with organolithium com- 
pounds in diethyl ether or other less polar solvents is domi- 
nated by the halogen-metal interconversionl (eq 1). The 
coupling of the aryl and alkyl groups in these solvents gen- 
erally takes place very s1owly.l We have noted that the cou- 
pling reaction (eq 2) is markedly promoted by tetrahydro- 
furan (THF),2 producing cleanly the cross-coupled prod- 
ucts in many cases.2 
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ArBr + RLi - ArLi + RBr ( 1) 
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For example, the reaction of 1-bromonaphthalene with 
n-butyllithium in a 15  mixture of hexane and T H F  pro- 
duces 1-n- butylnaphthalene (1) in 72% yield within I. hr at 
room temperature, whereas the corresponding reaction in a 
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1:5 mixture of hexane and diethyl ether yields only 3% of 1 
over the same period a t  the same temperature. 

As summarized in Table I, a wide variety of aryl halides 
react readily with primary alkyllithiums to produce the 
cross-coupled products in high yields. On the other hand, 
secondary and tertiary alkyllithiums do not give the cross- 
coupled products in any appreciable yields under the com- 
parable conditions. These results suggest that the actual 
coupling step involves the interaction of aryllithiums with 
alkyl halides formed by the halogen-metal exchange reac- 
tion. Indeed, phenyllithium prepared from bromobenzene 
and lithium metal reacted with n-octyl bromide in the 
presence of T H F  to produce n-octylbenzene in 87% yield 
within 2 hr a t  room temperature. Based on these results we 
have developed the following convenient procedure involv- 
ing the use of a hindered alkyllithium, i.e., sec- butyllith- 
ium. 1-Bromonaphthalene was treated sequentially with 
equimolar quantities of sec- butyllithium and n- octyl bro- 
mide to provide 1-n-octylnaphthalene (2) in 74% yield (eq 
3). Only trace quantities of 1-sec-butylnaphthalene and 3- 

n C,Hn 

(3) 
s e c . c f i b  + n-C,H,,Br 

2 

methylundecane were present. The benzyne mechanism4 
does not appear significant, since no 2-naphthyl derivatives 
were detected. 

I t  should be noted that any of the three procedures de- 
scribed here provides a convenient alternative to the 
Wurtz-Fittig route for the coupling of aryl halides with 
alkyl halides. 

Experimental Section 
The following examples are representative of the three proce- 

dures discussed in this r e p ~ r t . ~  
Preparat ion of 1-n-Butylnaphthalene by the  Reaction of 

1-Bromonaphthalene with n-Butyllithium (Procedure I). To a 
dry 100-ml flask equipped with a magnetic stirring bar, a septum 
inlet, and an outlet connected to a mercury bubbler were intro- 
duced sequentially 20 ml of THF, 2.07 g (1.41 ml, 10 mmol) of 1- 
bromonaphthalene, and 4.30 ml (I1 mmol) of 2.56 M n-butyllith- 
ium in hexane while controlling the reaction temperature a t  25 f 
5'. After stirring the mixture for 2 hr, it was washed with water 
and aqueous sodium chloride. The combined aqueous layer was ex- 
tracted with chloroform and the combined organic layer was dried 
over magnesium sulfate, evaporated, and distilled to yield 1.21 g 
(66% yield) of 1-n- butylnaphthalene: bp 78-80' (0.05 mm); n25D 
1.5807 [lit.6 bp 289'; nZ0D 1.58191; pmr (CC14, TMS) 6 0.8-2.0 (m, 
7 H), 3.00 (t, 2 H, J = 7.5 Hz), 7.2-8.1 (m, 7 H) ppm; ir (neat) 797, 
785 (sh), 775 cm-l. 

Preparation of n -0ctylbenzene by the  Reaction of Phenyl- 
lithium with n-Octyl Bromide (Procedure 11). In a setup simi- 
lar to that described above 5.56 ml (10 mmol) of 1.80 M phenylli- 
thium in a 70:30 mixture of benzene and diethyl ether and 2.12 g 
(1.89 ml, 11 mmol) of n-octyl bromide in 20 ml of THF were react- 
ed at  25 & 5' for 2 hr. The mixture was worked up in a manner 
analogous to that described above to give 1.56 g (82%) of n-octyl- 
benzene: bp 82-85' (0.5 mm); nz5D 1.4832 [lit.7 bp 131-134' (12 
mm); n z O D  1.48511; pmr (cc14, TMS) 6 0.7-1.9 (m, 15 H), 2.58 (t, 2 
H, J = 7.5 Hz), 7.12 (s, 5 H) ppm; ir (neat) 745,695 cm-l. 

Preparation of 1-n -0ctylnaphthalene by t he  Coupling of 
1-Bromonaphthalene and  n-Octyl Bromide under  the Influ- 
ence of see-Butyllithium (Procedure 111). In a setup similar to 
that described above 2.07 g (1.41 ml, 10 mmol) of l-bromonaph- 
thalene in 10 ml of diethyl ether was treated at  room temperature 
with 13.7 ml (11 mmol) of 0.80 M see-butyllithium in hexane. 
After stirring the mixture for 10 min 2.12 g (1.89 ml, 11 mmol) of 
n- octyl bromide and 10 ml of THF were added in this order a t  25 
& 5'. The mixture was stirred for 3 hr and then worked up as de- 
scribed above to yield 1.59 g (66%) of l-n-octylnaphthalene: bp 
120-123' (0.05 mm); nz4D 1.5515 [k8 bp 144.5' (0.2 mm); nZoD 
1.55331; pmr (cc14, TMS) 6 0.7-2.0 (m, 15 H), 3.01 (t, 2 H, J = 7.5 
Hz), 7.2-8.1 (m, 7 H) ppm; ir (neat) 797,788, 776 cm-1. 
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Tosylhydrazones serve as intermediates for the synthesis 
of olefins1 and the creation of carbenes.2 Those derived 
from a,P-epoxy ketones undergo fragmentation readily to 
afford acetylenic carbonyl compounds.3 Generally, tosylhy- 
drazones are highly crystalline, therefore they should be 
valuable for the characterization and purification of car- 
bonyl substances. However, this last potential utility and 
also their applicability as protective device have been vir- 
tually completely ignored, presumably owing to their high 
hydrolytic stability. 

Thus the recovery of carbonyl compounds from tosylhy- 
drazones represents a pragmatic problem yet to be re- 
solved. During the regenerative process, a hydroxyl group is 
to be attached to the imino carbon, and, to augment the 
electrophilicity of this center toward water or hydroxide 
ion, an additional electron-withdrawing, good leaving 
group has to be temporarily introduced to the tosyl-bearing 
nitrogen. According to our plan, such an operation is in fact 
mandatory, because a combination of an sN2'  displacement 
and then a fragmentation is required for the ultimate gen- 
eration of the carbonyl and the release of molecular nitro- 
gen. Further elaboration of this scheme indicated that the 
most elegant and convenient way to effect the overall 
transformation would be the reaction with alkali hypochlo- 
rite (eq 1). This reagent furnishes both C1+ for N-chlorina- 
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tion and OH- for deprotonation and the nucleophilic at- 
tack. 


