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the integrated areas of their vinyl signals in the 'H NMR spectra 
(60 MHz). 
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The insertion reaction of carbon monoxide into a two- 
center, two-electron metal-carbon bond is an extremely 
important transformation in organometallic chemistrya2 
Attention has recently focused on organometallic com- 
plexes of early transition metals3y4 and  actinide^.^^^ We 
recently reported the convenient insertion reaction of CO 
into the metal-carbon bond of phenyllithium to obtain 
a,a-diphenylacetophenone in a high yield (94%)' and the 
usefulness of the insertion reaction for the production of 
diphenylalkyl carbinoh8 With the aim of exploring the 
scope of these interesting reactions, the behavior of 1- 
naphthyl- (la) and (2,6-dimethylphenyl)lithium (lb) under 
several reaction conditions was examined. Only two 
products are formed (eq l), and, in this sense, the reaction 

(1) 
Pi 0 

II 
ArLi + CO - ArCAr f Arc-CAr 

1 2 3 
a, Ar = 1-naphthyl ;  b, Ar  = 2,6-dimethylphenyl 

differs considerably from the previously studied reaction 
of phenyllithium with carbon monoxide in ethyl ether, for 
which several products were i s ~ l a t e d . ~  The reaction of 
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Table I. Yields f r o m  Reaction o f  
1-Naphthyl l i th ium with Carbon Monoxideu  

2a 3a 2a 3a 2a  3a 2a 3a oc- 

-78 22.7 71 .26  32.7 58.2 32 .9  61.1 
0 17.0 74.9 57.2 34.7 55.0 40.0 <1 <1 

2 5  12 .2  82.7 55.3 37.7 47.6 45.3 <1 <1 

(I The reported yields represent percent  conversion. 
96.1% in HMPT/THF (20:80 ,  v/v). 

Table 11. Yields f r o m  Reaction o f  
(2,6-Dimethylphenyl)lithium with Carbon Monoxideu 

temp, THF ( c ,H 5 1 2 0  CH,( OCH,), 
"C 2b 3b 2 b  3b 2b 3b 

-78  <1 96.4 18.3 75.7 17.1 74.4 
0 96 .1  31.0 62.8 28.3 64.7 

25 97.5 33.2 61.6 30.5 63.8 

a The repor?ed yields represent percent conversion. 

la produces bis(1-naphthyl) ketone (2a) and 1,l-bi- 
naphthoyl (3a), and the reaction of (2,6-dimethyl- 
pheny1)lithium affords bis(2,6-dimethylphenyl) ketone (2b) 
and bis(2,6-dimethylphenyl)glyoxal (3b). 

Table I gathers the results obtained from the reaction 
of la at  1 atm of CO pressure. No CO absorption takes 
place in hexane solution at  -78 O C ,  and the reaction is 
practically negligible even at higher temperatures. For the 
oxygenated solvents, no regular temperature effect is ob- 
served. The best result is obtained for the reaction in THF 
solution at  25 OC, for which a high yield of 3a is found. 
The yield is improved to 96.1% when the reaction is run 
in HMPT/THF (2080) at -78 "C. In the case of lb  (Table 
11) the production of compound 3b is always higher than 
of 3a, and the conversion is almost complete in THF. 

In the reaction of these aryllithiums the initial formation 
of a highly reactive acyllithium intermediate (5, eq 2) can 

ArLi + CO + [ArLi - :CO] 
4 

[Ar-C(0)-Li - Ar-C-OLi] (2) 

be postulated as was recently proposed for the reaction of 
other aryllithiums (Ar = o-anisyl, p-tolil, and o-tolyl).'O 
Evidence for the existence of benzoyllithium has been 
previously reported.8J1 Alkoxy carbenes are nucleophilic 
in character,'* and dimerization to form olefins is a well- 
characterized phen0men0n.l~ Nevertheless, naphtoin is 
not isolated from the insertion reaction of la, but its ox- 
idation product, 3a, is. Oxidation could occur in the re- 
action flask (carbon monoxide is known to be an effective 
oxidant toward a variety of aromatic radical ions and di- 
anions)14 or during the hydrolytic workup. Treatment of 
the reaction mixture of la and carbon monoxide with 
acetic anhydride produces 1,2-diacetoxy-1,2-bis(l- 
naphthy1)ethene (7a, eq 3). This proves that the inter- 
mediate is the corresponding 1,2-dilithiumdiolate 6a 
(formed by dimerization of 5a) and that oxidation occurs 
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A c p O  
2[51 - [ A ~ ( C L I ) C = C ( C L I ) A ~ I  - 

6 

8 

during the hydrolytic procedure. 8a could only be obtained 
when special care was taken to avoid any air contamina- 
tion. Similar properties are exhibited by 2,6-dimethyl- 
benzoin (8b) formed in the reaction of lb. 

Formation of the ketones 2a and 2b can be envisaged 
in the same way proposed for the production of benzo- 
phenone in the CO insertion reaction of phenyllithium, Le., 
by oxidation of the dilithium dianion produced from the 
reaction of 5 with another molecule of aryllithium." Again, 
the oxidation was proved to occur during the hydrolytic 
workup, with CO-H20 as the oxidant. When a mixture 
of la and l b  in THF at 0 OC is flushed with CO, a mixed 
benzil derivative [the (l-naphthyl)(2,6-dimethylphenyl)- 
glyoxal] is produced in addition to the expected products 
2 and 3; this provides further support to the intermediation 
of the acyl 5. 

Experimental Section 
Proton NMR spectra were recorded on a Varian XL-100 

spectrometer. Mass spectra were determined on a Varian MAT 
CH7 spectrometer at an ionization potential of 70 eV. IR spectra 
were recorded with a Perkin-Elmer 137. Melting points are 
uncorrected. 1-Bromonaphthalene was distilled at 118-120 "C 
(1 mmHg), and the distillate was passed under pressure through 
a basic alumina chromatographic column. All the solvents were 
purified as previously described and distilled from the dark blue 
solution of benzophenone ketyl under nitrogen immediately before 
use. Carbon monoxide was generated and purified as previously 
described.' la was prepared by adding 1.1 mL (8 mmol) of 
1-bromonaphthalene to a serum-capped test tube containing an 
hexane solution of butyllithium (8 "01). The reacting mixture 
was heated at 70 "C for 20 min. The resulting white crystals were 
centrifuged and washed three times with hexane, and the re- 
maining solvent was distilled under vacuum until a white dry 
powder was obtained. lb was prepared from 2,6-dimethyliodo- 
benzene and butyllithium in hexane at 0 OC, the resulting white 
crystals were purified in the same way as la. 1 prepared by these 
methods can be stored unaltered for several months if kept in 
a freezer and protected from light. 
Reaction of la and lb with Carbon Monoxide. The general 

procedure described for phenyllithium was followed." In the 
present case, the absorption of CO was complete within 10 min 
at 0 "C. The reaction mixture was worked up as previously 
described and was analyzed by GLC on a 3% SE-30 Chromosorb 
W column. The reaction products were also isolated by column 
chromatography and fully characterized by their melting points 
and spectroscopic characteristics, as compared with those of 
authentic samples. When the reaction was carried out in the 
presence of 1.5 equiv of Dabco, no CO absorption occurs, thus 
confirming the previous finding that CO-lithium coordination 
is the first activation step for these reactions." 

1,l'-Dinaphthoyl- (3a) and Bis(2,6-dimethylphenyl)glyoxal 
(3b). Compound 3a can be prepared from the reaction of CO 
with la in a solution of HMPT/THF (20:80 v/v) at -78 "C and 
3b from the same reaction with lb in THF at room temperature. 
Under these conditions only 3 is formed, which can be easily 
isolated in 96.1% and 96.5% yields for 3a and 3b, respectively. 
3a was crystallized from hexane-ethyl acetate [mp 192-194 "C 
(lit.lS mp 190-191 "C)] and of 3b with hexane, gives yellow plates, 
mp 151-153 "C (lit.16 mp 153-154 "C cor). 

(15) Mondodoev, G. T.; Pnhiyalgouskaya, N. M.; Belov, V. N. Zh. Org. 
Khim. 1965,1, 2008. 

1,2-Diacetoxy- If-bis( 1-naphthy1)ethene (7a) and 1,2-Di- 
acetoxy-l,2-bis(2,6-dimethylphenyl)ethene (7b). Compound 
7 can be isolated from the reaction mixture of 1 with CO quenched 
by acetic anhydride. Hexane (5 mL) was added, the mixture was 
washed three times with water and dried, and the solvent was 
distilled. By successive addition of hexane and evaporation, white 
crystals of 7 were obtained. Compound 7a was recrystallized from 
a hexane-saturated solution of ethyl acetate mp 249-251 "C; IR 
(Nujol) 1780 (M), 1590 (C=C) cm"'; MS (70 eV), m / e  (relative 
intensity 396 (M+, 13), 354 (M+ - ketene, 12), 312 (M+- 2 ketene, 
lo), 127 (A+, 23); yield 65.2%. 7b was recrystallized from hexane: 
mp 190-195 "C (lit.l6 mp 196-167 "C); yield 42.3%. 
Di-1-naphthyl Ketone (2a). A solution of la (3.6 mmol) in 

THF was added a t  0 "C to a THF solution of 1-naphthonitrile 
(500 mg) prepared by standard methods.17 The mixture was 
allowed to warm to room temperature and stirred for 30 min. 
Concentrated sulfuric acid (10 mmol) in water (5 mL) was added, 
and the mixture was heated under reflux for 30 min and added 
dropwise to ice-water. Extraction with ethyl ether and solvent 
distillation give a noncrystallizable oil that was passed through 
a silica gel H column by pressurized hexane elution. Distillation 
of the solvent gives white crystals, mp 100-101 "C (lit.'* mp 
103-104 "C cor). 
2,2',6,6'-Tetramethylbenzophenone (2b). Ethyl formate 

(0.081 mL, 1 mmol) in hexane (1 mL) was added dropwise to a 
suspension of lb (2.5 mmol in 10 mL of hexane), and the mixture 
was stirred for 30 min at room temperature. Water (2 mL) was 
added and the hexane distilled at reduced pressure. A solution 
of potassium dichromate (0.33 mmol) in acetic acid (10 mL) plus 
a few drops of sulfuric acid was added to the resulting mass, and 
the mixture was stirred 10 min a t  room temperature, added 
dropwise to ice-water, and extracted with hexane. The CrV1 
oxidation procedure was repeated to complete the reaction. After 
the workup white crystals of compound 2b [mp 133-134 "C (lit.19 
mp 134 "C)] are obtained. 
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During our studies of the metabolism of the jet fuel 
JP-10 [exo-5,6-trimethylenenorbornane (l)], it was nec- 
essary to synthesize exo-5,6-trimethylene-exo-9-nor- 
bornanol(2) and exo-5,6-trimethylene-endo-9-norbornanol 
(3). Both sodium borohydride (NaBHJ reduction and 
catalytic hydrogenation (platinum on carbon) of exo-5,6- 
trimethylene-9-norbornanonel (4) yielded only one product 
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