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Reaction oif a series of substituted (benzene)tricarbonylchromium complexes with n-butyllithium has been 
examined. The reaction appears to proceed via proton abstraction to yield an (aryl1ithium)tricarbonylchromium 
intermediate which may then be quenched by the addition of primary alkyl halides, usually methyl iodide. New, 
alkylated complexes may be obtained, or the material may be decomplexed to yield alkylated benzene derivatives. 
In this manner, (monoalky1benzene)tricarbonylchromium complexes yield mainly rn-dialkylbenzenes; (fluoro- 
benzene)tricairbonylchromium yields o-fluorotoluene; (aniso1e)tricarbonylchromium yields mainly 2,6-di- 
methylanisole; and (Nfl-dimethylani1ine)tricarbonylchromium yields several isomeric Nfl-dimethyltoluidines. 
(1odobenzene)tricarbonylchromium undergoes metal-halogen exchange with n-butyllithium and may be converted 
to either toluene or n-butylbenzene depending on the reaction conditions. Comparison with known chemistry 
of the uncomplexed analogues demonstrates the strongly activating effect of the tricarbonylchromium moiety 
on these reactions. It is especially interesting that under these conditions reaction of (fluor0benzene)tri- 
carbonylchroinium with n-butyllithium results in proton abstraction rather than net nucleophilic displacement, 
as observed when less basic nucleophiles are used. 

Reaction of substituted benzene-transition-metal com- 
plexes with nucleophiiles and bases has received consid- 
erable attention over the past two decades. Because of the 
ease of its addition to and removal from the aromatic 
nucleus, the tricarbonylchromium group appears to be a 
very attractive means of temporarily altering the reactivity 
of aromatic systems. Recently, several reviews of work in 
this area have appeared.2 

Contributions from this laboratory include the initial 
reports of thermodynamically controlled, stereoselective 
abstraction of protons a to the r-complexed ring of (ar- 
ene)tricarbonylchrorium complexes3 and of net nucleo- 
philic displacement of ring hydride by base.lb More re- 
cently, we have demonstrated that the reaction of (benz- 
ene)tricarbonylchromiium with n-butyllithium proceeds to 
form (phenyllithium)tricarbonylchromium, which is con- 

sistent with the work of  other^,^ and that (phenyl- 
lithium)tricarbonylchromium may then be alkylated either 
by the addition of primary alkyl iodides or by further 
reaction with n-butyllithium.l* The rather mild conditions 
under which these reactions are observed suggest that they 
may prove to be of s,ynthetic importance. 

In order to establish the generality of these reactions we 
have studied the reaction of n-butyllithium with a variety 
of substituted (benzene)tricarbonylchromium complexes. 

(1) (a) Trahanovsky, W. S.; Card, R. J. J. Org. Chem., preceding paper 
in this issue. (b) For a preliminary account of this work see: Card, R. 
J.; Trahanovsky, W. S. Tetrahedron Lett. 1973, 3823. 

(2) (a) Semmelhack, M F. Ann. N.Y. Acad. Sci. 1976, 295, 36; (b) 
Jaouen, G. [bid. 1976, 295, 59. (c) Semmelhack, M. F. In “New Appli- 
cations of Organometallic Reagents in Organic Synthesis”; Seyferth, D., 
Ed.; Elsevier: Amsterdam, The Netherlands, 1976; pp 361-395. 

(3) Trahanovsky, W. S.; Card, R. J. J. Am. Chem. SOC. 1972,94,2897. 
( 4 )  (a) Nesmeyanov, A. N.; Kolobova, N. E.; Anisimov, K. N.; Maka- 

rov, Yu. V. Izu. Akad. Nauk SSSR, Ser. Khim. 1968,2665. (b) Rausch, 
M. D. Adu. Chem. Ser. 1944, No. 130, 263. (c) See also: Semmelhack, 
M. F.; Bieaha, J.; Czamy, NI. J. Am. Chem. SOC. 1979,101, 768, This study 
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the work described in the present paper. 
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This work allows evaluation of both the regioselectivity 
of the proton abstraction process and the importance of 
potential competing reaction pathways. 

Results and Discussion 
A. (Arene)tricarbonylchromium Complexes. The 

reaction of (arene)tricarbonylchromium complexes with 
n-butyllithium was conducted in dry THF at less than -10 
“C. The reaction solution was quenched by the addition 
of methyl iodide, or another alkyl halide, and then oxidized 
to yield a mixture of alkylated products. Yields were 
determined by GLC (Table I). 

i l l  THF, <-IO ‘C 
CH2R -t n-BuLi 

(21 R , I  
(3) C P  

C r(C0) 

Since a-proton abstraction from (arene)tricarbonyl- 
chromium complexes is the thermodynamically favored 
process: the high yield of ring-substituted products clearly 
demonstrates that proton abstraction by n-butyllithium 
is kinetically controlled and that transmetalation is not 
important. 

A comparison of the difference in conditions required 
for proton abstraction from the arenes and their tri- 
carbonylchromium complexes is provided by the compe- 
titive reaction of equimolar quantities of p-xylene and 
(to1uene)tricarbonylchromium with an excess of n-butyl- 
lithium. Under conditions similar to those above, 3 f 1% 
of the (to1uene)tricarbonylchromium was recovered as 
toluene whereas 84 f 4% of the p-xylene was recovered 
unchanged. No products resulting from the methylation 
of p-xylene were observed by GLC. 

Also, metalation of toluene requires interaction with the 
n-butyllithium-tetramethylethylenediamine adduct and 
results in an 89% yield of products derived from a-met- 
a l a t i ~ n . ~  

The decreased importance of a-proton abstraction from 
(to1uene)tricarbonylchromium relative to that from toluene 
(14% vs. 89%) might be due in part to the large steric bulk 
of the tricarbonylchromium moiety, which effectively 
blocks one face of the arene from attack. This steric bulk 

(5) Broaddus, C. D. J .  Org. Chen. 1970, 35, 10. 
(6) Dobson, G. R.; Paxson, J. R. J .  Am. Chem. SOC. 1973, 95, 5925. 
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toluene CHJ 

ethylbenzene CHJ 
ter t-butylbenzene CH,I 
o-xylene CHJ 
m-xylene CHJ 
p-xylene CH,I 
mesitylene CHJ 

C,H,Br 

n-C,H,I 

Table I. Products and Yields Obtained from the Alkylation of (Arene)tricarbonylchromium Complexes via the Addition of 
an Alkyl Halide to the Solution Resulting from the Reaction of the (Arene)tricarbonylchromium Complex with 

n-Butyllithium -___-- 
yield of alkylated product, % 

arene alkyl halide a ring (position) - 
14 i 2 6 t 1 ( 0 ) ;  4 1  i 1 (m);  22 t 4 ( u )  

- 8  10 l ( O ) ;  34 i 3 (h); -13  (p)' 
5 t 0 (0); 49 c 1 (m) ;  26 i 2 (p) < 1  
32 c 2 (m);  22 c 1 (p) 

28 i 2 8 t 2 (3 ) ;  50 c 7 ( 4 )  
45 c 1 
20 i 3 44 c 3 
7 5a 
7 la  

_ _  
10 i 2 (4) ;  33 i 4 ( 5 )  

a [solated yield of alkylated complex. 

should be more effective in hindering a-proton abstraction 
than ring-proton abstraction. 

It is also possible that proton abstraction is preceded 
by formation of an adduct involving coordination of the 
alkyllithium to an oxygen of a carbonyl ligand. Similar 
adduct formation has been suggested in the reaction of 
methyllithium with (benzene) tricarbonylchromium.5 Such 
an adduct might prefer an orientation where the alkyl 
group and the carbonyl-butyllithium adduct are as far 
apart as possible. 'This is consistent with the observation 
of products resulting mainly from meta and para proton 
abstraction. 

From the data in Table I, it can be seen that a-substi- 
tution of (to1uene)tricarbonylchromium by alkyl groups 
results in a decreased importance of a-proton abstraction; 
addition of ring methyl substituents increases the im- 
portance of a-proton abstraction, which becomes the only 
process observed for (mesity1ene)tricarbonylchromium; 
and, in general, regioselectivity of proton abstraction is 
consistent with abstraction of the sterically most accessible 
pro t ons. 

The use of ethyl iodide as the alkylating agent resulted 
in slightly lower yields than the analogous methyl iodide 
sequence. Attempted alkylations with isopropyl iodide or 
tert-butyl chloride were unsuccessful. 

The reaction of (cthy1benzene)tricarbonylchromium with 
an excess of n-butyllithium was allowed to proceed at  -40 
"C for 2 h, and then the oxidant N-bromosuccinimide 
(NBS) was added to the resulting solution. A 55 f 1% 

p - E t  + 

( 1 )  11-BuLi, THF, -40 'C 
'"ZCH3 (2)lBS, -40 'C t o  r '  

n-Bu 

q 
Cr(CO), 

55% 

n-Bu-Et + Ph-Et 

4% 

yield of m-ethyl-n-butylbenzene was obtained. Other 
products include p-ethyl-n-butylbenzene (29 f 6%) and 
ethylbenzene (4 f 1%).  The reaction of (ethylbenzene)- 
tricarbonylchromium with tert-butyllithium under similar 
conditions results in formation of m-ethyl-tert-butyl- 
benzene and p-ethyl-tert-butylbenzene in 58 f 1 and 5 f 
1 % yields, respectively. 

Ethylbenzene was recovered unchanged (>95%) after 
interaction with tert-butyllithium at 0 O C  for 30 min. A 
36% yield of m-ethyl-tert-butylbenzene was obtained from 
the reaction of tert-butyllithium with (ethy1benzene)tri- 
carbonylchromium a t  -40 " C  for 25 min. These results 
demonstrate, again, the strong activating influence of the 
tricarbonylchromium substituent and that NBS is not 

29% 

required for the net alkylation by base. 
The observation of identical regioselectivity in the me- 

thylation and n-butylation of ethylbenzene is consistent 
with the formation of (phenyllithium)tricarbonylchromium 
as a common intermediate in these reactions.'* In contrast, 
Semmelhack observes only minor amounts of para alkyl- 
ation in the reaction of (to1uene)tricarbonylchromium with 
less basic  nucleophile^.^^^ This difference in regioselec- 
tivity is consistent with the postulation of different 
mechanisms in these reactions-apparently controlled by 
the nature of the nucleophile. I t  is therefore of interest 
that reaction of ethylbenzene with tert-butyllithium results 
in 5% para alkylation. This value lies between that of 
n-butyllithium and those of Semmelhack's bases and 
suggests that tert-butyllithium is a borderline example and 
that both mechanisms are operative. This is not totally 
surprising as tert-butyllithium is often observed to be more 
nucleophilic than n-butyllithium.8 

B. (Ha1obenzene)tricarbonylchromium Complexes. 
The reaction of (iodobenzene)tricarbonylchromium with 
n-butyllithium at -30 "C may be quenched by the addition 
of methyl iodide and the resulting product oxidized to 
produce toluene in 78 f 5% yield. If the solution resulting 
from the reaction of (iodobenzene)tricarbonylchromium 
and n-butyllithium is allowed to warm to 0 "C ,  or if the 
reaction is performed initially a t  0 "C, n-butylbenzene is 
obtained in 67 f 3% yield. This chemistry is very similar 
to that of (benzene)tricarbonylchromiumla and is con- 
sistent with the formation of a common intermediate, 
(phenyllithium)tricarbonylchromium, in these reactions. 
The reaction of iodobenzene with n-butyllithium results 
in a good yield of phenyl l i thi~m,~ and the reaction of 
(iodobenzene)tricarbonylchromium with magnesium pro- 
duces the corresponding Grignard reagent.l0 

The reaction of n-butyllithium with (fluor0benzene)- 
tricarbonylchromium at -40 "C was quenched by the ad- 
dition of methyl iodide, and the products were decom- 
plexed on exposure to ultraviolet radiation. o-Fluoro- 
toluene was obtained in 71 f 3% yield. No butylbenzene 

71% 
was observed by GLC. This result is especially interesting 

(7) Semmelhack, M. F.; Clark, G.; Yoshifuji, M. Abstracts, The First 
Chemical Congress of the North American Continent, Mexico City, 
Mexico, Dec 1975. 

(8) (a) Dixon, J. A.; Fishman, D. H. J .  Am. Chem. SOC. 1963,85,1356. 
(b) Dua, S. S.; Gilman, H. J. Organomet. Chem. 1974, 64, C-1. 

(9) Jones, R. G.; Gilman, H. Org. React. 1951, 6 ,  339. 
(10) Maser, G. A.; Rausch, M. D. Synth. React. Inorg. Met. Org. Chem. 

1974, 4 ,  37. 
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in light of the very facde displacement of the fluoro group 
from (fluorobenzene)t.ricarbonylchromium by a wide va- 
riety of less basic nucleophiles." Thus, even with this 
excellent leaving group, nucleophilic addition of n-butyl- 
lithium to the compliexed benzene ?T system does not 
compete with proton abstraction. Fluorobenzene un- 
dergoes facile ortho mietalation upon reaction with n-bu- 
tyllithium.12 
C. (Aniso1e)tricarbonylchromium. The reaction of 

(aniso1e)tricarbonylchromium with n-butyllithium at -40 
OC was quenched by the addition of methyl iodide, and 
the resulting products were decomplexed on exposure to 
ultraviolet radiation. 2,6-Dimethylanisole and 2- 

Card and Trahanovsky 

balance, and no significant amounts of butylated materials 
were observed. 

Reaction of N,N-dimethylaniline with n-butyllithium 
results in mainly ortho metalation.12 The metalation of 
(N,N-dimethylani1ine)tricarbonylchromium results in 
considerably less ortho metalation than its uncomplexed 
analogue, but more ortho metalation than (ethyl- 
benzene)tricarbonylchromium. The increased ortho 
metalation relative to (ethy1benzene)tricarbonylchromium 
demonstrates that the amino group does possess some 
ortho directing ability. The decreased ortho metalation 
relative to N,N-dimethylaniline itself could be the result 
of competition between the carbonyl oxygens and the 
nitrogen to complex the n-butyllithium. This is consistent 
with the fact that the trisubstituted nitrogen is a weaker 
Lewis base than the oxygen or fluorine substituents of 
(aniso1e)tricarbonylchromium and (fluor0benzene)tri- 
carbonylchromium, where exclusive ortho metalation is 
observed. 

Recently Kozikowski and Isobe reported that (N-  
methylindole) tricarbonylchromium undergoes nucleophilic 
substitution reactions with generation of 7-substituted 
ind01es.l~ 

Conclusions 
These results demonstrate that the reaction of n-bu- 

tyllithium with a variety of substituted (benzene)tri- 
carbonylchromium complexes proceeds by initial proton 
abstraction. Proton abstraction is observed even in the 
presence of ring fluorine substituents, which have been 
shown to be readily displaced by a number of less basic 
nucleophiles.'l 

The (aryl1ithium)tricarbonylchromium complexes are 
formed in a kinetically controlled process, and the re- 
gioselectivity is, in general, very similar to that of the 
uncomplexed analogues. The exceptions include the de- 
creased importance of alpha relative to ring proton ab- 
straction from (arene)tricarbonylchromium complexes, and 
a lower ortho selectivity for (N,N-dimethylani1ine)tetra- 
carbonylchromium. The tricarbonylchromium moiety 
exerts a strong stabilizing influence on the anionic inter- 
mediate formed in these reactions and, therefore, allows 
the reactions to be conducted under very mild conditions. 

The Cr(C0)3 group is a unique substituent for organic 
aromatic systems in that it can stabilize intermediates with 
either a positive15 or nega t i~e '~*~~~ ' J~  charge. Moreover, it 
has the amazing ability to vary the extent of charge do- 
nation to an electron-deficient center.16 This uniqueness, 
together with the facility of attachment and removal of the 
Cr(C0)3 group from aromatic systems, makes it potentially 
attractive in certain synthetic pathways. However, the 
wide range of chemistry observed complicates the picture, 
and further work is necessary to allow an understanding 
of the controlling factors in these interesting reactions. 

Experimental Section 
Most equipment and methods have been previously described.17 

The reaction of benzene derivatives with hexacarbonylchromium 
was performed in glyme-diglyme solvent mixtures as previously 
described.Ia Standard methods of purification were used. Yield 
data and physical properties are presented in Table II.laJ1bJazl 

(OFoCH3 
I 

14% 

methylanisole were obtained in 66 f 9 and 14 f 0% yields, 
respectively. The addition of NBS to the reaction mixture 
a t  -40 "C led to nearly quantitative recovery of anisole 
after photolytic decomplexation. 

The dimetalation of (aniso1e)tricarbonylchromium oc- 
curs under conditions where THF does not appear to be 
affected. Cleavage (of THF occurs more readily than 
proton abstraction from anisole by n-buty1lithi~m.l~ The 
observation of selective ortho proton abstraction is con- 
sistent with the known regioselectivity of proton abstrac- 
tion from anisole by alkyllithium reagents.12 

The observation of dimetalation under these mild con- 
ditions is interesting and may prove to be useful in the 
synthesis of otherwise difficult to obtain materials. 
D. (N,N-Dimet hylani1ine)tricarbonylchromium. 

The reaction of (.N,N-dimethylani1ine)tricarbonyl- 
chromium with n-but:yllithium at -40 "C was quenched by 
the addition of methyl iodide and the resulting solution 
photolyzed. N,N-Dimethyltoluidines were produced in 

Cr(C0)3 

a combined yield of 62%. The ortho isomer was obtained 
in 19% yield, and the remainder was a mixture of meta 
and para isomers which were not separated under the GLC 
conditions used. The mixture was collected and identified 
on the basis of its 'NMR spectrum, which was nearly 
identical with that of' a 1:3 mixture of commercial p -  and 
rn-dimethyltoluidines. Mass spectral data are also con- 
sistent with this assignment. Addition of NBS or NCS to 
the reaction mixture tit -40 " C  resulted in a very poor mass 

(11) (a) Brown, D. A.; Raju, J. R. J .  Chem. SOC. A 1966, 40. (b) 
Bunnett, J. F.; Hermann, J. J .  Org. Chem. 1971, 36, 4081. (c) Tchissam- 
bou, L.; Jaouen, G.; Debard, R. C. R. Hebd. Seances Acad. Sci., Ser .  C 
1972, 274, 806. 

(12) (a) Roberta, J. D.; Curtin, D. Y. J. Am. Chem. SOC. 1946,68,1658. 
(b) Lepley, A. R.; Khan, W. A.; Guinamini, A. B.; Guinamini, A. G. J .  Org. 
Chem. 1966, 31, 2047. 

(13) Khvostik, G. M.; Poddubnyi, I. Ya.; Sokolov, V. N.; Babkina, 0. 
N. Rusr:. J .  Phys. Chem. (Engl. Transl.)  1970, 44, 1505. 

K 

(14) Kozikowski, A. P.; Isobe, K. Chem. Commun. 1978, 1076. 
(15) (a) Cais, M. Organomet. Chem. Reu. 1966, 1, 435. (b) Wells, D. 

., Ph.D. Thesis, Iowa State University of Science and Technology, Ames, _ _  
Iowa, 1969. 

(16) Wells, D. K.; Trahanovsky, W. S. J .  Am. Chem. SOC. 1969, 91, 
5871. 

(17) (a) Howell, B. A.; Trahanovsky, W. S. J .  Am. Chem. SOC. 1975, 
97,2136. (b) Trahanovsky, W. S.; Hall, R. A. J .  Organomet. Chem. 1975, 
96, 71. 
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Table 11. Yields and Physical Properties of Prepared (Substituted l3enzene)tricarbonylchromium Complexes - 
melting point, "C 

substituted benzene yield, % obsd lit. ref NMR data (CCl,), s - 
toluene 65 79-81 82.5-83.5 18 5.18 (m, 5), 2.20 (s, 3) 
ethylbenzene 50, 70 47-49 48-49 19  5.20(m,5),2.48(m,2),1.15(m,3) 
tert-butylbenzene 54 79.5-80 83.5-84.5 18 5.22 (m,  5), 1.30 (s, 9) 
o-xylene 52 88-89 90-91.4 18 5.03 (s, 4), 2.11 (s, 6 )  
m-xylene 82  104-106 107-108.5 18 5.20 (m, l ) ,  4.79 (m, 3),  2.40 ( 6 ,  6) 
p-xylene 60 95.5-97 99-100 18 5.15 (s, 4), 2.10 (s, 6) 
mesitylene 68 166-168 -165 20 4.75 (8, 3), 2.18 (8, 9) 
anisole 64 8 2-8 3 86-87 18 5.60-4.60 (m, 5),  3.66 (s, 3) 
N,N-dime thylanilinea 61, 85 142-143 145.8-146.5 18 5.52(m, 2), 4.75 (m, 3),  2.85 (s, 6) 
2 ,6 -d ime thy lan i~o le~~~  46 63-64 5.03 (m, 3),  3.68 (s, 3), 2.22 (s, 6) 
fluoro benzeneC 20, 25 116-118 116-117 l l b  5.27 (m,  4),  4.70 (m, 1) 
iodobenzenea 23 ,28  110-111 111 21 5.57 (m, 2), 5.21 (m, 3) 

Chloroform was ithe NMR solvent. Exact mass calcd for C,,H,,%rO,, 272.0141; found, 272.0135. Freshly sub- 
limed hexacarhonylchromium was used. Prepared as described in ref la .  

Decomplexation Methods. Method A or B was used for all 
hydrocarbon arene work. Method C was used when the organic 
substrate contained fluoro, methoxy, or amino groups. 

Method A. The material to be decomplexed (ca. 50 mg) was 
added to 2 mL of acetonitrile. A 0.2 N CAN solution (1 g of CAN 
dissolved in 2 mL of water and 8 mL of acetonitrile) was added 
dropwise until the solution turned nearly colorless and then 
shghtly yellow. The solution was allowed to stand for 10 min and 
was then extracted witlh 10 mL of pentane. The pentane solution 
was washed with watw and dried (MgSOJ. 

Method B. This method is identical with method A except 
that an aqueousD.2 N solution of CAN was added dropwise to 
an ethereal solution of the complex to be oxidized. This method 
involves a two-phase oxidation and is free of acetonitrile. 

Method C. An etheireal solution (50 mg/lO mL) was irradiated 
using a sun lamp and water filter. After 1 h the green solution 
was filtered. 

Methylation of Subs t i tu ted  (Benzene)tricarbonyl- 
chromium Complexes. Three examples of the general procedure 
used in the methylation of substituted (benzene)tricarbonyl- 
chromium complexes are presented. The reaction of (toluene)- 
tricarbonylchromium presents the general manner in which the 
alkylation of the (arene)tricarbonylchromium complexes was 
conducted. The reaction of (anio1e)tricarbonylchromium presents 
the general condition64 for the methylation of the heteroatom 
substituted (benzene)iricarbonylchromium complexes. The re- 
action of (iodobenzene)tricarbonylchromium is presented because 
it is unique. The conditions and products from all these runs are 
presented in Table III. Several products were collected by GLC, 
and spectral data were obtained. These compounds and their 
spectral data are presented in Table IV.&% In cases where the 
NMR spectral data are published, the reference is provided 
without repeating the data. In each of these cases the NMR 
spectrum obtained frotm GLC collected material is very nearly 
identical with the published spectrum. The mass spectra of these 
products were used only to indicate that a variety of collected 
products were isomers. For this reason, only the molecular ion 
region and other charixteristic peaks are reported. 

Methylation of (To1uene)tricarbonylchromium. (Tolu- 
ene)tricarbonylchromium (50 mg, 0.22 mmol) was added to 3 mL 
of cold THF in an argon atmosphere. The temperature was 
maintained with a dry me-ethanol-water bath, in this case at -20 
"C. n-Butyllithium (1 mL, 1.6 M in hexane, 1.6 mmol) was added 

(18) Nicholls, B.; Whiting, M. C. J. Chem. SOC. 1959, 551. 
(19) Gracey, D. E. F.; #Jackson, W. R.; Jennings, W. B.; Rennison, S. 

C.; Spratt, R. J. Chen. SOC. B, 1969, 1210. 
(20) Fischer, E. 0.; Ofele, K.; Essler, H.; Frohlich, W.; Mortensen, J. 

P.; Semmlinger, W. 2. Nlzturforsch. B 1958, 13, 458. 
(21) Ofele, K. Chem. Ber. 1966, 99, 1732. 
(22) Catalog of Nuclear Magnetic Resonance Data, American Petro- 

leum Institute Research Project No. 44, National Bureau of Standards, 
1970, spectrum no. 698. 

(23) Pouchert, C. J.; Campbell, J. R. The Aldrich Library of NMR 
Spectra, Aldrich Chemical Co., Milwaukee, WI, 1974; (a) 4 ,  9A; (b) 4 ,  
42D; (c) 4, 85B; (d) 90A. 

(24) Catalog of Mass Spectral Data, American Petroleum Research 
Project No. 44, National Elureau of Standards, 1948, spectra no. 177-180. 

by syringe. The resulting solution was stirred at  -20 OC for 10 
min before 1 mL (10 mmol) of methyl iodide was added. In this 
case, 13 mg (0.11 mmol) of mesitylene was added. The resulting 
solution was added to ether, washed with aqueous sodium chloride, 
dried (MgSO,), and filtered, and the solution was reduced in 
volume under reduced pressure. The resulting solution was de- 
complexed by either method A or B and then analyzed by GLC. 
Product assignment is consistent with retention times. Ethyl- 
benzene and the xylenes were collected, and spectral data were 
obtained (Table IV). The identification of m-xylene is based on 
NMR and mass spectral data. 

Methylation of (Aniso1e)tricarbonylchromium. (Ani- 
so1e)tricarbonylchromium (50 mg, 0.20 mmol) was added to 3 mL 
of cold THF a t  -40 OC under an argon atmosphere. n-Butyl- 
lithium (0.5 mL, 1.6 M in hexane, 0.8 mmol) was added, and the 
solution was stirred at  -40 OC for 25 min. Methyl iodide (1 mL, 
10 mmol) was added, and the resulting solution was stirred a t  
-40 OC for 25 min. The solution was poured into ether-water, 
worked up in the usual manner, and decomplexed by method C. 
The products were collected by GLC and identified on the basis 
of spectral data (Table IV). 

In addition, the crude reaction product was chromatographed 
on silica gel using pentane-ether as the eluent. This led to the 
isolation of (2,6-dimethylanisole)tricarbonylchromium. This 
material was nearly identical by NMFt and IR spectroscopy with 
the complex obtained on interaction of commercial 2,6-di- 
methylanisole with hesacarbonylchromium. The NMR data have 
been presented in Table 11. The melting point of the material 
obtained from the chromatography (42-50 "C) was lower than 
that of the material prepared by direct complexation. Addition 
of pure material resulted in an increase in the melting point. 

Conversion of (1odobenzene)tricarbonylchromium to 
Toluene. Toluene was obtained from (iod0benzene)tri- 
carbonylchromium in a manner very similar to the methylation 
of (benzene)tricarbonylchromium.'a (1odobenzene)tricarbonyl- 
chromium (70 mg, 0.2 mmol) was added to 3 mL of THF a t  -30 
OC under an argon atmosphere. n-Butyllithium (0.8 mL, 1.6 M 
in hexane, 1.3 mmol) was added, and the resulting solution was 
stirred at -30 OC for 30 min. Methyl iodide (1 mL, 10 mmol) was 
added, and the resulting solution was stirred at  -30 OC for 15 min. 
The solution was poured into ether-water and worked up in the 
usual manner. The resulting solution was decomplexed by method 
B and analyzed by GLC. A 78 * 5% yield of toluene and a 2 * 
1% yield of butylbenzene were obtained. The products were 
identified on the basis of retention times. 

Competition Study. (To1uene)tricarbonylchromium (54 mg, 
0.24 mmol) and 23 mg (0.22 mmol) of p-xylene were added to 3.5 
mL of THF. The solution was purged with argon and cooled to 
-20 "C. n-Butyllithium (0.5 mL of 1.6 M in hexane, 0.8 mmol) 
was added, and the resulting solution stirred at -15 OC for 10 min. 
Methyl iodide (1 mL, 10 mmol) was added, and the solution was 
stirred a t  -15 "C for 10 min and then worked up in the usual 
manner. Mesitylene (16 mg, 0.13 mmol) was added as standard. 
The solution was decomplexed by method A and analyzed by GLC 
(2 m 5% diisodecyl phthalate, 5% Bentone 34 on Chromosorb 
W at 50 "C). The following yields were obtained ethylbenzene, 
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Table 111. Reaction Conditions, Products, and Yields for the Reactions of Substituted (Benzene)tricarbonylchromium 
Complexes with n-Butyllithium Which Were Quenched by the Addition of an Alkyl Halide 

substituted 
concn 

of 

GLC 
conditions 

benzene temp, alkyl n-BuLi, col- temp, 
(mmol; M) "C halide" M standard umnb "C produc tsC 

yield, 
?& 

toluene -20 0.4 mesitylene I 40 toluene 5 I 1  

p-xylenee 22 i 4 
(0.22; 0.06) ethylbenzened 14 I 2 

m-xylenee 41 i; 1 

toluene -10 C,H,Br 0.4 mesitylene I 70 toluene 8 c 3  
o-xylened 6 1 1  

(0.22; 0.06) n-propylbenzene -8 
p-ethyltoluene -13 
m-ethyltoluene 34 t 3 
o-ethyltoluene l o t  1 

toluene -10 i-C,H,I 0.4 mesitylene I 70 isopropyltoluenes < 3  

toluene -10 t-C,H,Br 0.4 isopropylbenzene I 70 tert-butyltoluenes < 3  

ethylbenzene -10 0.4 mesitylene I 70 ethylbenzene 2 i  1 

m-e thyltoluene 49 t 1 

(0.22; 0.06) 

(0.22; 0.06) 

(0.21; 0.05) p-ethyltoluene 26 i 2 

o-ethyltoluene 5 r 2  
tert-butylbenzene -1 5 C,H,Br 0.2 isopropylbenzene I1 80 tert-butylbenzene 23 t 5 

(0.40; 0.05) m-ethyl-tert-butylbenzenee,f 32 i 2 
p-ethyl-tert-butylbenzenee'f 22 r 1 

(0.21; 0.05) o-ethyltoluene 28 t 2 
1,2,3-trimethylbenzene 8 + 2  
1,2,4-trimethylbenzene 5 0 +  7 

o-xylene -20 0.4 durene I1 75 o-xylene 2 i 1  

m-xylene -20 0.2 indan I1 75 m-xylene 2 1  1 
(0.21; 0.05) m -ethyltoluene 45 1 1 

1,2,4-trimethylbenzene 1 0 1  2 
1,3,5-trimethylbenzene 33 t 3 

(0.21; 0.05) p-e thyltoluene 20 i 3 
1,2,4-trimethylbenzene 4 4 +  3 

p-xylene -10 0.4 sec-butylbenzene I1 75 p-xylene 3 + 1  

iodobenzene -30 0.4 ethylbenzene I 65 toluene 78i :  5 
fluorobenzene -40 0.4 mesitylene I11 55 o-fluorotoluenee 7 1  + 3 

anisole -40 0.2 N,N-dimethylaniline I1 90 2-methylani~ole~ 1 4 +  0 
(0.20; 0.05) 2,6-dimethylani~ole~ 66 i 9 

N,N-dimethylaniline -40 0.2 anisole I1 125 N,N-dimethylaniline 8 i 3  

m- and p-N,N-dimethyl- 4 2 i  4 

(0.21; 0.05) n-bu tylbenzene <1 

(0.20; 0.05) o-N,N-dimethyltoluidinee 1 9  + 0 

toluidinee 
a Methyl iodide was used unless otherwise indicated. The following columns were used: (I) 2 m 5% diisodecyl 

phthalate, 5% Bentone 34 on Chromosorb W; (11) 2-m 10% Lac 446 on Chromosorb W ;  and (111) 4 m 5% diisodecyl 
phthalate, 5% Bentone 34 on Chromosorb W. 
hancement unless otherwise indicated. d Mass spectral data were obtained. e NMR and mass spectral data were obtained. 

All products were identified on the basis of retention time and peak en- 

Exact mass was determined. 

8 & 0%;  p-xylene. 93 * 2%; m-xylene, 36 & 1%; and o-xylene, 
6 & 2%. The yields of products listed are based on the con- 
sumption of 0.24 mmol of (to1uene)tricarbonylchromium. The 
yields (omitting p-xylene) are somewhat lower than those in similar 
runs in the absence of initial p-xylene. If the ratio of rn- to 
p-xylene formed from the (to1uene)tricarbonylchromium is the 
same in both cases, a 1!3% yield of p-xylene is expected. Thus, 
unreacted p-xylene was recovered in 74% yield based on 0.24 
mmol of starting material. Only 0.22 mmol of p-xylene was used, 
and correction for this results in an 84 & 4% recovery of p-xylene. 
No products which could be due to the alkylation of p-xylene were 
observed by GLC. 

(1-Et hyl-3,j-dimet hylbenzene)tricarbonylchromium. 
(Mesity1ene)tricarbonylchromium (199 mg, 0.78 mmol) was added 
to 12 mL of dry THF. The solution was cooled with stirring under 
argon to -30 "C. n-Butyllithium (1.5 mL, 1.6 M in hexane, 2.4 
mmol) was added, and the resulting solution was stirred at  -30 
"C for 15 min. Methyl iodide (2 mL, 20 mmol) was added, and 
the resulting solution was stirred for 15 min and then taken up 
in ether. The ethereal solution was washed thoroughly with 
aqueous sodium chloride, dried (MgS04), and concentrated under 
reduced pressure. Sublimation afforded 158 mg (75%) of a yellow 
solid: mp 107-110 "C; after recrystallization, 109-110 "C; NMR 

(DCC13) 13 4.82 (s, 3), 2.46 (9, 2, J = 7.5 Hz), 2.20 ( s ,  6), 1.34 (t, 
3, J = 7.5 Hz). 

Anal. Calcd for C13H14Cr03: C, 57.78 H, 5.19. Found: C, 57.72; 
H, 5.08. 
(l-Butyl-3,5-dimethylbenzene)tricarbonylchromium was 

obtained in 71% yield under the conditions described above with 
the exception that n-propyl iodide was used as the quenching 
agent: NMR (DCC13) 8 4.90 (s, 3), 2.30 (m, 2), 2.20 ( s ,  6), 1.52 
(m, 4), 0.96 (m, 3); mp 80-82 "C. 

Anal. Calcd for Cl5HI6CrO3: C, 60.40; H, fi.04. Found: C, 60.28 
H, 6.18. 

m-Ethyl-tert-butylbenzene. (Ethy1benzene)tricarbonyl- 
chromium (50 mg, 0.21 mmol) was added to 3 mL of THF at -40 
"C under argon. tert-Butyllithium (0.6 mL of 2.0 M in pentane, 
1.2 mmol) was added, and the resulting solution was stirred for 
2 h at -40 "C. N-Bromosuccinimide (200 mg, 1.1 mmol) was added 
and the resulting solution allowed to warm to room temperature 
over the period of 60 min. Mesitylene (13 mg, 0.11 mmol) was 
added as standard. The solution was taken up in ether, and the 
ethereal solution was washed successively with 0.3 N hydrochloric 
acid, saturated aqueous sodium bicarbonate, and three portions 
of saturated aqueous sodium chloride (the workup was accom- 
panied by emulsion formation and the presence of a dark solid 



Arene-Metal CornFllexes J.  Org. Chem., Vol. 4.5, No. 13, 1980 2565 

Table IV. Spectral and Physical Data of GLC Collected Products Obtained from the Alkylation Sequence 
Involving the Addition of Alkyl Halides 

__ 
mass spectral 

NMR (CCl,) data (rn/e) 

product 6 ref 70eV 1 6 e V  ref other 
m-xylene 

p-xylene 

o-xylene 

ethylbenzene 

6.89 (m,  4)  
2.38 (s, 6)  

6.92 (s, 4)  
2.30 (s, 6)  

m-e thyl-tert-butylbenzene 7.06 (s, 4) 
2.62 (m, 2) 
1.34 (s, 9 )  
1.26 (m,  3) 

p-ethyl-tert-butylbenzene 7.08 (s, 2) 
7.00 (s, 2) 
2.57 (m,  2) 
1.30 (s, 9)  
1.18 (m,  3)  

o-fluorotoluene 6.95 (m, 4) 
2.27 (d ,  3, 

o-methylanisole 6.85 (m,  4)  

2,6-dimethylanisole 6.86 (m,  3)  

J =  2.5 Hz) 

3.78 (s, 3)  
2.18 (s, 3)  

3.63 (s, 3)  

(9-N,N-dimethyl toluidine 
2.23 (s, 6)  
7.0-6.75 (m,  4) 
2.62 (s, 6 )  
2.26 (s, 3)  

,n- and p-N,N-dimethyltoluidine 7.1-6.3 (m) 
2.86 (s) 
2.80 (s) 
2.27 (s) 
2.21 (s) 

insoluble in both the ethereal and aqueous solutions). The organic 
layer was dried (MgSOJ, filtered, concentrated under reduced 
pressure, and analyzed by GLC (Lac 446, 90 OC). m-Ethyl- 
tert-butylbenzene WEE obtained in 58 i 1% yield (two runs). 
Other products included ethylbenzene (12 f 1%)  and p-ethyl- 
tert-butylbenzene (5 4: 1%). The retention times of the alkylated 
products were identical with those of m- and p-ethyl-tert-bu- 
tylbenzenes, which had been characterized from the ethylation 
of (tert-butylbenzene) tricarbonylchromium. An NMR spectrum 
of the crude reaction mixture was consistent with this assignment. 
When this reaction WEB conducted a t  temperatures above -40 “C, 
low mass balance was received. When the reaction was conducted 
as above but without the addition of NBS, a 36% yield of m- 
ethyl-tert-butylbenzene was received. 

m-Ethyl -n  -butylbenzene was obtained from (ethyl- 
benzene)tricarbonylchromium in 55 f 1% yield in the manner 
described above except that  n-butyllithium (0.6 mL, 1.6 M in 
hexane, 1 mmol) waj the base. Other products included p- 
ethyl-n-butylbenzene (29 f 6%) and ethylbenzene (4 i 1%). The 
alkylated products were collected by GLC. m-Ethyl-n-butyl- 
benzene: NMR (CClJ 6 6.9 (m, 41, 2.55 (m, 4) and 1.8-0.8 (m, 
10); mass spectrum, m/e (relative intensity, 16 eV) 163 (18), 162 
(P, loo), 132 (lo), 120 (68), 119 (38), 104 (14), and 91 (14). p -  
Ethyl-n-butylbenzene: NMR (CCh) 6.88 (m, 4), 2.54 (m, 4), 1.8-0.8 
(m, 10); mass spectrum, m/e (relative intensity, 16 eV) 163 (14), 
162 (P, 85), 132 (B), 120 (30), 119 (loo), 104 (11) and 91 (11). The 
NMR spectrum was nearly identical with a published one for this 
materiakZ2 

(25) “Dictionary of Organic Compounds”; Oxford University Press: 
New York, 1965; Vol. 5, p 2366. 

106 106 
23a 105 105 

9 1  9 1  
106 
105 

91 
106 106 
105 105 
91 91 

106 106 
105  105 

9 1  91 
106 106 
105 

91 91 
162  162  
147 147 

111 ( 0 8 )  

23b 1 0 9 ( 0 3 )  
123 (10)  

23c 107 (04)  

110 (100) 

122 (100)  

137 (10)  
136 (100) 

23d 121  (07)  
136 (11) 
135 (100) 
134 (06)  
120 (06)  
105 (06)  
136 (10) 
135 (150) 
134 (10)  

24 
solidified on standing a t  0 “C 

24 lit.” mp 13-14 “C 

24 

24 
exact mass C,,H,, 

calcd 162.140843 
obsd 162.138883 

exact mass C,,H,, 
calcd 162.140843 
obsd 162.138283 

n-Butylbenzene was obtained in 67 f 3% yield from (iodo- 
benzene)tricarbonylchromium in the manner described for the 
butylation of (benzene)tricarbonylchrornium.la 

Attempted Reaction of Ethylbenzene wi th  tert-Butyl-  
lithium. This reaction was conducted in the manner described 
for the formation of m-ethyl-tert-butylbenzene from (ethyi- 
benzene)tricarbonylchromium except that ethylbenzene was 
substituted for (ethy1benzene)tricarbonylchomium. Greater than 
95% recovery of ethylbenzene was observed. 

Attempted n-butylation of (aniso1e)tricarbonylchromium 
was conducted in a manner similar to that described for the 
n-butylation of (ethy1benzene)tricarbonylchromium. No evidence 
for formation of any butylated materials was observed. A good 
recovery of anisole was obtained from this reaction. 

Attempted n-butylation of (N,N-dimethylani1ine)tri- 
carbonylchromium was conducted as described immediately 
above. After the usual aqueous workup, the solution was subjected 
to decomplexation by method C. GLC analysis did not indicate 
the presence of substantial amounts of either N,N-dimethylaniline 
or the expected alkylated products in the resulting solution. 
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Magnesium and beryllium halides in refluxing diethyl ether effect the transformation of cyclopropylmethanols 
into homoallylic halides, in contrast to several other metal halides and Lewis acid/nucleophile combinations 
which were examined. Magnesium bromide and iodide are particularly effective: conditions are mild, yields 
are high, and little or no byproducts are formed. Tertiary and benzylic alcohols are more reactive than secondary 
alcohols, while the latter are converted into E homoallylic halides with high stereoselectivity. Cyclopropylmethanol 
itself fails to react. In the cases of magnesium halide reactions with bicyclo[3.1.0]-2-hexanol and bicyclo- 
[4.1.0]-2-hept1mol, addition of an equimolar amount of zinc halide not only caused substantial rate enhancement 
but also increased regioselectivity. 

The transformation of cyclopropylmethanols into hom- 
oallylic halides is a useful reaction which has received 
considerable development and synthetic application,' in- 
cluding incorporation into a basic set of reactions for a 
recent approach to computer-assisted synthesis.lk To date, 
the most commonly used procedures involve treatment of 
the appropriate cyclopropylmethanol with 48% hydro- 
bromic acidlaic or conversion of the alcohol into the cor- 
responding bromide, followed by reaction with zinc brom- 
ide.lePf We have described briefly the use of magnesium 
halides to effect this transformation (eq 1) directly and 

la ,  R = Me; R' = Me 2 
b, R = Me; R' = H 
c, R = H; R' = li 
d, R = Ph; R' = H 
e, R = Me; R'  = Et 

cleanly in good yieldsa2 This method, which is related to 
chemistry reported by  other^,^ offers advantages over other 

(1) (a) Julia, M.; Julia, S.; Guegan, R. Bull. SOC. Chim. Fr. 1960,1072. 
(b) Hoffsommer, R. D.; Taub, D.; Wendler, N. L. J. Org. Chem. 1962,27, 
4134. (c) Julia, M.; Descoinis, C.; Risse, C. Tetrahedron Suppl. 1966,8, 
443. (d) Sarel, S.; Yovell, J.; Sarel-Imber, M. Angew. Chem., Int. Ed. 
Engl. 1968, 7, 577. (e) Brsdy, S. F.; Ilton, M.; Johnson, W. S. J. Am. 
Chem. SOC. 1968,90, 2882. (fJ Johnson, W. S.; Li, T.; Faulkner, D. J.; 
Campbell, S. F. Ibid. 1968, 90, 6225. (g) Mori, K.; Ohki, M.; Sato, A,; 
Mataui, M. Tetrahedron 1972,28,3739. (h) Julia, M.; Paris, J.-M. Tet- 
rahedron Lett. 1974,3445. (i) Descoins, C.; Samain, D. Ibid. 1976,745. 
(j) Santelli, C. Zbid.1979,1165. (k) Corey, E. J.; Long, A. K. J. Org. Chem. 
1978,43, 2208. 

(2) McCormick, J. P.; Barton, D. L. J. Chem. SOC., Chem. Commun. 
1975, 303. 

(3) (a) Yovell, J.; Sarel-Ixnber, M.; Sarel, S. Isr. J. Chem. 1966,4, 21p. 
(b) Coulomb, F.; Gore, J. J.  Organomet. Chem. 1975,87, C23. (c) Bier- 
nacki, W.; Gdula, A. Synthesis 1979, 37. 
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Table I. Treatment of 2-Cyclopropyl-2-propanol 
with Metal Halides and with Lewis 
Acid/Nucleophile Combinationsa 

reaction 
time, h % 

reagent/solventb (reflux) reactionC 

MgI,/E t ,O 4 100 
MgBr,/Et,O 8 100 
MgBr,/THF 2 c;4 
MgCl,/Et,Od 71 9 5  
CaCl , /Et,Od 16 0 
CaBr, /Et,Od 48 < 3  
CaBr,/THFd 24 < 3  
LiI/Et,O 20 0 
LiI/THF 36 <7  
ZnBr, /Et, 0 1 2  <I 
BeCI,/Et,O 143 85 
BeBr,/Et,O 45 95 
CuSO,/I-/Et,Od 66 0 
MgSO,/I-/Et,Od 52 0 
CaCl, /I-/Et,Od 23 0 

Reaction mixtures were sampled at  regular intervals 
and examined by GC. Iodide added as tetrabutylam- 
monium iodide. 2a was the on1 observed product; 
yields were determined by GC. b;Ieterogeneous reaction 
mixture. 

procedures: intermediate cyclopropylmethyl halides need 
not be prepared, cyclobutyl compounds are not obtained 
as byproducts, and the use of strong mineral acids is 
avoided." We now report further on the possible synthetic 
scope and some mechanistic evidence regarding this 
transformation. 

After initial experiments demonstrated that 2-cyclo- 
propyl-2-propanol (la) was converted cleanly into 5- 

(4) For some aspects of these difficulties, see ref le.  
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