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Summary 

An improved method for the synthesis of 3,5dibromophenyllithium (I) has 
been developed. The reactions between I and various substrates leads to a variety 
of substituted compounds e.g. (3,5-Br,C,H,),X; when n = 1, X = -CO*H, -CHO, 
-Si(CH&Cl, -C(O)&F,, -C(0)CF,(OCF2CFZ)30CzF5, -C(0)CF(CF3)0C3F7, 
-C(0)CF(CF,)[OCF2CFiCF3)120CsP7, -C(CF&OH and C6F5; when n = 2, X = 
p-&F& when n = 3, X = P. The thermal stability of I is also reported_ 

Introduction 

Recently we have reported [l] an improved synthesis of o-bromophenyl- 
lithium and its reactions with a variety of substrates at -110°C. In an attempt 
to extend these studies to other bromoaryllithium intermediates, which may be 
temperature sensitive, we have investigated 3,5dibromophenyllithium. This 
organolithium compound has previously been synthesized by Gilman, Langham 
and Moore [2] in a general study on metal-halogen exchange reactions with 
various haloaryl compounds. Further studies on I, however, have not been 
reported. 

Discussion 

Although numerous organometallic compounds may be synthesized, their 
utility as intermediates in the preparation of other compounds may be limited 
by their thermal instability. In the preparation of 3,5&bromophenyllithium by 
the metal-halogen exchange reaction in diethyl ether solvent the final organo- 
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metallic compound I does not appear to have any chemical features, e.g. ortho- 
bromo substituent [l J, which could lead to its thermal instability. It has been 
determined, however, that I is temperature-sensitive, and if precautions are not 
taken this can lead to lower yields of product as well as undesirable by-products. 
The mode of decomposition and products of reaction have not been investigated 
in detail as yet; however, its stability at various temperatures has been deter- 
mined (see Experimental section)_ The products of decomposition are high 
melting intractable solids. The organolithium compound I can be conveniently 
prepared at -78°C in diethyl ether. The metal-halogen exchange is complete 
under these conditions and yields on hydrolysis the expected mefa-dibromo- 
benzene in nearly quantitative yield. An excess of n-C4HgLi over stoichiometric 
quantity replaces the second bromine to yield a small amount of bromodilithio- 
benzene. At this temperature I has sufficient stability and activity to react with 
numerous substrates of different functional character. In tetrahydrofuran (THF) 
as a solvent, however, the metal-halogen exchange reaction can proceed to a 
greater extent to yield multiple exchange. When stoichiometric amounts of 
1,3,5-tribromobenzene and n-C4H9Li are allowed to react at -78”C, analysis of 
the hydrolyzed reaction indicated a mixture of C.&Br (29%), m-Br,CsH4 (25x), 
1,3,5-Br3C6H3 (28%), a trace of C6H6, and a number of other unidentified prod- 
ucts probably from the subsequent reactions or decomposition of the various 
organolithium compounds. From the relative amounts of C6H,Br (29%), and 
m-Br,&H, (25%), it would appear that in the THF solvent, the metal-halogen 
exchange reaction of the second bromine is as readily accomplished as the 
replacement of the first bromine. 

Due to the thermal sensitivity of I, the reaction time and temperature of sub- 
sequent reactions with various substrates has a marked effect on products 
formed. With substrates as H,O, C02, (CH&NC(O)H, (CH&SiCl,, R&(0)OC2HS 
]3], PC& and (CF,),C=O high yields of products are obtained (see Table 1). It 
thus appears that i reacts at -78°C as a typical organolithium reagent with reac- 
tivity towards diverse substrates (See Scheme 1). As such it will be possible to 
prepare 3,5-dibromophenyl-substituted compounds of various types. With less 
reactive substrates, e.g. C6F6, which undergo nucleophilic reactions, under simi- 
lar experimental conditions, the rate of reaction was extremely slow. Higher 
(-40°C) reaction temperatures and longer reaction times were required to effect 
any reaction. With C6F6 as a substrate, additional by-product formation was ob- 
served. Once the initial product XII was formed, it reacted faster than the unsub- 
stituted C6F6 to produce the pare-disubstituted product XI. Br 
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The para-orientation of XI was determined by “F NMR which showed only 
one type of fluorine substituent. The substitution by the 3,5dibromophenyl 
group must activate the para-fluorine of XII towards further nucleophilic sub- 
stitution by I. 

The availability of these various 3,5-Br&HsX (where X = substituent from 
substrate) type compounds now provides the further possibility of metal-halo- 
gen exchange reactions on many of the compounds produced_ Gilman and 
Amtzen have previously reported [4] metal-halogen exchange reactions with 
compounds such as BrC6H,0H and BrC6H&02H to yield LiC6H,0Li and 
L,iC6H4C02Li, respectively. Utilizing 1,3,5-tribromobenzene and sequential 
metal-halogen exchange reactions, it is quite possible to use this synthesis 
method for the preparation of various BrC6HJXY type compounds (where X 
and Y are either similar or dissimilar). If, however, the substituent X is capable 
of reacting with n-C4H9Li, the metal-halogen exchange of the second bromine 
is competitive with X and a mixture of products may result. As an example, in 
the reaction between 3,5-Br&H,CO,Li and n-C,HsLi a mixture of products 
was obtained. The principal product of this reaction was 3-BrC,H,C(O)C,H,, 
indicating that the n-C4H9Li reacted with both the carbonyl group as well as 
with one of the ring bromines through a metal-halogen exchange to yield on 
hydrolysis the protonated product 3-BrC,H&(O)C,H,. With the monosubsti- 
tuted compounds, 3,5-Br2C6H3X, where X is not a reactive group toward n-C4H9Li. 
the second bromine can react via a metal-halogen exchange to yield a mono- 
lithio compound. Likewise, we have shown that when X contains a functional 
group, for example an -OH which can react with n-C4HgLi to form a lithium 
salt, two equivalents of n-C4HsLi are required to effect the second bromine 
metal-halogen exchange. 

It is possible, beginning with 1,3,5-Br&,H, to perform sequential metal- 
halogen exchange reactions where at least two different functional groups may 
be introduced without isolation of intermediate monosubstituted products_ 

CF3 
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SCHEME 1 

REACTION OF I WITH VARIOUS SUBSTRATES 

u20 
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The possibility of the sequential metal-halogen exchange reaction provides a 
synthesis route to a variety of polysubstituted 1,3,5-benzene compounds. Such 
studies which would involve the replacement of the third bromine on inter- 
mediates similar to XVII are now in progress and will be reported at a later date. 

Experimental 

General comments 
All reactions were carried out in flame-dried glassware under an atmosphere 

of purified dry nitrogen. Tetrahydrofuran was dried by distillation from lithium 
aluminium hydride. Anhydrous diethyl ether (Mallinckrodt) was used without 
further purification. The yields reported were generally isolated yields except 
for those performed on small quantities where such yields were determined by 
gas chromatography (GC) using an internal standard. GC analyses were per- 
formed on an F&M Model 700 instrument using a 6 ft, 10% SE-30 on chromo- 
sorb W column. The GC/MS analyses were performed on a DuPont Model 
21490 mass spectrometer. All new principal products were characterized by 
elemental, mass spectral and infrared analysis. Most of the by-products of the 
reactions were characterized only by GC/MS analysis_ Yields and elemental 
analytical data for all compounds are given in Table 1. n-Butyllithium in hexane 
was purchased from Alfa Division, Ventron Corp. All the temperatures reported 
are uncorrected. 

Preparation and stability of 3,5dibromophenyllithium [I) in diethyl ether 
Into a 250 ml four-necked flask, equipped with a stirrer, low temsrature 

thermometer, a dropping funnel and a nitrogen gas inlet and maintained under 
a nitrogen atmosphere, was placed anhydrous diethyl ether (100 ml) and 1,3,5- 
tribromobenzene (3.15 g, 10.0 mmol). The contents were cooled to -78°C 
(Z-propanol/dry ice bath) and n-CJI,Li (42.4 mi of 0.236 M in hexane solution, 
10 mmol) was added at an even rate over 30 min while maintaining the internal 
temperature at -78” C. The solution was stirred at -78” C for an additional 30 
min, an aliquot sample removed, hydrolyzed with 2 N HCI and analyzed by GC. 
Analysis indicated a 97% yield of 1,3-dibromobenzene (see Table 2). 

The organolithium solution was allowed to warm up slowly during which time 
aliquot samples were removed periodically and analyzed by GC. The stability of 

TABLE 2 

STABILITY OF 3,5-DIBROMOPHENYLLITHIUM <I) 

Reaction temperature (OC) Time <h) 

-78 0.5 97 

-78 19.5 91 

-23 1 84 
-23 3 78 
-23 4.5 76 

0 1 73 

0 23 _ 27 
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I is inferred by the amount of I,&dibromobenzene, the hydrolysis product of I, 
remaining in solution. See Table 2. 

Preparation of I in THF 
This preparation was performed in an identical manner to the one in diethyl 

ether. GC analysis, using an internal standard (n-octane), indicated a mixture of 
bromobenzene (29%), m-dibromobenzc>e (25%), 1,3,&tribromobenzene (28%), 
a trace of benzene and an unidentified decomposition product. 

Reaction of I with CO* 
A diethyl ether (1250 ml) solution of I (300 mmol) at -78°C was poured 

into a precooled (--5OOC) saturated COl/diethyl ether (600 ml) solution. After 
2 h, the solvents were removed, the residue acidified with 2 A? HCI, extracted 
with diethyl ether and the diethyl ether solution further extracted with’dil. 
NaOH. On acidifying the aqueous NaOH solution with 2 N HCI, the 3,ELdibromo. 
benzoic acid (76.8 g, 91% yield) precipitated. The m-p. at 218”--220°C (lit. [4] 
m.p. 214”--216°C) and IR spectrum were identical to that in literature [5] _ 

Reaction of I with (CH&VC(O)H 
To a diethyl ether solution of I (31.7 mmol) at -78°C was added frehly dis- 

tilled (CH&NC(O)H (6.65 g, 91.1 mmol). After stirring at -78°C for one hour, 
the reaction mixture was hydrolyzed with 2 N HCl solution (400 ml). The 
diethyl ether layer was dried over MgS04, analyzed by GC and the solvent 
removed. The yield of 3,5_dibromobenzaldehyde (IV), melting at 90-92” C 
after recrystallization from diethyl ether and hexane, was 86% (7.2 g). See 
Table 1. 

Reaction of I with excess (CH3)$XX2 
To a diethyl ether solution of I (95.1 mmol) at -78°C was rapidly added 

freshly distilled (CH&SiCIZ (25.0 g, 194 mmol). After the reaction mixture was 
stirred for 1.5 h at -78”C, it was allowed to warm to room temperature, fil- 
tered under nitrogen and concentrated. Distillation of the concentrated filtrate 
yielded 3,5-dibromodimethylchlorosilylbenzene (V). See Table 1. 

A sample of V in diethyl ether was hydrolyzed with water and stirred at room 
temperat-ure for 30 min. Hexane was added to the diethyl ether solution. On 
concentration, crude dixiloxane VI separated which was further recrystallized 
from a mixture of diethyl ether and hexane to yield pure VI. See Table 1. 

Reaction of I with n-C,F,C(O)OC,H, 
To a diethyl ether solution of I (196 mmol) at -78°C was added n-&F&- 

(0)OC2H5 (52.3 g, 216 mmol) dropwise with stirring over 30 min. After stirring 
at -78°C for one h, the reaction mixture was hydrolyzed at -78’C with 1 N 
HCl(600 ml), phase separated, dried over MgSO,, solvent removed and analyzed 
by GC!_ Distillation of the concentrated mixture yielded the ketone VII. See 
Table 1. The other fluoroketones VIII, IX and X were prepared under identical 
conditions_ 
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Reaction of 1 with excess C6F6 
To a diethyl ether solution of I (47.7 mmol) at -78OC was rapidly added a 

diethyl ether (15 ml) solution of C6F6 (13.9 g, 74.7 mmol). After stirring the 
mixture at -78°C for 10 min, an aliquot sample was removed, hydrolyzed and 
analyzed by GC. Since the reaction was extremely slow at -78°C (as evidenced 
by m-dibromobenzene presence, 98%) the solution was ahowed to warm up from 
-78°C to -40°C over 15 min and stirred at -40°C. Aliquots were removed 
from the solution at the end of 0.5 h, 1.5 h, 2.5 h and 3.25 h, and the respec- 
tive yields of m-dibromobenzene after hydrolysis were 38%, 15%, 8% and 8%. 
After the reaction mixture had been stirred for 3.5 h at -4O”C, it was allowed to 
warm to -lO°C and then hydrolyzed with 1 N HCl(600 ml). The solid was fil- 
tered. The filtrate was then phase separated, dried over MgS04 and concentrated. 
After concentration of the diethyl ether layer, additional solid precipitated and 
was filtered_ The combined solids (7.5 g; m.p. 265-269”, 51%) were recrystal- 
lized from toluene to give 5.8 g (39%) of product XI. See Table 1. The diethyl 
ether filtrates from above were concentrated to yield a solid which was sublimed 
at 85”C/O.2 mmHg to’give 1.2 g (6.3%) of product XII. See Table 1. 

Reaction of I with PCI, 
To a diethyl ether solution of I (70.2 mmol) at -78°C was added freshly dis- 

tilled PC13 (2.89 g, 21.0 mmol) in 10 ml of anhydrous diethyl ether dropwise 
with stirring over 20 min. After stirring at -78°C for 30 mm, the reaction mix- 
ture was allowed to warm to room temperature. After stirring at room tempera- 
ture for 1.5 h, the reaction mixture was hydrolyzed with 1 N HCl(600 ml), 
additional diethyl ether was added to dissolve the precipitated product and the 
diethyl ether solution was phase separated and dried over MgS04. The solvents 
were removed to almost dryness at reduced pressure. The residue was washed 
with methanol (4 X 30 ml), to yield the crude product (15.6 g). The crude 
product was recrystallized from a mixture of chloroform and hexane to yield 
12.8 g (83%) of product XIII. See Table 1. 

Reaction of I with CF3C(0)CF3 
To a diethyl ether solution of I (100 mmol) at -78°C was rapidly added 

CF3C(0)CF3 (17.4 g, 105 mmol) as a precooled liquid. An immediate exotherm 
was noted, -78°C to -60°C. The reaction mixture was cooled to -78°C and 
stirred for an additional 1 h. The reaction mixture was hydrolyzed at -78°C 
with 2 iV HCl (500 ml), phase separated and the diethyl ether layer was dried 
(MgSO& The solvent and low boiling components were removed on a rotary 
evaporator at -80° C leaving a white solid and some residual brown liquid. The 
mixture was filtered and the crude solid subjected to sublimation. At 85”C/lO 
mmHg a white crystalline solid product XIV was obtained, 30.4 g (76%). See 
Table 1. 

Synthesis of XVIII 
To a diethyl ether solution of I (100 mmol) at -78OC was rapidly added 

CF,C(0)CF3 (17.4 g, 105 mmol) as a precooled liquid. After 40 min at -7S°C, 
n-C4HgLi (43.5 ml of a 2.30 M in hexane solution, 100 mmol) was added-at an 
even rate over a period of 20 min while maintaining the internal temperature at 
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-78°C. The solution was stirred at -78°C for an additional 40 min, an aliquot 
sample removed, hydrolyzed with 2 N HCl and analyzed by GC. Analysis indi- 
cated a 97% metal-halogen exchange with the second bromine, as indicated by 
the formation of m-BrCsH&(CF3)20H (XVI) (mass spectral analysis). Into the 
remainder of the reaction mixture CO* was bubbled through for a period of 70 
min. The reaction mixture at -78°C was then hydrolyzed with 6 N HCl(700 
mI), and the diethyl ether layer was separated and dried (MgS04). The solvent 
was removed on a rotary evaporator at -80°C leaving a mixture of solid and 
liquid. The mixture was filtered and the crude solid product was washed with 
hexane (2 X 10 ml) yielding the product )cVIII, 33.7 g (92%). See Table 1. 

References 

1 L.S. Chen. G.J. Chen and C. Tamborski, J. Organometal. Chem.. 193 (1980) 283. 
2 H. Gilman. W. Langham and F.W. Moore. J. Amer. Chem. Sot.. 62 (1940) 2327. 
3 L.S. Chen. G.J. Chen and C. Tamborski. J. Fluorine Chem.. in press. 
4 H. Gilman and C-E. Arntzen. J. Amer. Chem. Sot.. 69 (1947) 1537. 
5 Sadtler Research Laboratories. Inc.. Philadelphia, Pennsylvania. Spectrum No. 27068K. 
6 N.B. Colthup, L.H. Daly and SE. Wiberly, introduction to Infrared and Raman Spectroscopy, 2nd Ed.. 

Academic Press. New York. 1975. p_ 264. 


