Metal-Halogen
Exchange

Metalations
(M~X) of Aryl
and Heteroaryl
Ring Systems
Using
Alkyllithiums

In the two previous newsletters, attention focused on lithi-
um-hydrogen exchange metalation reactions (Li<>H) of aro-
matic and heteroaromatic substrates using organolithiums
as strong bases. As shown in those feature articles, the util-
ity of Li~»H methodologies is dependent on the substrates
possessing ortho-directing metalating groups (DMGs).
When a substrate containing appropriate DMG is not
applicable, lithiation via metal-halogen exchange (M«X)
provides an alternative for preparing a desired product.
The regiospecificity offered by M«<X, of particular impor-
tance in heterocyclic chemistry, is its most unique feature.
In the last decade, it has become the method of choice for
the preparation of several sophisticated macrocycles and
natural products.

A number of reviews on the topic are available, but none of
very recent vintage that would be useful to the preparative
chemist. Those to be found in Wakefield' and by Jones and
Gilman® are the most comprehensive but are somewhat
dated. Others by Parham and Bradsher® (reactive sub-
stituents) and Bailey and Patricia* (mechanism) provide
focussed examinations. Short overviews on the topic can be
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found in Wakefield® and Wardell.® A useful summary of a number of procedures
can be found in the monograph by Brandsma and Verkruijsse.’

MECHANISM

Various mechanisms have been considered for the M—X exchange.* The reaction
appears to be an equilibrium involving a concerted Sy2 displacement, a single
electron transfer (SET), or an intermediate called an “ate-complex.” Under some
conditions, second-order kinetics have been observed. Separate studies have
demonstrated both stereochemical inversion and retention. Relatively recent
studies, some of which are described below, argue against the once common
description of the reaction as taking place through a four-center intermediate.’*

In support of the SET mechanism,® a number of coupling products have been found
(Fig. 1). In addition, for certain systems, chemically induced dynamic nuclear
polarization (CIDNP) signals have been observed, such signals being indicative of
radical character in the intermediate(s).

There is support for the “ate-complex” intermediate;
R-R + MX such a complex has been isolated in one case. For the
equilibrium of pentafluorophenyllithium with penta-
fluorophenyliodide, the unstable complex was observed
S~ R4+ R at -78°C; addition of two equivalents of TMEDA,
however, resulted in formation of a stabilized “ate-
complex” (Fig. 2) which was isolated and characterized
by X-ray spectroscopy.’

—— RM + RX

Solution NMR evidence continues to be gathered in
favor of the “ate-complex” mechanism. The “ate-
species,” (Fig. 3) has been observed as a discreet
solvent-separated ion pair and it was demonstrated
to serve as a phenyl anion donor.”’ Evidence in favor

[CeFs—I-CgFs]~ Li* ‘ x 5
/ of the linear intermediate demanded by such a
structure has been published."

CsF5Li + Cstl

[CeFs—I-CgFs]™ Li*+ 2 TMEDA
As mentioned above, M—X exchange complements
metalation and directed metalation for the synthesis
of substituted aromatic compounds. The process is
in effect a reversible equilibrium with the formation
of the more stable anion serving as the driving force.
It seems likely that an “ate-complex” serves as an intermediate at least
in those equilibria involving aryl systems. The use of n-BuLi or ¢-BuLi
appears to be advantageous; however, in the case of ¢-BuLi, two equiva-
lents are generally required. The second equivalent of ¢-BuLi reacts
with the byproduct ¢-butyl bromide to form LiBr which in some cases
may improve the subsequent reaction of the lithiated substrate and
electrophile.




Note: Because of the high volatility of pentane which is the solvent for commercial-
ly available ¢-BulLi, a new formulation in heptane is now available for laboratory
and pilot use. The less volatile heptane results in a safer and easier to handle
t-BuLi solution.

Aryl bromides and iodides best undergo the exchange, whereas aryl chlorides do not
participate in M—X exchange promoted by alkyllithiums. However, several suc-
cessful examples of exchange with “activated” aryl chlorides are known. A claim
that M—X exchange with n-BulLi can take place faster than ionization of a relative-
ly acidic alcohol proton'? has, for the time being, been refuted."®

ARENES

The original observations of Jones and Gilman® that the M—X exchange of aryl
halides could be extended to aryl-bearing substituents, which are sensitive to
alkyllithium reagents, were not of significant synthetic impact due to the relatively
low yields reported. The low yields undoubtedly resulted from not performing the
reactions at much lower temperatures. In fact, twenty years later, Kobrich and
Buck! observed that o-lithio nitrobenzene could be prepared in nearly quantitative
yield from o-bromonitrobenzene at -100°C. Additional examples of systems with
high yields under low-temperature conditions are included in Table 1. Further
discussion of this technique can be found in the review by Parham and Bradsher.”
Of course, extremely low temperatures, although accessible in the laboratory, are
expensive in industrial applications. However, several companies already have
pilot- and plant-scale low temperature capabilities (> -80°C) in place and efforts are
underway to improve the economics of low temperature processes. Higher
temperatures may be possible by limiting or eliminating the use of Lewis bases as
shown by the preparation of phenyllithium (see first entry, Table 1). The economics
of this approach must be balanced against the limited solubility of lithiated aryl
substrates. Of course, limited solubility may be necessary to prevent alkylation by
the butyl bromide byproduct, which may have to be separated from the lithiated
substrate.

Table 1 - Substituted Lithiobenzenes by M—X Exchange

ORGANOLITHIUM
SUBSTRATE REAGENT °C PRODUCT REFERENCE
(SOLVENT)
CgHzBr n-Bu (toluene) 50 CgHzLi 15
p-BrCgH4OMe Ph (Et90) 0 p-LiCgH4OMe 16
p-1ICgH4CO9H Ph (Et90) -15 p-LiCgH4COoLi 17
0-BrCgH4NO9 Ph (THF) -100 0-LiCgH4NO9 14
p-BrCgHyCl n-Bu (Eto0) 25 p-CICgH4Li 18
0-BrCgH4CN n-Bu (THF) -78 0-LiCgH4CN 19
2,5-BrgCgHgNMeg n-Bu (THF) -100 2-Li-5-BrCgHgNMeg 20

2,6-09N)oCgHgBr  n-Bu (THF) 100 2,6-(09N)oCgHgLi 21




A useful technique pioneered by Parham and Bradsher’ is a series of cyclizations

known as “Parham Cyclizations.” Cyclialkylations (Fig. 4) and cycliacylations

(Fig. 5), as well as other cyclizations, have been accomplished. These reactions are
also best carried out at low temperatures.

' R : Fused bromoarene systems have in a few instances been
- subjected to M—X exchange to produce the organo-
& TN Cll lithium intermediate with good-to-excellent yields
4 (Table 2). An exception is the lithio derivative from

) 2-bromophenanthrene which was generated at only 37%
(86%) based on the yield of the product isolated.”

Table 2 - Lithioarenes by the M—X Exchange

ORGANOLITHIUM
SUBSTRATE REAGENT PRODUCT  REFERENCE
(SOLVENT)
1-Bromonaphthalene n-Pr (Et90) 1-LiCyoHy 22
2-Bromonaphthalene n-Bu (Et90) 2-LiCqoH7 23
2-Bromophenanthrene n-Bu (Et90) 2-LiC14Hg 24
9-Bromophenanthrene n-Bu (Et90) 9-LiC14Hg 25

1-Bromopyrene Ph (Et90) 1-LiCygH11 26




Activated aryl chlorides also undergo M—X exchange. While the actual activation
mechanism is unclear, certain perhalobenzenes which contain chlorine undergo the
reaction quite readily (Table 3). Perhalobenzenes which contain a bromo or iodo
substituent undergo exchange at the site of the bromine or iodine atom.
Interestingly, CgBrg affords a much lower yield (17%) of the lithio-perhaloarene®
than does CgClg (Table 3).

Table 3 - Haloarenes by X< M Exchange

ORGANOLITHIUM
SUBSTRATE REAGENT *©C PRODUCT REFERENCE
(SOLVENT)
CGFsc] n-Bu (Et90) -70 CgF'sLi 28
1,3-ClyCgFy n-Bu (Eth) -70 3-C]CBF4Li 29
1'2'Br2CGF4 n-Bu (EtzO} -70 1,2-Li2C6F4 30
CGCIG n-Bu -78 CsClsLi 31
Csclﬁ t-Bu -125 C6Li6 32

Perlithiobenzene, CgLig, was isolated in 53% yield,” a significant achievement.
Dilithiobenzene has, in the instance of the 1,4-analog, been prepared by the M—X
exchange.®® The 1,2-isomer has been prepared by the halogen-mercury exchange
(a significantly underexploited reaction) followed by treatment with n-BuLi

(Fig. 6).3

Br 2L Li
——




C. Tamborski, who pioneered much of the
earlier work on polyhaloarenes, illustrated the
sf\© power of the M—X exchange by the prepara-

: ssip tion of a series of 1,3,5-trisubstituted benzenes
Br Br E4O : ; as illustrated in equations 7, 8, and 9.%
\Q, +  n-CqHeli T?-;:c—- n-CqHeBr + \Ql / Br q
Br

HETEROCYCLES

The M«X exchange is particularly useful for
the preparation of organolithio intermediates
of reducible heterocycles, such as pyridine.
i e Organolithium reagents tend to add to the
\©’ electron-deficient n-system in such molecules
& S| MY when metalation (M<>H exchange) is
n-C4HgBr +\©’ M e attempted. Another potentially useful set of
B e e SiMes intermediate lithio compounds are those
generated at the position(s) not favored by
GeMes electrophilic substitution in the respective
heterocycles. Thus, the 3-lithio intermediates
in the monoheteroatom 5-membered ring
heterocycles lead to products that complement
those prepared at the 2-position by
electrophilic substitution techniques or by
\% metalation. A different situation exists for the
"'c"'/ simple benzo derivatives of the 5-membered
ring heterocycles. Papers describing prepara-
n-CgHgBr + %g‘ i i q tion of the 3-lithio derivatives via Me-X
exchange have been published. However, the
3-position in such heterocycles is also the one
SiMe, favored by electrophilic substitution. A sum-
ﬁ\g mary of information regarding a number of
; these intermediates can be found in Table 4.

Table 4 - Lithioheterocycles by the M—X Exchange

ORGANOLITHIUM

SUBSTRATE REAGENT °C PRODUCT REFERENCE
(SOLVENT)

Single-ring Heterocycles
3-Bromopyrrole n-Bu (THF) -23 3-LiC4HgNX" 36
3-Bromofuran n-Bu (Et90) -70 3-LiC4H30 37
3-Bromothiophene n-Bu (Et90) -70 3-LiC4H3S 38,7
2-Bromopyridine n-Bu (Et90) -70 2-LiCsHyN 39
3-Bromopyridine n-Bu (Et90) -35 3-LiCsHyN 40,7
Fused-ring Heterocycles
3-Todoindole t-Bu (THF) -100 3-LiCgHENY" 41
3-Bromobenzothiophene n-Bu (Et90) -70 3-LiCgH5S 42
3-Bromoquinoline n-Bu (THF) -100 3-LiCgHgN 7

“X is protecting group -Si(i-Pr)g; *Y is protecting group -O9SPh




MACROCYCLE SYNTHESES

More sophisticated uses of the M—X exchange
are rapidly emerging. Cram et al.*** have
demonstrated the potential use of the reaction
in the synthesis of several spherands and
cavitands (Figs. 10 and 11). Interestingly, the
decision to use the two-step processes,
generation of the dibromo intermediate
followed by M—X exchange rather than a
double directed metalation, must have been
based on the low yields afforded by methoxy-
directed metalations.

The initial step in the formation of a macro-
cyclic polyketone® was the addition/oxidation
sequence shown in Fig. 12. The dilithio
intermediate was generated by the M—X
exchange on the corresponding dibromo com-
pound. Remarkably, the polyketone generated
undergoes spontaneous isomerization to a
spirobicyclic polyketal.
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In more recent work, Cram et al.*® have
extended their macrocycle syntheses to the
use of fused ring heterocycles (Fig. 13). One
Mo X exchange and, in essence, two directed
metalation reactions are featured in this
synthesis.

NATURAL PRODUCT
SYNTHESIS

For regiospecific syntheses of a variety of
natural products containing highly substi-
tuted aromatic rings, the M—X exchange has
found increasing use. Often the decision to
use the M—X exchange is mitigated by the
possibility of more than one site of metalation
afforded by the directed metalation reaction.

Syntheses of N,N-dimethylvanillylamine and
N,N-dimethylisovanillylamine illustrate this
point (Figs. 14 and 15).” The two isomeric
bromo compounds were prepared by different
routes. Directed metalation of 3-hydroxy-4-
methoxydimethylbenzylamine would have
afforded a mixture of both lithio-inter-
mediates from which a mixture of both
products would have been generated.
Presumably, the difficulty of separating such a
mixture precluded this strategy.

In the synthesis of protoberine alkaloids,*
a unique series of selective reactions
involving several bromine-containing
intermediates, including one M—X
exchange, was used (Fig. 16). Of particular
interest is the strategy of creating the
aliphatic/aromatic di-TMS product which
was selectively converted to the aryl
bromide by aryl desilylation.



Polylithiated derivatives of salicylic and oligosalicylic acids

can be generated by M—X exchange.”’ Treatment of
5-bromosalicylic acid with ¢-BuLi at -90°C afforded the
0,0,C-trilithio derivative from which a variety of substi-
tuted salicylic acids were prepared. Identical treatment of
5-iodosalicylic acid lead exclusively to recovery of the
deiodinated product. To test the procedure, the base-
sensitive salicylic acid, 5-bromolasalocid A (Fig. 17) was
subjected to the same conditions as above and treated with
D90. The approximately 50% of the deuteriated product

(40% recovery) exhibited total retention of structural and
stereochemical integrity.

A noteworthy example of the use of M—X
exchange in natural product precursor
synthesis is the development of a general

Ry

Ra Br

DMF, NaH

route for synthesis of substituted
phthalides.?® Intramolecular trapping of
the adjacent carbamate functionality by
the lithio intermediate affords a Parham-
type cyclization product (Fig. 18).
Application of this lactonization procedure
to the total synthesis of aristocularines has

Ry ou
Rz NMe;
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OH N,N-dimethylcarbamoy! chloride

MeOH
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been accomplished (Fig. 19).”
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A recent paper entitled “Multifunctional-
ization of Imidazole via Sequential Halogen-

— | I Bull,~78°C, prs—( I (BU,T8°C, o ¢ | I
J

HO(CH;);0H, pyr/TsOH,

N
%)
3 M HC, 74% [,’ B

Metal Exchange: A New Route to Purine-
Ring Analogs” illustrates the power of the
M«X exchange to assist in the preparation
of analogs of known bioactive species.*
Treatment of 1-[(benzyloxy)methyl-2,4,5-tri-
iodoimidazole sequentially with n-BulLi,
TMSCI, n-BuLi, MegNN(Me)CHO, n-BulLi
and (MeOCO)90 gave the N-protected-4-
(methoxycarbonyl)-imidazole-5-carboxalde-
hyde in a remarkable overall yield of 25%. A
separate route to this compound featuring
i three sequential M—X exchanges is illus-
trated (Fig. 20). This compound was only two
steps removed from the desired product. Of
paramount concern during such syntheses is

the generation of a less or least favored anion
of the imidazole system. This strategy has

potential application in other systems.

In an elegant variation on the Parham-
cyclization, a tandem M—H/M«<X exchange
procedure has been developed for the synthesis
of a number of specifically substituted
anthraquinones (Figs. 21 and 22).%*% An inter-
vening step, linking the arene containing the
functional group to a second arene containing
the requisite bromine atom, is effected before

1. sec -BuLVTMEDA
1. n-Bulli, 0 CJEIQO

2. cacoua, ~78°C

@(\rmh

oo

: Ellipticing)
b: R= OMe (*Elliptinium®

(o]
—
o]

MX exchange.

CONCLUSION

M«X exchange can be used on an industrial scale.
For instance, Burroughs Wellcome Co. manufactures
triprolidine® (Fig. 23) and Dow Elanco prepares
fenarimol® (Fig. 24) via low temperature processes.



Large-scale use of M«»X exchange will increase as more is
understood about this method, especially concerning:

o

* temperature optimization, [ Leew i
* use of continuous reaction schemes (kinetics), il e

¢ effect of limiting Lewis bases, e

* outlets for the byproduct butyl bromide
(i.e., in BuLi production),
* availability of brominated substrates.

These challenges are offered to the chemists and engineers considering
lithium methodologies.

More About the Author of the Feature Article

Professor Don W. Slocum currently serves as the Chemistry
Department Chairman at the University of Western Kentucky.
In addition to his teaching duties, he leads a research group of
undergraduate students. The major area of interest for his
group is in directed metalation of aromatic systems. Over the
past few years, the results of their research have been report-
ed at ACS meetings, as well as to pharmaceutical companies.

Future Feature Articles

Upcoming issues of Lithium Link will feature:

* “Metal-Halogen Exchange Involving Aliphatic Substrates Using Organolithiums” by Professor
William Bailey of University of Connecticut. Professor Bailey has published extensively in this
area. Scheduled to appear in the Spring 1994 issue, this article will complement this issue’s topic.

* “Assaying Commercial Organolithiums.” An accurate assay method is very important when it is
critical to know the concentration of organolithiums such as butyllithium, methyllithium, lithium
diisopropylamide, and others. This article will review some of the methods as well as recommend
one which can be used for assaying most of the commercially available organolithiums.

* “Organolithiums in the Synthesis of Lactams.” In recent years, lactams have been prepared as
possible candidates for antibiotics. This article will present the diverse use of organolithiums in
synthesis of important ring systems, especially f-lactams.

* “Preparation of Alkenes and Alkynes via Organolithium Methodologies.” Several methods are
available for multiple bond preparation, ranging from olefination and dehydrohalogenation to sim-
ple addition reactions involving vinyllithium or alkynyllithium derivatives.

Note: If you have some information of interest regarding these topics that you would like to share
with our readers, please contact us so that we may include it in these upcoming issues.

Feature Articles from Previous Lithium Link Newsletters:

“Focus on ¢-Butyldimethylchlorosilane (TBSCI)” Spring 1991. (photocopy only)

“Chirals and Carbanions” Fall 1991. (photocopy only)

“Ring and Lateral Metalation of Aryl Substrates Using Strong Base Systems” Spring 1992.

“Ring and Lateral Metalation of Heteroaryl Substrates Using Strong Base Systems” Spring 1993.
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Organometallics Product List
= s s s ssTase—— e ———
COMMERCIAL PRODUCTS

normal(n)-Butyllithium (NBL), (15, 24, and 86 wt%) in hydrocarbon solvents
secondary(sec)-Butyllithium (SBL), (12 wt%) in cyclohexane, or heptane
tertiary(#)-Butyllithium (TBL), (18-22 wt%) in pentane

Lithium diisopropylamide (LDA-9505), 2 M (26 wt%), nonpyrophoric

Lithium hexamethyldisilazide (LHS), 1.3 M (25 wt%) in THF or 1 M (21 wt%) in
THF/cyclohexane

Methyllithium (MeLi-9307), 1.1 M (3 wt%) in THF/cumene, nonpyrophoric
Dibutylmagnesium (DBM), 0.7 M (14 wt%) in heptane
t-Butyldimethylsilyl chloride (TBSCI), solid 98%, (CHg)3CSi(CHg)oCl
t-Butyldimethylsilyl chloride (TBSCI), 3 M (50 wt%) in toluene
Lithium ¢-Butoxide (LTB), 2 M (18 wt%) in THF, LIOC(CH3)g

Lithium methoxide (LM), 2.2 M (10 wt%) in methanol, LiOCHg

DEVELOPMENTAL PRODUCTS
(Pilot Quantities - typical concentrations)

n-Hexyllithium (NHL), 2.8 M (35 wt%) in hexane, CH3CH9CH9CH9CH9CHoLi
Di-t-butylsilane (DTBS), bp 128°C, 98%, (t-Butyl)9SiHo
n-Butyllithium, 2.2 M (17 wt%) in Toluene

RESEARCH PRODUCTS

(Laboratory quantities - typical concentrations)

2-Ethylhexyllithium (EHL), 2 M in heptane, CHyCHoCHoCHyCH(Et)CHLi
n-Octyllithium (NOL), 2 M in heptane, CHyCHyCHyCHyCHyCHyCHyCHyLi

t-Butyllithium (TBL), 1.8 M in HEPTANE. This product in heptane is safer to
handle than the current commercial formulation in pentane.

t-Butyldiphenylsilyl chloride (BPS), liquid 97%, (CHg)3CSiPhyCl, liquid
t-Butyltrichlorosilane (BTC), waxy solid 97%, (CHg)3CSiClg
Di-t-butyldichlorosilane (BDC), liquid 97%, [(CH3)3Cl9SiCly

Lithium methoxide (LMS), solid >97%, LiIOCHg

Lithium #-butoxide (LTB), solid >97%, solid, LiOC(CHg)g
Thienyllithium (TLT), 1.5 to 2 M in THF/heptane

S

Thienyllithium
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New Electrophilic Fluorinating Agents (F¥)
Avoid the Hassles of Handling Fluorine Gas

QU( Their
Lithium Fluorinating
R—H Base ' Agent R—F
i R__Ll TS
Your
Your Fluorinated
Substrate Substrate
FMC can do this for you!

Allied Signal Inc.
O 00 o

YY)
S-._N..S
|
F

NFSi

N-Fluorobenzenesulfonimide
CAS No. 133745-75-2

For more information contact:

George A. Shia, Ph.D, Tel. (716)827-6352

or Andrew J. Poss, Ph.D, Tel. (716)827-6268
Allied Signal Inc.

20 Peabody Street

Buffalo, NY 14210

Fax (716)827-6221

Air Producis and
Chemicals Inc.
<I:|-|,C|

N'

SELECTFLUOR™™
(F-TEDA-BF )
BF 4' *
For more information contact:
Mr. Gary Saba
Air Products and Chemicals Inc.

Allentown, PA 18195
Tel. (215)481-7510, Fax (215)481-5036

BF,

Dr. Helen M. Marsden

Air Products European Technology Group
Basingstoke, Hants

RG24 8FE England

Tel. 44-256-706122, Fax 44-256-706133

You may not expect it from a lithium supplier, but we offer tert-
butyldimethylsilylchloride in both bulk commercial quantities and
small laboratory samples. And we have the technical expertise to

help you with your applications.

More than just lithium. More than you expecit.

tert-Butyldimethylsilyichloride from FMC

1SO 9002 certified
Available worldwide:
us.: 1-800-362-2548
Fax: 704-868-5370
Europe: +44 (0)51-334-8085
Fax: +44 (0)51-334-8501
| Japan: 81-06-399-2331
Fax: 81-06-399-2345

+MC

Is there a tert-butyldimethylsilyl derivative that you need?



Have a Project Which Requires Formaldehyde?

Try our “Polyformaldehyde” as a safe replacement to formaldehyde or
paraformaldehyde in reactions with lithiated substrates.

1) 'Polyformaldehyde’

R—Li R—CH,OH
Your 2) HzO* Your
Substrate Hydroxymethyl
Derivative

This special grade “Polyformaldehyde” is manufactured by FMC
Corporation, Agricultural Chemical Group.

For more information contact us or in the USA:
Fanwood Chemical, Inc.

Fanwood, NJ 07023

Tel. (908)322-8440, Fax (908)322-8494

New - TBL
tertiary Butyllithium in heptane (1.8M) CH,

* Less volatile solvent than the current commercial TBL CH,
product in pentane.

* Although still pyrophoric, this NEW solvent system is
safer to handle.

* Less chance of concentration fluctuation during storage
and handling.

The most important thing to know about lithium chemicals
is this number.

e 4 OON -mn ﬁEl
1-800-362-2548

We know lithium. So when you're considering lithium for your ISO 9002 certified

application, start by calling us. Whatever your lithium requirements, | Available worldwide:
Us.: 1-800-362-2548

Europe: +44 (0)51-334-8085
know-how. One call, no guesswork. Japan: B1-06-399-2331

we've got you covered. Nobody matches our products and technical

More than just lithium. More than you expect. ;Mc
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Customer Support

Smaller Product Bottles for Laboratory Use.

We are also offering our organometallic solutions in 125 ml
bottles as well as our typical 500 ml containers. Smaller
containers reduce contamination and waste.

Consultations and Presentations.

Our chemists and engineers are available for customer vis-
its and confidential consultations aimed at specific cus-
tomer needs. Also available are presentations ranging from
general reviews of the utility of our products in organic syn-
thesis to safety, storage and handling procedures.

Literature

“Organometallics in Organic Synthesis.” This comprehen-
sive brochure includes extensive utility references as well as
a complete description of our organometallic products.

“Butyllithium: Guidelines For Safe Handling.” This
brochure is a must for those customers who are considering
handling butyllithium which is contained in cylinders. Also
ask about our video on the safe handling of butyllithium.

+MC

Lithium Division
449 North Cox Road
Gastonia, NC 28054
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In 1994, please visit the FMC Lithium Division exhibit:
* February 7 to 9, at INFORMEX in New Orleans.
* March 14 to 16, at the National ACS meeting in San

* April, at the ChemSpec in Manchester, UK.
-#.-lnh.la.dhmmmh

Meet one of cur representatives:
. M llhl!.dhmomw
. Mlhl,nﬂd“lﬂhmm
+ NMovember 7 to n,ummwum

w-—h of Organic Chemistry in

Call us toll-free in the USA
for more information:

1-800-362-2548

©1993 FMC Corporation. All rights reserved.
FMC logo and Lithium Link are registered trademarks.

No guaranty is made as to the accuracy of any data or statements con-
tained herein. While this material is furnished in good faith, no warran-
ty expressed or implied, of merchantability, completeness, fitness or oth-
erwise is made. This material is offered only for your consideration,
investigation and verification, and FMC disclaims any liability incurred
from the use thereof and shall not in any event, be liable for any special,
incidental or consequential damages arising from such use. This infor-
mation is not intended to be all inclusive and the manner and conditions
of use and handling of the material may involve other or additional con-
siderations. It should not be construed as a recommendation of any spe-
cific use.
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