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Abstract: A dramatic solvent effect on the stability and kinetics of intramolecular cyclization is
described for the aryllithium species generated from 2-bromo-4,5-dimethoxy-(2-bromoethyl)benzene.
The aryllithium generated by the halogen-metal exchange reaction with n-butyllithium, is stable for > 1h
when generated at -95 to -100 °C in diethyl ether/hexane and can be trapped with electrophiles. However,
when the reaction is conducted in a THF/hexane mixture, the intermediate undergoes instantaneous
intramolecular cyclization to afford 4,5-dimethoxybenzocyclobutene. By comparison, the corresponding
1-lithio-2-(2-bromoethyl)-benzene intermediate is stable for >1h in either THF/hexane or diethyl
ether/hexane at -95 to -100 °C. These results indicate that substituent effects as well as the nature of
aggregation of these intermediates play key roles in determining the reaction pathway of functionalized
aryllithium intermediates when quenched with electrophiles.
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1. Introduction

The halogen-lithium exchange reaction has been widely accepted for decades as a
powerful tool for organic synthesis.* While the reaction has been thoroughly studied,
questions remain pertaining to the role of solvent effects on reaction kinetics and pathway.
While solvent effects in halogen-lithium exchange reactions are relatively common,” > there
have been varying explanations for the effect.”> A quantum chemical study by Jedlicka, er.
al.'* indicates that the causative factor of the acceleration effect is tight binding of the solvent
to the transition state and concomitant destabilization of the reactant adduct without a change in
aggregation, while others have argued that lower degrees of solvent-organometallic species
aggregation account for the observed rate accelerations and enhanced relativities akin to those
observed through the use of nitrogen bases such as TMEDA and DABCO and other additives,
such as HMPA, to alter reaction pathways.” > The use of functionalized aryllithium reagents
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applied to the construction of both heterocyclic and carbocyclic ring systems has likewise
proven a valuable synthesis technique, most notably through the use of Parham cyclization
chemistry.**'** During the course of studies on the generation and subsequent reactivity of the
aryllithium 2 derived from 1-bromo-2-(2-bromoethyl)-4,5-dimethoxybenzene 1, a dramatic
solvent effect pertaining to stability and reaction kinetics was observed between diethyl ether
and THF as the reaction medium.
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Scheme 1 - Halogen-metal exchange of 1-bromo-2-(2-bromoethyl)-4,5-dimethoxybenzene

2. Results and Discussion

The halogen-lithium exchange reaction between rn-butyllithium and 1-bromo-2-(2-
bromoethyl)- benzene 3 has been well studied.”® The resulting aryllithium derivative 4, when
generated in a THF/hexane or EtzO/hexane27 mixture at -95 °C to -100 °C, is stable for >1 h
based on aliquotting experiments (< 5% benzocyclobutene formation after 30 min). The
aryllithium 4 can then be quenched with a variety of electrophiles at low temperature followed
by warming to afford product 5 (using water as the quenching agent) or 4 can simply be
permitted to warm to ambient temperature to afford benzocyclobutene 6 after an intramolecular

nucleophilic displacement reaction.
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Scheme 2 - Elaboration of stabilized of aryllithium 4

However, when conducting the same reaction with the dimethoxy analog 1 in a
THF/hexane mixture as previously described, only the benzocyclobutene derivative 7 could be
detected upon drawing the first aliquot, immediately after completion of the addition of n-
butyllithium at -95 °C to -100 °C.
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Scheme 3 - Cyclization of dimethoxyaryllithium 2

When the halogen-lithium exchange reaction between n-butyllithium and 1 was
conducted in the same fashion with the exception of substituting diethyl ether for THF as the
primary solvent, aliquotting experiments indicated that the aryllithium 2 was stable at -100 °C
with little (<10%) benzocyclobutene formation after 1h and could be trapped with
electrophiles. This observation was noted by Hergrueter, ef. al. in their description of the
preparation of 3.4-dihydroisoquinolines via the halogen-lithium exchange reaction of 1 and
subsequent reaction with nitriles using diethyl ether as the reaction medium.”

Table 1 % Benzocyclobutene at -100 °C

Intermediate t = Omin t = 20min t = 40min t = 60 min
2
Et,O 0 3 4 9
THF >99 - - -
4
Et,O 0 <1 3 4
THF 0 <1 3 8
H20 H3CO Br
H,CO H
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Scheme 4 - Elaboration of stabilized of dimethoxyaryllithium 2
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3. Conclusion

These findings indicate that solvent acceleration effects can be dependent on the
electronic nature of aromatic ring substitution within a chemical series in addition to any
aggregation effect. Furthermore, the nature of aromatic substituents and substitution patterns
which contribute to the electron density at the site of the aromatic C-Li bond dictate reactivity.
Future efforts to ascertain a Hammett relationship within this series will be reported in due
course.

4. Experimental

THF was dried over benzophenone ketyl prior to use. Diethyl ether and hexane were
dried over activated molecular sieves for 24h prior to use. 'H NMR (300 MHz) and "°C spectra
(75 MHz) were recorded on a Varian Gemini 300 MHz spectrometer in CDCI; using
tetramethylsilane (TMS) as internal reference. All chemical shifts (8) were reported in ppm
from internal TMS.

4.1. Procedure for aliquotting experiments and analysis of products.

To a solution of the requisite 1-bromo-2-bromoethylarene (1 or 3; 20 mmol) in dry
THF (125 mL) and hexane (25 mL) or dry Et,O (125 mL) and hexane (25 mL) under N, at -100
°C (NygyEt;0) in a 3-necked 250 mL round-bottom flask equipped with a pressure-equalizing
addition funnel, overhead stirrer with Teflon paddle, and a low temperature thermometer /gas
inlet adapter, 1.1 equivalent of n-butyllithium (3.92 mL; 1.4 M in hexane; 5.49 mmol) was
added at such a rate that a strong exotherm was not produced. Immediately after the after the
addition was completed (< 5 min), 1 mL aliquots were drawn every 20 minutes over a lh
period. Each aliquot was quenched in water (5 mL) and extracted with Et,O (10 mL). The
organics were separated, dried (MgSO,), filtered, and concentrated in vacuo, and analyzed by
comparing 'H NMR (300 MHz) integration ratios for the methylene resonances of the cyclized
versus non-cyclized product.

Phenylethylbromide (5): 'H NMR (300 MHz, in CDCl3) &:3.15 (2H, t, CH,, J=7.0 Hz); 3.53
(2H, t, CH,, J=7.0 Hz), 7.15-7.34 (5H, m, ArH).

Benzocyclobutene (6): '"H NMR (300 MHz, in CDCl;) 8:3.18 (s, 4H, CH,), 7.04 (2H, BB’ part
of AA’BB’ system, quasi d, ArH, J=2.9 Hz), 7.17 (2H, AA’ part of AA’BB’ system, quasi d,
ArH; J=2.9 Hz).

4,5-dimethoxybenzocyclobutene (7): 'H NMR (300 MHz, in CDCly): &: 3.14 (4H, s, CH,);
3.89 (6H, s, OCHs), 6.63 (2H, s, ArH).

4-(2-bromoethyl)-1,2-dimethoxybenzene (8): '"H NMR (300 MHz, in CDCl5): &: 3.08 (2H, t,
CH, J=7.3 Hz), 3.52 (2H, t, CH,, J=7.3 Hz), 3.85 (3H, s, OCHz)3.87 (3H, s, OCHj;), 6.70-6.98
(m, 3H, ArH).



64
cyclization of thermolabile aryllithium reagents based on 1-bromo-2-(2-bromoethyl)benzenes

References

[1] Leroux, F.; Schlosser, M.; Zohar, E.; Marek, 1. The preparation of organolithium reagents and
intermediates in The Chemistry of Organolithium Compounds; Rappoport, Z.; Marek, 1., Eds.;
Wiley: New York, 2004; Chapter 9.

[ 2] Clayden, J. Regioselective synthesis of organolithiums by X-Li exchange in Organolithiums:
Selectivity for Synthesis; Pergamon: New York, 2002; Chapter 3.

[3] Wakefield, B.J. Preparation by metal-halogen exchange in The Chemistry of Organolithium
Compounds; Pergamon: New York, 1974; pp. 51-65.

[4] Parham, W.E..; Bradsher, C.K. Aromatic organolithium reagents bearing electrophilic groups.
Preparation by halogen-lithium exchange. Acc. Chem. Res. 1982, 15, 300-305.

[5] Wakefield, B.J. In Lithium; Bach, R.O., Ed.; Wiley: New York, 1985.

[6] For an example, see Bridges, A.J.; Patt, W.C.; Stickney, T.M. A dramatic solvent effect during
aromatic halogen-metal exchanges. Different products from lithiation of polyfluorobromobenzenes
in ether and tetrahydrofuran.. J. Org. Chem. 1990, 55, 773-775.

[7] Pratt, L M. Mixed aggregates of organolithium compounds. Mini-Reviews in Organic Chemistry
2004, 7,209-217.

[8] Rutherford, J.L.; Hoffmann, D.; Collum, D.B. Consequences of Correlated Solvation on the
Structures and Reactivities of RLi-Diamine Complexes: 1,2-Addition and o-Lithiation Reactions of
Imines by TMEDA-Solvated n-Butyllithium and Phenyllithium. J. Am. Chem. Soc. 2002, 124, 264-
271.

[9] McEwen, I.; Roennqvist, R.; Ahlberg, P. Hydrogen bonding of hydroxy groups to carbanions in
indenide- and fluorenide-derivatized alcohols directly observed by UV, IR, and NMR spectroscopy.
J. Am. Chem. Soc. 1993, 115, 3989-3996.

[10] Collum, D.B. Is N,N,N',N'-tetramethylethylenediamine a good ligand for lithium? Acc. Chem. Res.
1992, 25, 448-454.

[11]Hogen-Esch, T.E. Ion-pairing effects in carbanion reactions. Adv. Phys. Org. Chem. 1977, 15, 153-
266.

[12] Chang, C. J.; Hogen-Esch, T.E. Effect of ion pair structure on the equilibrium addition of carbanions
to substituted vinyl pyridines. Tetrahedron Lett. 1976, 17, 323-326.

[13] Streitwieser, A.; Reuben, D.M.E. Acidity of hydrocarbons. XXXV. Equilibrium acidities of
phenylacetylene and tert-butylacetylene in cyclohexylamine. J. Am. Chem. Soc. 1971, 93, 1794-
1795.

[14] Jedlicka, B.; Crabtree, R.H.; Siegbahn, P.E.M. Origin of Solvent Acceleration in Organolithium
Metal-Halogen Exchange Reactions. Organometallics 1997, 16, 6021-6023.

[15] Stanetty, P.; Mihovilovic, M.D. Half-Lives of Organolithium Reagents in Common Ethereal
Solvents. J. Org. Chem. 1997, 62, 1514-1515.

[16]Bauer, W.; Winchester, W.R.; Schleyer, P.v.R. Monomeric organolithium compounds in
tetrahydrofuran: tert-butyllithium, sec-butyllithium, supermesityllithium, mesityllithium, and
phenyllithium. Carbon-lithium coupling constants and the nature of carbon-lithium bonding.
Organometallics 1987, 6, 2371-2379.

[17]Thomas, R.D.; Jensen, R.M.; Young, T.C. Aggregation states and exchange properties of
alkyllithium compounds in hydrocarbon solvent from carbon-13-lithium-6 coupling.
Organometallics 1987, 6, 565-571.

[18] Setzer, W.N.; Schleyer, P.v.R. X-ray structural analyses of organolithium compounds. Adv.
Organomet. Chem. 1985, 24, 353-451.

[19]Reich, H.J.; Sikorski, W.H. Regioselectivity of Addition of Organolithium Reagents to Enones: The
Role of HMPA. J. Org. Chem. 1999, 64, 14-15.

[20] Sikorski W.H.; Reich H.J. The Regioselectivity of Addition of Organolithium Reagents to Enones
and Enals: The Role of HMPA. J. Am. Chem. Soc. 2001, 123, 6527-6535.

[21] For some recent examples, see Ruiz, J.; Ardeo, A.; Ignacio, R.; Sotomayor, N.; Lete, E. An efficient
entry to pyrrolo[1,2-blisoquinolines and related systems through Parham cyclization. Tetrahedron
2005, 61, 3311-3324.

[22]Hodgetts, K.H. Inter- and intramolecular Mitsunobu reaction based approaches to 2-substituted
chromans and chroman-4-ones. Tetrahedron 2005, 61, 6860-6870.



65 Hunt, Org. Commun. (2009) 2:2 60-65

[23]El Sheikh, S.; Schmalz, H-G. Halogen-lithium exchange reactions under in situ-quench conditions:
A powerful concept for organic synthesis. Curr. Opinion in Drug Discovery and Development
2004, 7, 882-895.

[24] Sotomayor, N.; Lete, E. Aryl and heteroaryllithium compounds by metal-halogen exchange.
Synthesis of carbocyclic and heterocyclic systems. Curr. Org. Chem. 2003, 7, 275-300.

[25]Bradsher, C. K.; Hunt, D.A. An efficient synthesis of 4,5-dimethoxybenzocyclobutene via the
Parham cycloalkylation reaction. Org. Prep. Proced. Int. 1978, 10, 267-72.

[26] Parham, W.E.; Jones, L.D., Sayed, Y.A. Selective halogen-lithium exchange in bromophenylalkyl
halides. J. Org. Chem. 1976, 41, 1184-1186.

[27] Additional hexane was introduced from the use of a hexane solution of n-BulLi was added to
conduct the halogen-metal exchange at -100 °C.

[28] Hergrueter, C.A., Brewer, P.D.; Tagat, J.; Helquist, P. Functionalized aryllithium intermediates. A
new route to 3,4-dihydroisoquinolines. Tetrahedron Lett. 1977, 18, 4145-4148.

ACG

publications

© 2009 Reproduction is free for scientific studies



