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ABSTRACT

A simple “one-pot” procedure for the large scale and high
yield synthesis of the title ligand (1) is presented which
involves Lewis acid catalysed formation of 1 from 1,3-dicya-
nobenzene followed by a simple recrystallisation step.

INTRODUCTION

Ligands of the so-called “‘pincer” class (A: figure) have been receiving
considerable attention in recent years due to their ability to stabilise unusual
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metal oxidation states and/or novel ligand bonding motifs."* In addition, a
variety of organometallic pincer complexes have demonstrated potent reac-
tivity in both regio-** and enantio-selective® organic transformations (i.e.,
catalysis), in addition to applications in materials science.® Oxazoline com-
pounds constitute an important area of natural products chemistry’ and in
the development of synthetic methodologies,® in addition to their recent
applications in crystal engineering”® and functionalised polymers.”® We
have been interested in the study of the achiral ligand 1,3-bis-(4,4-dimethyl-
2-oxazolinyl)benzene (1) as a model for more complex chiral pincer systems
containing fragments derived from, for example, Phenbox (‘Pr) (B: R=Pr,
R’=H; figure). Specifically, we are investigating the direct metallation'®!!
and the (organometallic) coordination chemistry of 1. Complexes incorpor-
ating the Phenbox class of ligands, including 1, have recently found applica-
tion in coordination chemistry'? and metal-mediated catalysis.'?

The original synthesis of 1 involves a four-step procedure and the use of
large quantities of thionyl chloride.'® For environmental, financial and safety
reasons, we have designed a ““one-pot” procedure that avoids the use of this
toxic reagent and can produce large quantities of the desired product (>50 g)
in a single-step procedure from cheap commercially available materials.

RESULTS AND DISCUSSION

The earlier synthetic protocol for the synthesis of 1 is detailed in
Scheme 1. Although this is an effective synthetic method to produce this
bis(oxazoline), we desired an alternative method that avoids the use of large
quantities of thionyl chloride but at the same time gives high yields of 1
without the need for chromatographic purification nor complicated work-
up procedures. In addition, we have found that the method outlined
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in Scheme 1 makes for a difficult and tedious isolation of the final solid
product, probably due to the resulting oil retaining some SOCI, following
the cyclisation step.

Using the methodology'* described by Peer et al., we have found that
anhydrous zinc dichloride'*'® is an effective Lewis acid catalyst for the
large-scale production of 1 starting from commercially available 1,3-dicya-
nobenzene and 2-methyl-2-amino-1-propanol (Scheme 2). In a typical pro-
cedure, 38.5g of 1,3-dicyanobenzene (0.30 mol: Sigma-Aldrich, 97%) and
2-methyl-2-amino-1-propanol (59.0g: 0.63 mol; 2.1equiv., Sigma-Aldrich)
was placed in a round-bottomed flask and dissolved in chlorobenzene
(350mL: pre-dried by storage over 4 A molecular sieves). To this mixture
was added anhydrous ZnCl, (5.0 g, 10 mol%: Fisher, melted thrice under
vacuum [15mmHg] and cooled under Ar). The resulting suspension was
heated at reflux for a period of 48h under an atmosphere of dry Ar,
during which time a pink colouration was noted in the reaction vessel.
The flask was cooled to room temperature and all volatile components

Q\ (i)HzN OH, 10% ZnCl,, PhCl, A
NC CN > O
(ii) recrystallise pet. ether \Z
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were removed in vacuo (25mmHg; —75°C). The residue was extracted with
150 mL of dichloromethane and 150 mL of distilled water. The two layers
were then separated and the inorganic portion was then extracted with
further dichloromethane (2 x 100mL). The organic fractions were then
combined, dried with excess anhydrous Na,SO,, filtered and the solvent
removed by rotary evaporation. The resulting viscous oil was dissolved in
approximately 100 mL of hot petroleum ether (bp 65-70°C) and the mixture
cooled to —30°C for 14h. A copious quantity of an off-white solid precipi-
tated from the solution. This material was removed by filtration, washed
with cold petroleum ether (—20 mL) and the product was then dried in vacuo
(yield: 65.4g, 81%). The compound isolated in this way is suitable for
further synthetic use (purity > 97%: NMR) and has virtually identical prop-
erties to a sample obtained by the previously reported method.'*'® In
conclusion, we have presented an effective synthesis of 1,3-bis-(4,4-
dimethyl-2-oxazolinyl)benzene that can be performed easily and on a large
scale without the use of hazardous thionyl chloride nor chromatographic
separation.

ACKNOWLEDGMENTS

This work was made possible by the support of Acadia University and
the Nova Scotia Human Resources Student Summer Placement Program.
The authors are indebted to the Atlantic Regional Nuclear Magnetic
Resonance Centre for NMR spectra.

REFERENCES

1. a) Gossage, R.A.; van de Kuil, L.A.; van Koten, G. Acc. Chem. Res.
1998, 31, 423-431; b) del Rio, I.; van Koten, G. Lutz, M.; Spek, A.L.
Organometallics 2000, /9, 361-364.

2. a) Dani, P.; Karlen, T.; Gossage, R.A.; Smeets, W.J.J.; Spek, A.L.;
van Koten, G. J. Am. Chem. Soc. 1997, 119, 11317-11318; b)
Gossage, R.A.; Ryabov, A.D.; Spek, A.L.; Stufkens, D.J.; van Beek,
J.AM.; van Eldik, R.; van Koten, G. J. Am. Chem. Soc. 1999, /2],
2488-2497; c) Albrecht, M.; Gossage, R.A.; Lutz, M.; Spek, A.L.;
van Koten, G. Chem. Eur. J. 2000, 6, 1271-1285; d) Albrecht, M.;
Gossage, R.A.; Spek, A.L.; van Koten, G. J. Am. Chem. Soc. 1999,
121, 11898-11899.

3. a) Dani, P.; Karlen, T.; Gossage, R.A.; Gladiali, S.; van Koten, G.
Angew. Chem. Int. Ed. 2000, 39, 743-745; b) Kleij, A.W.; Gossage, R.A;



SIMPLE LARGE SCALE SYNTHESIS OF LIGANDS 367

10.

11.

12.

13.

14.

Jastrzebski, J.T.B.H.; Boersma, J.; van Koten, G. Angew. Chem. Int.
Ed. 2000, 39, 176-178; c) van Koten, G.; Jastrzebski, J.T.B.H. J. Molec.
Catal. Part A: Chemical 1999, 146, 317-323.

a) Jensen, C.M. Chem. Commun. 1999, 2443-2449 and references
therein; b) van der Boom, M.E.; Higgitt, C.L.; Milstein, D.
Organometallics 1999, /8, 2413-2419 and references therein.

For example: Longmire, J.M.; Zhang, X. Tetrahedron Lett. 1997, 38,
1725-1728.

For example: a) Loeb, S.J.; Shimizu, G.K.H. J. Chem. Soc., Chem.
Commun. 1993, 1395-1396; b) Albrecht, M.; Lutz, M.; Spek, A.L.;
van Koten, G. Nature 2000, 406, 970-974.

For example: a) Degnan, A.P.; Meyers, A.I. J. Am. Chem. Soc. 1999,
121, 2762-2769; b) Meyers, A.l.; Willemsen, J.J. Tetrahedron 1998, 54,
10493-10511.

a) Reuman, M.; Meyers, A.l. Tetrahedron 1985, 4/, 837-860;
b) Langlois, Y. Curr. Org. Chem. 1998, 2, 1-18; c¢) Degnan, A.P;
Meyers, A.I. J. Org. Chem. 2000, 65, 3503-3512; d) Kolotuchin,
S.V.; Meyers, A.I. J. Org. Chem. 2000, 65, 3018-3026; ¢) Meyers,
A.l. J. Heterocylic Chem. 1998, 35, 991-1006; f) Elliott, M.C.;
Monk, A.E.; Kruiswijk, E.; Hibbs, D.E.; Jenkins, R.L.; Jones, D.V.
Synlett 1999, 1379-1382.

a) Lynch, D.E.; Singh, M.; Parsons, S. Cryst. Eng. 2000, 3, 71-79;
b) Pigltowski, J.; Gancarz, 1.; Wlazlak, M. Polymer 2000, 4/,
3671-3681.

Harris, T.D.; Neuschwander, B.; Boekelheide, V. J. Org. Chem. 1978,
43, 727-730.

Button, K.M.; Gossage, R.A. unpublished results. For a general dis-
cussion of direct C-H bond activation in pincer ligand systems
by platinum group metals, see: Steenwinkel, P.; Gossage, R.A.;
van Koten, G. Chem. Eur. J. 1998, 4, 759-762.

Motoyama, Y.; Makihara, N.; Mikami, Y.; Aoki, K.; Nishiyama, H.
Chem. Lett. 1997, 951-952.

a) Denmark, S.E.; Stavenger, R.A.; Faucher, A.-M.; Edwards, J.P.
J. Org. Chem. 1997, 62, 3375-3389; b) Stark, M.A.; Richards, C.J.
Tetrahedron Lett. 1997, 38, 5881-5884; c¢) Motoyama, Y.; Narusawa,
H.; Nishiyama, H. Chem. Commun. 1999, 131-132; d) Motoyama, Y.;
Kawakami, H.; Aoki, K.; Nishiyama, H. Organometallics 1999, I8,
3483-3488; e) Stark, M.A.; Jones, G.; Richards, C.J. Organometallics
2000, /9, 1282-1291.

Peer, M.; de Long, J.C.; Kiefer, M.; Langer, T.; Rieck, H.; Schell, H.;
Sennhenn, P.; Sprinz, J.; Steinhagen, H.; Wiese, B.; Helmchen, G.
Tetrahedron 1996, 52, 7547-7583 and references therein.



368

15.

16.

BUTTON, GOSSAGE, AND PHILLIPS

This synthetic protocol has been employed for other oxazoline systems,
see for example: a) Witte, H.; Seeliger, W. Liebigs Ann. Chem. 1974,
996-1009; b) Ghosh, A.K.; Mathivanan, P.; Cappiello, J. Tetrahedron:
Asymmetry 1998, 9, 1-45 and references therein; ¢) Pfaltz, A. Synlett
1999, 835-842 and references therein. d) Bolm, C. Angew. Chem. Int.
Ed. Engl. 1991, 30, 542-543 and references therein.

Analytical and spectroscopic data for 1: mp (uncorrected): 75-78°C;
IR (NaCl): 1650cm™" [u(C=N)]; "THNMR (300 MHz, CDCl;/TMS,
ppm): 6=8.45 (s, 1H, ArH), 8.02 (d, J=9.5Hz, 2H, ArH), 7.40
(t, 1H, ArH), 4.07 (s, 4H), 1.34 (s, 12H) [lit."* mp 78-80°C;
IR (CHCly): 1650cm™'; 'THNMR (100 MHz, CDCl;) §=8.47 (s),
8.02 (d, J=7Hz), 7.40 (t), 4.07 (s), 1.33 (s)].
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