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Reductions of benzene, toluene, ortho-xylene, cumene, anisole and benzoic acid to corresponding
nonconjugated dienes were realized at room temperature by gas NHs and Li. The reduced products were
easily isolated because THF and dioxane were dissolved in the water. The yields and conversions of the

reactions were 70-89% and 80-100%, respectively.
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Introduction

Reduction reactions of aromatic compounds such as the Birch reduction and related reactions are important
in synthetic organic chemistry and therefore these reactions have been investigated by many chemists' 6.
The reduction products, especially 1,4-cyclohexadiene or intermediates formed in these reactions, serve as
starting materials for many target molecules” 13,

The reduction of aromatic rings by solutions of alkali metals in liquid ammonia was discovered by
Wooster and Godfrey!'4, who reacted toluene with sodium in ammonia followed by the addition of water.
They reported a “highly unsaturated liquid product”, which was not identified further. However, the real
development of this reaction was to follow in the work by Birch!®. This reaction is generally referred to as
the Birch reduction, although in some cases it is simply called metal-ammonia reduction. Wild and Nelson'6
found adding alcohol last to be advantageous, as opposed to having it present when the metal is added, and
it was subsequently discovered that it should be avoided altogether with polynuclear compounds.

Among all aromatic compounds, benzene is the first to come to mind. The reduction of benzene
to 1,4-cyclohexadiene is important. The first observation of crucial importance in this field was Wooster’s
observation®1718. Wooster showed that the presence of alcohol in liquid ammonia permitted the reduction

of benzene to 1,4-cyclohexadiene. Other reduction reactions of benzene by alkali metal in liquid ammonia
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were realized in different conditions®%1°=22, Dumanski and Swerew?? reduced benzene with metallic calcium
into 1,4-cyclohexadine at room temperature and gas ammonia. Preparation of 1,4-cyclohexadiene by this

method does not seem suitable as a preparative method because its yield is very low'®. Benzene and its

derivatives were reduced in low molecular weight amines and ethylenediamine by Li%4—27.

Naphthalene Anthracene
«— Na + t-BuOH
THF or E§ O THF or E§ O

rt./3-4h rt./3-4h

Scheme 1

We realized the reduction of naphthalene and anthracene with sodium and tert-butyl alcohol (t-BuOH)
to 1,4-dihydronaphthalene and 9,10-dihydroanthracene respectively in high yields at room temperature (r.t.)
as the sole products (Scheme 1)2%. We investigated in this study a convenient Birch reduction procedure
with mild conditions and high yields for reductions of benzene and its derivatives because reduction products

are important in organic synthesis’~'3.

Experimental

General Method: All chemicals and solvents are commercially available and were used after distillation
or treatment with drying agents. The 'H- and *C- NMR spectra were recorded on a 200 (50)-MHz Varian

spectrometer; ¢ in ppm, with MesSi as the internal standard.

Procedure 1: Reduction of benzene to 1,4-cyclohexadine.

In a 500-mL, 2-necked, round-bottomed flask fitted with a reflux condenser and a stirring bar were
placed tert-butanol (72 g, 0.963 mol, 2.85 equivalents), dry benzene (27.3 g, 0.35 mol, 1 equivalent) and
dry THF (120 mL). The flask was attached to gas ammonia (NHj3) whose pressure was approximately
1 atmosphere (atm) and the resulting solution was stirred. The reaction mixture was cooled in an ice-
water bath and then freshly cut lithium (7.35 g, 1.05 g-atom, 3 equivalents) was added over 3-5 min. The
temperature of the bath was allowed to rise gradually to room temperature. After the addition of lithium
was completed, the reaction mixture was stirred for 5 h. Two phases appeared in the reaction mixture.
The top and bottom phases were brown and gray, respectively. The mixture was cooled in an ice-water
bath again. Cold water was added slowly and carefully to the flask until all the lithium was consumed, as
evidenced by the conversion of the colors to white. The reaction mixture was poured into a mixture (250 g)
of water and ice and was acidified with the addition of 2 N cold hydrochloric acid. The organic layer was
separated and washed with cold water (100 mL), a solution of NaHCO3 (5%, 50 mL) and water (75 mL), in
order that. The reduction product, 1,4-cyclohexadiene, was dried over CaCly and filtered. The yield (23.5

g) and conversion of the reaction were 84% and 100%, respectively.

Procedure 2: Reduction of benzene to 1,4-cyclohexadine. (This experimental procedure may
also be used if gas NHj3 is not continuously present in any laboratory.)

In a 500-mL, 2-necked, round-bottomed flask fitted with a reflux condenser, a stirrer bar and dropping
funnel was placed dry dioxane (100 mL). The flask was attached to a balloon, of gas ammonia (NHj), at 1
atmosphere (atm) and then washed with NHswhile the dioxane was stirred. After stirring in an atmosphere

of NH3 for 15-20 min, freshly cut lithium (8.0 g, 1.152 g-atom, 3 equivalents) was added in quantities for
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5 min, followed by stirring for 15-20 min. Dry benzene (30 g, 385 mmol, 1 equivalent) was added and the

mixture was stirred for 30 min. The reaction mixture was cooled in an ice-water bath and then a solution
of t-BuOH (85 g, 1.152 g-atom, 3 equivalents) in dioxane (10 mL) was added slowly by dropping funnel. To

drop the t-BuOH well, the stopcock of NH3 may be switched on and off. The heat of the reaction mixture
has to be checked. NHswas put in the balloon again and attached to the flask. When the addition of t-BuOH
was complete, the reaction mixture was stirred for 2 h, and then the cold bath was removed. This mixture
was stirred for an additional 20 h and then cooled by an ice-water bath. A mixture of water and ice was
then added slowly until all the lithium was consumed, as evidenced by the conversion of the brown color to
white-gray. A saturated solution (100 mL) of NH4Cl was added, and the organic phase was separated and
then washed with a saturated solution (2 x 30 mL) of NH4Cl and water (2 x 30 mL), in order that. The
reduction product, 1,4-cyclohexadiene, was dried over CaCls and filtered. The yields and conversions of the

reactions were 80-90% and 100%, respectively.

Reduction of toluene to 1-methyl-cyclohexa-1,4-diene: (Entry 2),

The reaction was realized according to procedure 1. Toluene (27.3 g, 0.3 mol), HOBu® (63 g, 0.85
mol), THF (100 mL) and Li (6.3 g, 0.9 mol) were used in the reaction. The reaction lasted 7 h. Pure
1-methyl-cyclohexa-1,4-diene (24.2 g, 87%) was obtained.

Reduction of cumene to 1-isopropyl-cyclohexa-1,4-diene: (Entry 3),

The reaction was realized according to procedure 1. Cumene (16.4 g, 0.24 mol), HOBu? (60 g, 0.81
mol), THF (100 mL) and Li (6.3 g, 0.9 mol) were used in the reaction. The reaction lasted 20 h. 1-Isopropyl-
cyclohexa-1,4-diene and cumene were obtained in a mixture (25.3 g). Percentages of 1-isopropyl-cyclohexa-

1,4-diene and cumene in the mixture were 80 and 20, respectively.

Reduction of ortho-xylene to 1,2-dimethyl-cyclohexa-1,4-diene: (Entry 4),

The reaction was realized according to procedure 1. Ortho-xylene (21.2 g, 0.2 mol), HOBu? (45 g,
0.6 mol), THF (80 mL) and Li (5.6 g, 0.8 mol) were used in the reaction. The reaction lasted 24 h. Pure
1,2-dimethyl-cyclohexa-1,4-diene (17.06 g, 79%) was obtained.

Reduction of anisole to 1-methoxy-cyclohexa-1,4-diene: (Entry 5),

The reaction was realized according to procedure 1. Anisole (16.2 g, 0.15 mol), HOBu® (33.3 g, 0.45
mol), THF (60 mL) and Li (3.5 g, 0.5 mol) were used in the reaction. The reaction lasted 24 h. The solution
of cold hydrochloride acid was not added to the reaction mixture. The mixture was extracted with ether
(3 x 75 mL). The combined organic layer was dried over NapsSO4 and the solvent was evaporated. Pure

1-methoxy-cyclohexa-1,4-diene (14 g, 85%) was obtained.

Reduction of benzoic acid to cyclohexa-2,5-dienecarboxylic acid: (Entry 6),

The reaction was realized according to procedure 1. Benzoic acid (4.0 g, 32.78 mmol), THF (50 mL)
and Li (1.15 g, 164.29 mmol) were used in the reaction. As mentioned in the literature®, alcohol was not
used for this procedure as a proton source. The reaction lasted 8 h. The mixture was extracted with CHCl3
(3 x 25 mL). The combined organic layer was dried over NagSO,4 and the solvent was evaporated. Benzoic
acid and cyclohexa-2,5-dienecarboxylic acid were obtained in a mixture (3.75 g). Percentages of benzoic acid

and cyclohexa-2,5-dienecarboxylic acid in the mixture were 17 and 83, respectively.
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Results and Discussion

We continued our investigation of the reduction of aromatic compounds in different conditions and reduced
benzene and its derivatives with lithium (Li) and alcohol (ROH) in tetrahydrofuran (THF) or dioxane at
room temperature and under ammonia atmosphere (Scheme 2 and Table). The pressure of gas ammonia
is approximately atmospheric pressure. In these procedures, aromatic compounds in solvent are reacted
with Li in the presence of gas ammonia, and then the reaction mixture is quenched by HOEt, water or a
saturated solution of NH,Cl. The reaction mixtures may be cooled to 0 °C. Both procedures were used for
the reduction of benzene. Only procedure 1 was used for the reduction of benzene derivatives. As shown,

procedure 1 is better than procedure 2.

© Gas NH, @
Procedure 1 + Li + HOR
THF /r.t.
© Gas NH (in balloon) @
Procedure 2 + Li + HOR
Dioxane / r.t.

Scheme 2

Table. Reactants, products, yields and conversions in the reductions (procedure 1).

Entry Reactant Product Yield (%) Conversion (%)

1 © @ 84 100
o U

2 87 100

3 ©/ @ 70 80

4 ©i G[ 79 100

OMe O/ COOH
) ©/ 85 100
:: .COOH ©/ OMe

6 76 83
©/ OH

7 - 0 0
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Phenol (Table) was not reduced by procedure 1, while the others were easily reduced. Relative rates
of reduction of aromatic rings depend on the electron density of rings. Electron donating groups on the
aromatic rings decrease the rate of the reaction. The electron density of ring in phenol is much greater than
the others because phenol converts into phenoxide anion in the reaction mixture. However, regiochemistry
in reduction reactions is affected by the type of groups present on the ring because they tend to stabilize or
destabilize the radical anion?. Known regiochemistry was observed in these reactions (Table).

Compared to the other reduction procedures of converting benzene and its derivatives to corresponding
nonconjugated dienes, the new reduction procedures have certain advantages. These include the following:
1) These reduction reactions are carried out at room temperature, avoiding the low temperatures, under
-33°C, needed to obtain liquid NHs. 2) The procedures are environmentally friendly®°~34. Much more NHj
is needed when liquid NHj is used as solvent. Evaporation of liquid NH3 may damage the environment.
3) Control of moisture is easier in our method, and the reaction may go on for longer periods. When the
reaction is conducted with liquid ammonia, it may be quenched by the developing moisture. 4) Evaporation
of liquid NH3 may take a long time and some side reactions such as isomerization and reoxidation may be
observed. 5) It is unnecessary for the researcher to observe the reaction carefully and continuously in the
present method because temperature control is not necessary, whereas the temperature must be checked in
the reaction with liquid NHs.

Conclusion

We have found new, excellent and convenient procedures for the reduction of benzene and its derivatives to
corresponding nonconjugated dienes. The structure and purities of the reduced products were determined
by NMR spectroscopy. The procedure is environmentally friendly. The reduced products were easily isolated
because dioxane and THF were dissolved in the water. The yields and conversions of the reactions were
70-89% and 80-100%, respectively. Further reactions of aromatic compounds with metals (Na, Li etc.) are

under investigation.

Acknowledgments

The authors are indebted to the Department of Chemistry (Atatiirk University) and TUBITAK (Project
No: 104T354) for financial support and to Dr. Ebru Mete for technical assistance.

References

1. H.O. House, Modern Synthetic Reactions; 2nd ed., W. A Benjamin, Los Angles, CA, pp 1-227, 1972.
2. P.W. Rabideau, Tetrahedron 45, 1579-1603 (1989).

3. M. Hudlicky, Reduction in Organic Chemistry; 2nd ed., ACS Monograph, 188, pp 61-79, 1996.

4. A. Menzek, J. Chem. Educ. 79, 700-702 (2002).

5. A.J. Birch and D. Nasipuri, Tetrahedron 6, 148-153, (1959).

6. R.G. Harvey, Synthesis 161-172 (1970).

517



Excellent and Convenient Procedures for..., A. ALTUNDAS, et al.,

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

518

J.M. Hook and L.N. Mander, Natural Prod. Rep. 3, 35-85 (1986).

M. Balci, Y. Stitbeyaz, and H. Segen, Tetrahedron 46, 3715-3742 (1990).

K.A. Powell, A.L. Hughes, H. Katchian, J.F. Jerauld and H.Z. Sable, Tetrahedron 28, 2019-2027 (1972).
M. Mittelbach, N. Poklukar and H. Junek, Liebigs Ann. Chem. 2, 185-188 (1990).

S. Spange, Prog. Polym. Sci. 25, 781-849 (2000).

R.J. Giguere, A.M. Namen, B.O. Lopez, A. Arepally, D.E. Ramos, G. Majetich and J. Defauw, Tetrahedron
Lett. 28, 6553-6556 (1987).

M.S. Giiltekin, E. Salamci and M. Balci, Carbohyd. Res. 338, 1615-1619 (2003).
C.B. Wooster and K.L. Godfrey, J. Am. Chem. Soc. 59, 596-597 (1937).

A.J. Birch, J. Chem. Soc., 430-446 (1944).

A.L. Wilds and N.A. Nelson, J. Am. Chem. Soc. 75, 5360-5365 (1953).

C.B. Wooster, U. S. Patent, 2182242 (1937).

J.P. Wibaut and F.A. Haak, Recueil 67, 85-90 (1986).

K.N. Campbell and J.P. McDermott, J. Am. Chem. Soc. 67, 282-283 (1945).

A.P. Krapcho and A.A. Bothner, J. Am. Chem. Soc. 81, 3658-3666 (1959).

L.H. Slaugh and J.H. Raley, J. Org. Chem. 32, 369-371 (1967).

P.W. Rabideau and D.L. Huser, J. Org. Chem. 48, 4266-4271 (1983).

A.W. Dumanski and A.W. Swerew, Chem. Zentr. III, 746 (1923).

R.A. Benkeser, R.E. Robinson, D.M. Sauve and O.H. Thomas, J. Am. Chem. Soc. 77, 3230-3233 (1959).
A.J. Birch, H.Q. Smith, Rev. Chem. Soc. 7, 17-33 (1958).

R.A. Benkeser, J.A. Laugal and A. Rappa, Tetrahedron Lett. 25, 2089-2092 (1984).

M.E. Grast, L.J. Dolby, S. Esfandiari, N.A. Fedoruk, N.C. Chamberlain and A.A. Avey, J. Org. Chem. 65,
7098-7104 (2000).

A. Menzek, A. Altundag and D. Giiltekin, J. Chem. Res-S., 752-753 (2003).
M.E. Kuehne and B.F. Lambert, Org. Synth. Coll. Vol. 5, 400-403 (1973).
W.E. Luttrell, Chem. Health Safe. 9(3), 30-31 (2002).

W. Bajonowski, Int J Refrigeration 8(1), 56-57 (1985).

G.J. O’Kane, Anaesthesia 38(2), 1208-1213 (1983).

P.J. Temple, D.S. Harper, R.G. Pearson and S.N. Linzon, Enviromental Pollution (1970-1979), 20(4),
297-302 (1979).

P.G. Urben, M.J. Pitt and L.A. Battle, Bretherick’s Handbook of Reactive Chemical Hazards, 5nd
ed.— Vol. 1, Butterworth Heimann Ltd, Oxford OX2 8DP, 1553-1554, 1995.



