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Abstract The reaction of p-benzoquinone (1) with several organolithium compounds (methyl-, ethyl-, n-butyi-,
phenyllithium) led, after hydrolysis with water, to the corresponding crude diols 4, which were successively treated
with sodium hydnde and methyl 1odide yielding the expected 1 ,4-dialkyl-1,4-dimethoxycyclohexa-2,5-dienes 2a-d
in a stereoselective manner The use of a tandem process with two different organolithium reagents followed by
methylation by the same procedure yielded stereoselectively the med 1-alkyl-4-alkyl’ deryvatives 2¢,f

Introduction

Recently the preparation of 1,4-dimethoxy-1,4-dimethylcyclohexa-2,5-diene (2a) has been reported 1n
about 20% yield as a ca 1 1 mixture of cis/trans-diastereomers by electrochemical anodic oxidation of p-
xylene 1n methanol-sodium methoxide ' This compound, which is a versatile precursor i nucleophilic
aromatic substitution reactions,? has been prepared only by the electrochemical route In this paper we
describe the chemical preparation of several compounds of this family starting from p-benzoquinone and
organolithium compounds, followed by methylation with methyl 1odide.

Results and Discussion

We first studied the reaction of p-benzoquinone (1) with methyllithium® (1 3 molar ratio) followed by
wn situ treatment of the dianion 3a (R=R’=Me, M=Li) with methyl 1odide Under these conditions an
intractable mixture of products was obtamned However, when the methylation was carried out on the
corresponding sodium salt 3a (R=R’=Me, M=Na) the expected product 2a was 1solated exclusively as the
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cis-diastereomer Thus, once the addition of methyllithium took place under the above described conditions
the mixture was hydrolyzed with water and extracted The crude diol 4a was then treated successively with
sodium hydnde (1 5 molar ratio) and methyl 1odide (1:5 molar ratio) to give cis-2a 1n 58% overall 1solated
yield after flash chromatography (Scheme 1 and Table 1, entry 1) The stereochemustry of 2a was
unequivocally established by comparison of 1its spectral data with the hterature ones.* The observed
stereochemustry 1n 2a 1s generated 1 the first step and 1s due to the electrical repulsion when the second
molecule of methyllithium adds to the carbonyl group of the monoaddition adduct from the opposite side of
the ring to the OL1 group mmtally formed.® The use of methyllithium containing lithium

bromide (30% overall yield) does not alter the observed stereochemustry

o R OMe

R' OMe

1 2a. R=R’=Me
2b: R=R’=Et
2¢ R=R’=n-Bu
2d: R=R’=Ph
2e. R=Me, R’=n-Bu
2f R=Me, R’=Ph

R OM OH R OH
R' OM R' OH 0
3 4 5

Scheme 1 Reagents. (a) RL1 (1°3 molar ratio), then H;O and extractive workup, for 2a-d, or
(1), RL1 (1-1 molar ratio), then H,O and extractive workup; (u) R’L1 (1:2 molar rati0), then
H,0 and extractive workup, for 2e,f, (b) NaH, then Mel.

When the same reaction was performed with other organolithium reagents such as ethyl, n-butyl, or
phenyllithium the expected products 2b-d were 1solated 1n 45-60 overall yield (after flash chromatography)
as a mixture of cis/trans-diastereomers, the cis 1somer being the major one 1n each case Stereochemical
assignments were made by comparing the spectral data of 2b-d with those of 2a, for 2b and 2c the cis 1somer
1s the most polar in chromatography giving the lowest R, values (Table 1, entries 2 and 3) Both cis/trans-2b,c
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have been separated by flash chromatography Alternatively, the intermedsate alcohols 4b,c were separated
chromatographically, after the first step, and individually methylated by the mentioned method (Table 1,
footnote b). In the case of 2@ the mixture could not be separated by chromatography and 1t was analyzed by
tandem g 1 c¢/mass spectrometry. When sec- or ters-butylhthium were used under the same conditions as for
2a-d the reaction failed, yielding a mixture of hydroquinone and the corresponding 2-alkylhydroquinone as
the only 1solated products

Table 1 Preparation of Compounds 2

Product 2*

Entry no yield (%) as/trans-ratio® (R)*
1 2a 58 (83) 100 (0 52)/0
2 2b 60 (90) 80 (0.50)/20 (0 53)
3 2c 57 (91) 85 (0 47)/15 (0 53)
4 2d 45 (72) 75 (0 67)°%/25 (0 67)>¢
5 2e 28 (88) 91 (0 43)/9 (0 47)
6 2f 31091 87 (0 57)713 (0.59)

* All products 2 were >95% pure (g 1 ¢ and 300 Mhz 'H n m.r.). ® Isolated overall yield after
flash chromatography based on the starting benzoquinone 1, in parenthesis 1solated yield after
flash chromatography based on the intermediate alcohols 4 ° Deduced by g I c. and 300 Mhz
'H n m.r.¢ Silica gel, hexane/ethyl acetate 9/1 °© cis- and trans-2d could not be separated by
t 1 c.f Silica gel, hexane/ethyl acetate 8/2

We also tried to prepare compounds of the type 2 with two different substituents by using two
different organolithium reagents before the methylation step Thus, the addition of methyllithum to
benzoquinone (1 1 molar ratio) followed by hydrolysis with water and extractive workup gave the expected
crude monoaddition product 5§ (R=Me), which was treated with butyllithium under the same conditions giving
the mixed diol 4 * The last methylation yielded the expected product 2¢ The same tandem process with phenyl
and methyllithium gave the corresponding product 2f (Table 1, entries 5 and 6) It 1s noteworthy that also
for compounds 2e,f the process 1s very stereoselective, the cis-1somer being the major one. As for 2b,c both
cis/trans-2e,f have been separated by flash chromatography and the stereochemustry assigned by comparison
to the other products 2, the observed R; values for 2e,f are 1n agreement with the expected polanty for cis-
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and frans-stereochemstry (Table 1, entries 5 and 6)

Finally, we tried to use organomagnesium compounds 1n the first step of the process instead of the
corresponding organolithium intermediates. The reaction led to a mixture of products denived from both 1,2-
and 1,4-addition to the starting p-benzoquinone, even 1n the presence of cenium tnichlonde.®

‘We conclude that this procedure represents the most convenient one to prepare compounds of the type

Experimental

General.- M p s are uncorrected and were measured on a Reichert thermovar apparatus Ir  spectra
were determined with a Pye Unicam SP3-200 spectrometer 'H and *C n m r spectra were recorded on a
Bruker AC-300 spectrometer with SiMe, as internal standard and using CDCl, as solvent, chemical shifts are
given mn & (ppm) and the coupling constants are measured 1n Hz M.s (e.1) were recorded with a Hewlett
Packard EM/CG HP-5988A spectrometer. High resolution mass spectra were obtained with a KRATOS MS
80 RFA spectrometer. The punty of products 2 and the chromatographic analyses (g l.c.) were determined
with a Hewlett Packard HP-5890 instrument equipped with a 12 m WCOT capillary column (0 22 mm diam ,
0 2 um film thickness OV-101 stationary phase) using nitrogen (2 ml/min) as the carner gas, T, =270°C,
Teumn=60°C (3 min), and 60-270°C (10°C/mun), retention times (z,) are given under these conditions Thin
layer chromatography (t.1.c.) was carried out on aluminum backed plates coated with a 0 2 mm layer of silica
gel 60H, using a mixture of hexane/ethyl acetate (9/1 or 8/2, see Table 1) as eluant, R, values are given under
these conditions. Starting matenals including organolithum reagents were commercially available (Aldrich)
except ethylhithium, which was prepared according to the literature method ? Solvents were dried as usually

Preparation of Compounds 2 General Procedure - To a solution of p-benzoquinone (1) (0.50 g, 4 6
mmol) 1n THF (25 ml) was slowly added the corresponding organolithium reagent (13.8 mmol) at -78°C The
resulting solution was stirred for 6 h allowing the temperature to nise to 20°C. The resulting mixture was then
hydrolyzed with water (25 ml), extracted with ether (3x30 ml), and the orgamic layer dned over sodium
sulfate The resulting crude diol 4 was then dissolved 1n THF (5 ml) and the solution added to a suspension
of sodium hydnde (ca. 25 mmol) in THF (10 ml) at 0°C  After 10 min strnng methyl 10dide (ca 25 mmol)
was added to the resulting mixture at room temperature and was stirred overnight The mixture was then
hydrolyzed with water (10 ml), extracted with ether (3x10 ml), and the organic layer dried over sodium
sulfate Solvents were evaporated (15 torr) and the residue was punified by flash chromatography (silica gel,
hexane/ethyl acetate 98/2) yielding the corresponding compounds 2a-d
In the case of mixed compounds 2e,f, after the first addition of the corresponding organolithium reagent (4 6
mmol, 1.1 molar ratio) and the subsequent hydrolysis as above, the process was repeated with a second
organolithium reagent (9 2 mmol, 1 2 molar ratio), and hydrolyzed again. The final methylation and workup
as above yielded products 2e,f

c1s-3,6-Dimethoxy-3,6-dimethyicyclohexa-1,4-diene (cis-2a) ' 1,=7 60 mun, m p 64°C (hexane), v,,, (KBr)
3040 (HC=C) and 1100 cm™ (C-0), 84 1 25 (6 H, 5, 2xCMe), 3.18 (6 H, s, 2xOMe), and 5 82 (4 H, s,
olefinic H), 4. 28 5 (2xCMe), 52 2 (2xOMe), 71 0 (2xCMe), and 134 1 (olefimic C), m/z 168 (M*, 0 4%),
153 (100), 137 (93), 122 (83), 105 (23), 91 (50), 65 (15), 51 (15), and 43 (17)

c1s-3,6-Diethyl-3,6-dimethoxycyclohexa-1,4-diene (cis-2b) t,=11.24 mn, »,, (film) 3010 (HC=C) and 1100
cm* (C-0), 6,0 85 (6 H, t, J=7 5, 2xCH,Me), 1 57 (4 H, q, J=1.5, 2xCH,), 3 19 (6 H, s, 2xOMe), and
5 83 (4 H, s, olefimc H); é: 7.9 (2xCH,Me), 34 0 2xCH,), 51.8 (2xOMe), 73 9 (2xCOMe), and 133.9
(olefimc C), m/z 168 (M*-28, 10%), 167 (100), 139 (78), 138 (27), 137 (12), 124 (28), 123 (18), 121 (25),
109 (22), 91 (19), 77 (21), and 65 (10) (Found M*, 196 1441 C,,H,,0, requires M, 196 1463)
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trans-3, 6-Diethyl-3,6-dimethoxycyclohexa-1,4-diene (trans-2b): 1,=11.30 mun; v, (film) 3010 (HC=C) and
1090 cm™ (C-0), 8, 091 (6 H, t, J=7 5, 2xCH,Me), 1.65 (4 H, q, J=7 5, 2xCH,), 3 08 (6 H, s, 2xOMe),
and 5.81 (4 H, s, olefimc H); 8. 8.3 (2xCH,Me), 33.8 (2xCH,), 51.6 (2xOMe), 74 0 (2xCOMe), and 134.4
(olefinic C); m/z 181 (M*-15, 0 1%), 167 (100), 139 (63), 138 (26), 137 (10), 124 (23), 123 (17), 121 (12),
109 (18), 91 (15), and 77 (15) (Found' M*, 196.1475 C,,H,,0, requires M, 196 1463).

cis-3,6-Dibutyl-3,6-dimethoxycyclohexa-1,4-diene (cis-2¢) t,=15 71 mmn; v, (film) 3010 (HC=C) and 1100
cm? (C-0), &, 0.80 (6 H, t, J=6 6, 2xCH,Me), 1.17-1 22 (8 H, m, 2xCH,CH,Me), 1 44-1.49 (4 H, m,
2xCH,COMe), 3.11 (6 H, s, 2xOMe), and 5 75 (4 H, s, olefimic H); d; 13.9 (2xCH,Me), 23.1 (2xCH,Me),
25.8 (2xCH,CH,Me), 41 3 (2xCH,COMe), 51 8 (2xOMe), 73 7 (2xCOMe), and 134.0 (olefinic C), m/z 221
(M*-31, 0 4%), 195 (76), 139 (100), 124 (59), 123 (17), 121 (57), 109 (10), 91 (28), 78 (14), 77 (20), 57
(12), and 41 (22) (Found M*, 252 1949 C,H,,0, requires M, 252 2089)

trans-3, 6-Dibutyl-3,6-dimethoxycyclohexa-1,4-diene (trans-2c) t,=15 98 mun, »,,, (film) 3010 (HC=C), 1100,
and 1065 cm™ (C-0); 8,0 87 (6 H, t, J=6 8, 2x CH,Me), 1.27-1 33 (8 H, m, 2xCH,CH,Me), 1 57-1 65 (4
H, m, 2xCH,COMe), 3 07 (6 H, s, 2xOMe), and 5 81 (4 H, s, olefinic H), é; 13 9 (2xCH,Me), 23 2
(2xCH,Me), 26.0 (2xCH,CH,Me), 41 0 (2xCH,COMe), 51 6 (2xOMe), 73.7 (2xCOMe), and 134 4 (olefimc
C), m/z 221 M*-31, 1%), 196 (11), 195 (83), 139 (100), 138 (22), 124 (63), 123 (36), 121 (45), 109 (12),
95 (10), 91 (35), 77 (20), 57 (12), and 41 (33) (Found M*, 252 2014 C,(H,;0, requires M, 252.2089).

cis/trans-3, 6-Dimethoxy-3,6-diphenylcyclohexa-1,4-diene (cis/trans-2d) =21 94 mun (cis-1somer) and
1,=22 99 min (trans-isomer), m p 124-7°C (hexane), »,,, (KBr) 3050, 3010 (HC=C), and 1070 cm?

(C-0), 4343 (6 H, s, 2xOMe), 6 11 (4 H, s, olefinic H), 7 24-7 32, and 7 37-7.42 (10 H, 2 m, ArH); &;
51 9 (2xOMe), 74.8 (2xCOMe), 133 3 (olefinic C), 126 0, 127.5, 128.3, and 143 4 (ArC), tandem g.1 ¢ -m/z,
cis-1somer 293 M*+1, 15%), 292 (M*, 71), 261 (100), 247 (15), 246 (69), 245 (13), 231 (13), 230 (52),
229 (35), 228 (42), 227 (19), 226 (16), 217 (15), 216 (14), 215 (59), 203 (10), 202 (30), 201 (11), 200 (28),
184 (11), 169 (14), 168 (10), 152 (20), 151 (20), 141 (24), 139 (16), 128 (12), 121 (54), 115 (50), 105 (56),
91 (12), 77 (50), 75 (14), and 51 (24), trans-1isomer 292 (M*, 0 3%), 261 (21), 260 (100), 245 (17), 227
27), 226 (17), 215 (18), and 202 (14)

c1s-3-Butyl-3,6-dimethoxy-6-methylcyclohexa-1,4-diene (cis-2e)-* t,=12 18 min; »,,, (film) 3020 (HC=C) and
1090 cm* (C-0), &; 086 (3 H, t, J=T72, CH,Me), 1 15-1 18 (2 H, m, CH,Me), 126-1.31 2 H, m,
CH,CH,Me), 1 26 (3 H, 5, OCMe), 1 52-1 57 (2 H, m, OCCH)), 3 18, 3 19 (6 H, 2 s, 2xOMe), 5 74, and
587 (4 H, 2d, J=10 3, olefinic H), éc 13 9 (CH,Me), 22.9 (CH,Me), 26 0 (CH,CH,Me), 28 4 (OCMe),
40 7 (OCCH,), 51 8, 52 1 (2xOMe), 71 1, 74 1 (2xCOMe), 132 0, and 135 1 (olefimic C); m/z 210 (M*,
0 1%), 154 (14), 153 (100), 138 (27), 123 (32), 122 (22), 121 (18), 105 (15), 91 (22), 79 (13), 77 (26), and
41 (19) (Found M*, 210 1612. C,,H,,0, requires M, 210 1620).

trans-3-Butyl-3,6-dimethoxy-6-methylcyclohexa-1,4-diene (trans-2e) ¥ =12 14 mn, »,,, (film) 3020
(HC=C), 1080, and 1070 cm?* (C-0), 8, 0 87 (3 H, t, J=6 6, CH,Me), 1 26-1 30 (4 H, m, CH,CH,Me),
131 (3 H,s, OCMe), 1 57-1 63 (2 H, m, OCCH,), 3 04, 3 09 (6 H, 2 s, 2xOMe), 5.70, and 5.86 (4 H, 2
d, 7=10 4, olefinic H), . 14 0 (CH,Me), 23 1 (CH,Me), 26 2 (CH,CH,Me), 27 7 (OCMe), 40.7 (OCCH,),
511, 52 0 2xOMe), 71 3, 73 8 (2xCOMe), 133 0, and 135 8 (olefinic C), m/z 195 (M*-15, 3%), 154 (11),
153 (100), 138 (32), 123 (50), 122 (29), 121 (31), 108 (11), 107 (19), 105 (21), 103 (12), 95 (14), 92 (10),
91 (48), 79 (29), 78 (22), 77 (53), 65 (16), 53 (10), 51 (12), 43 (15), and 41 (61)

cis-3,6-Dimethoxy-3-methyl-6-phenylcyclohexa-1,4-diene (cis-20) * 1,=15 85 mn; »,,, (film) 3050, 3015
(HC=C), 1090, 1070 cm™! (C-0), 8, 1 35 3 H, 5, OCMe), 3.26, 3.38 (6 H, 2 s, 2xOMe), 5.92, 597 (4 H,
2d, J=105, olefimc H), 7 25 (1 H, d, J=7.0, p-AtH), 7.32 2 H, t, J=7 4, 2xm-ArH), and 7.41 2 H, d,
J=7 2, 2x0-A1H), 8. 28.1 (OCMe), 51 8, 52 3 (2xOMe), 70 9 (CMe), 75 0 (CPh), 133.2, 134 4 (olefinic
C), 125 7, 127 3, 128 4, and 143 8 (ArC), m/z 231 (M*+1, 7%), 230 (M*, 45), 216 (11), 215 (74), 200
(58), 199 (100), 198 (11), 185 (23), 184 (91), 183 (22), 173 (15), 172 (24), 169 (22), 168 (40), 167 (47),
166 (20), 165 (51), 155 (19), 154 (16), 153 (60), 152 (57), 151 (10), 141 (45), 139 (27), 138 (17), 129 (18),
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128 (33), 127 (14), 123 (14), 122 (10), 121 (13), 115 (71), 105 (12), 102 (12), 91 (27), 89 (23), 79 (10),
78 (18), 77 (71), 76 (10), 75 (15), 65 (13), 63 (20), 59 (17), 51 (39), and 43 (16)

trans-3,6-Dimethoxy-3-methyl-6-phenylcyclohexa-1,4-diene (trans-21) ® 1,=15.78 min; v, (film) 3050, 3010
(HC=C), 1080, and 1070 cm™ (C-0); 84 1.39 (3 H, s, OCMe), 3 17, 3.24 (6 H, 2 s, 2xOMe), 5.88, 5.99
(4 H,2d, J=10.4, olefimc H), 7.27 (1 H, d, J=5 1, p-ArH), 7.33 2 H, t, J=7 3, 2xm-ArH), and 7.51 (2
H, d, J=7.2, 2x0-ArH); 8; 27.7 (OCMe), 51.2, 52.3 (2xOMe), 70.8 (CMe), 74 9 (CPh), 132.9, 135 4
(olefimc C), 125.8, 127.4, 128.3, and 144 1 (ArC); m/z 231 M*+1, 10%), 230 (M*, 64), 215 (60), 200
(56), 199 (100), 198 (10), 185 (22), 184 (92), 183 (21), 173 (21), 172 (25), 169 (22), 168 (36), 167 (49),
166 (20), 165 (53), 155 (19), 154 (14), 153 (60), 152 (60), 151 (10), 141 (41), 139 (24), 138 (17), 129 (16),
128 (30), 127 (14), 123 (14), 121 (11), 115 (59), 105 (12), 102 (10), 91 (23), 89 (22), 78 (12), 77 (53), 76
(10), 75 (14), 65 (12), 63 (18), 59 (23), 51 (28), 50 (10), and 43 (16)
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