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Absfmd lke reactton of p-benzoqtunone (1) wtth s-al organoltthtum compouttds (methyl-, ethyl-, n-butyl-, 
phenylltthtum) led, a&r hydrolysts wtth water, to the corrqmndtng mdc dtoLr 4. whtah were successtwly treated 
wtth sodtum hydnde and methyl todtde yteidtng the qected 1,4dtalcyI-I +dtmet~lohaa-2Jdtenes 2ad 
tn a steraoselecttvc manner llu use of a tandem ptvcass wtth two dtffkrent organol~htum reagenta followed by 
methylalton by the same proealun ytelakd stereoselecitw~ the mtxed I-alkyl-4-aU$’ aktuzttvrr 2eJ 

Introduction 

Recently the preparation of 1,4-dlmethoxy-1,4-dlmethylcyclohexa-2,Sdlene (2a) has been reported m 

about 20% yield as a cu 1 1 mixture of c~~ltranr-diastereomers by electrochemical anodlc oxidation of p- 

xylene m methanol-sodium methoxlde ’ This compound, which IS a versatde precursor m nucleophlllc 

aromatic subshtuhon reacbons,2 has been prepared only by the electrochenucal route In this paper we 

descnbe the chemical preparation of several compounds of thrs family startmg from pbenzquinone and 

organohthlum compounds, followed by methylation with methyl mdlde. 

Results and Discussion 

We first studied the reachon of p-benzoqumone (1) unth methyllithmm3 (1 3 molar rabo) followed by 

m sttu treatment of the dlamon 3a (R=R’=Me, M=Li) with methyl iodide Under these conditions an 

intractable mixture of products was obtamed However, when the methylation was carried out on the 

corresponding s&urn salt 3a (R=R’=Me, M=Na) the expected product 2a was solated ercluhvly us the 
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c~sdmsfereomer Thus, once the &Qon of methylhthmm took place under the above described condlhons 

the nuxture was hydrolyzed ~th water and extracted The crude d1014a was then treated successively with 

sodmm hydnde (1 5 molar ratm) and methyl mdlde (15 molar ratio) to @ve c&a m 58% overall isolated 

yield after flash chromatography (Scheme 1 and Table 1, entry 1) The stereochemWry of 2a was 

uneqmvocally estabhshed by comparison of its spectral data with the hterature ones.4 The observed 

stereochenustry m 2a IS generated 111 the fist step and IS due to the electmal repulsion when the second 

molecule of methylhthmm adds to the carbonyl group of the monoaddlhon adduct from the opposite side of 

the rmg to the OLl group imtily fOMed. 3b The use of methylhthmm contammg hthium 

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

0 

R Ot4e 

R’ OMe 

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

Scheaue 1 Reagents. (a) RLI (1.3 molar raho), then H,O and extracfive workup, for 2a-d, or 
(I), RLI (1-l molar ratio), then Hz0 and extractwe workup; (u) R’Li (1:2 molar ratio), then 
H,O and extractwe workup, for 2e,f, (b) NaH, then MeI. 

When the same reaction was performed with other organolithium reagents such as ethyl, n-butyl, or 

phenylhthmm the expected products 2b-d were isolated in 45-60 overall ylcld (after flash chromatography) 

as a mixture of c~&run.Wastereomers, the czs isomer bemg the major one m each case Stereochenucal 

assignments were made by compamg the spectral data of Zb-d with those of 2a, for 2b and k the cu isomer 

IS the most polar m chromatography giving the lowest Rf values (Table 1, entnes 2 and 3) Both crsltruns-2b,c 
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and nans-stereoche~stry (Table 1, entries 5 and 6) 

Fmally, we tned to use organomagnesmm compounds rn the first step of the process instead of the 

correspondmg organohthmm mtennediates. The reactton led to a mixture of products derived from both 1,2- 

and 1,6additron to the startmg p-benxoqumone, even m the presence of cenum tnchlonde.6 

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

2 

Experimental 

GexeruL- A4 p s are uncorrected and were measured on a Rerchert thermovar apparatus I r spectra 
were deternuned wrth a Pye Umcam SP3-200 spectrometer ‘H and 13C n m r spectra were recorded on a 
Bruker AC-300 spectrometer with SiMe, as mternal standard and using CDC13 as solvent, chermcal shifts are 
given m 6 @pm) and the couplmg constants are measured in Hz M.s (e.1) were recorded with a Hewlett 
Packard EM/CG HP-5988A spectrometer. High resoluhon mass spectra were obtamed wrth a KRATOS MS 
80 RFA spectrometer. The punty of products 2 and the chromatographrc analyses (g l.c.) were deternuned 
wrth a Hewlett Packard HP-5890 mstrument equipped with a 12 m WCGT caprllary column (0 22 mm dram , 
0 2 pm film thrckness OV-101 statronary phase) using nitrogen (2 ml/mm) as the tamer gas, T,,,,_=270”C!, 
T ti=600C (3 mm), and 60-270°C (lO”C/mm), retentron hmes (fJ are given under these condlhons Thin 
layer chromatography (t.1.c.) was carned out on alummum backed plates coated with a 0 2 mm layer of slhca 
gel 6OH, usmg a mixture of hexane/ethyl acetate (9/l or 812, see Table 1) as eluant, R, values are given under 
these condmons. Starting materials mcludmg organohthmm reagents were commercially avarlable (Aldrich) 
except ethylbthmm, whrch was prepamd accordmg to the hterature method 7 Solvents were dned as usually 

Preparation of compounds 2 General Procedure - To a solution of p-benzoqumone (1) (0.50 g, 4 6 
mmol) m THP (25 ml) was slowly added the correspondmg organohthmm reagent (13.8 mmol) at -78°C The 
resultmg solution was stmed for 6 h allowing the temperature to nse to 20°C. The resulhng mrxture was then 
hydrolyzed wrth water (25 ml), extracted with ether (3x30 ml), and the orgamc layer dned over sodium 
sulfate The resultmg crude dtol 4 was then dissolved m THF (5 ml) and the solutron added to a suspensron 
of sodium hydrrde (cu. 25 mmol) in THF (10 ml) at 0°C After 10 mm strmng methyl mdrde (cu 25 mmol) 
was added to the resultmg mrxture at room temperature and was s&red ovemtght The mixture was then 
hydrolyzed wrth water (10 ml), extracted with ether (3x10 ml), and the orgamc layer dned over sodium 
sulfate Solvents were evaporated (15 torr) and the residue was puntied by flash chromatography (nhca gel, 
hexandethyl acetate 9812) yielding the correspondmg compounds Za-d 
In the case of mrxed compounds 2e,f, after the first addition of the correspondmg organohthmm reagent (4 6 
mmol, 1.1 molar ratro) and the subsequent hydrolysis as above, the process was repeated with a second 
organohthmm reagent (9 2 mmol, 1 2 molar ratro), and hydrolyzed agam. The final methylatron and workup 
as above yielded products 2e,f 

c~s-3,6-Dtmethoxy-3,~t~t~llcyclo~a-l,4_dtene (crs-2a) ’ t,=7 60 mm, m p 64°C (hexane), v,_ (KBr) 
3040 (HC=C) and 1100 cm-’ (C-O), S, 1 25 (6 H, s, 2xCMe), 3.18 (6 H, s, 2xOMe), and 5 82 (4 H, s, 
olefimc H), 6c 28 5 (SxCMe), 52 2 (‘LxOMe), 71 0 (‘LxClvIe), and 134 1 (oletimc C), m/z 168 (M+, 0 4%), 
153 (NO), 137 (93), 122 (83), 105 (23), 91 (50), 65 (15), 51 (15), and 43 (17) 

c~s-3,6-DtethyZ-3,6-dunethoqcyclohexu-l,4-dtene (cu-2b) ?,= 11.24 mm, u_ (film) 3010 (HC=C) and 1100 
cm-’ (C-O), S, 0 85 (6 H, t, 5=7 5, ZxCH#e), 1 57 (4 H, q, 5=7.5, 2xCH3,3 19 (6 H, s, ZxOMe), and 
5 83 (4 H, s, olefimc H); Sc 7.9 (2xCH@e), 34 0 (2xCHa, 51.8 OxOMe), 73 9 (ZxCOMe), and 133.9 
(olefimc C), m/z 168 (M+-28, lo%), 167 (lOO), 139 (78), 138 (27), 137 (12), 124 (28), 123 (18), 121 (25), 
109 (22), 91 (19), 77 (21), and 65 (10) (Pound M+, 196 1441 C,,H,Oz requires M, 196 1463) 



1 ,CDzalkyl- 1,4-dzmethoxycyclohexa-2,5-&enes 7475 

trans-3.6-Dzetkyl-3,6-dzmethznycycloohexa-1 J-dzene (traw2b): tr = 11.30 mzn; v_ (film) 3010 (HC=C) and 
1090 cm-’ (C-O), i&z 0 91(6 H, t, J=7 5,2xCH#e), 1.65 (4 H, q, J=7 5,2xCHJ, 3 08 (6 H, s, ZxOMe), 
and 5.81 (4 H, s, olefmc H); & 8.3 (ZxCH@e), 33.8 (2xCH3, 51.6 (ZxOMe), 74 0 (2xCOMe), and 134.4 
(olefizuc CT); m/z 181 &P-15,0 l%), 167 (lOO), 139 (63), 138 (26), 137 (lo), 124 (23), 123 (17), 121 W), 
109 (18), 91 (15), and 77 (15) (Found’ M +, 1%.1475 C,,H,O, requuw M, 1% 1463). 

cis-3.6-DzbutyZ-3,6-duncthoxycyclohexo-l.~e~ (czs-2c) tr= 15 71 rmn; u_ (film) 3010 (HC=C) and 1100 
crn~’ (C-O), $ 0.80 (6 H, t, 3=6 6, 2xCH&fe), 1.17-l 22 (8 H, m, 2xCH,cH,Me), 1 44-1.49 (4 H, m, 
2xCH,COMe), 3.11 (6 H, s, ZxOMe), and 5 75 (4 H, s, olefimc H); S, 13.9 (‘LxCHfle), 23.1 (2xC&Me), 
25.8 (2xCH$H,Me), 41 3 (2xC’H$OMe), 51 8 (2xOMe), 73 7 OxCOMe), and 134.0 (olefimc C), m/z 221 
(M+-31,0 4%), 195 (76), 139 (lOO), 124 (59), 123 (17), 121 (57), 109 (lo), 91 (28), 78 (14), 77 (20), 57 
(12), and 41 (22) (Found M+, 252 1949 C,,H,O, reqmres M, 252 2089) 

t.rans-3,6-DzbzqZ-3,6dzmethoxycycJohexa-l,4-dzene(trans-2c) t,= 15 98mm, u,(film)3010(HC=C), 1100, 
and 1065 cm-l (C-O); S, 0 87 (6 H, t, .I=6 8, 2x CH#e), 1.27-1 33 (8 H, m, 2xCH,CH,Me), 1 57-l 65 (4 
H, m, 2xCH,COMe), 3 07 (6 H, s, 2xOMe), and 5 81 (4 H, s, olefimc H), S, 13 9 (2xCHfie), 23 2 
(2xC&Me), 26.0 (‘LxCH$ZH,Me), 41 0 (2xCH$OMe), 51 6 (‘LxOMe), 73.7 OxCOMe), and 134 4 (olefiruc 
C), m/z 221 @P-31, l%), 196 (ll), 195 (83), 139 (NO), 138 (22), 124 (63), 123 (36), 121 (45), 109 (12), 
95 (lo), 91 (35), 77 (20), 57 (12), and 41 (33) (Found M+, 252 2014 C1&OZ reqmres M, 252.2089). 

c~s/trans-3,6-Dzmethoxy-3,6-dzphenylcycloht~a-I ,4-dzene (czsltrans-2d) t,=21 94 zmn (czs-isomer) and 
t,=22 99 mm (tmn.wsomer), m p 124-7°C (hexane), v_ (KBr) 3050, 3010 (HC=C), and 1070 cm-’ 
(C-O), ,, 3 43 (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); SC 
51 9 (‘ZxOMe), 74.8 OxcoMe), 133 3 (olefimc C), 126 0, 127.5,128.3, and 143 4 (Arc), tandem g.1 c -m/z, 
as-isomer 293 (M++l, 15%), 292 (M’, 71), 261 (NO), 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 (lo), 202 (30), 201 (ll), 200 (28), 
184 (ll), 169 (14), 168 (lo), 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), tran.wsomer 292 (M+, 0 3%), 261 (21), 260 (lOO), 245 (17), 227 
(27), 226 (17), 215 (18), and 202 (14) 

as-3-Bz~yl-3,6-dzmethoxy-6-methykyclohexa-methylcyclohexa-I,4-drenc (czs-2e)*% tr= 12 18 mm; v_ (film) 3020 (HC=C) and 
1090 cm-’ (C-O), &., 0 86 (3 H, t, J=7 2, CH#e), 1 15-1 18 (2 H, m, CH,Me), 1 26-1.31 (2 H, m, 
CH,CH,Me), 1 26 (3 H, s, OCMe), 1 52-l 57 (2 H, m, OCCHJ, 3 18, 3 19 (6 H, 2 s, 2xOMe), 5 74, and 
5 87 (4 H, 2 d, J=lO 3, olefinlc H), S, 13 9 (CH&fe), 22.9 (C&Me), 26 0 (C&CH,Me), 28 4 (OCMe), 
40 7 @CC&), 51 8, 52 1 (2xOMe), 71 1, 74 1 OxcoMe), 132 0, and 135 1 (olefimc C); m/z 210 (M+, 
0 l%), 154 (14), 153 (NW), 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,OZ requires M, 210 1620). 

trans-3-Bzgyl-3,6-dzmetho~-6-methylcyclohexa-l,4-dzene (tran.Qe) 3d tr= 12 14 mm, v_ (film) 3020 
(HC=C), 1080, and 1070 cm-’ (C-O), &, 0 87 (3 H, t, .I=6 6, CH$fe), 1 26-l 30 (4 H, m, CH,cH,Me), 
1 31 (3 H, s, OCMe), 1 57-1 63 (2 H, m, OCCH& 3 04, 3 09 (6 H, 2 s, 2xOMe), 5.70, and 5.86 (4 H, 2 
d, J=lO 4, olefimc H), S, 14 0 (CH#e), 23 1 (C&Me), 26 2 (CH$H,Me), 27 7 (OCMe), 40.7 (OCCH& 
51 1,52 0 (2xOMe), 71 3,73 8 (2xcOMe), 133 0, and 135 8 (olefimc C), m/z 195 @P-15, 3%), 154 (ll), 
153 (lOO), 138 (32), 123 (50), 122 (29), 121 (31), 108 (ll), 107 (19), 105 (21), 103 (12), 95 (14), 92 (lo), 
91 (48), 79 (29), 78 (22), 77 (53), 65 (16), 53 (lo), 51 (12), 43 (15), and 41 (61) 

czs-3,6-Dzmethoxy-3-methyl-6-phenylcyclohexa-l,4-dzene (czs-2c) 8 t,= 15 85 mm; v_ (film) 3050, 3015 
(HC=C), 1090, 1070 cm-’ (C-O), S, 1 35 (3 H, s, OCMe), 3.26, 3.38 (6 H, 2 s, 2xOMe), 5.92, 5 97 (4 H, 
2 d, J=lO 5, oletimc H), 7 25 (1 H, d, 5=7.0, pArH), 7.32 (2 H, t, 5=7 4, 2xm-AS), and 7.41 (2 H, d, 
5=7 2, 2x0-ArH), S, 28.1 (OCMe), 51 8, 52 3 (‘ZxOMe), 70 9 (CMe), 75 0 (CPh), 133.2, 134 4 (olefinlc 
C), 125 7, 127 3, 128 4, and 143 8 (ArC), m/z 231 (M++l, 7%), 230 (M+, 45), 216 (ll), 215 (74), 200 
(58), 199 (lOO), 198 (ll), 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 (lo), 141 (45), 139 (27), 138 (17), 129 (18), 
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128 (33), 127 (14), 123 (14), 122 (lo), 121 (13), 115 (71), 105 (12), 102 (12), 91 (27), 89 (23), 79 (lo), 
78 (18), 77 (71), 76 (lo), 75 (15), 65 (13), 63 (20), 59 (17), 51 (39), and 43 (16) 

trans-3.~Duncrhaxy-3-methyl-6-phenykycloher4-I,edrene (tranv2f) * t,= 15.78 mm; u_ (film) 3050,301O 
(HC=C), 1080, and 1070 cm“ (C-O); & 1.39 (3 H, s, GCMe), 3 17, 3.24 (6 H, 2 s, 2xOMe), 5.88, 5.99 
(4 H, 2 d, J=10.4, olefimc H), 7.27 (1 H, d, J=5 1, p-ArH), 7.33 (2 H, t, 5=7 3, Zxm-A@, and 7.51 (2 
H, d, Jr7.2, 2xo-ArH); & 27.7 (me), 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++l, lo%), 230 (M+, 64), 215 (60), 200 
(56), 199 (lOO), 198 (lo), 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 (lo), 141(41), 139 (24), 138 (17), 129 (16), 
128 (30), 127 (14), 123 (14), 121 (ll), 115 (59), 105 (12), 102 (lo), 91 (23), 89 (22), 78 (12), 77 (53), 76 
(lo), 75 (14), 65 (12), 63 (18), 59 (23), 51 (28), 50 (lo), and 43 (16) 
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