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14. Preparation and Absolute Configuration 
of Some Iris Essential Oil Constituents of the 5-Methylsafranie-Acid Series’) 

by Christian Chapuis* and Karl H. Schulte-Elte 

Firmenich SA, Research Laboratories, P.O.B. 239, CH-1211 Geneva 8 

(10.XI. 94) 

Thep-dienoate (+)-(5S)-13a (86% ee; meaning of a and p as in a- andp-irone, resp.) was obtained from 
(-)-(5S)-9a via acid-catalyzed dehydration of the diastereoisomer mixture of allylic tertiary alcohols (+)-(IS,SS)- 
15/(+)-(1R,SS)-15 (Scheme 3). Prolonged treatment gave clean isomerization via a [1,5]-H shift to the a -isomer 
(-)-(R)-16a with only slight racemization (76% ee; Scheme 4). In contrast, the SnC14-catalyzed stereospecific 
cyclization of (+)-(2)-6 to (+)-trans-8a (Scheme 2), followed by a diastereoselective epoxidation to (+)-11 gave, via 
acid-catalyzed dehydration of the intermediate allylic secondary alcohol (-)-12, the same ester (+)-13a (Scheme 3), 
but with poor optical purity (13% ee), due to an initial rapid [1,2]-H shift. The absolute configuration of (-)-l6a< 
was confirmed by chemical correlation with (-)-trans-19 (Scheme 4). I3C-NMR Assignments and absolute 
configurations of the intermediate esters, acids, aldehydes, and alcohols are presented. 

Introduction. - Mainly motivated by the precious orris, violet-like olfactive properties 
of irones, associated with its very high cost2), analysis of the highly prized Iris essential oil, 
coupled with important synthetic efforts, has attracted considerable attention during the 
past 50 years (see ref. cit. in [l]). 

In 1981, a new carboxylic acid of molecular formula C,,H,,O, was isolated in trace 
amounts by Gurnero and Jouluin [2 ] .  Among eleven possible 2,5,6,6-tetrasubstituted 
cyclohexadienecarboxylic-acid isomers, the hypothetical structure 13b was assigned on 
the basis of a single MS analysis”) of its methyl ester 13a, with respect to its similarity with 
methylp -safranate. In a more recent analysis, Muurer and coworkers isolated the parent 
aldehyde 13c, assigned on the basis of its MS and ‘H-NMR analysis; its attempted 
synthesis from 16c unfortunately failed4) [5 ] .  

Goaded by our interest in this field [6], we resolved to prepare optically active 13a+ 
starting from readily available chirons. 

Presented in part at the XVth Conference on Isoprenoids, 20-25 September 1993, Zakopane, Poland. 
Ca. 18000 US%/kg of absolute oil. 
We are indebted to Prof. J .  Garner0 and D.  Joulain for a copy of this analysis. 
This is an energetically unfavorable (uphill) transformation. Indeed, 13c is totally converted into 16c under 
basic conditions (MeONa, MeOH, 0.1 mol-equiv., 2 5 O ;  90%). For a comparison of the thermodynamic 
stability of 13c and 16c, calculated by semi-empirical method PM3 (negative values in kcal/mol f2.0, 
MOPAC 6.0 QCPE), see [3], and for stereoisomer comparison, based on MM2 calculations (positive values in 
KJ/mol, MACROMODEL 4.0), see [4]. Thus, tram-8a: 103.4, -103.5; c b d a :  107.6, -102.9; 9a: -107.2; 
trans-8b: 44.0, -111.6; cis-8b: 48.0, -111.0; 9b: -115.1; trans-l0a: 98.8, -73.9; cis-l0a: 103.8, -69.8; 
trans-lob: 38.9, -82.0; cis-lob: 44.9, -80.7; 13a: -80.3; 13b: -88.2; 13c: -31.5; 16a: -82.2; 16b: -90.8; 
1 6 ~ :  -36.0. 
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Results and Discussion. - The preliminary research, initiated immediately after the 
publication of the two French authors, was based on the reported decarbonylation of 
pinonal ((-)-2 [715)), using Wilkinson catalyst [ll]. The resulting ketone (-)-3 was ther- 
molyzed (320°, sealed tube; 72% [12]) according to Conia to afford the known key 
intermediate (+)-46) of the same optical purity (76% ee')) as the starting (-)-a-pinene 
((-)-1; Scheme I ) .  

iV) 98% i 

i )  1) O,, CH,CI,, AcOH; 2) Me2S, N,. i t )  [Rh(PPh,),CI], toluene, 11O0. i t i )  Sealed tube, 320" 
t v )  (MeO),P(O)CH,CO,Me, MeONa, MeOH, cyclohexane; ( E ) / ( Z )  7:3. v )  t-BuOK, t-BuOH; ( E ) / ( Z )  4:l. 

- 

For an alternative access via ozonolysis of (+)-2- or (+)-3-carene [8], followed by decarbonylation ([Rh 
(PPh3)3C1], toluene, 1 loo; 92%), see [9]. For a hydrogenolytic decarbonylation of (-)-2 (Raney-Ni W4, H2, 
180 atm, 240", 5 h; 70%) followed by reoxidation to (-)-3, see [lo]. 
[XI'," = +3.73, [a]:& = -5.86 (c = 1.5 cyclohexane); [12]: [ E ] :  = +2.37, [XI& = -5.55 (cyclohexane). We are 
indebted to Prof. J.  Gore for confirming both a printing error in [12] and the (5s) absolute configuration of 
(+)-4 which follows logically from the starting material used [7b-fl. Alternatively, (+)-4 was obtained by 
ozonolysis of (+)-limonene [I31 followed by decarbonylation ([Rh(PPh,),Cl], toluene, 110"; 20% yield). The 
use of 5% PdjC (180" neat, 6 %  by weight; 78%) gave essentially 5,6-ditnethylhept-5-en-2-one, while 5% 
Rh/AI,O, (1  8O0 neat, 6 % by weight; 30%) afforded mainly (+)-(S)- 1-(4-isopropenylcycIopent- 1-eny1)ethan- 
1-one [14]. For a stereoselective synthesis of eremophilane and valencane starting from 4, see [15]. 
Retention times f R  in tnin on a permethylatedp -cyclodextrin capillary column (9 m, 0.25 mm, 80-1 lo", 3.8 psi) 
[16]: (-)-a-pinene ((-)-I), 6.8; (+)-a-pinene ((+)-I),  7.7; (+)-4, 19.7; (-)-4, 21.1; (-)-18, 28.1; (+)-18, 28.5; 
(+)-rrans-19, 29.0; (-)-trans-19, 29.4; (-)-cis-19, 33.1; (+)-cis-19, 34.1; (-)-(lS,3R,6R)-ZO. 30.4; (+)- 
(1R,3S,6S)-20, 30.8; (+)-(lS,3S,6S)-ZO, 31.8; (-)-(IR,3R,6R)-20, 33.7; (-)-(1S,3S,6R)-20, 32.7; (+)- 
(1R,3R,6S)-20: 33.0; (-)-(lR,3S,6R)-ZO, 38.2; (+)-(IS,3R,6S)-20,40.0. 
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Subsequent Horner- Wittig condensation ((MeO),P(O)CH,CO,Me, MeONa, MeOH, 
cyclohexane; 98%) gave methyl esters (-)-(E)-6/(+)-(2)-6 in a 7:3 ratio which were 
separated by prep. GC (for racemate, see [ 171). Alternatively, the condensation was 
conducted directly on (-)-3 to give (3S)-5 (83%) as an inseparable (E) / (Z) -  and/or 
&/trans-mixture (2 : 5 :3). Thermolysis of the latter afforded a 1 : 1 mixture (-)-(2)-7/ 
(+)-(E)-7 in 80% yield which was either separated by prep. GC for analysis or trans- 
formed (t-BuOK, t-BuOH; 95%) to a 4:l  mixture (-)-(E)-6/(+)-(Z)-6. 

When (+)-(Z)-6 was cyclized with a Lewis acid [18] (SnCl,, 0.4 mol-equiv., toluene, 12 
h, 0-25'), the thermodynamically more stable4) methyl ester (+)-truns-8a was obtained 
quantitatively and practically as a single diastereoisomer ( 2 95 YO), but unfortunately 
with a high degree of racemization'). In contrast, under the same conditions, (-)-(E)-6 
gave quantitatively a GC-separable 1 : 1 mixture (+)-truns-t$a/(-)-cis-8a, due to thermo- 
dynamic equilibration of the preformed less stable cis-diastereoi~orner~)~)~) (Scheme 2 ) .  

Scheme 2 

(+)-(z)-6 (-)-(Q-6 

trans-l0a R = M 3 trans-lob R = H 
iii) 98% 

(-)-cis-8a R = Me (-)-9a R = Me 
;I) 81% 

(+)-trans-8b R = (-)-cis-8b R = H J (-)-9b R = H 

(+)-trans-8a R = Me 

i )  SnCI,, toluene, 0". i i )  PhSH, KOH, DMF, 100". i i i )  CH,N,, Et,O. 

This racemization may be explained by a rapid [ 1,2]-H shift between the C(6) and C(7) 
carbocationic centers, a reaction which has often been applied for the synthesis of irones 
[20]"). The corresponding a-acids (meaning of a and p as in a-  and p-irone, resp.), 
(+)-trans-8b and (-)-czs-8b, were selectively obtained by C(alky1)-0 bond cleavage 
(PhSH, KOH, DMF, 100"; 71 and 81% yield, resp. [22]) of their methyl esters (for 
racemic 8 and 9, see [17a] [23]). To introduce the p-isomeric cyclic system, methyl 
ester (-)-cis-8a was epoxidized stereoselectively on its less hindered face to give 

*) 
9, 

After reduction to the corresponding alcohols (+)-trans- 19 and (+)-cis- 19 [I], 13% ee'). 
Under the cyclization conditions, a 7:3 mixture was obtained after 70 h, and a 3:l mixture reached after 170 h. 
A slower cyclization rate than (E/Z)-isomerization or a worse stereoselectivity due to the sterically less 
congested ( E )  transition state are not excluded. Cyclization of (-)-(E)-6/(+)-(Z)-6 4: 1 gave (+)-truns-8a/(-)- 
cis-8a 3:2, while Brmdsted acidic conditions [I91 (FiltroP G24"), 50% by weight, toluene, 110°, 4 h; 68%) 
gave (+)-trans-Sa/(-)-cis-8a/(-)-9a 55:30:15 in 2 10% ee'). 
FilfroP' is a registered trade name for a H,S04 acid supported on seasand rich in diatomea. 
For 6-membered-ring acidic cyclizations and mechanistic discussions, see [21] and refs. cit. therein. 

lo) 

") 

7 
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Scheme 3 

(+)-(I S,ZR,5S)-11 (-)-I2 (+)-(I R,295S)-ll 

1) 93% I 20 min 
Io2" Po 1) 92% T 

(+)-13a 

t iii) 
1020 48% from 14  
3 h  I 

(+)-(1 S,5S)-15 (+)-(I R,5S)-15 

C02Me 

(-)-9a L * , * * + ~ o  + '',,,*a ,.+o 

I iii) 
250 60% 

,,.CO,Me 

(7:3) 91% 

(1 S,3S,6S)-14 (1 R,3S,6R)-14 

i )  3-C1C6H,C03H, CH2CI,, 0". ii) MeONa, MeOH, 65". iii) FilrroP, dioxan. i v )  Maleic anhydride, 70% aq. 
H,O,, CH,CI2. 

(+)-(lS,2R,5S)-ll (3-C1C,H,C03H, CH2C1,, 0"; 93%) which was opened (MeONa, 
MeOH, 65'; 80% [24]) to allylic alcohol (-)-12 (Scheme 3). Alternatively, (-)-12 was also 
obtained by diastereoselective epoxidation (92 % yieldL2)) of (+)-trans-Sa, followed by 
basic treatment (8 1 YO). Finally, acidic dehydration f F i E t ~ o P ' ~ ) ,  dioxan, 102", 20 min; 
56%) gave the desired /I-ester (+)-13a without apparent loss of optical purity (by 
'H-NMR analysisi3)). 

The poor c h i d  efficiency of this approach prompted us to change our strategy. The 
recently reported p -acid (-)-9b (86 % ee [l]) was thus quantitatively esterified (CH,N,, 
Et,O) to (-)-9a. Epoxidation (maleic anhydride, 70% aq. H202, CH,Cl,, 25"; 91 YO) gave 

") 

") 

By capillary GC and 'H-NMR analysis, de > 95%. For similar stereoselectivity, see [18a] [25]. For a recent 
rationalization, see [26]. 
In the presence of tris( 3-[(heptafluoropropyl)hydroxymethylidene]-(+)-camphorato}europium(III). 
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an inseparable 7: 3 mixture of diastereoisomers (1 S,3S,6S)- and (lR,3,~,6R)-14'~) 
(Scheme 3). Treatment with Filtrolm (25", 60 YO) afforded the corresponding tertiary 
allylic alcohol mixture (+)-( 1S,5S)-15/(+)-( 1R,5S)-15, from which the major 
diastereoisomer was isolated by chromatography. Treatment of 14 or 15 using more 
drastic conditions (FiltroP, dioxan, 102"; 3 h; 48% [27]) gave the desired ester (+)-13a 
(86 % ee; by 'H-NMRl3)), readily separated by chromatography from the unreacted 
(+)-(1R,5S)-15, which is less prone to elimination due to its pseudoequatorial OH 
g r o u ~ ' ~ ) .  The ester (+)-13a was smoothly saponified (PhSH, KOH, DMF, 100"; 90%) to 
the target carboxylic acid (+)-13b, without isomerization16), and also reduced (LiAlH,, 
Et,O, 0"; 94%) to allylic alcohol (+)-17 (cf. Scheme 4 )  before reoxidation (MnO,, 
CH,CI,; 70%) to the naturally occurring aldehyde (+)-13c. 

Scheme 4 

iv) 70% v) 77% 
(+)-I7 (-)-18 

(-)-16a R = Me0 1 if) 
b R = OH f- 89% 

(+)-13a R = Me0 
b R=OH 
C R = H  c R = H  

VI) 96% 

(-)-(I R,3S,6@-20 (+)-cis-l9 (-)-trawl 9 (+)-(l R, 3R, 6s)-20 
(+ (-)-(I R, 3 9  617)-20 [I]) 

i) Filtrol", dioxan, 102O, 144 h. 
v )  (COCl),, DMSO, Et,N, CH,Cl,. v i )  Raney-Ni, H,, EtOH. vii) PtO,, H,, AcOH. 

i i )  PhSH, KOH, DMF, loo0. iii) LiAIH,, Et,O. i v )  MnO,, CH,Cl,. 

Prolonged treatment of the p-esters (+)-13a, (3S)-14, or (+)-15 (FiltroP, dioxan, 
102", 144 h; 61 YO) resulted in elimination of residual alcohol (+)-(1R,5S)-15 and dis- 
placed the dienic system to the CI -position. We were gratified to find that a minimum of 
racemization had occurred during this isomerization to (-)-16a (76 % eel3)). 

The same sequence was also applied to (-)-16a (PhSH, KOH, DMF, 100"; 89%) to 
obtain the isomerically pure CI -acid (-)-16b and alcohol (-)-18 (LiAlH,, Et,O, 0"; 72 YO) 
which was subsequently reoxidized to aldehyde (-)-16c ((COCl),, DMSO, Et,N, CH,Cl,; 

1 4 )  

15)  

16) 

A 3 :1 mixture was obtained using 3-CIC,H4CO3H in CH,C1,. 
The allylic rearrangement product 12, as putative intermediate, was also detected (1 %) by GC analysis. 
We thank Dr. C. Fehr and J.  Galindo for communicating us their conditions prior to publication [22]. More 
drastic conditions (KOH, H,O, DMSO, 100"; 73%) gave a 65: 13 :4: 18 mixture 16b(c()/13b@)/cis- lob(?)/ 
trans- lob(?) which was purified by prep. GC. The trans- 10b or -10a (CH,N,, Et20;  97%; Scheme 2) was still 
contaminated by 8% of its cis-isomer, which precludes a strict assignment of the chiroptical properties; 
furthermore, 16b was substantially racemized (17% ee')). 
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77%; for racemate, see [5]). To determine the absolute configuration of (-)-16a+ and 
(-)-18, the latter was hydrogenated (H,, EtOH; 96%) in the presence of deactivated 
Raney-Ni to give a 27:73 mixture of the known alcohols (+)-cis- and (-)-trans-19 [l] 
(76 % ee')), separable by chromatography. The hydrogenation is presumably directed by 
the complexation of the OH group with the catalyst [28]. The (1R)-configuration of 
(-)-16a-c and (-)-18 which follows from this chemical correlation implies either a 
stereospecific [ 1,5]-H shift [29] or a stereoselective protonation on the less hindered face 
by the Filtrolm-supported acid during the isomerization of (+)-13a (/?) to (-)-16a (a). 
Finally, pure (+)-cis-19 was stereoselectively perhydrogenated (PtO,, AcOH, H,; 98 %) 
to the all-cis-alcohol (-)-( 1 R,3S,6R)-20, while pure (-)-trans-19 gave, under the same 
conditions, a 2 : 1 mixture (95 %) of (-)-( 1 R,3R,6R)-20 [ 11 and (+)-(lR,3R,6S)-20 which 
were chromatographically separable. 

In conclusion, the MS analysis of (+)-13a was fully superimposable with that of 
Garnero and Joulain [2], in contrast to those of cis-lOa"), trans-lOa, and (-)-16a, thus 
confirming the initial hypothesis of these authors. The homochiral 5-methyl-damas- 
cenone") and didehydroirone analogues derived from 13 and 16 will be reported in due 
course. 

Wc are indebted lo Dr. J .  Y.  de Suinr Luumer for MM2 and PM3 calculations, Drs. P.-A. Blunc and D. Kusrner 
for olfactive evaluations, Mr. W. Thommen and R. Bruuchli for NMR analysis, as well as Mrs. B. Bum, Mrs. C. 
Noizut-Cuntatore, M r .  M .  Burthe, Mr. B. L.  Muller, and Mr. H. Puiningle for their experimental skill. 

Experimental Part  

Genrrul. See [30]. Prep. GC: Aerogruph autoprep. model A-700, C'urbowux 20M 15% (3 m, 5 mm), 120" 
isotherm; tR in min. CC = column chromatography. 

(3'S/-Methy/ 3-(2',2',3'-Trimethylc.vclobut~~l)hut-2-enoute (3s-5). Ketone (-)-3 (39 g, 278 mmol), methyl 
(dimethoxyphosphory1)acetate (56 g, 309 mmol), and MeONa (50 g, 926 mmol) in petroleum ether (110 ml) were 
refluxcd (80') for 1 h. H 2 0  (15 ml) was cautiously added, the mixture extracted with Et,O (3 x 100 ml), and the 
extract washcd to neutral with sat. aq. NaCl soln., dried (MgSO,), and evaporated: 44.7 g of an oil. Distillation 
(15-cm Vigreuv column) gave (-)-3 (29%) and (3S)-5 (59%) as a 2:5:3 mixture (GC). B.p. 45"/0.06 Torr. a $  
(neat) = +4.8'(2:5:3 mixture). IR: 2980, 1720, 1640, 1220, 1150. 'H-NMR: 0.78-1.35 (3s, 9 H); 2.15 (br. s, 3 H); 
3 .70(~,3H);5.5(br .s ,  IH).MS:196(1.M+'),179(1),164(2),139(10), 127(58),111(5),95(32),79(5),70(100), 
55 (40), 41 (22). 

(-)-Methyl (6S,ZE)-3,6,7-Trimefh~lo~tu-2,7-dienoate ((-)-(E)-6), MeONa (54 g, 30% in MeOH, 300 mmol) 
was added slowly under Nz and vigorous stirring to a soln. of (+)-4 (42 g, 300 mmol) and methyl (dimethoxyphos- 
phory1)acetate (60 g, 330 mmol) during 1.5 h. After 1.5 h at reflux, the reaction was quenched with H,O (40 ml), the 
mixture extracted with Et20, and the extract washed to neutral, dried (MgSO,), and evaporated. Distillation 
through a Vigreux column gave (-)-(E)-6/(+j-(2)-6 7:3 (71 "A). A quant. yield was obtained with 2 mol-equiv. of 
base and methyl (dimethylphosphory1)acetate. Prep. G C  (DB Wax, 100-140") gave (-)-(E)-6: lR 7.48. B.p. 
42"/0.05 Torr. [a]$ = -4.4 (c = 1.6, CCI,). IR: 3080, 1720, 1650, 1640,895. 'H-NMR: 1.02 (d, J = 7,3 H); 1.45 (m, 
1 H ) ;  1 . 5 2 ( ~ 1  H);1.64( .~,3H);2.06(t ,J=7,2H);2.14(m,l  H);2.16(d,J=2,3H);3.68(s,3H):4.69(s,lH); 
4.73 (m,  1 H): 5.67 (s, 1 H). "C-NMR: 18.9 (Me-C(3)): IS.9(Me-C(7)); 19.7(Me-C(6)); 32.7 (C(4)); 38.9(C(5)); 
40.8 ((36)); 50.8 (MeO); 110.1 (C(8)); 115.1 ((32)); 149.2 (C(7)); 160.6 (C(3)); 167.3 (C(1)). MS: 196 (4, M"),  181 
(7). 164 (3), 149 (10). 139 (33),  122 (80). 95 (SO), 83 (80). 70 (IOO), 55 (93.41 (98). Petitgrain. 

17 ) 
Ix) 

MS: 194 (17, M+') ,  179 (15). 163 (Il), 135 (loo), 119 (59), 105 (40). 91 (28), 77 (20). 73 (15), 59 (31). 
TheB-damascenone analogue derived from 13 has a typical cork, B-damascone scent [27]. The following 
olfactive properties were also found for the damascone analogues derived from truns-8a: floral, c( -damascone- 
like, weakly cork; cis-8a: a-damascone-like with cork character; 9a:/,-damascone-like character [17a]. 
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(+)-Methyl (6S,2Z)-3,6,7-Trimethylocta-2,7-dienoate ( (+) - (Z)-6) .  At 25" (-)-(Z)-7/(+)-(E)-7 1: 1 (1.5 g, 
7.65 mmol) in t-BuOH (15 ml) was treated with t-BuOK (900 mg, 8 mmol) for 1 h. H,O was added, the mixture 
extracted with Et,O, the extract washed with H20,  dried (Na2S04), and evaporated, and the residue bulb-to-bulb 
distilled: ( - ) - (E)-6 / (+) - (Z)-6  4:l (95%). Prep. G C  separation (DB Wax, 100-140°) gave (+) - (Z)-6:  tR 6.45. B.p. 
41"/0.05 Torr. [a]: = +1.65 (c = 1.8, CCI,). IR: 3080, 1715, 1660, 1645, 895. 'H-NMR: 1.05 (d, J = 7, 3 H); 1.42 
(m,1H);1.52(m,1H);1.69(s,3H);1.88(d,J=2,3H);2.18(sext.,J=7,1H);2.48(m,1H);2.55(m,1H);3.68 
(s, 3 H); 4.70 (d, J = 2, 2 H); 5.62 (s, 1 H). ',C-NMR: 18.9 (Me-C(7)); 19.6 (Me-C(6)); 25.2 (Me-C(3)); 31.8 
(C(4)); 33.3 (C(5));41.6 (C(6)); 50.8 (MeO); 109.7 (C(8)); 115.5 (C(2)); 149.7 (C(7)); 161.1 (C(3)); 166.7 (C(1)). MS: 
196 (1, M + ) ,  181 (2), 164 (2), 149 (3), 139 (22), 122 (70), 114 (85), 95 (80), 83 (IOO), 70 (60), 55 (70), 41 (85). 
Petitgrain, lemon, citral. 

(+)-Meihyl (6S,3E)-3,6,7-Trimethylocta-3,7-dienoate ((+)-(E)-7).  Prep. G C  (DB Wax, 100-140') of (-)- 
(Z)-7/(+)-(E)-7 (see below) gave (+) - (E)-7:  tR 6.52. a? = f1.64. IR: 3080, 1735, 1640, 895. 'H-NMR: 1.0 (d, 

"C-NMR: 16.4 (Me-C(3)); 19.1 (Me-C(6)); 19.7 (Me-C(7)); 33.6 (C(5)); 41.1 (C(6)); 44.9 (C(2)); 51.7 (MeO); 
109.3 (C(8)); 128.1 (C(4)); 128.8 (C(3)); 149.9 (C(7)); 172.6 (C(1)). MS: 196(1, M"),  181 (l), 164(3), 137 (7), 122 
(75), 107 (15), 95 (95), 85 (100). 69 (60), 59 (30), 41 (95). Earthy, pungent. 

(-)-Methyl (6S,3Z)-3,6,7-Trimethylocra-3,7-dienoate ( ( - ) - (Z)-7) .  Under N,, (3S)-5 (2 g, 10.2 mmol) was 
heated at 300" for I h in a sealed glass tube under N,. Bulb-to-bulb distillation gave (-)-(Z)-7/(+)-(E)-7 1 :1(80%). 
Prep. GC (DB Wax, 100-140°) yielded ( - ) - (Z)-7:  t R  5.88. B.p. 40"/0.05 Torr. [a]? = -0.5 (c = 0.6, CCl,). IR: 
3080, 1740, 1640, 890. 'H-NMR: 1.0 (d, J = 6, 3 H); 1.68 (s, 3 H); 1.78 (d, J = 2, 3 H); 1.95-2.2 (m. 3 H); 3.05 (s, 
2 H); 3.65 (s ,  3 H); 4.68 (m, 2 H); 5.28 (f, J = 6 ,  1 H). I3C-NMR: 19.2 (Me-C(6)); 19.7 (Me-C(7)); 24.0 
(MeeC(3)); 33.6 (C(5)); 37.5 (C(2)); 41.1 (C(6)); 51.8 (MeO); 109.4 (C(8)); 127.7 (C(4)); 128.5 (C(3)); 149.8 (C(7)); 
172.0 (C(1)). MS: 196 (2, M+.) ,  181 (2), 165 (3), 135 (8), 122 (70), 107 (19), 95 (90), 85 (IOO), 69 (58) ,  59 (32), 41 (80). 
Earthy, pungent. 

(+/-Methyl (IS,5S)-2,5,6,6-Tetramethylcyclohex-2-ene-l-carboxylate ((+)-trans-&). As described for 
(-)-cis-Sa, (+) - (2) -6  (31 mg, 0.158 mmol) wascyclized in toluene: (-)-cis-Sa/(+)-trans-Sa 5:95 (quant.). Prep. G C  
( D B  Wax, 100-140D) gave (+)-trans-ga: tR 4.78. B.p. 87"/5.6Torr. [a]? = f20.6 (c = 1.95, CHC1,). IR: 2960, 1730, 
1460, 1425, 1320, 1240, 1200, 1140, 1015, 800. 'H-NMR: 0.81 (s, 3 H); 0.83 (d, J = 7, 3 H); 0.93 (s, 3 H); 1.62 (s, 3 
H); 1.65 (m. 1 H); 2.08 (in, 2 H); 2.59 (s, 1 H); 3.67 (s, 3 H); 5.55 (br. s, 1 H). 13C-NMR: 15.0 (Me-C(5)); 20.9 
(Me-C(6), cis to Me); 22.8 (Me-C(2)); 25.5 (Me-C(6), trans to Me); 31.2 (C(5)); 32.0 (C(4)); 34.7 (C(6)); 51.4 
(MeO); 59.1 (C(1)); 124.4 (C(3)); 129.7 (C(2)); 174.5 (C=O). MS: 196 (39, M'.), 164 (33), 137 (63), 127 (73), 121 
(92), 95 (70), 83 (40), 70 (loo), 55 (49), 41 (43). Chemical. 

(-)-Methy( ( I  R,5SI-2,5.6,6-TetrumethyIcyclohe.x-2-ene-I-curboxylate ((-)-cis-Sa). At Oo (-)-(E)-6 (3 1 mg, 
0.158 mmol) in toluene (0.31 ml) was slowly added under N2 to a s o h  of SnCI, (7.5 pl, 0.063 mmol) in toluene 
(0.31 ml). After 30 min, the mixture was equilibrated at 25" for 12 hand then quenched with sat. aq. NaHCO, soh.  
The mixture was extracted with Et,O and the extract washed with H 2 0  to neutral, dried (MgSO,), and evaporated: 
(~) -c i s -Sa/ (+) - t rans-Sa 1 : I  (quant.). Prep. G C  (DB Wax, 100-140°) gave (-)-cis-%: tR 5.89. B.p. 89O/6 Torr. 
a g  = -1.5. IR: 2970, 1730, 1440, 1330, 1260, 1200, 1160, 1020,915,800. 'H-NMR: 0.79 (s, 3 H); 0.87 (d, J = 7, 3 
H); 1.01 (s, 3 H); 1.47 (m, 1 H); 1.62 (m, 3 H); 1.78 (m, 1 H); 1.91 (m, 1 H); 2.93 (m, 1 H); 3.68 (s, 3 H); 5.50 (m, 1 
H). I3C-NMR: 15.2 (Me-C(5)); 15.5 (Me-C(6), cis to Me); 21.6 (Me-C(2)); 26.8 (Me-C(6), trans to Me); 31.8 
(C(4)); 35.2 (C(6)); 38.2 (C(5)); 51.1 (MeO); 59.0 (C(1)); 124.0 (C(3)); 130.1 (C(2)); 173.8 (C=O). MS: 196 (17, 
M") .  136 (30), 127 (70), 121 (35),95 (40), 70 (loo), 67 (28), 55 (40), 41 (38). Cork, camphor. 

Reduction of (-)-cis-Sa/(+)-trans-Sa 1 :1 with LiAIH, gave (+)-cis-19/(+)-trans-19 1:l (quant.; 13% ee')). 
(-)- (1 R,SS)-2,5.6,6-Tetramethylcyclohex-2-ene-I-carboxylic Acid ((-)-cis-Sb). As described for (+)-trans- 

Sb, (-)-cis-Sa(13mg,O.O66mmol)wassaponifiedand (-)-cis-Sb(81%)purified. [u]? = -1.15(c = 1.75,CHCI3). 
IR: 3200, 2980, 1700, 1450, 1410, 1370, 1300, 1215. 'H-NMR: 0.83 (s, 3 H); 0.89 (d, J = 7, 3 H); 1.08 (s, 3 H); 1.49 
(m,1H);1.69(d,J=2,3H);1.70-1.96(m,2H);2.94(br.s,1H);5.54(nz,1H);11.5(br.s,1H).'3C-NMR: 15.1 
(Me-C(5)); 15.4 (Me-C(6), cis to Me); 21.6 (Me-C(2)); 27.0 (Me-C(6), trans to Me); 31.7 (C(4)); 35.1 (C(6)); 
38.1 (C(5)); 58.7 (C(1)); 124.4(C(3)); 129.4 (C(2)); 179.8 (C0,H). MS: 182 (22, M"),  137 (6). 121 ( l l ) ,  113 (30), 70 
(100). 55 (18). 

(+)-( I S,5S)-2,5,6.6-Tetramethyfcyclohex-2-ene-I-carboxylic Acid ((+)-trans-Sb). KOH (3.3 mg, 0.06 mmol) 
was added to a soh. of PhSH (6.5 pl, 0.063 mmol) and (+)-trans-% (13 mg, 0.066 mmol) in DMF (0.15 ml) and 
heated at 100" for 18 h. The mixture was diluted with Et20, then extracted with 15% aq. NaOH soh.  Et20 was 
added to the aq. phase, and conc. HCI was added at 0". After several extraction with Et,O, the org. phase was dried 
(MgSO,) and evaporated and the residue chromatographed (SiO,, toluene/AcOEt 95 : 5+5 :95): pure (+)-trans-8b 
(71 %). M.p. 73-74'. [a ]$  = +14.2 (c = 1.5, CHCI,). IR: 3200, 2960, 1705, 1460, 1415, 1300, 1220. 'H-NMR: 0.83 

J = 6, 3 H); 1.68 (s, 6 H); 2.00-2.22 (m. 2 H); 3.00 (s, 2 H); 3.65 (s, 3 H); 4.70 (m, 2 H); 5.24 ( t ,  J = 6, 1 H). 



172 HELVETTICA CHIMICA ACTA - VOl. 78 (1995) 

( ~ , 3 H ) ; 0 . 8 5 ( d , J = 7 , 3 H ) ;  l.02(s,3H);1.68(m,1H);1.70(s,3H);2.08(m,2H);2.59(s,1H);5.58(br.s,1H); 
12.5 (br. s, 1 H). "C-NMR: 15.0 (MeeC(5)); 20.9 (Me-C(6), cis to Me); 22.8 (Me-C(2)); 25.5 (Me-C(6), trans to 
Me); 31.1 (C(5)); 32.0 (C(4)); 34.6 (C(6)); 58.9 (C(1)); 124.8 (C(3)); 129.4 (C(2)); 180.3 (C02H). MS: 182 (6, M " ) ,  
137 (3, 121 (lo), 113 (IS), 95 (12), 82 (IX), 70 (loo), 67 (Il) ,  55 (21). Slightly woody, weak. 

(-)-Methyl (5 S)-2,5,6,6-Tetramethylcyclohex-l-~ne-l-carboxylute ((-)-9a). For 10 min, (-)-9b (820 mg, 4.5 
mmol) was esterified with an excess of CH2N2 in Et,O. AcOH was finally added, and the soh. was washed with 
15% aq. NaOH soln. and H,O, dried (Na2S0,), evaporated, and bulb-to-bulb distilled: (-)-9a (98%). Heating 
(-)-9b (5.05 g, 28 mmol) and CH(OMe), (12.6 ml, 11 5 mmol) in an autoclave at 190"jlO bar for 4 h also gave (-)-9a 
(80%). B.p. 100°/0.24 Torr. [a]? = -59.0 (c = 1.4, CHCI,). 1R: 2970, 1725, 1430, 1365, 1280, 1225, 1095, 1030. 
'H-NMR: 0.90 (d, J = 7 , 3  H); 1.00 (s, 3 H); 1.04 (s, 3 H); 1.46 (m. 2 H); 1.60 (m, I H); 1.64 (s, 3 H); 2.00 (m, 2 H); 
3.75 (s, 3 H). I3C-NMR: 15.8 (Me-C(5)); 21.3 (Me-C(2)); 21.8 (Me-C(6), cis to Me); 26.7 (C(4)); 27.1 
(Me-C(6), trans to Me); 30.4(C(3)); 36.0 (C(6)); 38.3 (C(5)); 50.9 (MeO); 133.3 (C(1)); 135.9 (C(2)); 171.4 (C=O). 
MS: 196 (18, M+') ,  181 (34), 165 (21), 149 (loo), 137 (42), 121 (55) ,  107 (37). 95 (48), 79 (38), 67 (20), 55 (22), 41 
(37). Woody, vaguely floral. 

trans-Methyl S,6.6-Tri1nethyl-2-methylidmec.vclohex-3-ene-1-curboxy~ate (trans-lOa). As described for 
(-)-9a, from trans-lob by esterification with CH2N2 (97% yield). G C  (DBI,  130-180"): tR 1.68 (cis-loa), 1.75 
(trans-IOa). IR: 3040,2975,2890, 1735, 1435, 1375, 1280, 1215, 1040. 'H-NMR: 0.76 (s, 3 H); 0.96 (d, J = 7, 3 H); 

J = 3, 11, 1 H). "C-NMR: 14.8 (Me-C(5)) ;  22.2 (Me-C(6), cisto Me); 25.5 (Me-C(6), transto Me); 35.0 (C(6)); 
51.4 (MeO); 58.0 (C(1)); 114.5 (CH,=); 126.0 ((33)); 135.6 (C(4)); 140.3 (C(2)); 173.0 (C=O). MS: 194 (13, M"),  
179 ( l l ) ,  135 (loo), 119 (43), 105 (18), 91 (22), 79 (19), 59 (12). 

trans-S,6.6-Trimethyl-2-methylidenecyeloiiex-3-~ne-l-carho.wylic Acid (trans- lob). For 4 h, (+)-13a (210.2 mg, 
I .08 mmol) and KOH (106.2 mg, 1.89 mmol) in DMSO (1.3 ml) and H 2 0  (0.2 ml) were heated at 100". The cold 
mixture was diluted with 15 % aq. NaOH soh.  (2 ml) and extracted with Et,O. The basic phase in presence of Et,O 
was acidified with 15% HC1 soh.  at 0" extracted, dried (Na2S04) and evaporated to give 16b(c()/13b(B)/cis-lOb(y)/ 
trans-lOb(y) 65:13:4:18 (73% yield) which was purified by prep. GC (DB Wax, 130-180"): tR  6.8 (cis-lob), 7.15 
(truns-lob). trans-lob: IR: 3200,2970,1710,1650,1420,1280, 1230, 1200,950,900,820. 'H-NMR: (90 MHz): 0.8 
(s, 3 H); 0.98 (d, J = 7, 3 H); 1.08 (s, 3 H); 2.60 (m, 1 H); 2.98 (br. s, 1 H); 5.00 (br. s, 2 H); 5.53 (br. d, J = 10, 1 H); 
6.09(dd,J =3,10,1 H); 12.5(br.s,OH).MS: lXO(33, Mf'), 165(12), 147(5), 135(100), 121 (82), 105(41),91 (38), 
79 (46), 65 (13), 53 (12), 41 (30). 

(+)-Methyl (1 S.2R,5S)-2,3-Epoxy-2,S,6.6-tetramethylcyclohexane-l-carhoxylate ((+)-(IS,2R,SS)-ll). At 
O", (-)-cis-8a (1.96 g, 10 mmol) in CH2C12 (10 ml) was added to a soln. of 3-C1C,H4C0,H (3.34 g, 60%, 11.6 mmol) 
in CH,CI, (10 ml). After 3 h, the mixture was diluted with CH,CI, (30 rnl), the org. phase washed with 10% aq. 
NaHSO, soln. and H20, dried (Na,S04), and evaporated, and the residue purified by CC (SO2 (150 g). cyclohex- 
ane/AcOEt 97:3+9:1): (+)-(IS,2R,5S)-ll (93%). [a]?= +3.0 (c = 0.5, CCI,). IR: 2980, 1730, 1450, 1435, 1380, 
1360, 1340, 1300, 1250, 1200, 1175.'H-NMR:0.80(d, J =7,3H);0.82(s,3H);O.91(~,3H); 1.30(s,3H); 1.36(m, 
1 H); 1.59 (m, 1 H); 1.98 (dd, J =  5, 12, 1 H); 2.62 (s, 1 H); 2.97 (br. s, 1 H), 3.70 is, 3 H). I3C-NMR: 14.7 
(Me-C(5)); 14.7 (Me-C(6), cis to Me); 22.6 (Me-C(2)); 25.9 (Me-C(6), trans to Me); 30.9 (C(4)); 33.8 (C(5)); 
34.6 (C(6)); 51.1 (MeO); 57.2 (C(2)); 58.9 (C(1)); 59.8 (C(3)); 172.90 (C=O). MS: 212 (0, M") .  181 (12), 143 (99), 
114 (47), 83 (56),  70 (571, 59 (loo), 55 (48), 43 (48). Damascone, fruity, slightly camphoraceous and wine cellar. 

i+)-Meth.vl (1 R.2R.SS)-2.3-Epoxy-2,5,6,6-tetramethylcyclohexune-l-carbox~vl~te ((+)-(I R,2R,SS)-ll). As 
described for (+)-(1S,2R35S)-ll, from (+)-fruns-8a (92% yield). M.p. 49-50O. [r*]g = i4 .7  (c = 1.5, CCI,). IR: 
2980, 1730, 1450, 1435, 1380, 1360, 1340, 1300, 1250, 1200, 1175. 'H-NMR: 0.79 (d, J = 7, 3 H); 0.80(s, 3 H); 0.93 
(s, 3 H);  1.42 (3 ,  3 H);  1.50 (m, 1 H); 2.00 (dd, J = 5, 12, 1 H); 2.21 (m,  I H); 2.49 (s, 1 H); 3.01 (br. s, 1 H); 3.71 (s, 
3 H). "C-NMR: 14.8 (MecC(5)) ;  21.2 (Me-C(6), cis to Me); 24.9 (Me-C(2)); 24.9 (Me-C(6), truns to Me); 26.8 
(C(5) ) ;  30.9 (C(4)); 33.2 (C(6)); 51.2 (MeO); 55.7 (C(1)); 57.2 (C(2)); 60.1 (C(3));  171.0 (C=O). MS: 212 (0, M " ) .  
143 (68), 135 ( 4 0  129 (58 ) ,  111 (40), 97 (loo), 83 (64), 70 (43), 59 (81), 55 (48), 43 (46). Damascone, fruity, 
camphoraccous, wine cellar. 

(-)-Methyl j3S,SS)-3-H~dro~~y-2,5,6,6-tetrumeihylcyclohex-l-ene-l-~urbox~~lute ((-)-12). A soln. of 
(+)-(IS,2RSS)- or (+)-(1 R,2R,5S)-ll(3.27 g, 15.4 mmol) in MeOH (50 ml) and freshly prepared MeONa (830mg, 
15.4 intnol) were refluxed for 5 h. The soln. was neutralized at 0" with 10% aq. HCI soln., concentrated, and 
extracted with Et,O, the extract washed with H20,  dried (Na2S04), and evaporated, and the residue crystallized in 
petroleum ether (30-509: (-1.12 (81 %I). M.p. 78--80". [x]g = -5 .3  (c = 3.1, CCI,). IR: 3500, 2970, 1720, 1450, 
1380, 1230, IIOO. 1040,940. 'H-NMR: 0.93 (d, J = 7, 3 H); 0.97 (s, 3 H);  1.03 (s, 3 H); 1.70 (m,  3 H); 1.77 ( s ,  3 H); 
1.81 (br. s, OH); 3.56 (s, 3 H); 3.92 (br. s, I H). I3C-NMR: 15.7 (Me-C(5)); 18.7 (Mp-C(2)); 19.9 (Me-C(6), cis 
to Me); 26.3 (Me-C(6), truns to Me); 33.3 (C(5)); 36.2 (C(4)); 36.7 (C(6)); 51.2 (MeO); 68.3 (C(3)); 132.6 (C(1)); 

1.01 (s, 3 H); 2.59 (m, 1 H); 3.02 (s, 1 H); 3.65 (s, 3 H); 4.94 (s, 1 H); 4.99 (s, 1 H); 5.57 (d, J = 11, 1 H); 6.10 (dd, 
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139.8 (C(2)); 170.8 (C=O). MS: 212 (4, M") ,  197 (17), 181 (14), 165 (22), 153 (52), 142 (loo), 137 (44), 110 (99), 
95 (38), 83 (38), 69 (39, 55 (33), 43 (73). 

(+)-Methyl (5S~-ZJ.6.6-Teframethylcyclohexa-I,3-diene-l-carboxylate ((+)-13a). For 3 h, (-)-14 (2.85 g, 
13 mmol) in dioxane (28 ml) was refluxed in presence of Filtrola (950 mg). Then the mixture was filtered over 
Celire, the filtrate evaporated, and the residue purified from residual (+)-(IR,5S)-15 by CC (SiO, (200 g), toluene): 
pure (+)-13a (48 YO). Alternatively, FiItroP (2.5 g) and (-)-12 (5.0 g, 23.6 mmol) in toluene (50 ml) were heated at 
reflux for 20 min under H,O separation. The resulting soh. was filtered over Celite, the filtrate evaporated, and the 
residue bulb-to-bulb distilled: (+)-13a (56%). GC (DBI, 130-180"): tR 1.67. B.p. 80°/0.95 Torr. [ a ] g  = +171.4 
( c  ~ 0 . 3 ,  CCI,; from (-)-14), [rx]g= +12.1 (c = 0.8, CCI,; from (-)-12). IR: 2970, 1720, 1280, 1230, 1050. 
'H-NMR: 0.96 (d, J = 7, 3 H); 1.00 (8, 3 H); 1.12 (s, 3 H); 1.79 (s, 3 H); 2.14 (dq, J = 3, 7, 1 H); 3.77 (s, 3 H); 5.74 
(m, 2 H). I3C-NMR: 13.8 (Me-C(5)); 19.4 (Me-C(2)); 19.7 (Me-C(6), cis to Me); 25.6 (Me-C(6), trans to Me); 
36.5 (C(6)); 40.2 (C(5)); 50.9 (MeO); 126.7 (C(3)); 130.9 (C(1) or C(2)); 133.5 (C(2) or C(1)); 135.5 (C(4)); 170.6 
(C=O). MS: 194 (28, M") ,  179 (29), 163 (18), 147 (28), 135 (96), 119 (IOO), 105 ( 5 9 ,  91 (61), 77 (32), 59 (37), 
41 (20). 

rue- 13a: weakly floral, camphor, B -damascone. 
(+)- (5  S)-2,S,6,6-Tetramethylcyclohexa-l,3-diene-l-carboxylic Acid ((+)-13b). PhSH (54 mg, 0.49 mmol) was 

added to a soh.  of (+)-13a (100 mg, 0.52 mmol) in DMF (1 ml), followed by KOH (25.7 mg, 0.46 mmol), and the 
mixture was heated at 100" for 2 h. The cold. soh.  was diluted with 15% aq. NaOH soln. and extracted with EtzO. 
Et,O and 15% aq. HC1 soln. were added at 0' to the aq. phase. The org. phase was washed with H20, dried 
(Na,SO,), and evaporated. The residue was purified by CC (SiO,, toluene/AcOEt 95 :5+5:95): (+)-13b (90%). 
GC ( D B  Wax, 130-180"): tR 6.17. B.p. 15O0/O.0l Torr. [ a ] g  = +79.3 (c = 1.5, CHCI,). IR: 3500,2970, 1685, 1450, 
1290,750,690. 'H-NMR: 0.97 (d, J = 7, 3 H); 1.07 (s, 3 H); 1.19 (s, 3 H); 1.92 (s, 3 H); 2.13 (m, I H); 5.78 (m, 2 H); 
8.10 (br. s, 1 H). "C-NMR: 13.8 (Me-C(5)); 19.8 (Me-C(6), cis to Me); 19.9 (Me-C(2)); 25.5 (Me-C(6), transto 
Me); 36.6 (C(6)); 40.5 (C(5)); 126.7 (C(3)); 132.1 or 133.6 (C(1) or C(2)); 136.6 (C(4)); 175.0 (C0,H). MS: 180 (19, 
M+') ,  165 (17), 135 (58 ) ,  121 (loo), 105 (El), 91 (43), 79 (36), 77 (39), 65 (18). 

(+)-(5S)-2.S.6,6-Tetramethylcyclohexa-I.3-diene-I-carbaldehyde ((+)-13c). Under N,, a mixture of MnO, 
(593 mg, 6.8 mmol) and (+)-17 (59.3 mg, 0.35 mmol) in CH,CI, (1.2 ml) was stirred for 24 h and then filtered over 
Celite. The filtrate was evaporated and the residue purified by CC (SiO, (50 g). toluene): (+)-13c (70%). B.p. 
65"/1 Torr. [ a ] g  = +168 (c = 0.5, CHCI,). IR: 2970, 1670, 1560, 1460, 1375, 1280, 1145. 'H-NMR: 0.97 (d, J = 7, 
3H);1.13(s,3H);1.20(s,3H);2.17(m,1H);2.17(s,3H);5.85(dd,J=2,9, IH);6.05(dd,J=4,9,1H);10.13 
(s, 1 H). I3C-NMR: 13.9 (Me-C(5)); 17.8 (Me-C(2)); 20.5 (Me-C(6), cis to Me); 25.9 (Me-C(6), trans to Me); 
36.0 (C(6)); 41.6 (C(5)); 128.3 (C(3)); 137.0 (C(1)); 141.4 (C(4)); 145.9 (C(2)); 192.4 (C=O). MS: 164 (23, M+') ,  
149 (36), 135 (29), 121 (IOO), 105 (87), 91@9), 79 (62), 65 (20), 51 (19), 41 (28). 

Methyl ( I  S,3S.6S)-I.6-Epoxy-2,2,3,6-tetramethylcyclohexane-l-carboxylate ((lS,3S,6S)-14). H,O, (2.3 g, 
70%, 46 mmol) was added to a soln. of (-)-9a (3.5 g, 18 mmol) and maleic anhydride (3.0 g, 30 mmol) in CH,CI, 
(10 ml). After 3 h, the mixture was extracted with Et,O, the extract washed with NaHSO, and H,O, dried 
(Na,SO,), and evaporated, and the residue bulb-to-bulb distilled: (IS,3S,6S)-14/(lR,3S,6R)-14 7: 3 (91 YO; insepa- 
rable mixture). B.p. 90"/0.36 Torr. [a]g = -37.95 (c = 1.7, CHCI,; 7:3 mixture). IR (7:3 mixture): 2970, 1735, 
1460, 1380, 1280,1095, 1025,900,765. 'H-NMR((lS,3S,6S)-14inniixture):0.79(d,J = 7, 3H); 1.03(s,3H); 1.06 
(s, 3 H); 1.22 (s, 3 H); 1.27 (m. 2 H); 1.62 (m, 1 H); 1.79 (m. 1 H); 1.89 (m, 1 H); 3.76 (s, 3 H). ',C-NMR 
((IS,3S,6S)-14 in mixture): 15.5 (Me-C(3)); 18.1 (Me-C(2), cis to Me-C(3)); 22.6 (Me-C(6)); 23.9 (Me-C(2), 
trans to Me-C(3)); 25.1 (C(4)); 27.6 (C(5)); 32.8 (C(3)); 35.3 (C(2)); 51.5 (MeO); 63.4 (C(6)); 72.1 (C(1)); 170.1 
(CEO). MS (7:3 mixture): 212 (3, M") ,  170 (21), 155 (21), 138 (20), 128 (22), 109 (23), 96 (37), 83 (53), 73 (IOO), 69 
(73), 55 (56), 43 (57). 

Methyl (IR,3S.6R)-l,6-Epox.v-2,2,3,6-tetrametliylcyclohexane-I-carboxylate ((lR,3S,6R)-14). Data from 
(lS,3S,6S)-14/(lR,3S,6R)-14 7:3: 'H-NMR: 0.81 (d, J = 7, 3 H); 0.96 (s, 3 H); 1.05 (s, 3 H); 1.27 (s, 3 H); 1.28 (m, 
2 H); 1.60-1.95 (m, 3 H); 3.74 (s, 3 H). I3C-NMR: 16.0 (Me-C(3)); 17.4 (Me-C(2), cis to Me-C(3)); 22.2 
(Me-C(2), trans to Me-C(3)); 25.1 (C(4)); 26.1 (Me-C(6)); 31.3 (C(5)); 34.5 (C(2)); 39.0 (C(3)); 51.3 (MeO); 64.3 
(C(6)); 71.2 (C(1)); 169.9 (C=O). 

(+)-Methyl (I S,SS)-l-Hydroxy-2,5,6,6-tetramethylcyclohex-2-ene-l-carboxylate ((+)-(IS,5S)-lS). At 25" 
(-)-14 (100 mg, 0.47 mmol) in dioxane (1 ml) was stirred for 170 h in presence of Filtrol@ (33 mg) or Nafion NR SO 
(35 mg). and then filtered. The filtrate was evaported and the residue purified by CC (SiO, (20 g), cyclohexane/ 
AcOEt 95:5): pure (+)-(1S,5S)-15 (60%). [ a ] g  = +81.9 (c = 1.3, CCI,). IR: 3510, 2970, 1720, 1435, 1250, 1110, 
1060, 1035, 820. 'H-NMR: 0.80 (s, 3 H); 0.88 (d, J = 7, 3 H); 0.89 (s, 3 H); 1.10 (s, OH); 1.63 (br. s, 3 H); 1.78 (m, 
1 H); 2.00 (m, 2 H); 3.80 (s, 3 H); 5.66 (m, 1 H). I3C-NMR: 14.7 (Me-C(5)); 16.6 (Me-C(6), cis to Me); 19.2 
(Me-C(2)); 21.4 (Me-C(6), trans to Me); 31.7 (C(4)); 32.0 (C(5)); 39.6 (C(6)); 52.2 (MeO); 81.4 (C(1)); 127.5 
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(C(3)); 131.6 (C(2)); 176.2 (C=O). MS: 212 (1, M*') ,  194 (lo), 153 ( S O ) ,  142 (52), 135 (lo), 109 (25), 82 (loo), 55 
(14), 43 (33). 

( +)-Methy/ (I R,SS~-I-Hydroxy-2,S,6,6-tetran~ethyIcyclohex-2-ene-I-car~oxylate ((+)-( IR,5S)-15) was ob- 
tained pure on purification of (+)-13a by CC (SiO,, toluene/AcOEt 100:0+7:3). [#]g = +29.0 (c = 0.8, CHC1,). 
IR:3510,2970, 1720,1435, 1250,1110,1060,1035,820.'H-NMR:0.80(s,3H);0.87(d,J=7,3H);0.87(~,3H); 
1.10 (s, OH); 1.57 (br. s, 3 H); 1.78 (m. 1 H); 2.00 (m, 1 H); 2.30 (m, 1 H); 3.80 (s, 3 H); 5.64 (m. 1 H). I3C-NMR: 
15.4 (Me-C(6), cis to Me); 15.6 (Me-C(5)); 18.3 (Me-C(2)); 21.8 (Me-C(6), trans to Me); 31.6 (C(4)); 33.4 
(C(5)); 40.2 (C(6)); 53.0 (MeO); 81.8 (C(1)); 126.6 (C(3)); 133.1 (C(2)); 177.O(C=O). MS: 212(1, M"),  194(4), 153 
(66), 135 (14), 109 ( S O ) ,  82 (IOO), 55 (20), 43 (92). 

(-)-Methyl (Rj-2.5,6.6-Tetramethylcyclohexa-2,4-diene-I-carboxylute ((-)-16a). For 144 h, (-)-14 (880 mg, 
4.15 mmol) or (+)-13a (805 mg, 4.15 mmol) in dioxane (8.8 ml) was heated at reflux in presence of FilfroP (390 mg) 
to give (-)-16a/(+)-13a 64:36. The cold soh.  was filtered over Celite, the filtrate evaporated, and the residue 
purified by CC (SO, (90 g)> toluene): pure (-)-16a (61%). GC (DBI,  130-180"): tR 1.61. B.p. 80°/1 Torr. 
[o(]E = -361.9 (c = 1.1, CHC1,). IR: 3040, 2970, 1745, 1440, 1220, 1130, 1025. 'H-NMR: 1.03 (s, 3 H); 1.07 (s, 
3 H); 1.73 (s, 3 H); 1.78 (s, 3 H); 2.69 (s, 1 H); 3.65 (s, 3 H); 5.57 (br. d, J = 5, 1 H); 5.70 (br. d, J = 5, 1 H). 
',C-NMR: 18.7 (Me-C(5)); 22.2 (Me-C(2)); 22.2 (Me-C(6), cis to COOMe); 26.2 (Me-C(6), trans to COOMe); 
36.9 (C(6)); 51.2 (MeO); 58.2 (C(1)); 118.7 (C(4)); 121.7 (C(3)); 128.9 (C(2)); 140.2 (C(5)); 172.8 (C=O). MS: 194 
(20, M " ) ,  179 (12), 135 (IOO), 119 (52), 105 (28), 91 (22). 77 (8), 59 (15). 

(-)-( R)-2,S,6,6-Tetramethylcyclohexa-2,4-diene-I-carboxylic Acid ((-)-16b), As described for (+)-13b, with 
PhSH (5 mg, 0.049 mmol), (-)-16a (10 mg, 0.052 mmol), DMF (0.1 ml), and KOH (2.6 mg, 0.046 mmol; 2.5 h). The 
org. phase was not washed but dried (Na2S04) and evaporated, and the residue purified by CC (SiO, (1 g), 
toluene/AcOEt 97:3+7:3): pure (-)-16b (89%). GC (DB Wax, 130-180"): tR 5.89. M.p. 93". [a ]E = -122.7 
(c = 0.2, CHC1,). IR: 3100, 2970, 1760, 1710, 1440, 1310, 1230, 825. 'H-NMR: 1.08 (s, 3 H); 1.20 (s, 3 H); 1.78 (s, 
3 H); 1.88 (s, 3 H); 2.70 (br. s, 1 H); 5.70 (in, 2 H); 12.5 (br. s, OH). ',C-NMR: 18.7 (Me-C(5)); 22.3 (Me-C(6), cis 
to COOH); 22.5 (Me-C(2)); 25.9 (Me-C(6), trans to COOH); 36.7 (C(6)); 58.3 (C(1)); 118.7 (C(4)); 121.7 (C(3)); 

77 (19), 70 (12), 43 (19). 
I - ) - (  R)-2,5,6,6-Tetramethylcyclohexa-2,4-diene-l-carbaldehyde ((-)-16c). To a soln. of (COCI), (8.6 pl, 0.1 

mmol) in CH2Cl, (0.2 ml) was added at -78" DMSO (14.1 pl, 0.19 mmol) followed by (-)-18 (15 mg, 0.09 mmol) 
and, after 15 min, Et3N (63 pl, 0.45 mmol). The temp. was equilibrated to 25". After 1 h, the mixture was diluted 
with Et,O, the org. phase washed with H,O to neutral, dried (MgS04), and evaporated, and the residue purified 
(SO2 (1.5 g), toluene/AcOEt 95:s): pure (-)-16c (77%). [ a ] g  = -309.0 (c = 0.8, CHCI,). Data: see [ S ] .  

(+)-(5S)-2,5,6,6-Trimet~iyl~yclohexa-1.3-diene-l-merhanol((+)-l7). A soh.  of (+)-13a (100 mg, 0.52 mmol) 
in Et20 (1 ml) was added to a suspension of LiAlH, (15 mg, 0.38 mmol) in Et20 (1 ml). After 24 h, the mixture was 
poured onto ice and extracted with Et20, the extract washed with H20, dried (Na,SO,), and evaporated, and the 
residue purified by CC (SO2 (10 g). toluene/AcOEt 95:5): pure (+)-17 (94%). GC (DB Wax, 80-110"): f R  5.78. 
B.p. 100"/0.8 Torr. [a]? = +177.7 (c = 0.65, CHCI,). IR: 3360,2970, 1650, 1460, 1380, 1170, 1140,985. 'H-NMR: 
0.93 (d, J = 7, 3 H); 0.99 (s, 3 H); 1.13 (s, 3 H); 1.84 (s, 3 H); 2.07 (m, 1 H); 4.20 (d, J = 13, 1 H); 4.28 (d, J = 13, 
1 H); 5.62 (dd, J = 4, 8, 1 H); 5.71 (dd, J = 2, 8, 1 H). "C-NMR: 14.0 (Me-C(5)); 17.9 (Me-C(2)); 20.6 
(Me-C(6), cis to Me); 26.5 (Me-C(6), trans to Me); 36.7 (C(6)); 40.7 (C(5)); 59.0 (CH,OH); 127.4 (C(3)); 128.8 
(C(2)); 133.5(C(4)); 137.0(C(l)).MS: 166(16,M+'), 148(24), 133(100), 121 (83), 105(96),91 (82),77(36),65(18), 
41 (29). 

(-j-( R)-2.S,6.6-Tetramethylcyclohexa-2,4-diene-l-methanol ((-)-18). A soln. of (-)-16a (225 mg, 1.16 
mmol) in Et20 (1 ml) was added to a suspension of LiAIH, (32 mg, 0.87 mmol) in Et10 (1 ml). After 1 h, H 2 0  (32 
~ l ) ,  15 % aq. NaOH soh .  (32 pl), and H 2 0  (96 ~ l )  were successively added. The mixture was filtered over Celite, the 
filtrate evaporated, and the residue purified by CC (SO, (20 g), toluene/AcOEt 95: 5): pure (-)-18 (72%). GC (DB 
Wax, 80-1 10'): t R  4.13. B.p. 80"/0.8 Torr. [a]? = -252.3 (c = 0.85, CHCI,). IR: 3370, 2965, 1655, 1435, 1360, 
1025, 820. 'H-NMR: 0.99 (s, 3 H); 1.14 (s, 3 H); 1.70 (s, 3 H); 1.70 (m, 1 H); 1.85 (s, 3 H); 3.69 (dd, J = 4, 13, 1 H); 
3.77 (dd, J = 4, 13, 1 H); 5.47 (br. d, J = 4, 1 H); 5.70 (br. d, J = 4, I H). %-NMR: 18.6 (Me-C(5)); 22.2 
(Me-C(6), cis to CHzOH); 22.9 (Me-C(2)); 26.3 (Me-C(6), fruns to CHzOH); 36.4 (C(6)); 53.0 (C(1)); 61.8 

(47), 77 (19), 41 (12). 
( - ) - ( I  R.5R)-2.S.6,6-Tetramethylcyclohex-2-ene-I-methanol ((-)-truns-lY). A soln. of (-)-18 (138 mg, 0.83 

mmol) in EtOH (2 ml) was hydrogenated over Runey-Ni and then filtered over Celite. Evaporation gave (+)-cis- 
1Y/(-)-trans-lY 27:73 (96%) which were separated by CC (SO2 (15 g), toluene/AcOEt 95: 5).  (-)-trans-19: 
[#I$' = -53.5 (c = 0.3, CHCl,). Data: see [l]. 

129.1(C(2)); 140.6(C(5)); 176.4(CO>H).MS: 180(50,Mf'),165(9), 135(100), 121(80), 119(51), lO5(51),91 (24), 

(CH20H); 118.8(C(4)); 120.6(C(3)); 133.2(C(2)); 141.6(C(5)). MS: 166(23,MC'), 135(100), 119(79), 105(48),91 
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( - ) - ( I  R,3S,6R)-2,2,3,6-Tetramethylcyclohexane-I-mefhanol ((-)-(lR,3S,6R)-20). A soln. of (+)-cis- 19 (50 
mg, 0.30 mmol) in AcOH (0.5 ml) was hydrogenated in presence of PtO, (5  mg), and then filtered over Celite. After 
washing with Et,O, the org. phase was extracted with sat. aq. NaHCO, soln., dried (MgSO,) and evaporated: 
(-)-(lR,3S,6R)-20 (98%; single diastereoisomer). GC (DB Wax, l10-150°): tR 5.75. M.p. 56-57O. [u ]$  = -24.1 
(c=0.3,CHC1~).IR:3400,2980,2920,1460,1390,1020,1010.'H-NMR:0.70(s,3H);0.83(d,J=7,3H);0.95(d, 
J = 7, 3 H); 0.97 (s, 3 H); 1.20-1.45 (m, 5 H); 1.57 (m, 2 H); 2.15 (m, 1 H); 3.65 (f, J = 10, 1 H); 3.90 (dd, J = 4, 10, 
1 H). I3C-NMR: 14.7 (Me,,-C(6)); 16.0 (Meeq-C(3)); 17.6 (Me,,-C(2)); 26.5 (C(4)); 28.3 (C(6)); 28.9 
(Me,,-C(2)); 32.8 (C(5)); 35.8 (C(2)); 42.7 (C(3)); 52.3 (C(1)); 61.4 (CH,OH). MS: 170 (4, M") ,  152 (6), 137 (42), 
109 (53), 95 (45),83 (85), 69 (71). 55 (loo), 41 (67). 

( + ) - ( I  R,3R.6 S/-2.2.3.6-Tet~cuneti?ylcyclohexane-l-mefh~ol ((+)-(1 R,3R,6S)-20). As described for 
(-)-(lR,3S,6R)-20, from (-)-trans-lO (34.3 mg, 0.204 mmol): (-)-(lR,3R,6R)-20/(+)-(1R,3R,6S)-20 2 :1 (95%). 
The mixture was separated by CC (SO, (4 g), toluene/AcOEt 97:3) and then prep. GC (DB Wax, 1 10-150°): tR 
4.17 ((-)-(lR,3R,6R)-20), 4.25, ((+)-(lR,3R,6S)-20). (+)-(lR,3R,6S)-20: B.p. 70"/0.9 Torr. [a]g = +1.35 (c = 0.7, 
CHCI,). IR (3350, 2980, 2940, 1460, 1370, 1090, 1030, 990. 'H-NMR: 0.90 (m, 2 H); 0.93 (d, J = 7, 3 H); 0.97 (s, 
3H);0.98(s,3H);1.02(d,J=7,3H);1.09(dt,J=4,12,1H);1.25(m,2H);1.40(m,1H);1.60(m,1H);1.85(tt, 
J = 4, 12, 1 H); 3.65 (dd, J = 4, 12, 1 H); 3.82 (dd, J = 4, 12, 1 H). I3C-NMR: 14.9 (Me,,-C(3)); 21.0 (Me,,-C(6)); 
24.7 (Me,,-C(2)); 28.3 (Meeq-C(2)); 28.8 (C(4)); 30.2 (C(5)); 30.8 (C(6)); 35.6 (C(2)); 40.9 (C(3)); 49.6 (C(1)); 62.6 
(CHIOH). MS: 170 (5 ,  M + ) ,  152 (4), 137 (23), 109 (39), 97 (37), 83 (100). 69 (78), 55 (90), 41 (39). 
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