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Abbtwct : A yntketi& 04 Wtricyetokexaprenol p b&W&g &am iborupatenal imd 
a byntkebib 06 itb ibomez 2 Qasting itorn M-1 14~ HI-iboeopalenot j?j afe debcubed. - 

The occurrence in many sediments and petroleums of a new family of tricyclic terpanes 

having structure 1 has been reported in recent years’. It has been postulated that these rather complex 

compounds are molecular fossils and that their precursor could be an hypothetical tricyclohexaprenol 

2% resulting from the cyclization of hexaprenol’. It has aJso been noticed that the size, shape and poiari- 

ty of compound 2 would make it a good cholesterol substitute in prokaryote membranes2. 

To allow an eventual identification of tricyclohexaprenoi 2 in living organisms* as we11 

as to provide a sampie for the assessment of its membrane-reinforcing properties, we undertook its synthe- 
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Scheme 1 

sis which we describe in this paper, In addition, we report a synthesis of the tricyclohexaprenof 5% bearing 

an axial instead of an equatorial side-chain, for comparison with a compound which has recently been 

obtained by enzymatic cyclizatian of all-trans-hexapreny1 met&t ether3. 

acid4, 

Easy access to the tricycfic ring system of compound 1 is provided by cyclization, in formic 

of methyl ent-labda-8(f7),13-&-dien-15-oate (methyl copalate) &5 into methyl isocopai-l2-en-IS-oate - 
L followed by reduction into the known isocopal-f2-en-15-ol $. 

To transform alcohol E into tr~~yc~o~xapr~n~~ 5 the introduction of a geraniol unit at 

C-15 was needed. Inspection of a motecular model led us to the conclusion that the direct introduction 

of such a synthon would be disfavored by steric hindrance. Therefore, we decided to proceed stepwise. 

Out frrst target was methylketone _i& To obtain _I$ we first oxidized’ alcohol j$ into aldehyde 2 which 
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we then treated with diethyl cyanomethylphosphonate-dimsylsodium’ to obtain the a,6 -unsaturated nitrile 

_l& But aldehyde 2 showed a marked tendency to isomerize into its conjugated counterpart & especially 

in the basic medium of the Wittig-Homer reaction, thus yielding an inseparable mixture of the o,fS-unsa- 

turated nitriles derived from aldehydes 2 and 10. While these steps were in progress, an alternative and - 
finally better route to m~thyiketone 16 was being explored. It consisted of treating the mesyiate 

12 with an unhindered nucleophile (LiCSXH, LiCH2CN, NaCN). The first results were discouraging since 

it turned out that 12 was either inert towards substitution or yielded mainly the elimination product - 

isocopaladiene 13. This outcome can be explained by the possible antiperiplanar arrangement of the axial - 
proton H-14 and of the mesyloxyl group. Nevertheless, after numerous experiments, we found that by 

treatment of mesylate 5 with NaCN under phase transfer catalysis, nitrile 14 could be obtained in 67% - 
yield accompanied by only 24 % of diene 13 and 7 96 of alcohol E, resulting from the attack of the cyani- - 
de ion at sulfur. 

Reduction of nitrile 14 with diisobutylaluminum hydride (DIBAHI’ in toluene furnished a - 
84% yield of aidehyde _Q which, after reaction with the anion derived from (l-methoxyethyl)diphenylphos- 

phine oxide” and hydrolysis of the intermediate en01 ether, gave ketone 16 in 68 % yield. Reaction - 
of ketone 16 with phosphorane _Lir prepared from geraniol 11 

- , gave a 6:4 mixture of Z,E/E,E benzyl ethers 

HJ which in our hands were inseparable. Since several attempts to form selectively the & benzyl ether 

_I_I! failed, ketone & was allowed to react with phosphorane 19 12 . This led to a 6:4 mixture of Z/E dioxola- -- 
nes 20 which could be separated by careful flash-chromatography. After removal of the protection, the - 

&-ketone JI_ was converted into the desired tricyclohexaprenol 2 by condensation with the sodio salt 

of methyl diethylphosphonoacetate, chromatographic separation of the s and M dienoates g and 

reduction with DfBAH in toluene of the=-isomer (overall yield from methylketone & : 20 %I. 

Comparison of the angular methyl signals in the L H-NMR spectrum of synthetic 2 with 

the corresponding signals of a tricyclohexaprenyl methyl ether obtained in M. Rohmer’s group by enzyma- 

tic cyclization of all-trans-hexaprenyl methyl ether showed that the two compounds were different3. 

The assumption having then been made that the enzymatic cyclization product could have structure 2, 

we decided to undertake the synthesis of compound 2 to check this hypothesis. 

Again, the ring system of tricyclohexaprenol 4 could be obtained from natural sources. 

it has previously been reported that by prolonged treatment with formic acid, methyl labda-8(17),13-A- 

dien-I5-oate 23 cyclizes into methyl &-(llaHbisocopal-12-en-il-oate 24”. To our knowledge, neither 

ester 2?, nor the corresponding acid are naturally occurring compounds. However, it is known that when 
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Scheme 3 al Ph,P=CHCff,Cff,hCff,loCHpCHZ8, XV.80 ; bl p-T&OH, acetone, water ; 

cl jEt0jfP~OICHNaC02Me, TNF ; dJ i-&+A&f, toluene ; eJ NaH, Mel, THF. 

manool 21 is allowed to react with pyridinjum chlorochromate (PCC), it yields a 1:l mixture of _E_ and - 

2 labda-S( 17),13-dien- I S-als j 3. After chromatographic separation of the &isomer, we oxidized it with 

sodium chlorite14 into the corresponding acid which after esterification with diazomethane, gave ester 

23 in 78 % yield from the aldehyde. In our case, the sodium chlorite oxidation was found more convenient 

and gave less g to J._ isomerization than the manganese dioxide-hydrogen cyanide method 
15 

which has 

been used elsewhere for the E-isomer 16. After reduction of ester E into alcohol 26 ” with lithium and 

aluminum hydride, we planned to transform the latter into methylketone 32 along the lines followed 

for methylketone & But when the mesylate derived from alcohol 26 was treated with sodium cyanide 

under phase transfer catalysis conditions, it led, in addition to several other compounds, to a mixture 

of two isomeric nitriies (40 % yield) which could be separated by repeated column chromatography on 

AgNO3-silica gel. Whereas the NMR spectrum of the most abundant nitrile was in agreement with the 

expected compound _?L, the spectrum of its companion exhibited no signals attributable to a vinyl proton 

or methyl. However, it displayed signals at 6 0.34 (iHI, 0.68 (ZH) and 2.99 (1H) which were consisrent 

with structure 28 resulting from the nucleophilic attack of the cyanide ion at C-12 with displacement 

of the homoallylic mesyloxyl group. 

This unexpected result made it necessary to investigate another route towards methylketone 

32. Thus we decided to submit aldehyde 29 derived from alcohol 3, to a Wittig reaction. While reaction 

with I-triphenylphosphoranylidene-2-propanone or the sodio derivative of dimethyl (2-oxopropyl)phosphona- 

te gave only unchanged aldehyde 2, the reaction with diethyl cyanomethylphosphonate-dimsyl~dium 

furnished the a,8 -unsaturated nitrile 30 in 96 % yield. It must be noted that in this case, no significant - 

isomerization of the endocyclic double bond occurred. After selective reduction of the conjugated double 

bond of 30 with magnesium turnings in methanol”, treatment of the nitrile $_ with methyllithium in 

cold THF followed by acidic hydrolysis gave only low yields of methylketone 22. However, when methyl- 

lithium was replaced by methylmagnesium chloride, up to 66 96 of methylketone 2 was obtained. Trans- 

formation of this latter compound into tricyclohexaprenol 2 was then performed as for tricyclohexaprenoi 

2 (Scheme 3). 

Again the ‘H-NMR spectrum of the tricyclohexaprenyl methyl ether 5 was compared with 

the spectrum of the enzymatic cyclization product and again they were different. This led us to assume 

that the tricyclic ring-system of M, Rohmer’s compound may well not have the proposed trans, a 
19 

trans relative stereochemistry . We are currently checking this assumption. 

Addendum : While this paper was being prepared, Professor E.J. Corey informed us of the completion 

of his total synthesis of (+~tricyclohexaprenol 2 (E.3, Corey & R.M. Burk, Tetrahedron Lett., (1987) 

2Jr 64l31. 
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EXPERIMENTAL 

Melting points were determined on a B&hi SMP-20 apparatus and are uncorrected. Optical rotations 
were determined on chloroform solutions with a Perkin-Elmer 141 or 241 MC polarimeter. IR spectra 
were obtained from car-v tetrachloride solutions on a Perkin-Elmer 257, 597, or 1310 spectrophotometer 
and are reported in cm . NMR spectra were recorded, unless otherwise stated, in chloroform-d solutions 
on a Bruker WH-90 (90 MHz), a Bruker WP-ZOOSY (200 MHz), or a Bruker AM-400 (400 MHz) instrument; 
chemical shifts are reported in ppm downfield from tetramethylsilane. Mass spectra were recorded on 
a LKB 9000s or on a Thomson THN 208 spectrometer. Elemental analyses were performed at the Institut 
de Chimie, Strasbourg. Column chromatography was carried out under pressure on Merck 9385 silica 
gel (Kieselgel 60, 4-O-63 pm particle size) (flash chromatography). Thin layer chromatogra~y was perfor- 
med on Merck 5715 plates [Kieselgel 60 F254). Gas chromatograpbic analyses were conducted on a Carlo 
Erba 4130 chromatograph equipped with a FID detector and a fused silica capillary column (CP Sil 5 
CB, IO m x 0.33 mm). All reactions were nm under a positive pressure of dry argon. 

Isorzopal-12-en-15-ol 4. This compound was prepared, as described in ref. 4 and 6, from methyl copalate 

4 IaID -47” fc 1.08) flit.22 [a 
a, 

-45O f, obtained from copaiba oil according to ref. 5. Alcohol 8 : mp 
126-127°C (from methanol) (lit. mp 127-12S°C) ; [a ID +9.4O (c 0.97) (lit.6 [a], +13.5’ ; for the enantio- 
merl’* 21 [ab -9O) ; 1R 3650, 1450, 1395, 840 ; NMR (200 MHz) 0.82 (s, 3H), 0.84 (s, 3H), 0.86 (s, 3H), 
0.89 (d, J 0.6 Hz, 3Hf, 1.79 (s, 3H), 181-2.12 (m, YH), 3.79 (A5 of ABX J 11.2, 4.9 and 3.2 Hz, ZH), 
5.51 (m, IHL 

Isocopal-12-en-154 2 and Isocopal-13-en-&al 10. Alcohol & cl00 mg, 0.34 mmole) was oxidized in 
dichloromethane with 6 molar equivalents of chromium trioxide-pyridine complex (Collins reagent). After 
20 min, the reaction mixture was poured on top of a silica gel column and chromatographed feluant : 
dichloromethane) to give aldehyde 2 (92 mg, 92 %) and a small amount of aldehyde 4 (6 mg). Aldehyde 
2 : mp 67-68°C ; IR 2725, 1725; NMR (200 MHz) 0.81 (s, 3H), 0.86 (s, 3H), 0.92 (s, 3Hf and 1.05 (s, 3H), 
1.62 (br s, 3H), 2.00 (m, 2H), 2.60 (m, IH), 5.65 (m, IH), 9.70 (d, 3 5.lHt, IH). Aldehyde _@ : IR 2725, 
1675, 1610 ; NMR (200 MHz) 0.81 (s, 3H), 0.84 (s) 3H), 0.86 (s, 3H), 1.18 (s, 3H), 2.02 (s, 3H), 2.24 (m, 
2Hj, 2.64 (dt, J 12.8 and 3.2 Hz, IH), IO.03 (s, IH). 

Isocopal-12en-l!&ylideneacetonitrile fi. A 1.0 M solution of dimsylsodium in DMSO (2.0 ml) was added 
to a solution of diethyl cyanomethylphosphonate (412 pl, 2.56 mmoles) in dry DMSO (2 ml) and the mixture 
was stirred at room temperature for Ih, This solution (2.2 ml, 1.0 mmole) was then added under argon 
to a solution of aldehyde 2 (92 mg, 0.32 mmole) in dry THF (2 ml) and the mixture was allowed to react 
at room temperature for lh. It was then quenched with aqueous ammonium chloride and extracted three 
times with ether. The combined organic phases were washed with 2N sulfuric acid, aqueous sodium bicar- 
bonate, and brine, dried over magnesium sulfate, evaporated and chromatographed on a silica gel column 
with hexane-ethyl acetate 97:3 as eluant to give an inseparable 4:l mixture of nitrile fi and of its 
isomer deriving from aldehyde & (84 mg, 0.27 mmole). IR 2220, 1625, 1445, 1385 ; NMR (200 MHz) 
0.81, 0.84, 0.86, 0.90 (ts, 12H), 1.50 fbr s, 2.4H), 2S2 (br d, J 11.0 Hz, O.SH), 5.20 (d, J 16.7 Hz, 0.2H)r 
5.36 (d, J 16.3 Hz, O.SH), 5.54 (m, O.SH), 6.59 fdd, 3 16.3 and 11.0 Hz, 0.8 HI, 7.02 (br d, 3 16.7 HZ, 
0.2H). 

Isocopal-12-ene-15citrile _& AIcohol j& (237 mg, 0.818 mmole) in dry dichloromethane (10 ml) was 
treated at O”C, under argon, with triethylamine (170 ~1, 1.23 mmole) and methanesulfonyl chtoride (76 
Ul, 0.98 mmole). After 30 min, the reaction medium was diluted with dichloromethane (20 ml), washed 
with IN hydrochloric acid and with water, and dried with magnesium sulfate. After evaporation of the 

solvent, chromatography on a silica gel column with hexane-ethyl acetate 9:1 as eluant, gave mesylate 
12 (289 mg, 96 %I, (NMR (60 MHz) 0.81 (s, 6Hf, 0.85 (s, 3H), 0.88 (s, 3H), 2.94 fs, 3H), 4.25 (AB of 
ZX, J 10, 5.5 and 3.5 Hz, ZH), 5.52 (m, IH) ). Mesylate 12 (289 mg, 0.785 mmole) was then dissolved 

in toluene (4 ml) and atlowed to react at 100°C ‘th a solu~n of sodium cyanide (192 mg, 3.92 mmoles) 
in water (2 ml) in the presence of Adogen 464 @ (90 mg). After 8h, the reaction medium was cooled 
to room temperature, the organic layer was separated and the aqueous iayer was extracted three times 

with ether. The combined organic phases were washed twice with brine, dried over magnesium sulfate, 
evaporated, and chromatographed on a silica gel coiumn with hexanesthyl acetate 9ti as eluant. This 
gave slightly impure nitrile E (169 mg, 0.564 mmole), 12,lCisocopaiadiene 13 (51 mg, 0.19 mmoie) and 
alcohol 8 (16 mg, 0.055 mmole). Submission of nitrile e to a second column chromatography with hexane- 
ether 97:3 as eluant, yielded pure nitrile fi (158 mg, 64 % from alcohol 3). mp 105.5-106°C ffrom ethanol- 
water) ; (aID +14” (c 0.83) ; IR 3040, 2250, 1445, 1390 ; NMR (200 MHz) 0.82 (5, 6H), 0.86 (s, 3H& 0.89 
(s, 3H), 1.79 (br s, 3H), 1.82-2.00 (m, 3H), 2.20 and 2.34 (m and AB of ABX, J 19.5, 7.0 and 6.5 Hz, 3H), 
5.52 (m, 1Hf; MS, m/e (%) 299 (M+, 301, 284 (71, 192 (loo), 191 (371, 177 (38). Anal. Calcd for C+lH33N : 
C, 84.21 ; H, 11.11 ; N, 4.68. Found : C, 84.6 ; H, 11.1 ; N, 4.6. 

I2,14-Isocopaladiene @. mp 91.5-92°C (from methanol) (lit.23 mp 93-94*C) ; cub -108’ (C 1.021 
(lit,23 [aID -130”) ; IR 3100, 1605, 885 ; NMR (200 MHz) 0.84 (s, 3H), 0.87 (s, 3H), 0.93 (s, 3H), 0.96 
(s, 3H), 1.79 (d, J 1.5 Hz, 3111, 1.89-2.12 (m, 3Hf, 4.79 and 4.81 (2 br s, 2X1, 5.64 (m, 1Hf. 

Isocopal-12-ene-15carbaldehyde fi. To a solution of nitrile B (158 mg, 0.527 mmole) in dry tOlUene 
(4 ml) at O°C, was added dropwise a 0.5 M solution of dii~butylaluminum hydride in toluene Il.3 ml, 
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0.65 mmole). After completion of the addition, the cooling bath was removed and the reaction mixture 
was stirred for lh at room temperature. Saturated aqueous ammonium chloride (1 ml) and IN hydrochloric 

acid (100 ~1) were then successively added and the mixture was vigorously stirred for 45 mm. The organic 
layer was separated and the aqueous layer was extracted with ether. The combined organic phases were 

washed with brine until neutral, dried over magnesium sulfate, evaporated and chromatographed on a 

silica gel column with hexane-ether 95:5 as eluant, to give aldehyde _lJ (134 mg, 84 a). mp 84-84.5”C 

(from hexanef ; [a$ -2.Zw k 1.15) ; IR 3030, 2710, 1730, 1390 ; NMR (200 MHz) 0.76 (5, 3H), 0.82 (s, 
3H), 0.86 (s, 3H), 0.89 fs, 3X), f.52 fbr s, 3H), 1.80 (dt, J 12.2 and 3.0 Hz, IH), 1.87-2.02 (m, 2H), 2.41 

(m, ZH), 2.55 fm, IHI, 5.46 (m, IH), 9.85 (t, J 1.7 Hz, 1H) ; MS, m/e (%I 302 (M’, 18f, 287 (3), 258 (7), 
f92 (IOO), 191 (34f, t77 (64) ; Anal. Calcd for C21H340 : C, 83.38 ; H, 11.33. Found : C, 83.5 ; H, 11.5. 

I-fl2-lsocopafen-15-yl)-2-propanone rS, To a solution of (I-methoxyethyl~iphenyiphosph~~ oxide (mp 

77-7PC ; see ref. IO) (700 mg, 2.69 mmoles) in dry THF (7 ml) at 0°C was slowly added a 0.5 M solution 
of lithium diisopropylamide in THF (4.8 ml, 2.4 mmolesf. After 10 min, the deep red solution was cooled 

to -78X and a solution of aldehyde 15 (280 mg, 0.925 mmole) in dry THF (5 ml) was added dropwise. 
The reaction mixture was stirred for0 min. Then the excess phosphine oxide anion was quenched by 

slow addition of 0.5 N benzoic acid in THF, until the solution faded to pale orange. N,N,N’,N’-Tetra- 

methylethylenediamine (2 ml) was added and the cooling bath was removed. The reaction mixture was 

stirred for 6 h at room temperature before being diluted with ether (25 mi), washed with IN hydrochloric 
acid and brine, dried over magnesium suifate, and evaporated to give a mixture of the expected enol 

ethers and of starting aldehyde 2. This mixture was dissolved in ether (60 ml), cooled to O’C, stirred 
vigorously and treated with 70 % perchloric acid (400 pi). After lh, the reaction mixture was washed 

with saturated aqueous sodium bicarbonate and with brine, dried over magnesium sulfate, evaporated 

and chromatographed on a silica gel column with hexane-ether 95:5 as eluant, to give starting aldehyde 

E (40 mg, 0.13 mmole) and ketone E (210 mg, 68 96). mp 54-54.5“C (from ethanol-water) fracemic 16 

has been described as an oi124) ; [a] 
Y 

+3i” tc 0.80) ; IR 3030, 1720, 1385 5 NMR (200 MHz) 0.75 ts, 3H), 
0.82 (s, 3H), 0.86 (s, 3H), 0.88 (s, 3H, 1.66 (br s, 3H), 2.15 (s, 3H), 2.54 (m, 2H), 5.38 (m, IH); MS, m/e 
(96) 330 (M+, 361, 315 (31, 272 (IOO), 257 (171, 192 (Zl), 190 (59), 177 (33); Anal. Calcd for C23H3gO: 

C, 83.57 ; H, 11.59. Found : C, 83.4 ; H, 11.8. 

7_(1Z-lsocopai~-IEyl)_6methyI-Fhepte2-~~: ethylene acetafs g. A 1.0 MI solution of dimsylsodium 
in DMSO (2.15 ml, 2.15 mmoles) was added to a solution of 3-(2-methyl-1,3-dioxolan-2-yl)propyl bromide 

(see ref. 12) (1.126 g, 2.39 mmolesf in dry DMSO-THF 5:2 (3.5 ml). The orange solution of phosphorane 
19 was stirred at room temperature for 20 mm. Then it was added to a solution of ketone If? (158 mg, 

G78 mmole) in dry THF (3 ml), and the mixture was allowed to react overnight at room temperature. 
It was then quenched with water and extracted three times with ether. The combrned organic phases 

were washed with IN hydrochloric acid, saturated aqueous sodium bicarbonate and brine, dried over magne- 
sium sulfate and evaporated. The crude product was dissolved in dichloromethane (3 ml) and chromato- 

graphed on a silica gel column with dichloromethane as eluant to give a 6:4 mixture (gas chromatography) 

of the Z_ and g acetals $J (202 mg, 95 %). Careful chromatography of this mixture on a sifica gel column 

with hexane-ether 97.5:2.5 as eluant, gave pure acetal 20 Z (93 mg, 0.21 mmole), pure acetal $Jg (66 -- 
mg, 0.15 mmole) and a mixture of both (30 mg). Acetal E z (more mobile isomer) mp 57-58’C ; NMR 

(200 MHz) 0.71 (s, 3H), 0.82 (s, 31-11, 0.86 (s, 3H), 0.87 (s, 3H), 1.32 (s, 3H) 1.70 (d, J 1.1 Hz, .3H), 1.74 

(br s, 3H), 3.93 (m, 4H), 5.11 (t, 3 6.8 Hz, IH), 5.36 (m, 1H) ; MS, m/e (%I 442 @A+, 0.51, 427 (31, 272 
(941, 257 (191, 190 (641, 87 (100). Acetal 20 E (less mobile isomer) oil ; IR 1460, 1385, 1210, 1130, 1060; 
NMR (200 MHz) 0.72 (s, 3H), 0.82 (s, 3H), KS6 (s, 3H), 0.87 fs, 3H), 1.33 (s, 3H), 1.62 (br s, 3H), 1.69 

(br s, 3H), 3.94 (m, 4H), 5.12 (t, 3. 6.6 Hz, lH), 5.36 (m, 1H) ; MS, m/e (%I 442 fM+, 0.41, 427 (31, 272 

(IO@, 257 (261, 190 (79) 87 (68). 

7_(12-fsocopalekfI-yl)_bmethyl_(~~~hepterr2-one 21. To a solution of acetal 20 E (57 mg, 0.13 mmole) 
in acetone-water 8:2 (18 ml) was added p-toluene%lfonic acid monohydrate (z mg, 0.31 mmole). This 

solution was allowed to stand at room temperature for 48 h. It was then concentrated under reduced 

pressure, diluted with water and extracted three times with ether. The ether extracts were washed with 

saturated aqueous sodium bicarbonate and with brine, dried over magnesium sulfate, evaporated and chro- 

matographed on a silica gel column with hexane-ether 95:5 as eluant, to give ketone 21 (50 mg, 97 %I. 
Oil ; IR 1720, 1665, 1455, 1385, 1155 ; NMR (200 MHz) 0.72 (s, 3H1, 0.82 fs, 3H1, 0.86 ts, 3H), 0.87 is, 
3H), 1.62 (br s, 3H), 1.68 fbr s, 3H), 2.14 (s, 3H), 2.26 (q, 3 7 Hz, 2H), 2.47 (t, J 6.9 Hz, 2X), 5.08 (t, 
3 7.0 Hz, IH), 5.35 (m, IH) ; MS, m/e (%I 398 (U’, 11, 383 (21, 272 (100). 257 (22), 190 (72). 

Methyl 8_(12-isocopalen-l5-yl~-3,7-dimethyl-2,6-octadienoates 22. Methyl diethylphosphonoacetate (368~1, 

2.0 mmoles) was added to a suspension of oil-free sodium hydride (43 mg, 1.8 mmole) in dry THF (1.4ml) 

and allowed to react at room temperature until the hydrogen evolution ceased. The clear phosphonoacetate 

anion soiution was then added to a solution of ketone 21 (45 mg, 0.11 mmole) in dry THF (1.5 ml) and 

the reaction was stirred at room temperature overnight.?he reaction was quenched with saturated aqueous 

ammonium chloride and extracted three times with ether. The combined ether extracts were washed 
with lN hydrochtoric acid, with saturated aqueous sodium bicarbonate and with brine, dried over magne- 

sium sulfate, evaporated and chromatographed on a sifica gel column with hexane-ether 975~2.5 as eluant, 

to give : Dienoate 22 & (more mobile isomer) (10 mg, 19 Se) ; NMR (90 MHz) 0.72 fs, 3H), 0.82 fs, 

3H), 0.87 (s, 6H), 1.63 (br s, 3H), 1.68 (br s, 3H), 1.89 (d, J 1.5 Hz, 3H), 3.67 (sl 3Hf, 5.19 (t, J 6.6 Hz, 

IH), 5.37 (m, IH), 5.68 (m, IHI ; MS, m/e 4%) 454 CM+, 0.51, 439 (21, 272 (loo), 257 1251, 203 (71, 
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190 (82). Dienoate 22 E,JZ (less mobile isomer) (37 mg, 71%) ; IR 1720, 1645, 1225, 1145 ; NMR (PO MHz) 
0.72 (s, 3H), 0.82 (s, 3H), 0.86 (s, 6H), 1.61 (br s, 3H), 1.68 (br s, 3H), 2.17 (d, 3 1.2 Hz, 3H), 3.68 (s, 
3H), 5.12 (m, IH), 5.38 (m, IH), 5.69 (m, IHf ; MS, m/e (%) 454 (M+, 0.41, 439 (21, 423 (41, 272 (1001, 
257 (231, 203 (81, 190 (76). 

(+)_Tricyclohexaprenol _1 [&(12-Isocopdlek1I-yl~3,7-dimethyl_(2~6~~2,6sctadienof~ To a solution of 
dienoate 22 E (37 mg, 0.081 mmole) in toluene (3 ml) at -78°C was added a 0.5 M solution of diiso- 
butylalum~m hydride in toluene (0.40 ml, 0.20 mmole). The reaction was stirred for 1 h. Water was 
then added and the mixture was allowed to warm to room temperature. The organic layer was separated 
and the aqueous Iayer was extracted twice with ether. The combined organic Iayers were washed with 
IN hydrochloric acid, saturated aqueous sodium bicarbonate and brine, dried over magnesium sulfate, 
evaporated and chromatographed on a silica gel column with hexane-ethyl acetate 9:1 as eluant, to give 
tricyclohexaprenol 2 (32 mg, 92 %). Oil ; [a b +25O (c 1.55) ; IR 3620, 3020, 1665, 1460, 1385, 1000; 
NMR (200 MHz) 0.72 (s, 3H), 0.82 (s, 3H), 0.86 (s, 3H), 0.87 fs, 3H), 1.61 (br s, 3H), 1.69 (br s, 6H), 4.15 
(d, 6.9 Hz, ZH), 5.11 (t, J 6.8 Hz, IH), 5.36 (m, IH), 5.43 (t, J 6.9 Hz, 1Hf ; MS, m/e (96) 426 (hi’, 41, 
408 (I), 393 (I), 272 (IOO), 257 flu), 203 (51, 190 (121, 177 (IO) ; HRMS Calcd for C30H500 : M, 426.3862. 
Found : M, 426.3860. 

ent-(14aH)-Isocopal-l2-en-l5-oi 2. This compound was prepared from manool s via methyl labda-S(l$ 
13-t_dien-I 5-oate 3 according to ref. 13, 14, 4 and 17. mp 107-107.S°C (from methanol-waterxlit. 
mp 107-10P°C) ; [a&, +56” (c 0.96) (Iit.17 [aID +52.6O) ; IR 3630, 1455, 1390, 1045 ; NMR (200 MHz) 
0.83 (s, 3H), 0.87 (s, 3H), 0.89 (s, 6H), 1.72 (m, J 1.8 Hz, 3H), 3.71 (A6 of ABX, J 12.0, 4.5, and 2.4 
Hz, 2H), 5.54 (m, 1H) ; MS, m/e (96) 290 (M+, IOO), 275 (161, 272 (131, 259 (351, 192 (731, 191 (221, 177 
(27) ; Anal. Calcd for C20H340 : C, 82.69 ; H, 11.80. Found : C, 82.8 ; H, 11.9. 

ent-(l4a H)-Isocopal-12-ene-lk‘;ubonitrile _TL and ~t~~4aH~l3,l~ycl~l2-~~ txxittriie 
28.Akohol 26 (72 mg, 0.25 mmole) in dry dichioromethanei3 mi) was treated at O”C, with triethylamine 
m pi, 0.37 mmole) and methanesulfonyl chloride (23 ~1, 0.30 mmole). After 30 min, the reaction mixture 
was diluted with dichloromethane (7 ml) and washed twice with water. After evaporation of the solvent, 
the rather unstabie, crude mesylate was dissolved in toluene (2 ml) and allowed to react at 95” 

‘iip”t:: a solution of sodium cyanide (60 mg, 1.2 mmole) in water (I ml) in the presence of Adogen 464 
mg). After 15 h, the reaction medium was cooled to room temperature, the organic layer was separated 
and the aqueous layer was extracted twice with ether. The combined organic phases were washed with 
brine, dried over magnesium sulfate, evaporated and chromatographed on a silica gel column with hexane- 
ether 9:1 as eluant. This led to the isolation of the nitrile spot (30 mg, 40 %) which WAS shown by gas 
chromatography-mass spectrometry to be essentially a 7:3 mixture of two isomeric compounds. Repeated 
column chromatography on S % silver nitrate-silica gel with hexane-ether 95~5 as eluant gave Pure samples 
of the two compounds : Nitrile 27 (major, less mobile isomer). mp 94-95’C ; IR 2240, 1440, 1390 i NMR 
(200 MHz) 0.83 (5, 3Hf, 0.89 (5, %, 0.90 (S, 3H), 0.93 (s, 3H), 1.73 (d, J 2.0 HZ, 3iih 2.39 (Afi Of ABX, 
J 17.6, 7.2, and 3.7 Hz, ZH, H-IS), 5.44 (m, IH, H-12) ; MS, m/e (%) 299 (M+, 401, 284 (69), 205 (II), 
202 (IO), 192 (loo), 191 (45)‘ 177 (58). Nitrile g (minor, more mobile isomer). IR 3070 (vas CH2 cyclopro- 

panique), 2240, 1455, 1390 ; NMR (400 MHz) 0.34 (m, 3 8.1 and 4.7 Hz, IH, H cyclopro~ique), 0.68 
(m, J 6.0, 8.1, and 4.7 Hz, 2H, H cyclopropaniques), 0.80 6, 3H), 0.81 (s, 3H), 0.86 (5, 3H), 1.10 (so 3H), 
1.17 (s, 3H), 2.99 (dd, J 7.7 and 2.0 Hz, iH, H-12) ; NMR (400 MHz, benzene-d61 0.31 (A8 of ABX, J 
9.0, 5.9 and 5.7 Hz, 2H, H-14, H-151, 0.73 (s, 3H), 0.79 tt, J 5.8 Hz, IH, H-151, 0.88 (s, 3H), 0.94 (s, 
3H), 0.95 fs, 6H), 2.52 (dd, J 8.0 and 1.6 Hz, lH, H-12) ; MS, m/e (96) 299 (M+, 371, 284 (781, 257 (IO), 
228 (121, 214 (391, 202 (231, 191 (171, 188 (28), 137 (IOO), 123 (98). 

at-(l& H)-~opai-12-en-l~al 29. Afcohol 26 (180 mg, 0.62 mmole) was oxidized in dry dichloromethane 
with 6 molar equivalents of chromium trizde-pyridine complex (Collins reagent). After 50 min, the 
reaction mixture was poured on top of a silica gel column and chromatographed (eluant : dichforomethane) 
to give aldehyde 29 (163 mg, 91 %). mp 49.5-51.5”C.Z ; IR 2715, 1715, 1675, 1390 : NMR (200 MHz) 0.83 
(s, 3H), 0.86 (s, 3H), 0.91 (s, 6H), 1.56 (br s, 3H), 2.21 (d, 3 5.3 Hz, IHf, 5.73 (m, 1H), 9.58 (d, J 5.3 Hz, 
IH) ; MS, m/e (%I 288 (M+, 1001, 273 (121, 259 (251, 205 (171, 191 (341, 177 (25). 

wrt-(l4aH~fsocopai-12_t?rrl~yli~et~i~~~ M. These compounds (@ and z isomers) were obtained 
zhe same way than compound & by treatment for 4 h of aldehyde 29 (163 mg, 0.566 mmoie) in drY 
THF (1 ml) with a 0.38 M solution of diethyf cyanomethylphosphonate &k in dry DMSCKTHF 4:l (Vm& 
3.42 mmoles). A 7:3 mixture of the _E_ and z nitriles s was obtained (170 mg, 96 %I. IR 2220, 1625, 
1460, 1390 ; NMR (200 MHZ), signals of the &-isomer, 0.82 (s), 0.87 (s, 2.IHL 0.88 (s, Z.lH), 0.92 (5, 
UH), 1.55 (q, J 1.8 Hz, 2.1x), 2.09 (d, J 9.7 Hz, 0.7H), 5.25 (dd, J 16.2 and 0.7 Hz, 0.7Hk 5.51 (m, 
0,7H), 6.65 (dd, J 16.2 and 9.7 Hz, 0.7H) ; signals of the &isomer, 0.82 (s), 0.85 (s, O.VH), O-90 (5, 0.9H)$ 
0.97 (s, O.PH), 1.62 (q, J 1.5 Hz, 0.9H1, 2.61 (d, J 11.3 Hz, 0.3H), 5.37 (d, J 10.7 Ha, 0.3H), 5.48 (m, 
o.~H), 6.36 (t, J 11.0 Hz, 0.3 H) ; MS, m/e (%I g-isomer 311 (M+, 91, 296 (81, 207 (6), 192 (100)~ 
191 (131, 177 (331, 137 (23) ; g-isomer 311 (M+, 12), 296 (121, 207 (91, 192 (loo), 191 (131, 177 (321, 
158 (161, 137 (26). 

ent-(l4a H)-Isocopal-12-l !&ylacetonitrik 31. Magnesium turnings (1.52 g, 62.5 m at-g) were added 
ca stirred solution of the nitriles 30 (485Gg, 1.56 mmole) in dry methanol (30 ml). After 15 min, the 
exothermic reaction was moderatedith an ice bath. After 2 h, the supernatant was separated from 
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the magnesium in excess, which was washed with additionnat methanol. Cold water (20 ml) was then 
added to the combined methanol phases, followed by enough 1 N hydrochloric acid to obtain a clear 

solution. This solution was then extracted three times with ether. The ether extracts were washed with 

saturated aqueous sodium bicarbonate and brine, dried over magnesium sulfate, evaporated and chromato- 

graphed on a silica get column with toluene as eluant, to give nitrile 31 (348 mg, 71 %I. mp lo8-108.5°c 

(from hexane) ; [ab + 78” (c 0.90) ; IR 3040, 2250, 1455, 1390 ; NG (200 MHz) 0.83 (s, B-0, 0.89 (s, 

9H), 1.70 (d, J 1.8 Hz, 3H), 2.38 (m, 2H), 5.31 (m, IH) ; MS m/e 1%) 313 (M+, 24). 298 (291, 281 (71, 270 
(4f, 192 (1001, 191 (291, 177 (48) ; Anal. Calcd for C22H35N : C, 84.28 ; H, 11.25 ; N, 4.47. Found : C, 

84.4 ; H, 11.3 ; N, 4.5. 

~-1-[(14aH)_Isocapai-i2~~15yl)_2-propancMt? z. To a stirred solution of nitrile 11. (49 mg, 0.16 mmole) 

m dry THF (5 ml), at room temperature, was added a 3.0 M solution of methylmagnesium chloride in 

THF (300 pi, 0.90 mmole). After 40 min, additionnal methylmagnesium chloride solution (I.30 ml, 3.90 
mmoles) was added to the reaction, over a 5 h period. IN Hydrochloric acid (5.0 ml) was then added 

and the mixture was vigorously stirred for ih. The organic layer was separated and the aqueous layer 
was extracted three times with ether. The combined organic phases were washed with brine until neutral, 

dried over magnesium sulfate, evaporated and chromatograp~ed on a silica gel column with hexane-ether 

9:i as eluant, to give starting nitrile 11 (4 mg, 0.01 mmole) and ketone 32 (34 mg, 66 %I+ Oil ; IR X%0, 
1715, 1455, 1385 ; NMR (200 MHz) 0.82 (s, 3H), 0.867, 0.873, and 0.877 (35, 9H), 1.66 (St J 1.6 Hz, 3H), 
2.15 (s, 3H), 2.50 (t, J 8.2 Hz, 2H), 5.26 (m, IH) ; MS, m/e (%I 330 (M+, IOO), 315 (71% 312 (8), 272 (100). 
257 (23), 192 (20), 190 (661, 177 (34). 

~t-7~~14aH~i~1-12~~15-y12_6-methy1-5-hepten-2-one ethylene acetals 2. These compounds were 

obtained in the same way than the acetals 20, by treatment of ketone 32 (157 mg, 0.476 mmole) with 

phosphorane E. A 6:4 mixture of the z and g acetals 3 (200 mg, 95 96) was obtained. Careful chro- 
matography of this mixture on a silica gel column, with hexane-ether 97:3 as eluant, gave pure acetai 
2_5 (85 mg, 0.19 mmolef, pure acetal 33 E (62 mg, 0.14 mmole) and a mixture of both (37 mg). Acetal 

33 2 (more mobile isomer) oil ; -- IR 1390, i?j,O ; NMR (200 MHz) 0.83 (s, 3H), 0.88 (s, 6H), 0.89 fs, 3H), 
1.32 (s, 3H) 1.67 and 1.70 (2m, 3 1.6 Hz and J 1.2 Hz, 6H), 3.93 (m, 4Hf, 5.10 (t, J 7.1 Hz, IHf, 5.21 

(m, IH) ; lT3 C-NMR (50 MHz, chloroform-d) 23.4 (-(&)C=, side chain), 34.2 (C-7, side chain) i MS, m/e 

f%) 442 (M+, 81, 427 (51, 272 (21, 260 (6), 245 (71, 191 (51, I82 (431, 87 (100). Acetal 33 E (less mobile -- 
isomer) oil; IR 1385, 1065 ; NMR (200 MHz) 0.83 (s* 3H), 0.86 (s, 3H1, 0.88 (st 6H), 1.33 (s, 3H1, 1.63 
(m, 6H), 3.94 (m, 4H), 5.13 (t, J 7.2 Hz, IH), 5.20 (m, 1H) ; 13C-NMR (50 MHz, chloroform-do 16.f 
(-(&)C=, side chain), 41.9 (C-7, side chain) ; MS, m/e (%I 442 (M+, 12>, 427 (81, 272 (211, 260 (81, 245 

(121, 190 (161, 182 (76). 87 (100). 

ent-7_E0.4~)lsocopaI-I2-ek1~yI~methyl-(E)-5-~ptepterr-2-~ E+ The procedure already described for 
the obtention of ketone 21 was employed to transform acetal 33 E (62 mg, 0.14 mmole) into ketone 34 -- 
(44 mg, 79 %b Oil ; lR1115, 1455, 1385 ; NMR (200 MHz) 0.83 (s, 3H), 0.86 (s, 3H), 0.88 (s, 6H), 1.5 
(br s, 6H,, 2.14 (s, 3H), 2.26 (q, J 6.9 Hz, ZH), 2.47 (t, J 6.9 Hz, 2H), 5.08 (t, J 7.1 Hz, IH), 5.21 (m, 

iH) ; MS, m/e (%I 398 (MC, 81, 383 (3). 272 (81, 260 (81, 245 (161, 191 (IO), 177 (121, 138 (100). 

Methyl e-t_l(I’ru H~is~I-i2~~l~yI~3,7-dimethyl-Z,~adie~t~ 3. The procedure already 
described for the obtention of the esters 22 was employed to transform ketone 3 (38 mg, 0.095 mmole) 

into the esters 25 : Dienoate 35 E,Z (more mobile isomer) (8 mg, 18 %f oil ; IR 1720, 1650, 1440, 1380, 
1160; NMR (200 MHz) 0.83 (s, 3H), 0.86 fs, 3H), 0.88 (s, 6H), 1.63 (s, 4H), 1.90 (d, J 1.3 Hz, 3H1, 2.17 

(q, J 7.7 Hz, 2H), 2.66 (m, 2H), 3.67 (s, 3H), 5.18 and 5.20 (t, J 7.7 Hz, and m, 2H), 5.66 (br s, It-0 ; 
MS, m/e (96) 454 (M+, 341, 439 (81, 423 (51, 407 (IO), 272 (291, 260 (151, 245 (211, 194 (1001, 135 (87). 

Dienoate 35 E,E (less mobile isomer) (30 mg, 69%) oil ; IR 1720, 1650, 3435, 1385, 1225, 1145 ; NMR 
(ZOO MHz) 0.83 (s, 3H), 0.86 (5, 3H), 0.88 (s, 6H1, 1.62 and 1.64 (br s and q, J 1.5 Hz, 6H), 2.17 (d, Y 

1.3 Hz, 3H), 3.68 (s, 3H), 5.10 ( m, IH), 5.21 cm, lH), 5.68 (br s, 1H) ; MS, m/e (96) 454 (M+, 181, 439 
(5), 423 (91, 407 (61, 272 (211, 260 (1001, 245 (641, 135 (661. 

Tricyclohexaprenol 4 The procedure already described for the obtention of tricyclohexaprenol 2 was 

employed to reduce dienoate 35 E,E (23 mg, 0.051 mmoie) into tricyciohexaprenol 4 (20 mg, 92 %I. Oil; 

IR 3620, 1665, 1440, 1380, 1000 ; NMR (200 MHz) 0.83 (s, 3H), 0.87 (s, 3X), 0.88 (s, 6H& 1.62 ibr s, 3Hf, 

I.64 Q J 1.6 Hz, 3H), 1.69 (br s, 3Hf, 4.15 (d, J 6.6 Hz, 2H), 5.12 (t, J 6.3 Hz, lH), 5.21 (m, lH), 5.42 
(t, 3 7.1 Hz, IH) ; MS, m/e (96) (TMS ether) 498 (M”, IO), 483 (31, 408 (131, 393 (61, 340 (4), 313 
(51, 272 (141, 259 (321, 245 (201, 148 (901, 81 (971, 73 (100). 

Tricyclohexaprenyl methyl ether 2. A solution of tricyclohexaprenol 4 (10 mg, 0.023 mmoie) in dry THF 

(2 ml) and methyl iodide (100 yl, I.60 mmole) were added to a suspension of oil free sodium hydride 

{IO mg, 0.42 mmole) in dry THF (2 m1). This mixture was stirred at 35°C for lh. It was then quenched 

with ethanol followed by water and extracted three times with ether. The organic extracts were washed 
with brine, dried over magnesium sulfate, evaporated and chromatographed on a silica gel column with 

hexane-ethyl acetate 95:5 as eluant, to give the methyl ether 2. (9 mg, 87 %I. Oil ; IR 1660, 1450, 1380, 
1090 ; NMR (200 MHz) 0.83 (s, 3H), 0.86 (s, 3H), 0.88 (s, 6H), 1.61 (br s, 3H), 1.64 (q, 3 1.4 Hz, 3H), 

1.68 (br s, 3Hf, 3.32 (s, 3H1, 3.93 (d, J 6.8 Hz, 2H), 5.13 (t, 3 6 Hz, lH), 5.21 (m, IH), 5.36 (t, J 7.0 Hz, 

IH) ; MS, m/e (96) 440 CM+, 201, 425 (I), 408 (IO), 393 (71, 340 (6), 313 (61, 272 (22), 260 (241, 245 (271, 
190 (381, 135 (96), 81 (100) ; HRMS Calcd for C3lH52O : M, 440. 4018. Found : M, 440.4009. 
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