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Abbd-Both (+kootkafoae ad (-)-kpi-nookatone have been synthesized from (+b2-mitbyl4iipropenyI- 
cycbhwnoac. 

The eremophilane sesquiterpene (+tnootkatone (1). 6rst 
isolated from the heartwood of Alaska yellow cedar 
(Chamaccypoti nootkamsis)’ and later found in grape 
fruit peel oil (Cirrus p0mdi.G) and other citrus oils? is 
extensively utilized in the perfumery fkld as a key flavor 
of grapefruit. The @e&al structure of (+tnootkatone 
(1) was determined by Mac Lead’ in 1965, and partial 
syntheses of this ketone from the parent hydrocarbon 
valencer~?* and from nootkatene’ as well as five total 
syntheSe!3e’z of (*>nootkatone (1) have been reported; 
however, the total synthesis of (+)-isomer (1) has not 
been achieved. 

In this paper, we wish to describe the total synthesis of 
(+)_nootkatone (1) and (-)_‘lcpi-no&atom (2) from (t) 
2-methyl4isopropenylcyclohexanone (3). 

Van Der Gcn” and Pinder” reported that the Robin- 
son annelation of (+) - cis - 2 - methyl - 4 - isopropenyl- 
cyclohexanom (3) with mns - 3 - penten - 2 - one (4) 
yielded mostly (+)_2. accompanied by (*)-1 as a minor 
product in co. 9O:lO ratio. This result means that ap- 
proach of pentanone (4) from the u-side of the enolate 
anion (Jr), i.e. path b. was prefetred to p-side attack 
(path a), and it therefore seemed necessary to change the 
shape (and/or conformation) of the cyclobexanc ring to 

knc derivatives (b-c), the key intermediates of our 
synthesis, by Marshall’s procai~re’~ in 70 - 93% yield. 
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In order to find the best naction conditions, 2 - methyl 
- 6 - n - butylthiomethykne cyclohexanone 0, preps ed 
from Zmethylcyclohexanone as described above” in 
82% yield, was employed for the model annelativ* with 
tmu - 3 - penten - 2 - one (4). the key ste. of our 
synthesis. The results obtained in difTennt tlredia are 
summarized in Table 1. 

As shown in Table 1, the t-BuOK/t-BuOH method 
gave the desired cis-octalone“0 (9) in better yield, while 
in the NaH/DMSO procedure fronAomer’q (10) was 

path a 

path b 
> 

make the product ratio more favorable to the desired 
isomer. After some preliminary experiments, we found 
that the introduction of an alkylthiomethylene group at 
the G-position gave the best result ia tbc annelation 
reaction. We describe th synthetic scheme below. 

The starting material. (+) - 2 - methyl - 4 - isopro- 
penylcyclohexanone (3),t was prepared from (-) - @ - 
pinene$ in five steps by patented procedures”“’ in 24% 
overall yield. This 3 was transformed to its thiomethy- 

7 

t[ulom +S.P (c = 5.0 in EKJH). 
9 

*[.I,” - J8.r (c = 5.0 ill E1OH). 
fllx cbemicd dift of tbc lppllu methyl mup in cir- 

octdoee (9) b S”4 1.08. 
h chemid shift of the angtdar methyl grwp in 0mwctalone 

(IO) is dcclr 1.27. 
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Table 1. The Robinson amelation of7witb4 

Base (Meq.) Solvent TellID. Hour (hr) Yield (X) 9 : 10 

t-BuOK (0.1) t-BuOH rt 24 55 100 : 0 

NaH (1.0) Dioxane rt 24 41 100 : 0 

NaH (1.0) MO rt 24 39 33 : 67 

predominantly produced. That ci.wicinaldimcthyl 
derivative (9) was obtained under less polar or protic 
solvent system is probably for the reasons described in 
the literature.‘6*” Thus we carried out our key step 
annelation in t-BuOKIt-BuOH. Ketone (Cr) sod 
pcntenonc (4) were treated with t-BuOK (0.1 Mq.) to 
give octalom (118) sod kctol (121) in 6996 yield (3: 2 
ratio), the latter of which was converted to the former 
enonc (118) by treating with 0.5 N KOH. Alternatively 
the reaction of benzyl derivative (Cc) with cnonc (4) in 
t-AmOK/t-AmOH aflordcd only octalone (UC) in 71% 
yield. Thiometbylenc protective groups of llr and llc 
were removed” with aqueous KOH to give mixtures of 
nootkatone (1) and 7cpLnootkatone (2) in 74 and 76% 
yield respectively. The ratio of the two products varied 
according to the conditions and was determined by 

From these experimental data, it is clear that under 
milder conditions the mixture of 1 and 2 is obtained in 
high yield, but with a ratio favoring the C,-cpimer (2); 
whereas more drastic condiions give a lower total yield 
of mixture but a higher proportion of the desired 
compound (1). Bulkiocss of the substitucnt R on the 
thiomethylenc group does not have any sign&ant 
inhence on the stcreochcmistry of product, probably 
because it is located far away from the reaction site at 
the G-position. The introduction of a thiomethylenc 
groupcauscstbeC@Ationtobcarancwsp,boMling 
in tbe enohte (6d) which makes the t&membered ring 
more planar, thus it seems rational that the &face of the 
enolatc (6d) is sterically more accessible than tbat of the 
enolatc (Jr). 

Other protective groups were also introduced to the 

or 

\ 
12 

R=n-Butyl lla KoH R=n-Butyl 12a 

BeWVT llc 

1 + 2 

NhIRt and GLC$ analyses. Table 2 shows the results of. 
Robinson anaclation under various conditions. 

rrbe chcmial shifts of lo&Jr mctbyl Lroup and elm= ok60 Rs- ai / 

in noothtone (1) arc dccL 1.12 and S.62. and those of 7cpimer 
(2) UC b=Q 1.07 aluls.68 rcapcctively. 

80’ 
:’ 7. 

SAo autbcotic sample of 7cpimer (2) was prepared from direct Q- 
H 

anoelatio~ of 3 with 4 by Pi&r’s procedttrc.” 
4 

0 

Tabk 2. TItc Robmsoo a~~latioo of 6 with 4 

R Base (Meq.) Solvent Tenp('C) Hour(hr) Yield(I) 1 : 2 

n-Butyl t-BuOK (0.1) t-B&H rt 20 55 30 : 70 
n-6utyl t-BuOK (1.0) t-B&H rt 5 42 35 : 65 
n-Bury1 t-BuOK (1.0) t-BuOH so-55 0.5 35 45 : 55 
n-Butyl t-AmOK (0.1) t-PmOH -5m-10 20 63 25 : 75 
n-Butyl t-AaOK (0.1) t-kuOH rt 20 53 30 : 70 
n-Butyl t-knOK (0.1) t-AmOH 50-55 5 30 35 : 65 
n-Butyl t-AmOK (1.0) t-MM 50-55 0.5 32 45 : 55 
n-butyl NaH (1.0) Dloxane rt 5 49 30 : 70 
n-Butyl NaH (1.0) Dioxane 50- 55 0.5 42 40 : 60 
set-Butyl tAnOK (1.0) t-&nOH 50~55 0.5 33 40 : 60 
Benzyl t-&nOK (0.1) tAnOH rt 20 54 30 : 70 
Benzyl t-&nOK (1.0) t-MM so--55 0.5 35 45 : 55 
Benzyl t-AmOK (1.0) t-MH 95-100 0.25 30 50 : 50 
Benzyl NaH (1.0) Dioxane rt 5 31 30 : 70 
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ketone (J), hut the annelation reactioa under various 
conditions com~letelv failed with these derivatives. 

0 
FH3 

CH-OCH 
‘cH3 

ls 

In order to isolate pure (+rtou&gioue fl), ihe naction 
should he carried out at high tcmpcrature (SO-55”) for a 
short period (-3Omin) in the presence of t-BuOK 
(I Meq) in t-BuOH. Under these conditions a yield of 
atxrut 35% with a ratio of 1 to 2 of about 45 55 was 
obtained. 

Finally, the xeparation of (+)-oootkatonc (1) from 
epimer (2) WBS achieved by repeated fractional rccrys- 
t&Aion of their Wnicarbazonc” mixture to give pure 
(+~noo&atone scmiauhazane (m.p. 195-@, [alDac 
i-328”). This semanc was hydrolyzed with 1096 
&so& aq. or 10% ox& scid2’ to give (+~uootkntotte 
(3) (m.p. 28-W. [o)r,=’ +lm”), the purity of which was 
sbnwn to he more than 95% by NhIR and GLC analyses. 
Physical data for synthetic (+)-nooikatoue (1) were 
eniircfy identical with those of an authentic sample from 
natuml sources. (-) - 7 - epi - Nootkatone (2) was 
situiltsrly igoktcd from the moiber liquor of the semicar- 
bazoue mixture solution. 

Thus tbe synthesis of (+Motkatonc (1) from (+I - 2 - 
methyl - 4 - isotpropcnyl-cyclobcxanoae (3) was accom- 
pi&d in six steps. 

Ail m.ps and b.ps are uncormcted. NMR spectra were record- 
ed Ott varian HA-180 end vmisn 3M-MO spectrometers wltb 
ThfS as an lntemal stemlard. IR spe&s were determined on a 
Hltxcbi Gnstlng IR s~~~~~r. Gptkal rotations were 
mtasmed on a Per&-Elmer 141 pokrlmtter. GLC was cerrkd 
out on a Sblmuu CC&W Pr. (ghur capillary; SF-% column 
Xl tn x 0.28 mm). 

2-Mthyl-4- iroptvp~yl-6- hydtvxymtthylrrcycbhuiuwiw 
(8 

To a stirred suspeeslon of powdered N&Me, freshly prepared 
Iram Nr (13.8 g, 0.60 8 atom) and MeGH (688 ntl), in iby benr.ene 
(6Wml) was added a mixture of (+p3 (45.6p. O.Mmok) and 
ethyl formate (44.48, O.Omok) dropwise over 1 hr under N, 
with lceutoh and the stirrlq was conlinuul for 28 hr xt room 
temp. Ice water (5ooml) was added and the squeoos kyer wes 
seperated, washed once whir etbet (itkml). and acltlll with 
cold LN HCI 4. Tbe resultiqt oil was cxtnctod with et&r 
(100 ml x 2) and tbe combined ttbered txtmct was waded tan'ce 
with bhe,aud dried ovcc Na.$O,. Atw removal of ttbtr,tbc 
nsidw wu didkd to et S (47.6 g, 88%): b.p. 72 - 4’10.7 mm; 
IR (tlhn) 3060,1640,1630. iSYS and 8YS cm-‘; NMR (Ccl,) 6 1.22 
(33, d,,’ = 7 Hz), 1.73 (3H. broad s), 4.70 (2H. broad si and 8Jf 

l . 

2 - Mclkyl - 4 - iropmpmyi - 6 - n - bntyltk~mff~y~e cy&- 
hexdmonc &a) 

A SdU of S (20.0 g. 0.1 I molt) in bemne (100 ml) contslnin8 
n-BuSH (12.0 g, 0.13 mokl in the presence of TsOH (280 n& wss 

miluxed for 2hr with continuous axeotroplc removal of wattr 
(2 ml). The mixture wu cookd, wasbed with wmer, NaHCOr aq, 
and brine, and d&d over Na$Q. After removal of benxene, the 
residne was diitiikd to give & (2X88,93%): b.p. 142-SW.5 mm: 
iR (film) 38@, &60,1640, iS43 and 890 cm-“: NMR (Ccl,) d 0.95 
(3H. 1, J = 7 i&l, 1.12 (3H, d, J = 7 Hz). 1.78 (3H. brosd sl, 2.86 (2H. 
tJ-7Hz),4.f8fW,m)yd7.3S(iH,m);~u~o~+30.9)(C=S.Oin 
EtGH). 

2 - hf&hyf - 4 - isoprupatyi - 6 - ~~h~~e cyck- 
h&Wwne (cc) 

To a soln of S (11.4 g, 0.03 molt) in pyridine (SO ml) at 8’ wss 
added T&l (6.0 g, 0.032 mok). The mlxtnre was ~tined at 0-F 
for 3 hr and then benxyl mercapten (4.Og,O.O32 mok) was added. 
Tbemixbnr:wu~~~~fot20&,t&npwndiatow~r 
(3OOml) and extracted with ether (IMmlx3). The combined 
~tx~twu~~~,S%N~H~~~ 
(three times), and drkd ovtr Nx#Q. After removal of the 
solvent tbe residue was cbromat~phed on siiica gel (3Wg) 
with n-bexano-ethyl scet4lt (8: 1) as tlueot to give oily Ir (7.og. 
82%): iR (film) 3W1, Xi@. 3020,i66O.i648, i6aJ, Ws. i4YS snd 
8Ytlcm-‘; NMR (CC&l d 1.10 (3H, d. J =?Hz), 1.74 (3H. brosd 
s). 4.00 (ZH, $1, 4.74 (2H. m), 7.24 (SH, s) and 7.41 llii. ml: 
loloap C32.P (c = 5.0 in EtGH). 

2 - Methyl - 4 - isoptvpmyl - 6 - sac-bntyithiomahykw cyclo- 
hexpnont (6b) 

In the samt fashion, 5 (2.7g. 0.01s mole) was convwtcd to Lb 
in 79% yield with T&l (3.08. 0.016 mole) and *-BUSH (if g. 
0.017 mole). JR (film): 3060.1660~ ibw),iS40 and 890 cm“. NMR 
(Ccl,): 6 LOS (3H, t, J = 7 Hz), 1.1s (3H. d, J = 7 Hz), 1.44 (3H, d, 
J = 7Hzl. 1.82 (3H. broad 11.4.72 (2H. ml and 7.40 (ii?. ml. 

2 - hftthyt - 6 . a - bntyitkiomahy~ cyciohtxano~e (7) 
2 - &thy1 - 6 - hy~xymt~yk~ cyclobexanone” (28.08. 

02OmoIe). pmpmed from 2-mt~ylcyclohex~~ in 85% ykld, 
was converted to 7 ln 96% ykid with ~-BUSH (22.0 g, 0.24 molt) 
by the benxene axeotropic procedure de&bed by ireknd and 
Marshall,” b.p.: 108-l 11’10.3 mm (lit.” b.p. 93-5’/O.OS mm); IR 
(film): 1668 end IS45 cm-‘. NMR (CNl& d 0.94 (3H, t, J = 7 Hz), 
1.88 (3H, d, J=7tiz), 2.84 (ZH, t. J=?Hz) and 7.31 (lH, t. 
J=2Hz). 

cis - 4,S - L&ethyl - 9 - II - b~y~h~rn~h9~~ - i(i0) - octa&t - 
2 - one (g) 

To 8 soln of t-BnOK, prepared from K (80 mg. O.u82 g atom) 
and t-BuOH (38mi), vu added 7 (4.2g, 0.02 mok) and the 
mixture was &red under N, for 10 min at room temp. and then 
cooled to 8-S’. To this was added a soln of tmsS (2.Sg. 
0.03 tnok) in t-BuOH (iOn@ dropwise over 3Omin. and rbt 
mixture wu stirred for 24 hr. Tht mixture was diluted with water 
(28Oml),snd txbacted with ttber (lOOmlx2i. The etbtreel tx- 
tract wu wasbed with water snd brine. dried over Na$O,, xnd 
conceotrated. Tbe nsidut was cbromatograpited on silica gel 
(2OOe) with n-hexane-ethyl ncttait (8: 1) as elutnt to give cryr- 
talline 8 (4.2g, 76%) whkk wss recrystallii from n-pentxne: 
m.p. 70.5-71.4; IR GCBr) 16SS. 1635 and ISMcm-‘; NMR (CCL) 
d O.% (3H, t, J = 7 Hz), 0.97 (3H. d. J = 7 Hrl. 1.01 (3H, s), 2.74 
(2R t, J = 7 Hz). 5.74 (IA. broad sl and 6.28 (IH. ml. (Found: C. 
73.27; H, 9.13; S, 11.42. Cslc. for C,,H%OSz C, 73.33; H, 9.41; S. 
iiJi%)* 

cls - 4.S - IXmahyi - i(i0) - oetoiin - 2 - ON (9) 

Ia) A mlxtnrc of g (28 x.0.01 mole) turd U% KOH ao Ii0 ml1 
in dktbykne glycol(i0 ml) was r&t&l under Ns for ijhr. The 
cookd mixture was dllutal wltb water (IOOml) and extracted 
with ether (SO ml x 2). The comb&d ethereal txtract was was&d 
with water and brine, drkd over Na&lCJ,, and concentmted. ?he 
residue WM c~ornnt~~ on silica gel ( 100 nt w&b n-hexone- 
ethyl rcetrte (8: 1) as tluent to give &talill-ocnione Y fi.3g. 
72%) which was recryttaBixed from n-penmne: m.p. 6l-6Z IR 
(KBr) 1668 sod i6iOcm-‘; NMR (CCQ d 0.93 (3ii. d, J = 6 Hz), 
1.88 (3H, sl and 5.60 (IH. broad 11. 

(bl In the same manner. erode unntktion product, obtaloed by 
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