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Abstract - The first total synthesis of the two biooxldation products 
of patchouli alcohol (2), (&hydroxy patchouli alcohol (3) and the 
corresponding (kj-carboxylic acid 4, has been achieved in highly 
stereocontrolled manners. Synthesis of (&norpatchoulenol (I), 
the real odoriferous substance of patchouli 011, has been accompllshed 
by the biogenetic route via f&3 and ($4. 

The structurally novel norsesquiterpenold norpatchoulenol (I) is a minor component of commercial 

patchouli 011 and has been shown to be the real odoriferous substance of this important essential oil.’ 

The structure and absolute stereochemtstry of norpatchoulenol have been established by chemical and 

spectroscopic studies coupled with the X-ray crystallographic analysis as depicted in the formula l.* 

Structurally and biogenetically, norpatchoulenol (1) is obviously closely related to the sesquiterpenolds 

patchoull alcohol (2),3 the maJor component of patchoull oil, and seychellene (5j4 and cycloseychellene 

(6),5 the other minor components of this essential oil. In 1975, Ourisson and Teisseire carried out the 

administratlon experlment of patchouli alcohol (2) to rabblts and Isolated two biooxidation products, 

hydroxy patchoull alcohol (3) and the corresponding carboxyllc acid C6 Based on this administration 

experiment they proposed the biogenesis of norpatchoulenol (1) from patchouli alcohol (2) as shown in 

Scheme l.6 Recently microbial conversion of patchouli alcohol (2) into hydroxy patchoull alcohol (3) 

has been reported.7 

1 2 3 X = CH20H 5 6 

4 X = COOH 

These six natural products possess the intriguing carbon framework, a trlcyclo[5.3.1.03*8]undecane 

skeleton. While a number of total syntheses of 1,8 2,g~‘o 5,‘*11 and 6’lc*‘2 have been reported, 

there seems to be no report of the synthetic studles on hydroxy patchoull alcohol (3) and the 

corresponding carboxylic acid 4, the metabolites of patchoull alcohol (2). During the past several 

years, we have been engaged in the synthetic studies on the sesqulterpenoids of patchouli oil, 

culminating in the synthesis of patchoull alcohol (21,’ seychellene (51,’ and cycloseychellene (6).l* As 

part of our continuing studies in this field, we wlsh to describe herein the full details of the first, 
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highly stereocontrolled total synthesis of hydroxy patchoull alcohol (3) and the corresponding carboxylic 

acid 4 In racemic forms, 13 and the details of the synthesis of racemic norpatchoulenol (1) from 3 and 

4 in the biogenetic manner.13 

Scheme L Biogenesis of norpatchoulenol (I) from patchoull alcohol (2). 

The crucial intermediate in our previous synthesis of (+I-patchouli alcohol (21, seychellene (5) and 

cycloseychellene (6) was a tricyclo[5.3.1.03~8jundecane derivative 6, which was obtained by a novel 

double cyclization reaction of a conjugated cyclohexenone aldehyde 7 in a single step (Scheme lI).gP’2 

Wteme IL 

7 6 

For the synthesis of hydroxy patchouli alcohol (3) and the carboxylic acid 4, we required a compound 

which possesses the functionallzed methyl group or the synthetic equivalent with the correct 

stereochemistry at the C-4 position in the tricyclo[5.3.1.03*8]undecane skeleton In 6. However, direct 

and selective functlonalization of the secondary methyl group appended to the C-4 posltlon in the 

tricyclo[5.3.1.03*8]undecane skeleton such as 8 was anticipated to be difficult. As the key 

intermediate for the present synthesis, we have chosen a tricyclic keto nitrile 10, which possesses a 

nltrile group with the desired stereochemlstry at the C-4 position in the trlcyclo[5.3.1.03$rndecane 

skeleton and may be obtained by the double cyclization reaction of a con]ugated cyclohexenone aldehyde 

9 in a single step as in 

the present synthesis has 

two asymmetric centers. 

the case of the cyclization of 7 

been focused on the construction 

into 6 (Scheme III). Thus, the first task of 

of 9 having the desired stereochemistry at 

Scheme ILL 

Et2NH 

MeOH - H20 

9 10 

The preparation of 9 started from readily accessible I-methoxy-5-methylbicyclo[2.2.2jocten-S-en-2 

one (l1)‘4 (Scheme IV). The lithium enolate derived from 11 with LDA was treated with 4,4- 

dimethoxybutyl iodide (12)” to give the alkylated ketone 13 as a single isomer in 78% yield. This 
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Scheme TV. 

15 

(a) I LDA, ii (Me0)2CHCH2CH$H21 (12). (b) NH2OH. 

CHO 

9 

fc) TsCl-LiCl, Py. (d) AcOH-H20. 

high stereoselectlvity in the alkyjation may be due to klnetlc preference for approach of the alkylating 

reagent From the presumed less hindered face of the bicychc enone 11 (i.e. syn to the double bond in 

111. During our inv~tigations, the similar stereoselective alkylation of I1 was reported by other 

workers. I6 The ajkylated ketone 13 was converted into the oxime 14 in 99% yield. A crucial step 

In the preparation of 9 was the Beckmann fragmentation reaction of the oxime 14 Into the conjugated 

cyclohexenone acetal 15.17 The Deckmann fragmentation reaction of I4 was effected with TsCl in 

pyrldfne in the presence of a large amount of LlCl to give the desired product 15 (57%) together with 

the dlastereomer 16 (7%) and the diene 17 (35%). When this reaction was performed under the 

same conditions as described above in the absence of LLCI, the preferential formation of 17 at the 

expense of 15 was observed. Deacetallzation of 15 (AcOH-H20) provided the desired conjugated 

cyclohexenone aldehyde 9. Double cyclization of 9 proceeded smoothly on treatment with Et2NH In 

MeOH-H20 to give the key intermedlate, the trlcyclic keto nitrlle 10 (41% yield From 15) together 

with two Spiro compounds, 18 (17%) and 19 (17%) (Scheme Ill). The stereochemistry of the OH group 

In 10 was determined as shown in the Formula 10 by the ‘H NMR spectrum, in which a signal due to 

H-11 appeared at 6 3.97 as a doublet of doublets with coupling constants of 4.3 and 1.8 Hz. The 

structures of 18 and 19 were unambiguously established by the X-ray crystallographic analysis of 18 

(Figure I) and PCC’g oxidation of 18 and 19, both of which Formed the same Spiro ketone 20. 

16 17 18 R’ = H, Rt =OH 20 

19 d=OH @=H 

F&ure 1. Computer-generated perspective drawfng of 18. 
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Scheme V. 

10 21 X = CN 

22 x = cl-lo 

23 X = CH20H 

24 

+:ro 
f 

* 
I 

+qio 

25 26 

(a) (CH2SH)2, BF3’0Et2. (b) DIBAL. (cl NaBHq. 

(d) Raney N1 (W-2). (e) TBDMSCI, DMAP-Et3N. (f) PCC. 

26 27 28 

32 

(a) i LDA; Ii Mo05’Py’HMPA. 

(d) CH2N2-CuOTf. 

(b) PhSO(=NMe)CH2LI. 

(e) H2/PtO2. 

(cl AI-H& 
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Thus, the key Intermediate, the trlcycllc keto nltrlle 10 was In hand. The keto nltrlle 10 was 

converted into the diol 24 In 75% overall yield by four steps: (I) thloacetallzatlon; (2) DIBAL reduction; 

(3) NaBH4 reduction; (4) desulfurlzatlon (Scheme V). The primary hydroxyl group In 24 was selectively 

protected as the t-butyldlmethylsllyl ether” to give 25 (99%), which was oxldlzed wlth PCC’* Into the 

ketone 26 (87%). Brldgehead hydroxylatlong of the llthlum enolate derived from 26 (LDA, -78 ‘C) 

was effected wlth Mo05’Py’HMPAZo to glve the a-hydroxy ketone 27 In 73% yleld (Scheme VI). The 

a-hydroxy ketone 27 was converted Into the olefln 29 In 67% overall yield by the Johnson’s 

procedure?l (1) addition of PhSO(=NMe)CH2LI (THF, -78 “C); (2) reductive ellmlnatlon (AI-Hg, 199:lOO:l 

AcOH-THF-H20). lnterestlngly, the reductive ellmlnatlon of the B-hydroxysulfoximlne derlvatlve 26 

(a I:1 mlxture of the dlastereomers concerning the sulfur atom) wlth Al-Hg into 29 was markedly 

affected by the content of water In the reactlon medium. For example, when the reduction was 

performed In the medium contalnlng H20 in relatively high concentration (15:lS:l AcOH-THF-H20), the 

undesired compound 30 (the stereochemlstry of the newly formed tertiary methyl group was not 

elucidated) was formed In 34% yield, while the desired olefln 29 was obtalned In 31% yield. By 

contrast, reduction of 28 In the medium with relatively low water concentration (109:190:1 AcOH-THF- 

H20) was found to give the deslred 29 In 70% yield. CyclopropanationP2 of 29 was effected by 

reaction with CH2N2 in the presence of CuOTf to yield the cyclopropane derivative 31 In 79% yield. 

Catalytic hydrogenation of 31 over PtO2 In AcOH-AcONa provided the protected hydroxy patchoull 

alcohol 32 in 63% yield. Desilylation of 32 wlth Bu4NF yielded (t)-hydroxy patchouli alcohol (3) [mp 

132.5-133 “C, 97%], the ‘H NMR spectrum of which was identical wlth that of natural 3 (Scheme VII). 

For the further structural conflrmatlon, synthetic f&)-3 was converted to the corresponding acetate 33 

035%). the spectral (IR, lH NMR, and mass) properties of which were ldentlcal In all respects with 

those of the authentic sample derlved from natural 3. Furthermore, PDC23 oxidation of (3-3 

provided the corresponding Wcarboxyllc acid 4 In 97% yleld. The ‘H NMR spectrum of the derlved 

methyl ester 34 was Identical to that of the authentic sample obtalned from natural 4. Finally, 

decarboxylatlve oxldatlon of (+4 under the condltlons reported by Kochl24 gave (+norpatchoulenol (I) 

(mp 155-160 “C in a sealed tube, 31% yleldL6 The ‘H NMR, IR, and mass spectral properties of 

synthetic (+)-I were completely ldentlcal In all respects with those of natural 1. 

Scheme VIL 

32 3 4 1 

1 e 

(a) Bu4NF. 

(d) Ac20-Py. 

fb) PDC. 

fe) CH2N2. 
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ExPERlMmTN. 

Melting points are uncorrected. IR spectra were taken on either a JASCO vdel IRS or a JASCO 
Model IR-810 spectrophotometer In CHC13 solution unless otherwise stated. H NMR spectra were 
recorded on a JEOL FX-SOQE (SO MHz) spectrometer In CDCI soiutlon unless otherwise noticed: 
chemlcai shifts (6) are reported in ppm downfield from interna TMS and coupling constants in Hz. 9 
Low resoiutlon mass spectra (MS) were recorded on a Hitachi RMU-6C instrument. High resolution 
mass spectra (HRIMS) were measured on a JEOL JMS-DXSOO instrument. Full-Davison siiica gel BW-80 
was used for column chromatography. Merck precoated silica gel 
were used for analytical thin layer chromatography (TLC) and Merck 
TLC. Unless otherwise Indicated, the organic solutions obtained 
with brine, dried over anhydrous sodium sulfate and concentrated under reduced pressure by a rotary 
evaporator. 

4,4-Dimethoxybutyi Iodide 12 To a stirred solution of ethyl 4-bromobutyrate (3.7 ml, 26 mmoi) in 
hexane (50 ml) and toiuene (17 ml) under nitrogen at -100 “C was added dropwise a 1.76 M solution of 
dlisobutylalumlnum hydrlde In toluene (16.1 ml. 28.3 mmoi) over the period of 45 min. After 15 nin, 
MeOH (13 ml) was cautiously added dropwise to the reaction mixture and the resulting mixture was 
warmed to room temperature. To the mixture were added saturated aqueous potassium sodium 
tartrate solution (20 ml) and Celite (8 g). The mixture was vigorously stirred for a while and 
filtered through a pad of Celite. The filter cake was washed with ether (300 ml). The filtrate and 
washings were5zombined, washed with brine, dried, and concentrated to give the crude oil of 4- 
bromobutanal (5 g), which was used for the next reaction wlthout further purification. A mixture 
of the crude oil of 4-bromobutanal (5 g) and NH4Cl (54 mg) in anhydrous ,MeOH (150 ml) was heated 
at reflux for 10 min. After cooling, the mlxture was diluted with saturated aqueous NaHC03 solution 
(10 ml) and concentrated in vacua. The resulting residue was extracted with ether (4 x 100 ml). 

were washed with brine, dried, and concentrated to give the crude 011 of 
T”,“d~~~~~~~b~~~~~o~~~i~b 

p;rification. 
(4.9 g), which was used for the next reaction without further 

A mixture of the crude oil of 4,4-dimethoxybutyl bromlde (4.9 g), Nai (29.8 g, 200 
mmol), and anhydrous CaC03 (9.9 g, 100 mmol) In anhydrous acetone (135 ml) was vigorously stirred at 
room temperature for 1 h and concentrated in vacua. The resulting residue was diluted with ether 
(50 ml) and passed through a column of Florlsil. The column was washed with ether (150 ml). The 
filtrate and washings were combined and concentrated to give the g.i residue. Purification by 
column chromatography on silica gel (I: 1 hexane-ether)l prpvided 12 (4.09 g, 65% overall yield from 
ethyl 4-bromobutyrate) as a colorless 011: IR 1125 cm ; H NMR 6 1.63-2.00 (4H, m), 3.19 (2H, t, J = 
7.0), 3.31 (6H, s), 4.35 (IH, t, J = 5.5); MS m/z 244 (M+), 243, 213, 185. 

Alkylated ketone 13. To a stirred solution of diisopropylamine (0.33 ml, 2.4 mmol) in anhydrous THF 
at -78 “C under nitrogen was added dropwise 

l$ 
1.63 M solution of g-butyllithium in hexane (1.3 ml, 

2.1 mmol), After 20 min, a solution of II (111 mg, 0.668 mmoi) In anhydrous THF (1.0 ml) was 
added slowly to the solution of LDA at -78 “C. After being stirred for 40 min, the solution was 
warmed to --20 “C. To the solution were added 1.8 ml of drv hexamethvluhosnhramide and then a 
solution of 12 (550 mg, 2.25 mmol) in anhydrous THF (I ml). . The reaction mixture was stlrred at 
-20 “C for I.5 h. The reaction was quenched at -20 “C with saturated aqueous NHACl solution (0.5 
ml). The mixture was warmed to room temperature, diluted with water (I-ml), and -extracted with 
hexane (4 x 15 ml). The combined organic layers were washed with brine, dried, and concentrated. 
The oily residue was purified by column chromatography on_filIfa gel (1:2 hexane-ether) to give 13 (149 
mg, 78%) as a colorless oil: IR 1727, 1441, 1322, 1128 cm ; H NMR 6 1.87 (3H, d, J = 2.0), 2.65 
(IH, m), 3.29 (6H, s), 3.29 (lH, ml, 3.47 (3H, s), 4.33 (IH, br t, J = 5.4), 5.76 (IH, m); MS m/z 282 
(,M+), 254, 251, 239, 222, 219, 124, 75 (HRMS. Found: 282.1834 (M+). C16H2604 requires: 282.1831). 

a 14. To a solution of 13 (325 mg, 1.15 mmoi) in MeOH (11 ml) and H 0 (1.1 ml) was added 
hydroxylamine hydrochloride (244 mg, 3.51 mmol) and sodium acetate (474 mg, 5 .78 mmoi). The 
mixture was heated at refiux for 9 h. After cooling, the reaction mixture was concentrated in 
vacua. The residue was diluted with saturated aqueous NaHCO, solution (5 ml) and extracted with 
ether (4 x 15 ml). The combined organic layers were washed Gith brine, dried, and concentrated. 
The oily residue was purified by column chromatography on silica gel (100:100:1 hexane- t0 c-Et N) to 
provide 14 (339 mg, 99%) as a colorless oil: IR 3610, 3260, 1127, 1104, 1070, 1047 cm -’ tl NdR 6 ; 
1.86 (3H, d, J = 2.0), 2.54 (IH, m), 2.70 (lH, br dt, J = 10.4. 2.9), 3.30 (6H, s), 3.46 (3H, s), 4.35 
(IH, br t, J = 5.8), 5.93 (IH, m); MS m/z 297 (M+), 280, 248, 217, 202, 186, 114, 85, 75 fHRMS. 
Found: 297.1933 (M+). C16H27N04 requires: 297.1938). 

Coniugated cyclohexenone acetal IS. A mixture of 14 (61.0 mg, 0.205 mmol) and LiCl (87 mg, 2.1 
mmoll in anhvdrous ovrldine (1.5 ml) was stirred for 10 min at room temoerature under nltroaen. To 
the mixture was addkd p-toluenesulfonyi chloride (157 mg, 0.823 mmol). ‘The reaction mixture was 
stirred for 4 h at room temperature and diluted with EtOAc (10 ml). The resulting mixture was 
washed successively with water (3 ml), saturated aqueous CuSO4 solution (3 x 5 ml), and brine. The 
organic layer was dried and concentrated to give the oily residue. Purification by preparative TLC on 
silica gel (100:100:1 hexane-EtOAc-Et3N) afforded 15 (31.0 mg, 57%) as colorless crystals, 16 (4.0 mg, 
7%) as a colorless oil. and 17 (20.0 mg, 35%) as a colorless 01 15: mp 55-56 “C 
(cyclohexane); IR 2250, 1667, 1625, 1384, 1128, 1074, 1050 cm- 

1, ~espectiveiy. 
; H NMR 6 1.2-1.9 (6H, m). 2.02 (3H, 

br s), 2.1-2.9 (6H, m), 3.33 (6H, s), 4.34 (lH, br t, J = 4.7), 5.96 (IH, br q, J = 1.1); MS m/z 265 
(M+), 264, 234, 218, 202, 175, 109, 75. (Found: C, 67.75; H, 9.04; N, 5.24. requires: 
C. 67.89: H. 8.74: N. 5.28%1. 16: IR 2260. 1670. 1625. 1387. 1128. 1072. 1051 C151$3~03 cm : H NMR 6 1.4- 
I.$ (6H,‘m); 2.00’(3H, br s);. 2.1-2.8 (5H, m), 2.97’(1H, k), 3.i4 (6H; s), 4.37 (lH, d; 6.03 (1H, m); 
MS m/z 265 (M+). 264. 250. 234. 218, 202. 175. 109, 75 (HRMS. Found: 264.1579 (M+-I). . . 

C$&12%N,9a_ 2.0 requires: (6~, 
. 

m), 264.15991. I.74 (3H, 17:. br s), IR 2.0-2.8 2250, .1662; (4H. 1641, m), 3.32 1607, (6H, 1384. s), 3.59 1127, (3H, 1075, s), 1050 3.59 cm-‘; (IH. m), ‘H 4.35 
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(lH, m), 4.78 (lH, br s); MS m/z 279 (I&), 264, 248, 232, 216, 162, 124, 75 [HRMS. Found: 279.1647 
(M+). C]6H25N03 requires: 279.18351. 

Conlugated cvclohexenone aldehvde 9, A solution of 15 (112 mg. 0.422 mmol) In AcOH (1.7 ml) and 
H,O (0.8 ml) was stlrred at 60 “C for 1.5 h. After coolinn. the reaction mixture was diluted with 
tduei (5 ml) and concentrated in vacua. The oily residue -kas diluted wlth saturated aqueous 
NaHC03 solution (5 ml) and extracted with EtOAc (4 x 15 ml). The combined organic layers were 
washed with brine, dried, and concentrated to give 9 (109 mg), which was directly u for the next 
reaction without further purification. 9: IR 2720, 2260, 1729, 1668, 1625, 1387 cm -“fd ; ‘H NMR 6 2.04 
(3H, br s), 5.95 (lH. m), 9.72 (lH, br, s); MS m/z 219 (M+), 191, 176, 148, 109, 83. 

Tricyclic keto nitrile 10. A solution of crude 9 (109 mg, ~a. 0.42 mmol) and Et2NH (1.2 ml) in 
MeOH (11.4 ml) and HQO (0.6 ml) was stirred at 70 “C for 1.5 h under nitrogen. After cooling, the 
reaction mixture was cLonc&trated in vacua. 
extracted with EtOAc (4 x 7 ml). 

The oily r&due was diluted wfih H20 (2 ml) and-. 
The combined organic layers were washed with brine, dried, and 

concentrated. The crude products were seoarated by nrenarative TLC on silica nel (2:l benzene- 
acetone) to give 10 (38.0 mg, 41% from 15i, 18 (16.0 mg,’ 17% from 15). and 19-(16.0 mg, 17% from 
15) s colorle3.s crystals, respectively. 
cm-f I 

10: mp 205-206 “C (CHCI ); lR 3620, 3430, 2250, 1725, 1072 
H NMR 6 1.03 (3H s) 2.14 (2H, m), 2.54 (lH, m), 2.95 (&I, m), 3.97 (lH, dd, J = 4.3, 1.8); 

MS A/z 219 (M+), 201, 173’, 160 106. 
11.20; H, 7.82; N, 6.39%). I& mp ]88_;;?1; ~&!“~R”iK;,9”;,3Nd0 6;;i0 l&j”@ I;;~‘;;‘].“’ 

H NMR 6 2.24 (3H, d, J = 1.4), 3.52 (lH, m), 4.18 (lh, m), 5.97 (1H: br (, J =‘1.4); bS m/z 219’ 
(M+), 191, 176, 148, 109 IHRMS. Found: 219.1236 (M+). C]3l$7rO2 requires: 219.12581. 19: mp 
141-143 “C (benzene); IR (KBr) 3300, 2260, 1648, 1619, 1090 cm ; H NMR 6 2.02 (3H, d, J = l.4), 
3.72 (IH, m), 6.09 (lH, br q, J = Found: 
219.1239 (M+). 

1.4); MS m/z 219 (M+), 191, 176, 148, 109 [HRMS. 
C13H17N02 requires: 219.12581. 

X-Ray analysis of 18. Crystals of 18 were obtained by slow crystalllration from EtOH. 
was measured by floatation. Crystal data of 18 were as fo lows: C H NO 

Dmeasd 

monocllnic 
112g.o(3) A ; 3 

pace group ~2 , a = ]2.]94(2) A, b = 7.941( 
Dcalc 

126” were collect 
do; ;d$~u3i~e3g. 

A, c = l?!S&l, 3 Mb =’ 12&?21$& V = 
- 1.296 g/Clll’; 2 =4. Total 2069 reflections with 28% 

monochromated Cu Kn radiation (1.54178 A). 
automated four-circle diffractometer using graphite 

Structure was solved by Monte-Carlo direct method with 
the aid of MULTAN 78 program system using 1817 non zero unique reflectlons and refined by full- 
matrix least square prokamr The final R ialue was 0.052 (Rw- = 0.056). A computer-generated 
perspective drawing of 18 is given In Fig. 1. 

The atomic co-ordinates for this work are available on request from the Director of the 
Cambridge Crystallographic Data Center, University Chemical Laboratory, Lensfield Road, Cambridge, 
CB2 1EW. 

Oxidation of 18 and 19 Into splro ketone 20. To a stlrred solution of 18 (42.0 
-23 ml)xs addedPCC (130 mn. 0.603 mmol) at room temoerature. 

mg, 0.192 mmol) in 
After 2 h. additional 

PCC (f30 mg, 0.603 mmol) was added and stirring wa$ continued for’ 1 h at room temperature. The 
reaction mixture was diluted with ether (5 ml) and passed through a short column packed with Florlsil. 
The column was washed with EtOAc (30 ml). The filtrate and washings were combined and 
concentrated. The oily residue was purified by preparative TLC on silica gel (3:l benzene-acetone) to 

:?]?I NMR 6 ‘1 97 (3H d J = 1 5) 3 39 (1H dd J 
(24.5 mg 59%) as colorless crystals: mp 164-166 “C (benzene); IR 2260, 1714, 1676, 1628, 1119 

217 iM+), 189, 174: 161, 63.’ 
= 9.2, 6.8), 6.16 (lH, br q, J = 1.5); MS m/e 

(Fo&d: C; 71.88;’ H;7.03; N, 6.51. 
6.96; N, 6.45%). 

Cl3Hl5N02 requires: C, 71.87; H, 

Oxidation of 19 (47.0 mg, 0.214 mmol) with PCC (280 mg, 1.30 mmol) and purification of the 
crude products by the procedure described above afforded also 20 (24.8 mg, 53%). 

Thloacetal 21. A solution of 10 (200 mg, 0.912 mmol), and BF3 etherate (0.05 ml, 0.41 mmol) In 
ethanedlthiol (4 ml) was stirred at room temperature for 1.5 h. The reaction mixture was diluted 
with 10 N NaOH solution (5 ml), and extracted with EtOAc (4 x 50 ml). The combined organic 
layers were washed with brine, dried, and concentrated. The oily resldue was ourifled by oreoaratlve 
TLC on slllca gel (3~1 benzene-acetone) to give 2fl(2f3 mg, 98%)- as colorless ciystals: rnp ‘18d-180.5 
“C, 

(hexane-CHC13); ddd, J = 14.4, 
IR 3430, 2250, 1138, 1062 cm ; H NMR 6 0.87 (3H, s), 2.26 (2H, br s), 2.50 

(1f-h 11.1, 3.2), 2.88 MS m/z 
295 (M’), 267, 249, 

(IH, m), 3.1-3.5 (4H, m), 3.84 (lH, ddd, J = 7.2, 3.6, 3.6); 
235, 217, 202, 174, 91, 61 [HRMS. Found: 295.1044 (M+). 

requires: 295.1064). 
‘lSH21NoS2 

Aldehyde 22. To a stirred solution of 21 (41 mg, 0.14 mmol) in toluene (1.3 ml) and CH2Cl (0.6 
ml) at -78 “C under nitrogen was added dropwise a 1.76 M solution of diisobutylaluminum hydr de z In 
toluene (0.32 ml, 0.56 mmol) slowly. After stirrlng for 2 h, the reactlon was quenched with 2 N 
H SO4 (I ml) at -78 “C and the mixture was warmed to room temperature with vigorous stirring. 
After belng stirred for 2 h at room temperature, the mixture was extracted wlth EtOAc (4 x 10 ml). 
The combined organic layers were washed with brine, dried, and concentrated. The oily resldue was 
purified by preparative TLC on silica gell(2i3 hexane-EtOAc) to give 22 (38 mg, 91%) as a colorless 
oil: IR 3430, 2720, 1724, 1141, 1065 cm ; H NMR 6 0.92 (3H, s), 2.0-2.2 (2H, m), 2.30 (PH, br s), 
2.60 (lH, m), 3.1-3.5 (4H, m), 3.76 (lH, m), 9.54 (lH, s); MS m/t 298 (M+), 252. 238, 205, 186, 149, 
85, 83 [HRMs. Found: 298.1088 (M+). Cl5H2202S2 requires: 298.10621. 

Alcohol 23. To a stirred solution of 22 (38 mg, 0.13 mmol) In MeOH (1.2 ml) was added NaBH4 (6.3 
mg, 0.17 mmol). After stlrrlng at rcmm temperature for 30 min, the reaction mlxture was diluted 
with H20 (0.25 ml) and concentrated in vacua. To the residue was added H20 (1 ml) and the 
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mixture was extracted with EtOAc (4 x 5 ml). The combined organic layers were washed with brine, 
dried, and concentrated. The oily residue was purified by preparative TLC on silica gel (1:2 hexane- 
EtOAc) to give 23 (39 vg, 94%) as colorless crystals: mp 151.5-152 “C (hexane-CHCl 1; IR 3650, 3440, 
1139, 1060, 1003 cm- ; H NMR 6 0.89 (3H, s), 2.24 (2H, br s), 3.1-3.5 (6H, m), 3.72 (IH, m); MS 
m/z 300 (hi+), 282, 269, 240, 222, 207, 186, 105, 91 JHRMS. Found: 300.12 19 (M+). 
requires: 300.1218]. 

’ I 5H2402S2 

m24. A mixture of 23 (87 mg, 0.29 mmol) and freshly prepared Raney Ni (activity W-2, ~a. 5 g) 
in EtOH (5 ml) was heated at reflux for I h. After cooling, the mixture was decanted and the 
supernetant was separated. The precipitates were suspended in MeOH (20 ml) and the mixture was 
refluxed for 15 min and the supernatant was separated after cooling. This procedure was repeated 
flve times. The combined supernatants were filtered through a pad of Celite, which was washed with 
MeOH. The flltrate and washlngs were combined and concentrated. The oily residue was purlfled 
by preparative TLC on silica gel (2:1 benzene-acetone) -50 Q ive 24 (55 mg, 90%) as colorless crystals: 
mp 132-133 “C (hexane-ether); IR 3630, 3450, 1049 cm ; H NMR 6 0.87 (3H, s), 3.38 (2H, m), 3.61 
(lH, m); MS m/z 210 (M+), 192, 174, 161 IHRMS. Found: 210.1590 (M+). 
210.1619j. 

C13H2202 requires: 

Silvl ether 25. To a stirred solution of 24 (82 mg, 0.39 mmol) in anhydrous CH Cl2 (7 ml) under 
nltrogen were added Et3N (0.27 ml, 2.0 mmol), 4-(dimethylamino)pyridine (14 mg, .I2 mmol) and B 
t-butyldlmethyIsilyl chloride (117 mg, 0.776 mmol). After stirring at room temperature for 6 h, the 
reaction mixture was diluted with H20 (3 ml) and extracted with ether (4 x 15 ml). The combined 
organic layers were washed with brine, dried, and concentrated. The oily residue was purified by 
preparative TLC on silica gel (6:1 benzeneLqce!one) to give 25 (131 mg, 99%) as a colorless oil: IR 
3430, 1255, 1108, 1086, 1030, 998, 834 cm ; H NMR 6 0.04 (6H, s), 0.86 (3H, s), 0.90 (9H, s), 3.34 
(2H, m), 3.62 (lH, m); MS m/z 324 (M*), 309, 267, 249, 191, 175, 105, 81, 75, 73 [HRMS. Found: 
324.2479 (M+). ClgH3602Si requires: 324.2481). 

26. Ketone To a stirred solution of 25 (28 mg, 0.087 mmol) in anhydrous CH2Ci2 (1 ml) was added 
PCC (48 mg, 0.22 mmoi). The reaction mixture was stirred at room temperature for 40 min, diluted 
with ether (1 ml). and passed through a column of Florisil. The column was washed with ether (20 
ml). The filtrate and-washinns were combined and concentrated under reduced oressure. The oily 
residue was purified by preparitive TLC on silica gel (I:1 hexmeiether) to give 26 (24.2 mg, 87%) as 

an amorphous solid: IR 1712, 1255, 1108, 1065, 1006, 837 cm ; H NMR 6 0.03 (6H, s), 0.88 (9H, s), 
1.00 (3H, s), 3.37 (2H, d, J = 7.5); MS m/z 322 (Me), 307, 265, 235, 173, 145, 131, 75, 73 IHRMS. 
Found: 307.2099 (M+-Me). CI8H3102Sl requires: 307.20931. 

Bridgehead hydroxylation of 
diisopropylamine (0.095 ml, 
droowise a 1.63 M solution 

ketone 26 & a-hydroxy ketone 27. To a stirred solution of 
0.68 mmol) in anhydrous THF (2 ml) at -78 “C under nitrogen was added 
of n-butyllithium in hexane (0.40 ml, 0.65 mmol) slowly. After 15 mln, a 

solution of 26 (45.8 mg, 0.142 mmol) in anhydrous THF (1 ml) was added to the solution of LDA at 
-78 “C. After being stirred for 50 min at -78 “C, the mixture was warmed to -50 “C and the 
Mo05’Py’HMPA complex (280 mg, 0.645 mmol) was added to the mixture in one portion. Stlrring was 
continued for 30 mln at -50 “C and the reaction was quenched with saturated aqueous NH4CI solution 
(1 ml) at -50 “C. The resulting mixture was warmed to room temperature and extracted with ether 
(3 x 15 ml). The combined organic layers were washed with brine, dried. and concentrated. The 
oily residue was purified by preparative -TLC on silica gel (I:1 hexane-ether) to 27 (35 mg, 73%) 
as colorless crystals: mp 76-79 “C (pentane); IR 3590, 1721, 1254, 1084, 837 cm 

_qve, 
; H NMR d 0.04 

(6H, s), 0.89 (9H, s), 1.03 (3H, s), 2.33 (IH, ml, 3.40 (PH, d, J - 7.0); MS m/z 338 (M?, 323, 281, 
263, 251 [HRMS. Found: 281.1573 (M+-I-Bu). C15H2503Si requires: 281.1573). 

j-Hydroxysulfoxlmine 28. To a stirred solution of N,S-dImethyl-S-phenylsulfoximine (150 mg, 0.886 
mmol) and trlphenylmethane (4 mg) in anhydrous THF (3 ml) at 0 “C under nitrogen was added 
dropwise a 1.56 i solution of L&tyllithium in hexane until an orange color persisted. After the 
stirring for 10 min, a solution of 27 (59 mg, 0.17 mmol) in anhydrous THF (3.5 ml) was added 
dropwlse to the orange solution and the reaction mixture was stirred at 0 “C for 1 h. The reaction 
was quenched with saturated aqueous NH4CI solution (2 ml). The resulting mixture was extracted 
with ether (4 x 15 ml). The combined organic layers were washed with brine, dried, and 
concentrated. The oily residue was purified by column chromatography on silica gel (5:1+2:1 hexane- 
ether) to give 28 (85 mg, 96%) as a I:1 mixture of two diastereomers concerning the sulfur atom as 
an oil. Further separation of 28 by either TLC or column chromatography provided each 
diastereomer, 28a [Rf 
respectively. 

0.3 (I:1 hexane-ether)] and 28b IR 0.2 (1:l ether-hexare)\ in pure state, 
28~ -a colorless oil; IR 3440, 1248, 1147, -4 084, 1054, 836 cm- ; H NMR 6 0.03 (6H, 

s), 0.86 (3H, s), 0.88 (9H, s), 2.59 (3H, sj, 3.24 (IH, d, J = 13.7). 3.37 (2H, m), 3.49(1H, d, J = 13.71, 
7.4-7.7 (3H, m), 7.8-8.0 (2H, m); MS m/z 507 (M+), 492, 450, 281, 263, 251, 189, 171, 169, 161, 156, 
154, 125, 106, 77, 75 IHRMS. Found: 450.2105 (M+-t-Bu). 
a colorless oil; IR 3440, 1248, 1142, 1083, 1058, 1013, 836 cm 

523&6g$SS; ‘;.grgH 4~2;“8”71* (, ,,” 
; 

s), 2.70 (3H, s), 3.29 (2H, d. J = 7.5), 3.60 (2H, br s), 7.4-7.6 (3H. m), 7.7-8.0 (2H, A); hS’m/z 50; 
(M+), 492, 450, 411 355, 281, 263, 251, 189, 171, 169, 161, 156, 154, 125, 106, 77. 75, 73 (HRMS. 
Found: 450.2110 (MS-t-Bu). C23H36N04SSi requires: 450.21331. 

Olefln 29. 6 -Hydroxysulfoximine 28 (17.7 mg, 0.0349 mmol) was dissolved in THF (0.15 ml) and AcOH 
containing I% H20 (0.15 ml). Alumlnum foil (20.0 mg, 0.741 mg-atom), which had been stirred for 
20 set with 2% aqueous mercuric chloride and washed successively with water, ethanol and ether, was 
added to the reaction mixture. The reaction mixture was stirred for 30 min and diluted with ether 

Zn’)’ 
The resulting mixture was filtered through a pad of Cellte, which was washed with ether (30 

The filtrate and washings were combined and washed with saturated aqueous NaHC03 solution (3 
ml). The aqueous layer was extracted with ether (3 x 10 ml). The combined organic layers were 
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washed with brine, dried, and concentrated. The oily residue was purified by column chromatography 
on silica gel (1O:i hexane-ether) to give 29 (8.2 mg, 70%) and Xl (3.1 mg, 25%) as colorless crystals, 
reer$?ctjW. 29: mp 65-66 “C (not recrystallized); IR 3620, 3450, 1650, 1466, 1254, 1073, 1009, 837 

H NMR 6 0.03 (6H. s), 0.89 (QH, s). 0.94 (3H, s), 2.32 (lH, m), 3.37 (2H, m), 4.96 (IH, d, J = 
1.11, ‘5.05 (IH, d, J = 1.1); MS m/z 336 (M+), 321, 279, 261 [HRMS. Found: 336.2493 (hi+). 

~~Q~3~~s~~u~~O~3~~~ 0 87 (3H 
30: mp 142-143 “C (benzene)- IR 3620 3480 f470 1253 1057 837 

339, ‘297, 279, 222, ‘203, 187 [HRhS. 
s) 0 89 (9H s) 1 33 ‘(3H s), i.36 (2H m);’ MS t&z 3;4 (hi+), 

kou;ld:’ 297.1865 iM+--t-Bu). ’ C16H2Q03& requires: 297.1886). 

Cycloprooane derivative 31. To a solution of 29 (30.1 mg, 0.0894 mmoi) in anhydrous benzene (2.2 
ml) under nitrogen was added the CuOTf benzene complex (85 mg, 0.17 mmol). The resultlng mixture 
was stirred at room temperature for 5 min. A stream of nitrogen (30 mi/min) was bubbled through an 
ethereal solution of CH N2 
containing CH2N2 was 3 

(prepared from 5.3 g of N-methyl-N-nitrosourea). The nitrogen stream 
ried by passing through a KOH tube and bubbled into the vigorously stirred 

re,?tion mixture at 20 *C (water bath temperature) until TLC showed disappearance of 29 &. 30-60 
The reaction mixture was diluted with ether (5 ml) and passed through a column of Florisil. 

The ‘column was washed with ether (30 ml). 
with 2 N NH40H (3 ml). 

The filtrate and washings were combined and washed 
The aqueous layer was extracted with ether (4 x 10 ml). The combined 

organic layers were washed with brine, dried, and concentrated. The oily residue was purified by 
column chromatography on silica gel (10: tlhefane-ether) to give 31 (24.8 mg, 79%) as a colorless oil: 
lR 3630, 3430, 1470, 1253, 1083, 837 cm ; H NMR 6 0.05 (6H, s), 0.1-0.8 (4H, m), 0.90 (9H, s), 0.95 
(3H, s), 3.41 (2H, ml; MS m/z 350 (M+), 332, 322, 293, 275 IHRMS. Found: 350.2643 (M+). 
C2 l H3802Si requires: 350.264 11. 

Protected hydroxy patchouli alcohol 32 A mixture of 31 (6.2 mg, 0.018 mmol), AcONa (12 mg, 0.15 
mmol) and Pt02 (36 mg, 0.16 mmol) in AcOH (0.4 ml) was vigorously stirred at room temperature 
under hydrogen. After 1.5 h, the mixture was filtered off. The flltrate was diluted with ether (15 
ml) and the organic solution was washed with saturated aqueous NaHC03 solution (7 ml). The 
aqueous layer was extracted with ether (3 x 10 ml). The combined organic layers were washed with 
brine, dried, and concentrated. The oily residue was purified by column chromatography on silica gel 
(IO:1 helanf-ether) to give 32 (5.2 mg, 83%) as a colorless oil: lR 3650, 3470, 1470, 1393, i253, 1090, 
837 cm- ; H NMH 6 0.04 (6H, s), 0.85 (3H, s), 0.90 (QH, s), 1.08 (6H, s), 3.38 f2H, m); MS m/z 352 
(M+), 295, 277, 220 [HRMs. Found: 352.2772 (M*). C2lH4OO2Si requires: 352.2795). 

(+)-Hydroxy uatchouli alcohol (3). To a stirred solution of 32 (5.2 mg, 0.015 mmol) in anhydrous THF 
(0.2 ml) under nitrogen was added a 1 M solution of Bu NF in THF (0.74 ml, 0.74 mmol). The 
reaction mixture was stirred at room temperature for 3 h and concentrated in vacua. 
residue was diluted with Hz0 (1 ml) and extracted with ether (5 x 5 ml). 

The resulting 

layers were washed with brine, dried, and concentrated. 
The combined organic 

The oily residue was purified by column 
chromatography on silica gel (I:1 hexane-ether) to give (t)-3 (9.4 ,mg, 97%) as colorless crystals: mp 
132.5-133 “C (hexane-benzene); 1R 3650, 3460, 1468, 1041 cm- ; 
3.44 (2H, m); MS m/z 238 (M+), 220, 207, 195, 73 [HRMS. 

H NMR 6 0.87 (3H, s), 1.09 (6H, s), 

requires: 238.1930). 
Found: 238.19 10 (M+,). ‘lSH26’2 

Acetate 33. A mixture of (t)-3 (1.2 mg, 5.0 umol), pyridine (0.5 ml) and Ac20 (0.1 ml) was stirred 
at room temperature for 2.5 h. Concentration of the mixture afforded an oily residue, purification of 
which by preparative TLC on silica gel (l:? he 
solid: lR 3660, 3450, f 730, 1238, 1043 cm- ; 

xane-ether) gave 33 (1.2 mg, 85%) as an amorphous 
H NMR 6 0.85, (3H, s), 1.08 (6H, s), 2.05 (3H, s), 3.89 

(2H, d, J = 7.2); MS m/t 280 (M+), 220, 205 [HRMS. 
280.20361. 

Found: 280.2020 (M+). Cl 7H2803 requires: 

WCarboxylic acid 4. A mixture of (+3 (7.0 mg, 0.029 mmol) and PDC (60 mg, 0.16 mmol) in 
anhydrous DMF (0.10 ml) was stirred at room temperature for 13 h. The reaction mixture was 
diluted with Hz0 (1.2 ml) and extracted with EtOAc (4 x IO ml). The combined organic layers were 
washed successively with saturated aqueous NaHS03 solution (2 ml) and brine, dried, and concentrated. 
The oily residue was purified by column chromatography on silica gel (2:l hexane-ether) to give (d-4 
(7.2 mg, 97%) as a colorless oil: lR 3640, 3300-2500, 1700, 1043 cm-‘; ‘H NMR 6 0.90 (3H, s), 1.08 
(3H, s), 1.11 (3H, s), 2.82 (IH, ddd, J = 10.8, 7.2, 3.6), 4.60 (IH, br s, OH); MS m/z 252 (M+), 234, 
209, 191, 158 IHRMs. Found: 252.172 1 (M+). Cl5H2403 requires: 252.17231. 

Methyl ester 34. A solution of (t)-4 (1.8 mg, 7.1 umol) in EtOAc (2 ml) was treated with CH N2 
Concentration and purification by preparative TLCl op 
47%) as a colorless oil: iR 3680, 3500, 1725 cm- ; 

silica gel (21 hexane-ether) afforded 34 (0.3 mg, 
H NMR 6 0.89 (3H, s), 1.08 (3H, s), 1.11 (3H, s), 

2.70 (IH, m), 3.65 (3H, s); MS m/z 266 (M+), 235, 223, 207, 81 [HRMS. 
C16H2603 requires 266.18821. 

Found: 266.1903 (M+). 

It)-Norpatchoulenol (1). A mixture of (d-4 (17.5 mg, 0.0694 mmol), C~(OAC)~‘H 0 (2.4 mg, 0.012 
mmol) and pyrfdine (0.07 ml. 0.9 mmol) in anhydrous benzene (0.5 ml) was stirre d;! 
temperature for 30 min. 

vigorously at room 
To the resulting green solution was added quickfy Pb(OAc) 

mmol) in one portion and the reaction vessel was tightly sealed and protected from 
(50 mg, 0.11 

1 ght. # The 
reaction mixture was heated at 90 “C with stirring for 2 h. After cooling, the sealed vessel was 
opened and the contents were filtered through a column of Florisil. The column was washed with 
ether (15 ml). The filtrate and washings were combined and concentrated in vacua. The oily 
residue was purified by preparatlve TLC on silica gel (I:1 hexane-ether) to give (&I (4.4 mg, 31%) as 
colorless crystals. Furthg 
160 “C (sealed tube) [Lit. 

purification by sublimation (35 “C, 1 mmHg) provided pure (*)-1, mp 155- 

ref. 8b)J. 
mp 135-141 “C (conditions for the mp measurement was not specififd /n 

(2)-l: IR (CC14) 3625, 3500, 3020, 1650, 1464, 1390, 1370, 1049, 1001, 975, 700 cm- ; W 
NMR (CC14) 6 0.77 (3H, s), 1.06 (6H, s), 2.33 (IX, dd, J - 17.7, 4.1), 5.41 (lH, ddd, J = 10.1, 4.1, 
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2.9), 5.68 (IH, ddd, J = 10.1, 6.1, 3.6); MS m/z 206 (M+), 191, 173, 163, 145, 122 (HRMS. Found: 
206.1670 (M+). C14H220 requires: 206.167Oj. 
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