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First total synthesis of (I)- 13-hydroxyneocembrene (l), starting from 6-methyl-5-hepten-2-one (6) and 
geraniol(7), is described. The key steps are (i) the addition of sulfur-sfabilized carbanion 12 to aldehyde 9, 
(ii) the synthesis of 18 by using phase-transfer cadyzed coupling reaction, and (iii) low-valent titanium-in- 
duced intramolecular coupling of 0x0 aldehyde 3 to afford the target molecule afler the final deprotection. 

INTRODUCTION 

Cembranoids, a 1Cmembered cyclic diterpene family, 
are of interest to synthetic chemists and biologists because 
of their unusual structure and wide range of biological ac- 
tivities.''2 { 13$)-hydroxyneocembrene (l), a cembranoid 
which wac isolated in 1988 from soft coral Sarcophytan tro- 
cheli~phorum,~ has been shown to be an effective inductor 
of the rdease of labeled glucose from the lecithincholesterol 
liposomes and has cytostatic activitie~.~ It can be regarded 
as a hydroxy derivative of cembrene-A (2), which was the 
sex pheromone of tei~nites.~ The geometrical structure and 
absolute configuration of 1 have been defined to be 
1Si3E,7E,1 1E,I3S. As far as we know, the synthesis of 
(13S)-hydroxyneocembrene (1) has not been reported yet. 
We have now achieved the total synthesis of (?)-I and pro- 
vide here the details of this accomplishment. 

Our overall plan for the synthesis of (f)-hydroxyneo- 
cemberene (I) started from 6-methyl-5-hepten-Z-one (6) 
and geraniol(7). The desired product can be obtained from 
a common precursor such as 3 by low-valent titanium-in- 
duced carbonyl coupling (Scheme I). There are previous re- 
ports to support this hypothesis. For example, McMurry 
found that open-chain 0x0 aldehydes undergo a carbonyl- 
coupling reaction on treatment with a solution of 
TiClJZn/Cu in dimethoxyethane (DME) to give good yields 

of large-ring cycloalkenes at reflux temperature6 and large- 
ring cydic 1,Zdios (pinacols) at low temperature.' 

RESULTS AND DISCUSSION 

Protection of 6-methyl-5-hepten-2-one by reaction 
with a large excess of ethylene glycol using p-TsOH as a 
catalyst in refluxing benzene overnight yielded a 92% yield 
of the ethyiene a c e d  8, which was oxidized by 70% terf-bu- 
tyl hydroperoxide in the presence of selenium oxide (0.5 
equiv) in dichloromethane to give aldehyde 9 in 64% yield. 
According to the methods described in the literature,8 ben- 
zenesulfonyl derivative 12 was prepared, and then was 
lithiated with 1.5 equiv. of LDA in anhydrous THF at -78 ' C 
under an argon atmosphere. Coupling reaction' of 9 with 
the lithium salt of 12 at the same temperature proceeded 
smoothly to afford 13, of which the sulfonyl group was re- 
moved by treatment with excess of Li in ethylamine at -78 
"C to give the reduced product 14 in 62% yield. Alcohol 14 
reacted with ACZO in pyridine to give the corresponding ace- 
tate 15, which underwent regioselective allylic chlorination 
with terf-butyl hypochlorite on silica gel to give 4. 

Another fragment, 5, was prepared from geraniol(7). 
Geraniol was converted to geranyl phenyl sulphone 16 by 
using a general method.' Compound 16 was subjected to 

ozonolysis in CHzClz at -78 "C to give the aldehyde 17, 
which was converted to the corresponding alcohol by reduc- 
tion with NdHS in MeOH at 0 "C (85% yield) after protec- 
tion with DHP, compound 5 was ready for coupling with 
compound 4. 

Allylic phenyl sulphone 5 was coupled with allylic 
chloride 4 by using (n-C4H9)4NBr (TBAB) as a phase-tans- 
fer catalyst in 50% NaOH to afford 18 in 50% yield" re- 
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Scheme I 
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a) HOCH,CH,OEI, p-TsOH, 92%; b) SeO,, t-BuOOH, CH,Cl,, 0 "C-rt, 64% ; c) PBr,, Py, 80%; d) NaSO,Ph, DW, 
85%; e )  (CH3),C=CHCH2S0,Ph, LDA, TEE, - 78 "C, 85%; 0. Li-EtNH?, THF, -78 "C, 62%; 8). Ac,O, Py, 92%; h). r- 
BuOCI, Silica gel-H, 60%; i). I, P3r3, Py; 2. NaSO,Ph, 73%; j). 0,/CH2Cl2, -78 T, then CH,SCH,, 80%; k). 1. NaBH, 
I MeOK 0 "G, 85%; 2. DKPlp-TsOH, CH2CI,, rt, 70%; i). 50% NaOK, TBAB, 50%; m). Li-EtNK,, THF, 65%; n). 

Ac,O, Py, 95%; 0). l)MeQH, p-TsOH, 50 OC, 82%; 2)PCC, CHJL, 90%; p). TiCI,, ZdCu, -ITIF, reflux 30 h, 38%; s). 
K?C03, MeOH, 77%. 



Total Synthesis of (f)-l3-Hydroxyneocembrene 

moval of the phenylsulphone, giving alcohol 19, and protec- 
tion with Ac2O in pyridine resulted in 20. Compound 20 
was treated with a catalytic amount of p-TsOH in MeOH, 
and then PCC in CHZCII, to give a dicarbonyl compound 3 
as a colorless oil. The final crucial step of intramolecular 
macrocyclization was induced by low-valent titanium. A 
highly diluted solution of 3 (0,004 M) in dry THF was added 
slowly via syringe to the refluxing mixture of TiCIdZn-Cu 
in THF over 30 h afforded the intramolecular cyclization 
compound 21," which was saponified using K2COdMeOH 
to give (k)- 13-hydroxyneocembrene 1. 

In conclusion, we have completed the first synthesis of 
(&)- 13-hydroxyneocembrem in 14 steps starting from 6- 
methyl-5-hepten-2-one and geraniol. 

EXPERIMENTAL SECTION 

IR spectra were obtained on a FT- 170SX spectrometer. 
'H NMR spectra were recorded on a FT-8OA or AM-400 in- 
strument i n  CDCb soiution, and chemical shifts are reported 
in ppm units with TMS as the internal standard. Mass spec- 
tra (MS) were measured on a ZAB-HS spectrometer by di- 
rect inlet 70 eV, and signals given in m / ~  with relative inten- 
sity (%I in parenthesis. All solvents were freshly purified 
and dried by standard techniques prior to use. All reactions 
were routiiiely carried out under an inert atmosphere of ar- 
gon and monitored by TLC unless otherwise noted. Prod- 
ucts were purified by flash column chromatography (FCG) 
on silica gel (200-300 mesh), purchased from Qing Dao Ma- 
rine Chemical Co. In the work up, all organic phases were 
washed with water and brine consecutively, then dried over 
anhydrous. MgS04 and filtered prior to rotary evaporation 
under reduced pressure. 

2-Methyl-2-(4-methyl-3-pentenyl)-1,3-dioxolane (8) 
A mixture of ketone 6 (10.8 g, 85.7 mmol), ethylene 

glycol (13.26 g, 138 mmol) and added p-TsOH (200 mg) in 
anhydrous benzene (60 mL) was refluxed for a period of 5 h 
with azeotropic distillation to remove water from the reac- 
tion mixture. After completion of the reaction (monitored 
by TLC), the reaction mixture was concentrated to remove 
most of the benzene and the resulting residue was diluted 
with efher (ZOO mL), washed successively with saturated so- 
dium bicarbonate aqueous soiution, water, brine, and then 
dried. Evaporation of the solvent under reduced pressure 
gave an oily residue, which was purified by FCG on silica 
gel (pel. ether/Et20 1 O : l )  lo afford dioxolane IT (13.4 g, 
92%). 

IR (film) v 2985, 1650, 1448 cm-'. 'H NMR (CDCM 
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TMS) 6 I .22 (s, 3H, CH3), 1.52 (s, 3H, CH,), 1.59 ( s ,  3H, 
C&), 1.70-2.20 (m, 4H), 3.83 (s, 4H, OCH2CH20), 5.00 (t, 
1 H, J = 6.6 Hz). 

2-Methyl-2-(4-f0rmyl-4-methyl-3-pen~nyl)-l,3-~0~0- 
lane (9) 

To a stirred clear mixture of selenium dioxide (1.64 g, 
14.8 mmol) and 70% terl-butyl hydroperoxide (7.58 mL, 
59.4 mmol) in CH2Clz (50 mL) was added dropwise a solu- 
tion of dioxolane 8 (5.05 g, 29.7 mmol) in CHzClz (10 mL) 
at 0 "C (ice-water bath) over 30 min. The slirring was con- 
tinued For 5 h at 0 'C, and the reaction mixture was allowed 
to wafm to room temperature overnight. The mixture was 
diluted with ether (200 mL), washed successively with 1 N 
NaOH (4 X 40 a), water, brine, and dried. Evaporation of 
the solvent under vacuum gave an oily crude product, which 
was purified by flash column chromatography (pet. 
etherlacetone 10: 1) to afford aldehyde 9 (3.50 g, 64%) IR 
(film) v 2954, 1685, 1440, 1380, 1120 cm-'. 'H NMR 

2.50 (m, 4H), 3.89 (s, 4H, OCH~CHZO), 6.45 (t, lH, J =  6.8 
Hz), 9.33 (s, lH, CHO). 

(CDCI,/rMS) 6 1.28 (s, 3H, CH3), 1.68 ( s ,  3H, CHs), 1.70- 

2-Methyl-2-(5-hydroxyl-6-phenylsulfonyl~,S-d~et~y~- 
3E,7E-nonadienyl)-l,3-dioxolane (13) 

A solution of Freshly distiIled anhydrous diisopropy- 
lamine (2.86 d, 20.2 mmol) in THF (20 mL) was cooled to 
-60 "C (dry ice-acetone bath) under argon, and a n-hexane 
solution of n-BuLi (1.6 N, 8.4 mL, 13.45 mmol) was intro- 
duced via a dry syringe. The resulting mixture was stirred 
for 45 rnin at that temperature, and a solution of 12 (1.83 g, 
8.71 mmol) in THF (I0 mL) was added dropwise via syr- 
inge. The reaction mixture was st i r red For an additional 2 b 
and cooled again to -78 "C. A solution of THF (20 mL) con- 
taining aldehyde 9 (1.61 g, 8.75 mmol) was added dropwise 
at -78 "C. The resulting mixture was stirred for 1.5 h at -78 
"C andallowed to warm to room temperature for I h stirring. 
After quenching with saturated ammonium chloride aque- 
ous solution, to the resulting mixture was added water (5 
mL) and ether (10 d). The organic phase was separated 
and the aqueous layer was extracted with ether (3 x 40 mL). 
The combined organic phase was washed with water and 
brine. The organic phase was dried, and the solvent was 
evaporated in vacuum. Purification of the residue by flash 
column chromatography (pet, ether/acetone 8: 1) gave alco- 
hol 13 (2.92 g, 85%).  

IR (film) v 3385,2982,2936,2885,1660,1450,1138, 
1059 cm-'. 'H NMR (CDClsTTMS) 6 1.23 (s, 3H, CH3), 1.44 
(s, 3H, CHs), 1.62 (s, 3H, CH3), 1.70 (s, 3H, CHs), 1.70-2.50 
(m, 5H), 3.88 (s, 4H, OCH2CH20), 4.20-4.80 (m, ZH, CHO, 
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CHS02), 5.15-5.58 (m, ZH), 7.34-7.80 (m, TH, ArH). MS 
m/z  (%) 394 (M', 0.4), 377 (3,189 (lo), 177 (rJO), 153 (13, 
135 (20), 81 (70), 71 (100). Anal. Calcd for C ~ I H ~ O S O ~ :  C, 
63.96; H, 7.61; S ,  8.12. Found: C, 63.50; R, 7.64; S ,  8.01. 

2-Methyl-2-(5-hydroxyl-4,8-dimethyl-3E,7~-no~~enyl)- 
1,3-dioxolane (14) 

A solution of dry ethylamine (10 mL) in anbydrous 
THF (3  mL) containing 2 g lithium wire was stirred at -78 
"C for 1 h, and the alcohol 13 (3.63 g, 9.2 nunol) in THF (3 
mL) was added dropwise. The reaction mixture was stirred 
at -78 "C for 0.5 h, and methanol (10 mL) was added. The 
solution was allowed to warm to room temperature and 
poured into water, and then extracted with ether. The com- 
bined organic phase was washed with water and brine, and 
then dried. The solution was concentrated on a rotary 
evaporator to give a residue, which was purified by flash 
column chromatography (pet. ethedacetone 18: 1) to give al- 
cohol 14 (1.45 g, 62%). 

IR (film) v 3396, 2959, 2872, 1447, 1055 cm". 'H 

1.62 (s, 3H, CH3), 1.48 (s, 3H, CH3), 1.70-2.40 (m, 7H), 
3.93 (s, 4H, OCHXH20), 4.25 (m, IH, CHO), 5.0-5.60 (m, 
2H, CH=). MS m/z (%) 254 (M', O . l ) ,  237 (4), 177 (20j, 
153 (29j, 135 (40), 99 (50), 81 (70), 71 (100). 

NMR (CDCLITMS) 6 1.25 (s, 3H, CH3), 1.32 (s, 3H, CH3), 

2-Mt?tbyl-2-(5-acetoxy-4,&-dim~thyl-3E,7E-nonadienyl)- 
1,3-dioxolane (15) 

A mixture of alcohol 14 (1.45 g, 5.71 mmol) and AczO 
(8 mL) in pyridine (10 mL) was stirred at room temperature 
for 10 h. To the reaction mixture was added water (20 mL) 
and then extracted with ether (4 x 15 mL). The combined 
organic phase was washed with water, brine, and then dried. 
The solvent was evaporated in vacuum, and the residue was 
purified by flash column chromatography (pet. etherlace- 
tone 20: 1) to give ester 15 (1.52 g, 92%). 

IR (film) v 2979,2870, 1735, 1240, 1025 cm-'. 'H 
NMR (CDCWTMS) 6 1.30 (s, 3H, CHs), 1.60 (s, 3H, CH3), 
1.64 (s, 3H, CH3j, 1.68 Is, 3H, CHs), 1.48-2.30 (m, 6H), 

(m, 3H, CH=, CHO). MS d z  (%) 296 (M*, lo), 281 ( S ) ,  
271 (lo), 175 (100)) 153 (15), 135 (50), 107 (60), 71 (80). 
Anal. Calcd for C1d-12%04: C, 68.92; H, 9.46. Found: C, 
68.43; H, 9.37. 

2.03 fs, 3H, CH3CO), 3.95 ( s ,  4H, OCHXH20), 5.0-5.52 

t-Methyl-2-(5-acetoxy- 7-chIoro-4,8-dimdRyl-3~,7E- 
nonadienyl)-1,3-dioxolane (4) 

To a vigorous stirring mixture of 15 (1.32 g, 4.46 
mmol) and silica gel (2 g) in dry n-hexane cooled to 0 "C 
was added I-butyl hypochlorite (0.58 g, 5 .5  mmol) over 5 

min. The resulting mixture was stirred at 0 "C for 30 min 
and then at room temperature for 1 h. The mixture was fil- 
tered and the filtrate was washed with ether (10 mL). The 
combined organic phase was washed with 10% sodium suI- 
fire, water, brine and then dried. The solution was concen- 
trated on a rotary evaporator to give a residue, which was 
purified by flash column chromatography (pet. etherlace- 
tone 20: 1) to give ester 4 (890 mg, 60%). 

IR (film) v 2980,2860, 1734, 1245 cm-'. 'H NMR 
(CDCIdTMS) 6 1.34 ( s ,  3H, C&), 1.65 (s, 3H, CH3), 1.80 
( s ,  3H, CH3), 1.68-2.50 (m, 4H), 2.06 (s, 3H, CH3CO), 3.95 
(s, 4% OCHdX20), 4.30 (m, IH, CSCI), 4 .864.96 (2s, 
2H, CH*=), 5.12-5.54 (m, 2H, CH=, CHO). MS d z  (%j 33 1 
(M+l, 0,3), 330 (M+, 1.0%), 317 (lo), 315 (30), 295 (25) )  
273 (33), 271 (100)) 209 (32), 173 ( 6 3 ,  154 (SO), 135 (50), 
71 (60). Anal. Calcdfor C H H ~ ~ O ~ C I :  C, 61.72; H, 8.17; CI, 
10.76. Found: C, 61.50; H, 8.13; C1, 10.45. 

4-Methyl-6-phenylsulfonyl-4E-hexenal (17) 
A stirring solution of 16 (2.78 g, 10 mmol) in CHzCll 

was cooled to -78 "C and subjected to ozonization. After the 
reaction was completed (monitored by TLC), methyl sulfide 
(1  mL) was added to the reaction mixture. The resulting 
mixture was stitred for 2 h at -20 "C and 2 h at room tem- 
perature. Evaporation of the solvent gave a residue which 
was purified by flash column chromatography (pet. 
etherlacetone 10: 1) to give aldehyde 17 (2.0 g, 80%). 

'H NMR (CDCIJTMS) 6 I .38 (s, 3H, CH3), 1.70-2.40 
{m, 4H), 3.78 (d, ZH, J =  8.0 Hz,  CH2SO2), 5.19 I t ,  1N, J =  
8.0 Hz, CH=),=1.48-7.90 (m, 5H, ArH), 9.76 (br., IH, CHO). 

3-Metbyl-6-~2-~trahydropyranoxy)-2-hexenyi-p~en~su~- 
fone (5) 

To a stirring solution of 17 (2.0 g, 7.94 mmol) in anby- 
drous methanol (20 mL) was added NaBH4 (0.5 g, 13.8 
mmol) by portions at 0 " C .  After 2 h, methanol was re- 
moved under reduced pressure and the residue was dis- 
solved in water (10 mL), and extracted with ether (3 X 20 
mL). The combined organic phase was washed with water, 
brine and then dried. Removal of the solvent in vacuum 
gave a colorless oil which was dissolved in CW~CIZ (20 mL) 
without further purification. p-TsOH (20 mgj was added, 
followed by dropwise addition of dihydropyran (555 mg, 
96.72 mmol) lo the resulting solution. The mixture was 
stirred for 2 h at room temperature, and elher (100 mL) was 
added. The organic phase was washed with saturated Na- 
HC03 aqueous solution, water, brine and then dried. The 
solution was concentrated on a rotary evaporator to give a 
residue, which was purified by flash column chromatogra- 
phy (pet. eihedacetone 8: 1) to give product 5 (1.58 g, 60%). 
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IR (film) v 2945,2870, 1445, 1140 cm-'. 'H NMR 

3.40-4.20 (m, 6H), 4.54 (br. s, lH, OCHO), 5.25 (t, lH, J =  
7.8 Hz), 7.48-7.90 (m, SII,ArH). 

(CDCldTMS) 6 1.43 ( s ,  3H, CH?), 1.46-2.30 (m, IOH), 

t-Methyl-2-(4,1O-dimethyl-5-hydroxy-7-isopropenyl-8- 
phenylsulfonyl-13-tetrahydropyranoxy)-3E,9E-trid~di- 
enyl-1,3-dioxolane (18) 

To a mixture of 4 (563 mg, 1.70 mmol) and 5 (567 mg, 
1.68 -01) in 50% NaOH aqueous (20 mL) with efficient 
stirring was added (n-C4H9)4NBr (TBAB) (250 mg, 0.77 
mmol). After being stirred for 24 h at room temperature, the 
reaction mixture was diluted with water (80 mL) and ex- 
tracted wilb ether (4 x 20 mL). The combined organic phase 
was washed with water, brine and dried. Removal of the 
solvent in vacuum gave a colorless oil which was dissolved 
in MeOH and K2COs (1.0 g, 7.0 mmoi) was added. The re- 
action mixture was stirred €or 2 h at room temperature, and 
concentrated on a rotary evaporator to give a residue, which 
was purified by flash column chromatography (pet. 
elherhcetone 6: 1) to give product 18 (495 mg, 50%). 

IK (film) v 3438,2956,2925, 1664, 1450, 1135 cm-'. 
'H NMR (CDCls/TMS) 6 1.42 (s, 3H, CH3), 1.46 (s, 3H, 
CH,), 1.58 ( 6 ,  3H, CH3), 1.78 (s, 3H, CH3), 1.30-2.30 (m, 
18H), 3.40-4.30 (m, 6W, 3 -96 (s, 4H, OCH2CH20), 4.52 (br. 

2H, CH=), 7.40-7.90 (m, 5H, ArH). MS d z  (%) 408 (3, 
302 (lo), 271 (go), 153 (60), 85 (SO), 77 (loo), 71 (50), 43 
(26). Anal. Calcd for CssHsoSO7: C, 67.12; H, 8.47; S, 5.42. 
Found: C, 67.70; H, 8.50; S, 5.66. 

S ,  lH,  OCHO), 4.88 ( s ) ,  4.96 (s ,  ZH, C€Iz=), 5.00-5.50 {m, 

2-Methyl-2-(4,1O-dimethyl-5-hydroxyI-7-isupropenyl-13- 
tetrahydrupyranoxy)-3E,Y E- tridecadienyl-1,3-dioxolane 
(19) 

A solution of dry ethylamine (5 mL) in anhydrous 
THF (2 mL) containing 0.5 g lithium wire was stirred at -78 
"C for 1 h, and then the dcohol I8 (464 mg, 0.79 mmol) in 
THF (2 mL) was added dropwise. The reaction mixture was 
stirred at -78 "C for 45 min, and methanol (10 mL) was 
added. The solution was allowed to warm to room tempera- 
ture and poured into water, and then extracted with ether. 
The combined organic phase was washed with water and 
brine, and then dried. The solution was concentrated on a 
rotary evaporator to give a residue, which was purified by 
flash column chromatography (pet. ethedacetone 8: 1) to 
give alcohoi 1 Y  (230 mg, 65%). 

R (film) v 3505,3438,2955,2925, 1668, I054 cm-'. 
'H NMR (CDCIJTMS) 6 1.42 (s, 3H, CH3), 1.50 (s, 3H, 

20H), 3.50-4.30 (m, 5H), 3.94 (s, 4H, OCH2CHzO), 4.55 (br. 
CH3), 1.64 (s, 3H, CH?), 1.76 (s, 3H, CHr), 1.28-2.50 (m, 

s, 1H, OCHO), 4.86 (s), 4.95 (s, 2H, CHZ=), 5.00-5.50 (m, 
ZH, CH=). MS d z  (%) 450 (M', 1.2%), 433 (3 ,271  (go), 
153 (60), 85 (95),71 (loo), 43 (50). 

2-Methyl-2-(5-acetoxy-4,lO-~ethyl-7-isopropenyl-13- 
tetrahydropyranoxy)-3E,9E- tridecadienyl-1,3-dioxolane 
(20) 

A mixture of alcohol 19 (200 mg, 0.44 mmol) and 
Ac2O (4 mL) in pyridine ( 5  mL) was stirred at room tem- 
perature for 10 h. Water (10 mL) was added, and the mix- 
ture was extracted with ether (3 x 10 d). The combined 
organic phase was washed with water, brine, and then dried. 
The solvent was evaporated in vacuum, and the residue was 
purified by flash column chromatography (pel. etherlace- 
tone 20: 1) to give ester 20 (208 mg, 95%). 

TR (film) v 2950, 2925, 1713, 1668, 1049 cm-'. 'H 
NMR (CDCIJTMS) 6 1.44 (s, 3H, C&), 1.57 (s, 3H, CH3), 
1.60 (s, 3H, CW), 1.76 (s, 3H, CH3), 2.04 (5,3H, CHXO), 
1.40-2.30 (m, 19H), 3.50-4.50 (m, 5H, CHO, CHzO), 3.94 
(s, 4H, OCH2CH20), 4.56 (br. s, lH, OCHO), 4.80 (s), 4.84 
(s, 2H, CHF), 5.00-5.50 (m, 2H, CH=). MS d z  (%) 492 
(M', 0.3%), 460 (lo), 397 (8), 289 (90), 271 (40), 153 (30), 
135 (30), 93 (30), 85 (95),71 (loo), 43 (80). Anal. CaIcd for 
C d L 8 0 6 :  C, 70.73; H, 9.76. Found: C, 70.28; H, 9.65. 

9 - A c e t o x y - 4 , 1 0 - d i ~ t ~ y ~ ~ 7 - ~ o p ~ ~ p ~ n y ~ - ~ 4 - 0 ~ 0 ~ ~ , ~ ~ ~ -  
pentadecadienal (3) 

A solution of 20 (198 mg, 0.4 mmol) in anhydrous 
methanol (10 mL) containing 5 mg p-TsOH was warmed to 
50 "C and stirred for 3 h. After cooling, the reaction mixture 
was concentrated in vacuum. The residue without further 
purification was dissolved in CH2CIz (5 aL) and added 
dropwise to a suspension of PCC (300 mg, I .40 mmol) and 
0.8 g silica gel in CHzClz (15 mL) at room temperature with 
vigorous stirring. After 1 h, the reaction mixture was fil- 
tered through a short column of silica gel, the filtrate was 
concentrated in vacuum and purified by flash column chro- 
matography (pet. etherlacetone 10: 1) to give the corre- 
sponding aldehyde 3 (107 mg, 74%). 

IR (film) v 2950, 2925, 1713, 1668, 1049 cm-'. 'H 
NMR (CDClJTMS) S 1.54 (s, 3H, CH3), 1.58 (s, 3H, CH3), 
1.62 (s, 3H, CH3), 1.78 (s, 3H, CH3), 2.04 (s, 3H, CHsCO), 
1.70-2.30 (m, 13H), 4.74 (m, 1H, OCHO),4.78 (s), 4.80 Is, 
2H, CHz=), 5.00-5.50 (m, 2H, CH=), 9.65 (d, lH, CHO). 
MS m/z (%) 362 (M', lo), 306 (40), 289 (40), 247 (701, 135 
(80), 71 ( fOO) ,  43 (80). A n d .  CaIcd for C22H3404: C ,  72.93; 
H, 9.39. Found: C, 72.66; H, 9.01. 

13-Acetoxy-neocembrene (21) 
To an anhydrous THF solution (20 mL) was added 
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TiCh (0.3 mL, 2.7 mmol), dropwise via a dry syringe drop- 
wise carefully at -78 "C with efficient stirring over 5 min. 
After removal of the cooling bath, Zn-Cu couple (1.0 g) was 
added to the resulting tetrabydrofuran suspension of 
TiCI4.THF complex. The suspension was refluxed for 2 b, 
and a dilute solution of aldehyde 3 (45 rng, 0.12 mrnol) in 
dry THF (30 mL) was added slowly via syringe over 30 h. 
After the addition was completed, the reaction mixture was 
refluxed for an additional 3 h, cooled to room temperature, 
and diluted with n-pentane (15 mL) with vigorous stirring. 
The resulting mixture was filtered rapidly through a short 
column on silica gel to give a clear filtrate which was con- 
centrated in vacuum to yield a crude oil. Purification of the 
oil by flash column chromatography (pet. etherkther 80: 1) 
gave ester 21 (16 mg, 38%). 

IR (film) v 2952, 1735, 1664, 1243, 1022 cm-'. 'H 
NMR (CDCLJTMS) 6 1.56 (s, 3H, CH,), 1.58 (s, 3H, CH,), 
1.64 (s, 3H, CHs), 1.76 (s, 3H, CH3), 2.04 (s, 3H, CH3CO), 
1.80-2.30 (m, 13H), 4.70 (m, IH, HCO), 4.74 (s), 4.76 (6, 

2H, CH=), 5.00-5.40 (m, 3H, CH=). MS d z  (%) 330 (M', 
0.7%), 289 (ZO), 271 (loo), 189 (60), 121 (go), 99 (40). 

13-Hydroxyneocembrene (4-1) 
A mixture of 21 (12 mg, 0.036 mmol) and KzC03 pow- 

der (10 mg, 0.08 mmol) in methanol (2 mL) was stirred vig- 
orously for 1 h at 0 "C. After removal of the solvent, the 
residue was puritied by flash column chromatography (pet. 
etherlether 50: 1) to afford 13-hydroxyneocembrene I (8 mg, 
77%). 

IR (film) v 3620, 3050, 1644, 950 cm-'. 'H NMR 
(CDC13/TMS) 6 1.56 (s, 3H, CM,), 1.59 (6, 3H, CH3), 1.66 
( s ,  3H, CH3), 1.72 (s, 3H, CH3), 1.85-2.50 (m, 14H), 4.40 
(m, lH,.HCO), 4.72 (s), 4.80 (s, 2H, CHz=), 5.00-5.40 (m, 
3H, CH=). MS d z  (%) 288 (M', O.l%), 271 (5),  255 (30), 

14.2, 14.8, 15.6, 19.1, 23.8,25.0,29.6, 32.8, 37.4, 38.8, 
45.3, 75.5, 110.5, 122.6, 124.7, 125.8, 133.1, 135.4, 136.2, 
149.2. 

237 (ZO), I89 (loo), 121 (60). I3C NMR (CDC13/TMS) S 
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