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ABsTRAcT.-Various analogues of chamaecynone E l }  were prepared from a-santonin, and 
the termiticidal activity of these compounds was examined. All compounds possessing a 5pH- 
13-noreudesmane skeleton with a ethynyl group at C-7 showed significant termiticidal activity. 
Changes in the structure of the A-ring of these compounds also influenced the potency of their 
termiticidal activity. 

In 1966 Nozoe et al. (2) re-examined the components of the essential oil of 
Benihi wood (Chamaecyparis formosensis Matsum.) and reported the isolation and 
structure determination of the acetylenic norsesquiterpenoids chamaecynone 117 
and isochamaecynone 127 (Figure 1). 

In 1971 Kondo et al. (3) examined the role of essential oils in the resistance of 
coniferous woods to termites and found that those of the genus Chamaeryparis such as 
Sawara wood (Chamaeqparispis$ia D. Don), Hinoki wood (Chamcrecyparis obtusa Endl), 
Benihi wood (Chamaecyparis fmsensis Matsum.), and Taiwan-Hinoki wood (Chamaecyparis 
taiwanesis Matsum.), which showed high resistance to termite attack, contained 
termiticidal fractions. In 1973 they isolated the termiticidal principles of the essential 
oil of Sawara wood and identified them as chamaecynone 117 and isochamaecynone 127 
(4). We are interested in the termiticidal activity of these compounds and decided to 
undertake a more extensive study of structure-termiticidal activity relationships in order 
to delineate further the structural requirements for biological activity. 

RESULTS AND DISCUSSION 

Prior to the preparation of substrates to test their termiticidal activity, our attention 
was focused on the modification of three portions of the molecule of chamaecynone 117: 

1 Non-Steroid 2 Steroid Conformation 
Chamaecynone Conformation Isochamaecynone 

FIGURE 1 

'For Part 4 in this series, see Ando et aI. (1). 
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1 3  4 8 
, CCIA t-RnOK 

5 6 7 9 
SCHEME 1 

(a) the enone part of the A-ring; (b) the terminal acetylenic bond at C-7; and (c) the 
conformational change between the non-steroid form and the steroid form resulting 
from the change of C-4 stereochemistry. 

Because it is difficult to obtain large enough quantities of chamaecynone E11 by 
isolation from natural sources, we decided to prepare substrates for the bioassay of the 
termiticidal activity by modifications of the method of our former synthetic scheme of 
chamaecynone E11 (5). 

The synthesis began with the epimeric alcohols 3 and 4,  prepared as previously 
described from a-santonin (5) (Scheme 1). Bromination of the 3P-alcohol3 gave the 
dibromide 5 as a diastereomeric mixture at C-11. Dehydrobromination of 5 with t- 
BuOK in a mixture of t-BuOH and C6H6 gave the acetylenic 3P-alcohol6, which was 
subsequently oxidized with Cr03.2pyr complex to give the desired acetylenic ketone m. 

By analogy, bromination of the 3a-alcohol4 gave the corresponding dibromide 8. 
Dehydrobromination of 8 gave the acetylenic 3a-alcohol9, which was subsequently 
oxidized with Cr03.2pyr complex to give 7. The ord curve of 7 showed a negative Cotton 
effect, which was in accordance with the expected sign for 7 with a steroid conformation 
bearing the P(eq)-Me group at C-4 (Figure 2). 

Bromination of 7 with 1 molar equivalent of Br, in AcOH in the presence of HBr 
gave the dibromoketone 10, the 2a-bromoketone 11, and the 2P-bromoketone 12 in 
4%, 32%, and 19% yields, respectively (Scheme 2). Analysis of the 'H-nmr spectrum 
of 10 showed that this compound possessed a non-steroid conformation with 2a(eq)- and 
4P(ax)-Br atoms, and 4a(eq)-Me and 7P(ax)-ethynyl groups (Figure 3). The deshielding 
effect of the 4P(ax)-Br atom caused the downfield shift of the signals of the 1 0-Me group 
(6 1.69) and 2P(ax)-H (6 5.77). The observed long-range coupling between lP(eq)-H 
and 5P-H (J=2.0 Hz), the coupling constants between 5P-H and 6-H, (J=13.0 and 
4.5 Hz), and the half band-width of 7a(eq)-H (W,,=12.0 Hz) indicated that 10 
possessed a non-steroid conformation with a 7P(ax)-ethynyl group. The a(eq)-configu- 

Steroid Conformation 

7 Octant Projection of 7 

FIGURE 2 
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11 32% 4% Li,CO,, LiBr, DMF 10 
160% J. 77% 

13 1 2 

SCHEME2 

ration of the Br atom at C-2 was proved by the observed coupling constants of 2P(ax)- 
H (J=13.6 and 6.2 Hz). 

The stereochemistry of 11 with a non-steroid conformation bearing a 2a(eq)-Br 
atom and 4a(eq)-Me and 7p(ax)-ethynyl groups was proved from an analysis of the 'H- 
nmr spectrum (Figure 4). The half band-width of €3-7 (W,,= 1 1 .O Hz) showed that 11 

Non-Steroid Conformation 

10 

FIGURE 3 

possessed a non-steroid conformation bearing a 7P(ax)-ethynyl group. The a(eq)- 
configuration of the Br atom at C-2 was confirmed by the coupling constants of 2p(ax)- 
H (J= 13.5 and6.7 Hz). TheordcurveofthiscompoundshowedapositiveCottoneffect 
in accordance with the expected sign for 11, with a non-steroid conformation bearing 
the a(eq)-Br atom at C-2 and an a(eq)-Me group at C-4. 

Non-Steroid Conformation 
- .; - r 

Br 

11 

FIGURE 4 

Octant Projection of 11 
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Steroid Conformation 

12 Octant Projection of 12 

FIGURE 5 

In contrast, the half band-width of H-7 of 12 (W,,,,=24.0 Hz) showed that 12 
possessed the steroid conformation bearing the 7P(eq)-ethynyl group (Figure 5 ) .  The 
P(eq)-configuration of the Br atom at C-2 was inferred from the coupling constants of 
2a(ax)-H ( J=  13.5 and 6.0 Ht). The ord curve of this compound showed a negative 
Cotton effect in accordance with the expected sign for 12 with the steroid conformation 
bearing the f3(eq)-Br atom at C-2 and the P(eq)-Me group at C-4. 

Dehydrobromination of 10,11, and 12 with a mixture of LiBr and Li,C03 in DMF 
gave dehydrochamaecynone {131, chamaecynone Ell, and isochamaecynone E21 in 60%, 
7756, and 82% yields, respectively. The dienone structure of 13 in the A ring with a 
7P(eq)-ethynyl group at C-7 was supported by the ir and 'H-nmr spectral data shown 
in the Experimental. 

The stereostructure of 1 with a non-steroid conformation bearing 4a(eq)-Me and 
7P(ax)-ethynyl groups (see Figure 1) was indicated by the following analysis of the 'H- 
nmr spectrum. The coupling constant between H-1 and H-5 (J=2.3 Ht)  based on the 
W long-range coupling and the coupling constant between H-4 and H-5 (J=4.1 Hz), 
as well as the half band-width ( WW2= 12.0 Hz) of H-7, were in good agreement with the 
stereostructure of 1 with a non-steroid conformation. The ord curve of 1 showed a 
positive Cotton effect in accordance with the sign for 1 with a non-steroid conformation 
bearing the a(eq)-Me group at C-4. 

The stereostructure of 2 (see Figure 1) was also revealed from interpretation of its 
'H-nmr spectral data. Long-range coupling between H-1 and H-5 was not observed in 
2. The coupling constant between H-4 and H-5 ( J =  13.4 Hz) as well as the half band- 
width of H-7 (WW,=24.0 Hz) showed that 2 possessed the steroid conformation with 
4P(eq)-Me and 7P(eq)-ethynyl groups. The ord curve of 2 showed a negative Cotton 
effect in accordance with the steroid conformation bearing the P(eq)-Me group at C-4. 

Bromination of7 with 3 molar equivalents of Br, in AcOH in the presence of HBr 
gave the acetylenic dibromoketone 10, the tetrabromide 14, and the tribromide 15 
(Scheme 3). Successive dehydrobromination of 10,14, and 15 with a mixture of LiBr 
and Li,C03 in DMF gave dehydrochamaecynone 1131, dibromodehydrochamaecynone 
1167, and dibromoisochamaecynone 1171, in 7%, 8%, and 5% overall yields from 7, 
respectively. 

The structure of 16 was fully supported by the 'H- and I3C-nmr spectral data shown 
in the Experimental. 

The stereostmcture of 17 was also revealed by the analysis of 'H-nmr spectral data. 
The long-range coupling between H- 1 and H-5 was not observed. The coupling constant 
between H-4 and H-5 (J=13.0 Hz) and the half band-width of H-7 (WW,=28.0 Hz) 
showed that 17 possessed the steroid conformation with 4P(eq)-Me and 7P(eq)- 
dibromovinyl groups. 

The acetylenic ketone 7 was treated with a 2% EtOH solution of KOH and then 
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13 16 17 
7% from 13 8% from 13 53% 

SCHEME 3 

quenched by aqueous AcOH to give a 1 : 1.6 mixture of 7 and 1 8 ,  which gave 18 after 
separation by Si gel chromatography (Figure 6). The structure of 18 with a non-steroid 
conformation bearing 4a(eq)-Me and 7P(ax)-ethynyl groups was fully supported by the 
ord curve, which showed apositive Cotton effect, as well as by analysis of 'H-nmr spectral 
data (Figure 7). 

2% KOHEtOH 

K=0.63 
at 25' 

18 1.6 : 1 7 

FIGURE 6 

The termiticidal activity of chamaecynone 117 and ten related compounds that were 
synthesized by the above-mentioned methods was examined (Tables 1 and 2). All 
compounds possessing an ethynyl group at C-7 (1 ,2 ,6 ,7 ,9 ,13 ,18)  showed significant 
termiticidal activity. A terminal acetylene (ethynyl group) at C-7 seems to be essential 
for the activity of these compounds. 

Non-Steroid Conformation .- - ; 

18 Octant Projection of 18 

FIGURE 7 

The potency of the termiticidal activity was also influenced by changes in the 
structure of the A-ring of the compounds, with the compounds being ranked in the 
following order ofdecreasingpotency: dienone 13>enone l>enone 2=ketone 18=ke- 
tone 78a lcohol~>akohol6 .  These results show that the dienone and enone groups in 
the A-ring enhance the activity of compounds. 
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Substituent 
at C-7 

Them 1. The List of Compounds for Bioassay of Termiticidal Activity. 

Functional groups and stereochemistry of substrates 

C-4 stereo- Conformation 
chemistry 

Compound 

1 . . . . . . . . . . . . .  
2 . . . . . . . . . . . . .  
3 . . . . . . . . . . . . .  
4 . . . . . . . . . . . . .  
6 . . . . . . . . . . . . .  
7 . . . . . . . . . . . . .  
9 . . . . . . . . . . . . .  
13 . . . . . . . . . . . .  
16 . . . . . . . . . . . .  
17 . . . . . . . . . . . .  
18 . . . . . . . . . . . .  

Functional group 
in A ring 

1-en-3-one 
1-en-3-one 

3a-01 

3-one 
3a-01 
1,4dien-3-0ne 
1,4-dien-3-0ne 
1 -en-3-one 
3-0ne 

3/3-01 

3p-01 

ethynyl 
ethynyl 
vinyl 
vinyl 
ethynyl 
ethynyl 
ethynyl 
ethynyl 
1,2-dibromovinyI 
1,2-dibrornovinyl 
ethynyl 

a-Me 
&Me 
$-Me 
p-Me 
&Me 
B-Me 
p-Me 
- 
- 

p-Me 
a-Me 

non-steroid 
steroid 
steroid 
steroid 
steroid 
steroid 
steroid 
- 
- 
steroid 
non-steroid 

Concerning the C-4 stereochemistry, chamaecynone E l }  with a non-steroid conforma- 
tion bearing an a-Me group at C 4 ,  showed stronger activity than isochamaecynone 127, with 
the steroid conformation bearing a p-Me group at C-4. The activities of the corresponding 
saturated ketones 18 and 7 were approximately the same. It is interesting to note that 
compounds 3 and 4 bearing a vinyl group at C-7 and compound 16 bearing an 1,2- 
dibromovinyl group at C-7 showed significant activity after 5 days. 

In conclusion, the most effective termiticidal compound was dehydro- 
chamaecynone 13, and the order of termiticidal activity in the test samples was: 
13>1>2= 18=789>6>16>3>4>17. 

TABLE 2. Termiticidal Activities of Norsesquiterpenoids Against 
C 

Compound 

1 . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . .  

9 . . . . . . . . . . . . . . . . . . .  

13 . . . . . . . . . . . . . . . . . .  

16 . . . . . . . . . . . . . . . . . .  

17 . . . . . . . . . . . . . . . . . .  

18 . . . . . . . . . . . . . . . . . .  

mmorenriS by Filter Paper 

Concentration (ppm) 

100 
1000 

100 
1000 
100 

1000 
100 

1000 
100 

1000 
100 

1000 
100 

1000 
100 

1000 
100 

1000 
100 

1000 
100 

1000 

ntact Method. 

Mortality (%) (days) 

1 

0 
100 

0 
30 
0 

20 
0 
0 
0 
0 
0 

20 
0 
0 
0 

100 
0 
0 

10 
10 
0 

30 

2 

10 
100 

10 
100 

0 
30 
0 
0 
0 

70 
0 

100 
0 

100 
50 

100 
10 
0 

10 
10 
0 

100 

5 

0 
100 

0 
80 

90 
90 
10 
20 
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EXPERIMENTAL. 

GENERAL EXPERIMENTAL PROCEDURES.-AU mps are uncorrected. 'H-Nmr spectra were recorded at 
200 MHz in CDCI, unless otherwise stated. Coupling constants are in Hz. "C-Nmr spectra were recorded 
at 50.3 MHz in CDCI,. The ord spectra were recorded on a Nihonbunko ORDILn7-5 spectrophotometer. 
Hreims were recorded on a JEOL-HX110 instrument. Reactions were run under an atmosphere of N,. 
CHCI, and CC1, dried over CaC1, and distilled. Pyridine was distilled from CaH,, C& and ether were dried 
over Na wire, and t-BuOH was dried by refluxing with K and distilled. Hplc was monitored with a refractive 
index (Ti) detector. To describe hplc conditions, the column, solvent, flow rate (mYmin), and retention time 
(R,inmin)aredesignatedinorder. Thecolumncodesareasfollows: A, 250X4mm i.d. stainlesssteelcolumn 
packed with 10 pm Si gel; B, 250x8 mm i.d. stainless steel column packed with 10 pm Si gel. 

TEST c o m m . 4 m p o u n d s  3 and 4 were prepared by previous methodology (5). 

TEST INSECTS.-The termites used in this test were the active healthy workers of Coptotermesfmrtznur 
Shiraki, a subterranean termite commonly found in Japan. 

BIOASSAYS.-A 1-ml quantity of an Me,CO solution of each test compound (1 mg for 1000 ppm and 
0.1 mg for 100 ppm test solutions) was applied to a filter paper disk (9-m diameter) placed in a petri dish. 
After airdrying, the filter paper was moistened with 1 ml of distilled H,O and 10 active worker termites 
wereintroduced. Eachdishwascoveredwithalidandkeptat 25k lafor 5days.Thenumberofdeadtermites 
was counted to calculate the percent mortality at 1,2, and 5 days after treatment. 

~ ~ H , ~ B H - ~ ~ - N o R E u D E s M - ~  l-EN-3B-OL [3].-Needles: mp 53"; ir v rnax (CHC1,) 3632, 3484, 
3088,1640, 1000,916 cm-'; 'H nmr 6 0.97 (3H, d,J=7.3 Hz, CH,-4), 0.99 (3H, s, CH,-10), 2.02 ( lH,  
m,W,=25.0Hz,H-7),3.80(1H,brs,W,,=6.5Hz,H-3),4.89(1H,ddd,]=10.6,1.8,and1.1Hz,H- 
12), 4.96 ( lH,  dddJ= 17.2,1.8, and 1.6 Hz, H-12), 5.76 ( lH,  ddd,J= 17.2,10.6, and 6.4 Hz, H-1 1); "C 
nmr6 16.72(q,CH,-10),27.78(q,CH3-4),28.02(t),28.58(t),28.78(t),29.76(t),32.43(s,C-10),33.38 
(d), 34.35 (t), 34.86 (d), 40.77 (d), 72.47 (d, C-3), 111.77 (t, C-12), 144.79 (d, C-11); { a f ' ~  +33.7" 
( ~ 1 . 1 3 ,  CHCI,); hreimsmh 208.1835 (C,,H,,O requires 208.1827).Anaf. calcdforC,,H2,O,C80.71, H 
11.61; found C 80.85, H 11.29. 

~ ~ H , ~ ~ H - ~ ~ - N o R E u D E s M - ~  1-EN-3a-O~ [4].--Oil: ir v max (CHCI,) 3620, 3480, 3088, 1642, 
1002,916cm-'; 'H nmr60.95 (3H,s,CH3-10), l.00(3H,d,J=6.4Hz,CH3-4), 3.13 (lH,ddd,]=10.5, 
10.5, and 4.6 Hz, H-3), 4.89 ( lH,  ddd,]= 10.6,1.8, and 1.1 Hz, H-12), 4.96 ( lH,  ddd, ]=17.2,1.8, and 
1.6Hz,H-12),5.75(1H,ddd,]=17.2, 10.6,and6.4H~,H-ll);13Cnmr615.26(q,CH,-10),27.73(q, 

C-7), 76.51 (d,C-3), 111.83 (t,C-12), 114.64(d,C-ll);Ea12'~ +4.6"(c=1.24,CHCI3); hreims 208.1830 
(C,,H,,O requires 208.1827). Anal. calcd for CI4HZ4O, C 80.71, H 11.61; found C 80.34, H 11.15. 

1 ~ , ~ ~ - D ~ ~ R O M & H , ~ ~ H - ~ ~ - N O R E U D E S M A N - ~ ~ - O L  [5].-Into a stirred solution of 3 (450 mg, 
2.16 mmol) in CCI, (10 ml) was added a solution of Br, (410 mg, 2.59 mmol) in CC1, (3 ml). The mixture 
was stirred for 15 min at 0" and for 2 h at room temperature. The mixture was then washed successively with 
2 M aqueous Na,CO, (3 X20 ml) and saturated aqueous NaCI, dried (Naw,), and concentrated to give a 
crude oil, which was then chromatographed over Si gel (50 g) and eluted with EtOAc-hexane (19)  to give 
5 (649 mg, 82%) as a colorless oil; ir Y max (CHCI,) 3620,3480 cm-I; 'H nmr 6 1 .OO (3H, s, CH,-lo), 1.04 
(3H, d, ]=7.4 Hz, CH,-4), 3.70-3.90 (3H, m, H-3, H-12), 4.18 ( lH,  ddd,J=13.2,8.8, and 4.4 Hz, H- 
11); [a]"D +32.7' ( ~ 1 . 4 8 ,  CHCI,); hreims mlz 366.0350 (C,,H,,OBr, requires 366.0194). 

~~H,~(~H-~~-N~REuDEsMAN-~~-YN-~B-oL {6].-A mixture of 5 (600 mg, 1.63 mmol), C6H6(12 
ml), and 1 M t-BuOK in t-BuOH (25 ml) was refluxed for 6.5 h (bath temperature 904. After the removal 
ofhalfofthevolumeofthesolventinvmo, the residue waspoured intosatucatedaqueousNaClandextracted 
with Et,O (30 ml, 2x20 ml). The combined extracts were washed with saturated aqueous NaCI, dried 
(Naw,),andconcentrated togiveacrudeoil; whichwas thenchromatographedoverSigel(18g)andeluted 
with EtOAc-hexane (19)  to give 6 (296 mg, 88%) as colorless crystals: mp 88'; ir v max (CHCI,) 3632, 
3488,3316,2116,1008cm-'; 'H nmr 6 0.99 (3H, d,J=6.8 Hz,CH,-4), 1.03 (3H, s, CH,-10), 2.03 ( lH,  
dJz2.3 Hz, H-12), 2.30 ( lH,  m, W,,=24.0 Hz, H-7), 3.80 ( lH,  W,,=6.0 Hz, H-3); I3C nmr 6 16.64 
(9, CH,- lo), 23.05 (d, C-7), 27.62 (9, CH,4), 28.53 (t), 28.65 (t), 29.12 (t), 29.47 (t), 32.1 1 (s, C- lo), 33.07 
(d), 34.17 (t), 40.46 (d), 67.46 (d, C-12), 72.16 (d, C-3), 89.30(s, C-11); [ a I 2 ' ~  + 19.1" (c= 1.09, CHCI,); 
hreims mlz 206.1678 (C,,H,,O requires 206.1671). 

PREPARATION OF 4aH,5BH-l ~-NOREUDESM-~ 1 - r n - 3 - 0 ~ ~  t71 FROM 6 .Ahromic  anhydride (1.485 
g, 14.8 mmol)wasaddedintoamixtureofCH,CI,(12 ml)andpyridine(2.4ml, 29.7 mmol) at O'andstirred 
for 1 h. Then 6 (205 mg, 0.99 mmol) dissolved in CH,CI, (6.0 ml) was added over a 5 min period, and the 

CH,-4), 28.12 (t), 28.87 (t), 30.31 (t), 30.86 (t), 32.42 (s, C-lo), 35.01 (d), 37.60 (d), 39.06 (t), 46.69 (d, 
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mixture was stirred at 0' for 3 h, stored in a refrigerator overnight, and filtered through Celite under reduced 
pressure. The filtrate was washed successively with saturated aqueous NaHCO,, 2 M HCI, and saturated 
aqueous NaCI, dried m a w , )  and concentrated to give 7 (176 mg, 87%): Colorless prisms, mp 95"; ir u 
max (CHCI,) 3316,2120, 1712 cm-'; 'H nmr 6 1.03 (3H, dJz6.5 Hz, CH,-4), 1.07 (3H, s, CH,-10), 
2.06(1H, d,J= 2.2 Hz, H-12), 2.25 (lH,ddd,J=13.5,4.5, and 3.2 Ht, H-6,), 2.18-2.60(3H,m, H- 
4, H-5, H-7); ord (MeOH) [$],=-896, [$],6,=+1790, A=-26.9; [a12'D +19.3" ( ~ 2 . 2 7 ,  CHCI,); 
hreirns m/z 204.1511 (C,,H,O requires 204.1514). 

~ ~ , ~ ~ - D I B R o M ~ H , ~ ~ H - ~ ~ - N O R E U D E S M A N - ~ ~ - O L  [8].--Compound 8 was prepared from 4 in 
86% yield by an analogous method to that employed in the preparation of 5 from 3.8:  Colorless needles: 
mp 127'; ir u max (CHCI,) 3628,3484 cm-I; 'H nmr 6 0.97 (3H, s, CH,-10), 1.02, 1.06 (3H, d,J=7.0 
Hz,CH3-4),3.14(1H,ddd,]=10.0, 10.0,and4.4Hz,H-3),3.69-3.90(2H,m,H2-12),4.13~.25(1H, 
m, H-11); [a]"~ +34.1' (c=2.09, CHCI,); hreirns m/z 366.0193 (Cl4H2,0Br, requires 366.0194). Anal. 
calcd for C,,H,,OBr,, C 45.65, H 6.57; found C 45.81, H 6.69. 

4aH,5BH-1 ~-NORELJDESMAN-~ 1-YN-3a-o~ [ 9 ] . 4 m p o u n d  9 was prepared from 8 in 100% yield 
by an analogous method to that employed in the preparation of 6 from 5.9: Colorless oil; ir Y max (CHCI,) 
3624,3492,3316,2116,1008cm~';'Hnmr60.99(3H,s,CH,-10), 1.01 (3H,d,J=7.5 Hz,CH,-4),2.04 
(lH,d,J=2.4Hz,H-l2),2,32(1H,m, W,,=25.0Hz,H-7),3.12(1H,ddd,J=10.0, 10.0,and4.3Hz, 
H-3); [U]"D -5.8' (c'1.08, CHCI,); hreims m/z 206.1670 (C,,H,,O requires 206.1671). 

to that employed in the preparation of 7 from 6. 
PREPARATIONOF 7 FROM 9 .4ompound 7 was prepared from 9 in 90% yield by an analogous method 

2a,4B-DIBROMO-5 BH- 1 3-NOREUDESM- 1 1 -YN-3-0NE [ 101, 2a-BROMd,> BH- 13-NOREUDESM- 1 1 - 
m-3-0NE 1111, AND 2B-BROMO-4aH,JBH-l3-NOREUDESM-l 1-m-3-0~~ [12].-To a solution of 7 (50 
mg, 0.245 rnrnol) in AcOH (10 ml) were successively added 48% HBr (50 p1) and a solution of Br, (39 mg, 
0.25 mrnol) in AcOH (1 ml). The mixture was stirred for 1.5 hat room temperature, poured into saturated 
aqueousNaC1(30rnl),andextracted withEt2O(3X20ml). Thecombinedextracts werewashedsuccessively 
with 2 M aqueous Na,CO, (3x20 ml) and saturated aqueous NaCl (2x30 ml), dried (Na,SO,), and 
concentrated to give an oily crude product (80 mg), which was chrornatographed over Si gel [5g, EtOAc- 
hexane (5:95)]. The eluent was &her purified by hplc [A, EtOAc-hexane (5:95), 3.0 ml/min]. 

Thefirstpeak(R,2.2 min)afforded l O ( 3  mg,4%)ascolorlesscrystals:mp 58";irurnax(CHC1,)3316, 
21 16, 1734 cm-I; 'H nmr 6 1.69 (3H, s, CH,-lo), 1.91 (3H, s, CH,-4), 2.13 ( lH,  d, J=2.4 Hz, H-12), 
2.55 ( lH,  ddJT13.6 and 13.6 Hz, H-lJ, 2.62 ( lH,  ddd,J=13.0,4.5, and 2.0 Hz, H-5), 2.91 ( lH,  rn, 
W,,=12.0 Hz, H-7), 5.77 ( lH,  dd,J=13.6 and 6.2 Hz, H-2). 

Thesecondpeak(R,3.2min)afforded l l ( 2 2  rng, 32%)ascolorlesscrystals: rnp 112";irumax(CHCI,) 
3316,2116,1734crn-'; 'Hnmr6 1.05 (3H,dJ=6.6Hz,CH3-4) 1.38(3H,s,CH3-10), 2.06(1H,dJ=2.5 
Hz, H-12), 2.56(1H, dd,J= 13.5 and 13.5 Hz, H-lJ, 2.89 ( lH,  m, W,,=11.0 Hz, H-7), 3.12 ( lH,  qdd, 
]=6.6,6.4, and 1.2 Hz, HA), 4.88 ( lH,  ddd,J=13.5,6.7, and 1.2 Hz, H-2); I3C nmr 6 11.99 (q, CH,- 
4), 25.35 (t),26.44(d), 27.01 (t), 27.63(q,CH3-10), 34.33(t), 36.44(s,C-10),43.11 (d),44.44(t),46.37 
(d), 54.2~(d),69.99(d,C-12),86.23(s,C-ll),202.83~s,C-3);ord(MeOH~1$~,,o=+396,1$1270=- 1200, 
A=+ 16; hreims m/z 282.0601 (C,,H,,OBr requires 282.0619). Anal. calcd for Cl4Hl,OBr, C 59.41, H 
6.77; found C 58.53, H 6.89. 

Thethirdpeak(R,4,O)afforded 12(13 mg, 19%)ascolorlesscrystals: mp 113"; irumax(CHC1,)3316, 
2120, 1734cm-';'Hnmr6 1.11(3H,s,CH3-lo), 1.12(3H,d,J=6.5Hz,CH3-4),2.07(lH,d,J=2.2 
Hz,H-12),2.37(1H,dd,]=13.5and6.0Hz,H-l,),2.39(1H,m, WW,=24.0Hz,H-7),2.65(1H,dqd, 
J=12.0,6.5, and 1.0 Hz, H-4), 4.83 ( lH,  ddd,J= 13.5,6.0, and 1.0 Hz, H-2); "C nmr 6 12.29 (q, CH3- 
4), 22.68 (t), 26.20 (d), 28.13 (t), 30.09 (9, CH,-lo), 30.27 (t), 35.62 (s, C-lo), 42.63 (d), 49.61 (t), 53.36 
(2C, d), 68.38 (d, C-12), 87.54 (s, C-ll), 203.45 (s, C-3); ord (MeOH) C$7,,,=-470, 1$1,,=+604, 
A=-10.7. Anal. calcd for C,,H,,OBr, C 59.41, H 6.77; found C 59.62, H 6.85. 

PREPARATION OF 13-NOREUDESM-1,4-DIEN-ll-YN-3-0NE [13] FROM 1o.-A mixture Of 10 (3 mg, 
0.008 mmol), Li,CO, (2.5 rng, 0.033 mmol) and LiBr (2.5 rng, 0.029 mrnol) in DMF (1 ml) was heated at 
155' for 5.5 h and worked up as usual to give an oily crude material (2.9 mg), which was purified by hplc 
[A, EtOAc-hexane (l:9), 3.0 rnl/rnin]. The major peak (R, 6.8 rnin) afforded 13 (1 rng, 60%) as colorless 
crystals: rnp 84'; ir u rnax (CHCI,) 3316,2120, 1662, 1630, 1612 cm-I; 'H  nmr 6 1.26 (3H, s, CH,-10), 
1.93(3H,s,CH3-4),2.18(1H,d,J=1.~Hz,H-12),2.2~2.36(2H,m,H-6,,H-7),3.08(1H,dd,J=10.5 
and 1.6 Hz, H-6,), 6.24 ( lH,  d,J=9.9 Hz, H-2), 6.74 ( lH,  d,J=9.9 Hz, H-1); hreims m/z 200.1203 
(C,,H,60 requires 200.1201). 

CHA~~AECYNONE 111 FROM 11.-A mixture of 11 (20 mg, 0.07 mmol), Li,CO, (21 mg, 0.28 mmol), 
LiBr (21 mg, 0.24 mmol) in DMF (2 ml) was heated at 155" for 5.5 hand worked up as usual to give an oily 
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crude product (15 mg), which was purified by Si gel cc 15 g, EtOAc-hexane (5:95)] to give l ( 1 1  mg, 77%) 
as colorless crystals: mp 88'; ir u max (CHCl,) 3316,2112,1676 cm-I; 'H nmr 6 1.09 (3H, dJz6.9 Hz, 
CH3-4), 1.30(3H, s,CH,-lo), 2.09 (1H, dJ=2.6 Hz, H-12), 2.86( lH,  m, W,= 12.0 Hz, H-7), 3.01 ( lH,  
qdJ=6.9and4.1 Hz,H-4), 5.91 (lH,dJ=lO.OHz,H-2),6.45 (lH,ddJ=lO.Oand2.3 H ~ , H - l ) ; [ a ] ~ b  
- 101.3'(c= 1.35,CHC1,); ord(MeOH)[$],,,= + 6 0 ;  hreimsmlz202.1 359(Cl4HI8Orequires 202.1358). 

ISOCHAMAECYNONE 121 FROM 12.-A mixture of 1 2  (12 mg, 0.042 rnmol), Li,CO, (13 mg, 0.17 
mrnol), and LiBr (13 rng, 0.15 mmol) was treated as mentioned above to give 2 (7 rng, 82%) as colorless 
crystals: mp95';irvrnax(CHC13)3316, 2120,1678cm-'; 'Hnmr6 1.16(3H,d,J=6.7 Hz,CH,-4), 1.23 
(3H,s,CH,-10),2.08(lH,d,]=2.3Hz,H-12),2.38(1H,m, W,,=24.0Hz,H-7),2.45(1H,dqJ=13.4 
and6.7 Hz,H-4), 5.88(1H,d,J=10.0Hz,H-2),6.56(1H,d,/~lO.OHz,H-l);[a~2'~ +1.8'(c=l.09, 
CHCI,); ord (MeOH) [$],=-870"; hreims mlz 202.1357 (C14H,,0 requires 202.1358). 

~,~BH-~~-NoREuDEsM-~~-YN-~-ONE [181.-A solution of 7 (370 mg, 1.81 mmol) in 2% KOH/ 
EtOH (25 ml) was allowed to stand at room temperature for 14 hand poured into saturated aqueous NaCl 
( 1  00 ml). The mixture was treated in the usual manner to give a mixture of 7 and 18 (1 : 1.6), which was 
separated by Si gel cc. The first run gave 18 (1 11 mg), which was then recrystallized from pentane to give 
colorlessprisms: mp 105'; irumax(KBr) 3279,2120,1701 cm-';[u]''D -16.l0(c=0.87,CHCl,); 'Hnmr 
6 0.95 (3H, d,J=7.0 Hz, CH,-4), 1.32 (3H, s, CH,-10), 2.05 (lH, d,J=2.5 Hz, H-12), 2.87 ( lH,  m, 
W,,=12.0 Hz, H-7); "C nmr6 11.53, 25.50, 26.74, 27.12, 27.42, 31.10, 33.62, 34.74, 37.89,43.24, 
46.39, 69.60, 86.81, 213.56; ord (MeOH) [$1,=+897, [$1,,,=-1790, A=+26.9. Anal. calcd for 
C,,H,,O, C 82.30, H 9.87; found C 81.77, H, 9.71. 

REAC~TONOF 7 WITH THREE MOLAR EQUIVALENTSOF Br,. THE FORMATIONOF 10,  A TETRABROMIDE 14, 
~~~~~~1~~0~1~~1~.-Amixtureof7(30mg,0.15 mmol)and48% HBr(O.15 mmol)inAcOH(2ml) 
was stirred for 30 min at room temperature. Then, Br, (72 mg, 0.45 rnmol) was added into the mixture and 
stirred for 2 h and worked up as usual to give an oily crude product (62 mg), which was passed through a 
Si gel column 15 g, EtOAc-hexane (5:95)] and then furcher purified by hplc {A, EtOAc-hexane (5:95), 3.0 
mllrnin]. 

The first peak (R,  2.0 min) afforded a 1:l mixture of 10 and 14(15 rng): 'H nmr of 1 4 6  1.14 (3H, 

T h e  second peak (R, 2.4 min) gave 15 (6 mg, 9%) as a colorless crystalline material: 'H nmr 6 1.13 

J=6.4 and 6.4 Hz, HA), 3.08 ( lH,  dddd,J= 12.0,12.0,3.7, and 3.7 Hz, H-7), 4.89 ( lH,  dd,J= 14.3 and 

F O R M A T I O N O F ~ ~ A N D ~ ~ F R O M A  ~ : ~ M I X T U R E O F ~ ~ A N D ~ ~ . - A  1:l mixtureoflOand14(15 mg), 
Li,C03 (12 mg), and LiBr (12 rng) in DMF (2 ml) was heated at 155" for 5 h and worked up as usual to give 
an oily crude product (1 1 mg), which was purified by hplc [A, EtOAc-hexane (1:9), 3.0 ml/min]. 

The first peak (R, 4.6 min) gave 16 (4 mg, 8%) as a crystalline material: 'H nmr 6 1.29 (3H, s, CH,- 
lo), 1.45 ( lH,  ddd,]=13.0, 13.0,and4.0Hz, H-9,), 1.64(1H,dddd,]=13.0,4.0,2.0,and 1.7 Hz,H- 
8q), 1.87 ( lH,  ddd,]=l3.0,4.0, and 2.0 Hz, H-9,), 1.94 (3H, d,J=l. l  Hz, CH,-4), 2.04 ( lH,  dddd, 
/=13.0,13.0,13.0,and4.0Hz,H-8,),2.47(1H,ddd,/=13.0,13.0,and1.1Hz,H-6,),2.72(1H,ddd, 
/= 13.0,4.0, and 1.7 Hz, H-6,), 2.94 ( lH,  ddddJ= 13.0,13.0,4.0, and4.0 Hz, H-7), 6.26 (lH,d,J=9.9 
Hz,H-2),6.49(1H,s,H-12),6.76(1H,d,J=9.9Hz,H-l); '3Cnmr6 10.57(q,CH34),23.41 (q,CH,- 
10),24.80(t,C-8), 31.51 (t,C-6), 36.44(t,C-9), 39.78(~,C-10),43.63(d,C-7), 102.23(d,C-12), 126.38 
(d, C-2), 130.43 (s), 130.72 (s), 156.11 (d, C-l), 156.90 (s, C-1 l), 186.04 (s, C-3); hreims mlz 357.9568 
(C,,HI60Br, requires 357.9568). 

S, CH,-lo), 1.96 (3H, S, CH3-4), 5.79 ( lH,  dd,]=14.3 and 5.4 Hz, H-2), 6.48 ( lH,  S, H-12). 

(3H, S, CH,-lo), 1.16 (3H, dJz6.4 Hz, CH,-4), 2.40 ( lH,  dd,J= 13.3 and 6.1 Hz, H-lq), 2.81 ( lH,  qd, 

6.1 Hz, H-2), 6.41 ( lH,  S, H-12). 

The second peak (R, 5.8 rnin) afforded 13 (2 mg, 7% from 13). 

11 ,12-Dra~o~o-4aH,5~H-l  ~-NoREUDESM-~,~ I-DIEN-~-ONE [ln.-A mixture of 15 (6 mg, 0.014 
mrnol), Li,CO, (4 mg, 0.05 mmol), LiBr (4 mg, 0.05 mrnol) in DMF (2 rnl) was heated at 155' for 5.5 h 
and worked up as usual to give an oily crude product, which was purified by hplc [A, EtOAc-hexane (1:9), 
3.0 rnlhin]. 

T h e  major peak (R, 2.4 min) gave 17 as a colorless crystalline material (2.6 mg, 53%): 'H nmr 6 1.19 
(3H, d,J=6.7 Hz, CH,-4), 1.25 (3H, s, CH3-lo), 2.64 ( lH,  dq,/=13.0 and 6.7 Hz, HA), 3.05 ( lH,  m, 
W,,=28 Hz, H-7), 5.90 (IH, d,]=10.0 Hz, H-2). 6.41 ( lH,  s, H-12), 6.57 ( lH,  d,J=10.0 Hz, H-1); 
hreirns mlz 359.9700 (C,,H,,OBr, requires 359.9724). 
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