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Table 1. 400 MHz ‘H NMR’ of 2,4, S,7,8, 11 and 12 

Protons 2 4 5 7 !? .!L rz 

H-3 

H-5 

H-8 

H-E ’ 

H-9 

H-12 

H-13 

H-14 

H-15 

0.98 ddd - 

(J=13,13,4) 

6.14 sbr 4.15 s 

2.86 dbr 2.08 d 

(J=16) (J=14.5) 

2.17 ddbr 2.18 dd 

(J=16,11) (J=14.5,11) 

2.81 d 2.96 d 

(J=ll) (J=ll) 

1.69 sbr 1.30 s 

1.71 sbr 1.41 s 

1.19 s 1.15 s 

1.88 sbr li45 s 

0.87 ddd 

(J=14,14,3.5) 

3.63 s 

2.93 dd 

(J=16,4) 

2.24 dd 

(J=16,11) 

2.80 dd 

(J=11,4) 

1.80 s 

1.92 s 

1.18 s 

1.46 s 

3.72 s 2.77 sbrb 

2.93 dd 2.04 dd 

(J=15,2) (J=15,4.5) 

2.09 ddbr 2.47 tibr 

(J=15,11) (J=15,9.5) 

2.67 dd 3.94 CM 

(J=ll,2) (5=9.5,4.5) 

1.77 s 1.63 s 

1.84 sbr 1.94 sbr 

1.14 s 0.94 s 

1.44 s 1.78 s 

5.53 m 5.60 m 

2.79 sbrb 

2.04 d 

(J=13) 

2.62 dd 

(J=13,6) 

3.83 d 

(J=6) 

1.25 s 

1.35 s 

1.11 s 

1.89 s 

2.91 dd 

(J=15,6) 

2.37 dd 

(J=15,11) 

3.72 dd 

(J=11,6) 

1.80 s 

2.08 sbr 

0.98 s 

1.90 s 

aIn cm3, 6 = ppo fran ‘IMS, J in Hz 

bdcuble resmarxe shxed hcmoallylic caqling between H-5 and H-3 

c 5 2. 

confirmed that B has the stereochemistry of both 
oxiranes as shown in 5. This configuration was further 
supported by the ‘H NMR signal at 6 0.87 due to H-3. 
The molecular models show that when a Z-oxirane or 
double bond is present one of the C-3 methylene protons 
would be strongly shielded. Similarly the H-3 signal in 2 
appears at 6 0.98. However, such a high field signal was 
not observed in the ‘H NMR of A. Furthermore, the 
NOE between H-5 and H-9 provided evidence about the 
E-configuration of the 45 - oxirane and syn-relationship 
of C-4 and C-10 Me groups, as shown in 7. It is known 
‘*J’ that the base-catalyzed epoxidation of a,P-un- 

saturated ketones proceeds in a non-stereospecitic man- 
ner, although a high stereoselectivity is observed in 
several cases due to the stabilisation of the intermediate 
hydroperoxycarbanion by orbital overlap and charge 
delocalisation.‘4*‘5 Hence, on epoxidation of 2 the car- 
banion obtained by inversion at C-5 (Scheme I) is more 
stable and this explains the formation of 7 as the main 
product. Obviously the flexibility of the IO-membered 
ring facilitated such an inversion which leads to the more 
favourable isomeric epoxide. A similar case was recently 
reported to occure by alkaline epoxidation of the sesqui- 
terpene ketone zerumbone.‘6 

Cyclisation of 2 and 3 

When treated with BF,.Et,O (1 mole equiv) the epox- 
ide 2 was readily converted into the compounds 8 and 9 
with 80.5 and 8.2% yield, respectively. The structure of 
the lactone 9 and the most probable mechanism of its 
formation have been described by us recently.” The 
structure of the ketol 8 followed from the spectral data 
which showed the molecular formula C15H2202 (m/z 234, 
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Table 4. Bond distances (A) with E.S.D.S. in brackets 

0(1)-C(6) 1.221(S) C(5)-c(lO) 1.549(S) 

0(2)-c(9) 1.430(S) C(6)<(7) 1.488(4) 

C(l)-C(2) 1.522(8) C(7)-C3(8) 1.507(6) 

C(l)-C(lO) 1.535(-J) C(7)-C(ll) 1.343(6) 

C(2)-C(3) 1.499(8) C(8)-C(9) 1.518(6) 

C(3)<(4) 1.324(8) C(9)-C(lO) 1.531(4) 

C(4)-C(5) 1.523(S) C(lO)-C(14) 1.532(6) 

C(4)-C3(15) 1.494(7) C(ll)-C(12) 1.494(S) 

C(5)-C(6) 1.522(6) C(ll)-C(13) 1.515(7) 

Table 5. Valence angeles (“) with E.S.D.S. in brackets 

112.7(4) 

111.7(4) 

124.9(S) 

121.5(4) 

122.0(4) 

116.2(4) 

110.6(3) 

113.7(3) 

111.8(3) 

120.0(3) 

121.6(4) 

118.40) 

114.1(3) 

121.8(3) 

124.1(3) 

113.7(3) 

109.9(3) 

108.1(3) 

113.5(3) 

108.2(3) 

110.0(3) 

109.2(3) 

109.5(4) 

108.6(3) 

111.4(3) 

122.0(4) 

124.8(3) 

113.2(4) 

Table 6. Torsion angels (“) with E.S.D.S. in brackets 

Cyclchexene ring Cyclchexanone ring 

C(S)-C(lO)~(l)~M -60.3(S) C(8)-c(9)~(10)~(5) -56.7(4) 

c~10)~3(1)~~2)co) 44.8(6) C(9)-c(lO)C(5)C(6) 51.3(4) 

C(l)-c(2)~(3)~(4) -14.2(8) C(lO)-C(5)~(6)-CU) -45.0(4) 

C(2)-C(3)X(4)<(5) 0.3(8) C(5)-C(6)-C(7)<(8) 39.6(4) 

C(3)-c(4)<(5)<3(10) -16.6(6) C(6)-C(7)<(8)-c(9) -41.9(4) 

C(4)-C3(5)*3(lO)c(l) 44.8(4) C(7)-C(8)43(9)<(10) 52.5(4) 

Other selected torsion angles 

C(l)-C(10)~(5)~(6) 171.00) C(8)-C(7)-C(11)<(12) 2.3(6) 

C(14)-C(10)~(5)-C3(4) 163.6(3) C(8)-C(7)<(11)<(13) -178.4(4) 

C(14)-C(lO)~(S)-C(6) -70.3(4) C(6)-C(7)<(11)<(12) -177.5(4) 

C(9)-C(lO)-C(5)~(4) -74.8(4) C(6)-C(7)<(11)-C(13) 1.7(6) 

0(2)-C(9)C(lO)-C(14) -58.9(3) O(l)-C(6)~(7)~(11) 40.3(5) 
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Fig. 1 

cyclohexanone ring has a chair configuration with 
remarkable deviation of the ring torsion angles from the 
theoretical values.‘9 The flattering occurs along the 
sequence C(S)-C(6)-C(7)48). Torsion angles C(6)- 
C(7)-C(ll)-C(13) = 1.7” and C(S)-C(7)-C(lltC(l2) = 2.3 
indicate the presence of two strictly planar fragments in 
this part of the molecule. A similar geometrical feature 
was observed in the crystal structure of cuahtemone.m 
The enone system is not planar, as indicated by the 
endocyclic and exocyclic torsion angles of Table 6. This 
is in good agreement with the intensity of the UV ab- 
sorption (E = 7640). Furthermore, the space group of the 
crystal is centrosymmetric which means that both enan- 
tiomers are present. The formation of the racemic ketol 
8a as the single product of the transannular cyclisation 
leads to the conclusion that the reaction proceeds 
stereospecifically. On the other hand, the absence of 
cyclisation products positionally isomeric of 8a at the 
endocyclic double bond provided evidence about the 
suggestion that the transannular C-C formation occurs 
synchronously with the elimination of a C-3 H-atom, as 
shown in Scheme 2. 

When the crude reaction mixture obtained after epox- 
idation of 1 was treated with BFj.Et20 a new crystalline 
compound (2% yield) was isolated together with 8 and 9. 
As judged from the MS (Cr5Hr20,, m/z 250, M’) and 13C 
NMR spectra (Table 2) three O-atoms are present in the 
molecule of this compound. An OH and a CO-group 
(3400, 1720cm-‘) account for two of them. Since ‘H 
NMR (Table 1) exhibited only one signal characteristic 
for a proton on an oxirane (8 3.83), the remaining O-atom 
must be part of a ring attached to a secondary and a 
tertiary C-atom. Based on this evidence, this compound 
was concluded to possess structure 11 and to be a 
cyclisation product of the diepoxide 3. Structure 11 is in 
good agreement with the other spectral data. The ‘H 
NMR signals for two Me groups on an O-bearing C-atom 
(8 1.25, 1.35) together with the base peak at m/z 192 due 
to an ion obtained by McLafferty rearrangement, clearly 
showed that the OH group is located at C-II. Further, 
the ‘H NMR displayed the signals for the C-8 methylene 
protons at S 2.04 and 2.62 as doublet and doublet of 
doublets with Jsam = I3 and (Jv,9) = 6, a coupling which 
requires a dihedral angle H-9/H-8 of approx. 90”. The 
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latter was found to be present in the Dreiding model of 
11. A comparison of the ‘H NMR of 8 and 11 showed 
that the chemical shifts of H-5 in both compounds are 
quite identical but the C-10 Me signal of 11 is paramag- 
netic shifted with 0.17 ppm with respect to this of 8. This 
indicated a syn-relationship betwen the O-ring and C-10 
Me group which is in agreement with the configuration of 
the 9,10-oxirane in the initial epoxide 3. The next prob 
lem was the stereochemistry of the ring junction. Based 
on the very close ‘%I NMR correlation between 8 and 11 
we tentatively prefer a cis-decalin system for 11. The 
available small quantities of 3 and 11 respectively do not 
allow any additional chemical transformations in order to 
establish the stereochemistry of the decalin skeleton 
unambiguously. 

We further examined the base-induced cyclisation of 2 
using basic alumina, as follows. The epoxide 2 was 
directly absorbed on basic alumina for 72 hr and then 
eluted with ether to give the ketol 12 in 60% yield. The 
spectral data-UV (280 nm), JR (3450, 1655, 1625, 
1615cm-‘) and ‘H NMR (Table 1) are consistant with 
structure 12. The latter was further confirmed by the 
following base-catalyzed isomerisation of 8. On treat- 
ment with NaOEt in EtOH 8 was easily converted into 
the fully conjugated ketone 12. The formation of the 
cyclisation product 12 proceeds most probably via an 
enolate anion intermediate, as shown in Scheme 3. 
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values of the setting angles of I5 selected reflections, using 
Mo-K, radiation (,I = 0.71059 A). The intensity data were col- 
lected on the diffractometer at room temp with 2v - Y scanning 
mode up to sin v/h = 0.63 A-’ using the crystal of 0.5 x 1.0~ 
0.05 mm. The intensities of three standard reflections were moni- 
tored after every 50 reflections. Their intensities were stable 
within I+ 1% of their mean values; 2837 reflections were 
measured, of which 1566 unique reflections with I b 2a (I) were 
selected as observed structure amplitudes. The structure was 
solved by direct methods,” refinement by least-squares method 
and the other crystallo 

8: 
aphic calculations were done using the 

package of Cerrini et al. At a late stage in the refinement, all the 
H-atoms were located in a difference Fourier map and were 
refined with fixed B values equal to that of carrier atoms. The 
final conventional R value at convergence was 0.058. The 
arrangement of the molecules in the crystal as viewed along b 
axis is shown in Fig. 2. The packing along a and b axes involves 
only normal Van der Waals interactions, while the molecules are 
connected side by side through hydrogen bonds between the 
carbonyl O(1) and the OH O(2) oxygens of molecules related by 
unit-cell translation along c axis. The geometrical parameters $ 
the hydrogen bond are the following: O(1). G(2)= 2.827A. 
0(2)-H = 0.930 A, H O(I) = I.910 A, 0(2)(H.. . O(1) = 171” 
and C(9)-0(2)-H = 103”. 
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