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Carbon-1 3 spectral assignments of three 
friedelanes and nineteen secofriedelanes 
have been made from mutual correlations, 
2D X-H correlation analyses and compari- 
son with the carbon shifts of friedelin, 
which were firmly established by an 
INADEQUATE experiment that required 
reassignment of some of its resonances. 
Specific methyl and methine proton reson- 
ance assignments for some friedelanes, 
established from X-H correlation studies, 
are also reported. 
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INTRODUCTION 

In recent years, 13C NMR spectral assign- 
ments on friedelanes have been of inter- 
est.'-'' In this context we have studied the 
"C NMR spectra of some secofriedelanes13 
(1-19) and friedelanes (2&22). Two- 
dimensional X-H correlation (I3C-'H) 

I R 1 = O H , R 2 = H , X = C 0  

R 1 = H ,  R ~ = O H , X =  co 2 RI~W \R2 3 RI=H, 1 R2=OAc, x =  co 
10 2 5  4 R = R 2 = H ,  X = C H 2  

x3 1 2  3.3 R = R  = H ,  X = C O  
6 

2 4  3 4  R1= OAC, R2=I-I, X =  C O  
' 0  

2 4  
R2 

1 2 3  4 2 3  
5 R' =-CHZCH,CHzOH, RZ= -CHOHCH, 

0 1990 by John Wiley & Sons, Ltd. 

6 R' =-CH2CH2CH20Ac, R2=-CHOAcCH3 

7 R' =-CH2CHOHCHzOH, R'=-CHOHCH, 

8 R1 =-CH~CHOACCH~OAC, R2=-CHOAcCH, 
I 2  a3  

9 R1 -CH,CH20Ac, R2=-CHOAcCH3 
1 10 R =-CH2CH,CH,OH, R2= -COCH, 

11 R'=-CH2CH2CH20Ac, R2= -COCH, 

12 R'=-CH2CH2COOH, R2= -COCH, 

14 R1=-CH2COOH, R 2 = - t ~ ( ? ~ 3 ) - ~ - t ~ - ~  

15 R1=-CH2COOMe, R2= -CH(CH,)-0-CO-H 

13 R1=-CH2CH2C0OMe, R2=-COCH 3 

16 R = -CH2CH2COOMe R2=-CHOHCH 3 

1 2  

1 

17 R'= -CH,CH,C O O M ~  R2= -CH O A ~  CH, 
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18 X = C O ,  Y = O , Z =  

2-3 

20 R = H, X = CH2 , 3,4-epOXy (d) 

21 

2 2  

23  R = OAc, X = CO., 3,4-dehydro- 

R = H , X =  CH2, 3,4-epoxy (PI 
R = OAc , X = -CH-OAc(oc), 3.4-dehydro- 

 experiment^'^ were carried out on friedelin 
(24) and other friedelanes (2532) to make 
specific shift assignments for the methyl and 
methine protons. An INADEQUATE 
experiment15 on 24 further established the 
connectivity between its various carbon 
signals. 

RESULTS AND DISCUSSION 

The carbon-carbon connectivity experiment 
on 24 indicated that the methyl carbon res- 
onance at 6 20.1 is linked with the quaternary 
carbon resonance for C-14 at 6 38.1, while 
that at 6 18.5 is directly linked with the quat- 

ernary carbon resonance at 6 39.5 for C-13. 
The resonance assignments for C-26 and 
C-27 in 2S34 and closely related compounds 
made earlier' should therefore be reversed to 
around 6 20.1 and 18.5, respectively. The 
INADEQUATE experiment was otherwise 
fully commensurate with the carbon shift 
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assignments' of 24. Further, it was observed 
from the X-H correlation experiment for 
one-bond couplings on 24 (and also in 
related compounds) that the methyl carbon 
resonances at 6 31.7 and 32.0 were associated 
with proton resonances at 6 0.99 and 1.16, 
respectively. The protons on C-28 in 
friedelan-7-one were also observed' from an 
NOE experiment to resonate at 6 1.17 and 
showed an NOE with the 6 0.99 methyl 
signal. Hence the revision proposed by 
Prakash et a1.' for the assignment of C-28 in 
24 to the resonance at 6 31.7 and the carbon 
syn to it with the resonance at 6 32.0 is not 
tenable. The proton resonance assignments 
for friedelanes 20-32, mostly arrived at from 
X-H correlation analyses, are given in 
Table 1. 

The carbon resonance assignments of 1 
(Table 2) were made by comparison with the 
spectrum of 2a-acetoxyfriedelolactone' (34) 
and further confirmed by an X-H correlation 
experiment. The signal assignments for apeta- 
lactone (2) and its acetate (3) followed from 
those of friedelolactone' (33). The oxygen 
function at C-28 in 2 and 3 caused a down- 
field shift of C-17 and upfield shifts for C-16, 
C-18 and C-22. The resonance assignments of 
4-7 followed from mutual correlations and 
consideration of substituent effects. Conver- 
sion of 3,4-secofriedelane-3,4-diol (5) to 3,4- 
secofriedelan-3-01-4-one (10) or methyl 3,4- 
secofriedelan-4-ol-3-oate (16) to methyl 3,4- 
secofriedelan-4-on-3-oate (13) differentiated 
the C-5 resonance from that of C-9, since the 
C-5 signal underwent a strong downfield 
shift (about 11.9-12.1 ppm). Comparison of 
the spectra of 6 and 2,3:3,4-diseco-3- 
norfriedelinyl-2,4-diyl diacetate (9) allowed 
the identification of the C-1 and C-10 reson- 
ances in 9. Again, the spectrum of 9 was 
similar to that of 14 (or 15) except for the 
changes expected. The X-H correlation 
experiments (for one-bond couplings) on 14, 
and also 15, identified the resonance associ- 
ated with C-23 at 6 14.5. In 3,4:4,5-diseco-4, 
23-dinorfriedelan-5-01-3-oic lactone (19), C-1, 
C-2 and C-7 resonated at 6 19.0, 28.9 and 
15.6, respectively, and C-6 resonated down- 
field compared with that in 2,3 : 3,4-diseco-3- 
norfriedelan-4-01-2-oic lactone (18) owing to 
the absence of a y-interaction with C-23. The 
C- 10 signal in 3a,4a-epoxyfriedelane (20) 
experienced a strong upfield shift relative to 
that in 38,4/l-epoxyfriedelane (21), probably 
owing to the y-effect of the oxygen and to the 
shielding influence exerted by the epoxy ring. 
The Dreiding model of 20 showed C-10 to be 
over the epoxy ring. 

EXPERIMENTAL 

The 'H (300.13 MHz) and I3C (75.47 MHz) 
NMR spectra were recorded on a Bruker 

AM 300L NMR spectrometer equipped with 
an Aspect 3000 computer and an array pro- 
cessor using the DISNMR program version 
870101.1. The compounds were submitted to 
composite pulse decoupling and DEPT 
sequences to establish the carbon shifts and 
the degree of protonation. The spectra were 
recorded in a 5 mm 13C/1H dual probe head 
using CDCl, as solvent, as internal lock and 
the internal standard. The concentration of 
all solutions was ca. 2-5%. The chemical 
shifts reported are in 6 (ppm) downfield from 
TMS; 6,,, = 6coc,, + 76.9 ppm. The carbon 
spectra were recorded with a pulse width of 
3 ps (approximately 65" flip angle) and 
approximately 3 s delay between pulses, and 
the FIDs were acquired over 15 151 Hz 
(17241 Hz for 10-13) and 32 K data points. 
Two-dimensional X-H correlation (I3C-lH) 
spectra were obtained using the INEPT 
sequence. The FIDs were acquired over 4096 
data points and 15151 Hz for each of 128 
values of evolution time. The second- 
dimension sweep width was * 1250 Hz. The 
raw data were processed using a sine bell 
window function in both dimensions in the 
magnitude mode. The INADEQUATE spec- 
trum was recorded in a 10 mm tube in an 
approximately 25% solution on a Bruker 
AM 400 NMR spectrometer. The FIDs were 
acquired over 2048 data points, a 7812.5 Hz 
sweep width (in both dimensions) and 768 
scans were used for each of 128 values of 
evolution time. The f, dimension was zero 
filled from 256 to 512 W before Fourier 
transformation using Gaussian and shifted 
sine bell window functions in thef, and f, 
dimensions, respectively, in the power mode. 

The compounds employed in the present 
studies were either natural products isolated 
from Quercus suber16 or their transformation 
products, mostly reported elsewhere,' which 
were characterized by chemical and spectral 
studies. Friedelan-3-ene (100 mg) in methy- 
lene chloride (200 ml) was treated with m- 
chloroperbenzoic acid (150 mg) at 0°C and 
the reaction mixture was kept in a refriger- 
ator for 7 days. Washing with aqueous 
NaHCO, solution and the usual work-up 
gave a solid which was chromatographed 
over silica gel. The residue from benzene- 
chloroform (1 : 1) eluates was purified by pre- 
parative TLC over silica gel to yield 3a,4a- 
epoxyfriedelane (20), C,,H,,O, m.p. 215 "C 
(CHC1,-light petroleum), v,,, (KBr) 870 
cm-', and the more polar 3fl,4B-epoxy- 
friedelane (21), C,,H,,O, m.p. 228 "C 
(CHCI,-light petroleum), v,,, (KBr) 890 
cm-'. The refluxing of cerin acetate (25) 
(100mg), acetic anhydride (2 ml) and pyri- 
dine (3 ml) for 8 h and the usual work-up fur- 
nished a solid which was chromatographed 
over silica gel. The benzene-chloroform (1 : 1) 
eluates afforded friedel-3-en-2@,3-diyl dia- 

cetate (22), crystallizing from CHC1,-MeOH 
as needles (40 mg), C34H5404, m.p. 188- 
190 "C, [a]k6 + 62" (CHCl,), v,,, (KBr) 1760, 
1735,1250,1225 and 1075 cm-'. 
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