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The stemchemistry of derivatives with the caryophyllenc skeleton (4.11 .l l-trimethyl-8-methykn bicycle 

[7,2] undee4cne) have pmentcd a challeqc to organic chemists for years. In 1964 Corey et al.1 synthesized 
three (l-3) of the four isomeric hydmcarhms and, later, Bohlmann and zdaoz isolated the strained 9-q@- 

caryophyiknc: (4) from Ewyops br-. However, the strucmd analysis of the auyo@ylkncs 
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does not end with the determination of their configuration, since their stereochemistry is complicated by serious 

conformational aspects. In 1973, on the basis of observations made dring a series of chemical transformations, 
Warnhoff and Srinivasan3 proposed the existence of two conformational isomers of P-caryophyllene (3) at 

room temperature. Later, Shirahama et aL4 extended the conformational analysis of 3 using t3C NMR and the 
pioneer molecular mechanics programme MMl. They found two predominant conformers, named 0~ and /3p 

following the directions of exomethylene and allylic methyl groups, at 76 and 24 per cent respectively. 
At the end of the 1980’s, the chemical analysis of the essential oil from the wood of Juniperus oxycedrus 

was initiated in the current authors’ laboratory. 5 From the oxigenated sesquiterpene fraction, a 14- 

hydroxyderivative with the caryophyllene skeleton was isolated. This catyophyllenol behaved like a mixture of 

two conformational isomers in similar proportions. Since there was no nOe between H-5 and H-14 (indicative 

of 42 geometry) and their spectra were not superimposable with those of the 14-hydroxy-derivative obtained by 
oxydation of P-caryophyllene with Se@, it was assigned the structure 14-hydroxy-9-epi-P-caryophyllene (S).e 

Nevertheless, later observations proved to the authors that the assigned 9R configuration was incorrect and, 
consequently, that the true structure of the natural caryophyllenol was 14-hydroxy-fi-caryophyllene (6)’ Now, 

the differences in the proportions of the conformers of 6 and 3, two substances with identical carbon skeletons 
and configurations, were remarkable. For this reason the decision was made to complete the conformational 

analysis of 6 and to compare the results with those obtained with 3 and with the acetyl derivative 7. 
In this paper, the isomerization process undergone by the endocyclic double bond of P-caryophyllene. 

under treatment with Se%, is described. Chemical correlations between 3 and 6, which indicate the correct 
configuration of the caryophyllenol from J. oxycedrus, are established. Conformational analysis of the 

compounds 3,6 and 7 is carried out using high resolution tH NMR and molecular mechanics. The lH and t3C 
NMR signals of substances 3,6 and 7 are assigned to the corresponding atoms of the conformers 8cr and BP of 

each compound. Furthermore, products 3,6 and 7 are treated with m-CPBA and stereoselectivity of reactions 

are studied by means of spectroscopically caracterization of the two diastereomeric epoxides obtained from each. 

RESULTS AND DISCUSSION 

In contrast to that described in reference 8, the treatment of P-caryophyllene (3) with Se@ generated 14- 

hydroxy-isocaryophyllene (8). The true 4E configuration of 8 was established by the nOe observed between H- 

5 and H- 14 and by its t3C NMR spectrum. In this spectrum C- 14 resonates at 67.3 ppm while, in the 3% NMR 

spectrum of 6, C- 14 appears at 60.2 ppm in one conformer and at 62.0 ppm in the other in agreement with the 

42 geometry assigned to this natural caryophyllenol.6 During the reaction of 3 with Se@, isocaryophyllene (1) 

was also produced. Its formation can be explained by the retro-ene reaction in Scheme 1. The ene reaction 

between 3 and Se02 generates the selenyl derivative I, which presents conformational mobility in the nine 
members ring (C-4 - C-5 single bond) and thereby it evolves to less strained compounds 1 and 8. 

s 
Scheme 1 
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At first, the product 8 and the natural caryophyllenol from J. dxycedrus were thought to have the same 42 

configrwtion.S~dceirspecaadidnot~de,cisgeomctrywaJasgigncdtotheiirtepmnulmj~~ofthe 

natural caryopltyllenol.6 Once the 4E conQuration of 8 became known it was necematy to revise the geometry 

assigned to the uatural caryophylletml. With the aim of establishing a chet&&ccurclation between one of the 

two hydm&xM 3 a: 4, and the natural catyophyllenol, a series of chemical transfsumations of the latter were 
cat&d out. Its ma&ion with PBF~ and LiA& generated the tric$&c alcohol 99 and small amount of B- 

caryophyllcne. Its oxidation with pyridinium dichromate (PDC) also produced rmixture of substances with a 

trans imemm&u juuct& the aIdehyde 10’6 and the ketone 11.11 Lastly, omlysis rcac&us of the acetates 7 
(derived from the natural caryophyllenol) and 12 (derived from 8) arrived at the same seco-derivative 13 
(Scheme 2). establishing definitively the structure 14-hydroxy-f%caryophyllene (6; lR, 9s) for the natural 

caryophyllenol from J. oxycedrur. 

During the writing of this paper, Hinkley et al.l* described another chemical anrelation between 3 and 6. 

a) 03 a) C 
b I I 
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b 
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Scheme 2 

The mlative proportions of the two conformers of 66 (determined by 1H NlvlR) contrasted with that of the 

two conformers of 34 (determined by l3C NMR). With the intention of comparing results obtained by the same 

technique, the high resolution *H NMR spectra of 3.6 and 7 were performed. In the olefmic regions of this 

spectra (Figure I) the signals of the two conformers of each compou& can be distinguished. The protons of the 
exocyclic methylene am more shielded in the l3cr than in the BP conformers while H-5 is more deshiekkd in the 

j3a (where this hydrogen resonates as a double doublet) than in the pp confotmers (where it resonates as a 

broad doublet in 3pp and 7pp and as a double double doublet in a@>. The 1H NMR signals were assigned to 

the pa or to the @ conformers of 3.6 and 7 on the basis of the similarity found between the relative intensity 

of each signal and the relative proportion of each conformer determined by molecular mechanics (lQure 2). 
The *SC NMR &tals (Experimental, Table 2) wem alsoassigned without major difficulty. In the 1% NMR 

3 6 7 

Figure 1. Olefinic regions from the *H NMR spectra of 3,6 and 7. 
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3Pa 
SYBn @opuhion Ieveis. energy) 59.59,44.65 KcaVmol 
1H NMR (confom~~pcxenrages) 82 

SYBYL 
IH NMR 

@a 
41.63,45.15 Kcal/mol 

42 

SYBYL 
‘H NMR 

7Pa 7PP 
55.47,46.50 Kcal/moJ 44.53, 46.63 Kcal/mol 

68 32 

3PP 
40.41, 44.88 Kcal/mol 
18 

6PP 
58.37,44.95 KcaVmol 

58 

Figure 2. Confonnational analysis of 3,6 and 7 using molecular modelling and 1H NMR. 
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spectra of 3 and 7, the signals corresponding to the @x conformers wen notably more intense. In the case of 6, 

all showed a similar intensity and were assigned by comparison with those of 3 and 7. 

In the past, the Allinger MM1 tnoiecular mcdellittg programme gave theoretical concIusious in agmement 
with the experimental data obtained from &zuyophyllene.4 Not possessing MMl, the authors used a more 

recent programme. the SYBYL system, l3 which had given good results with other cyclic moleeuks in earlier 
works. This theoretical analysis of 3,6 and 7 also indicated the exiatenee of two conformem, @z and BP, in 

close relative proportions to those determined experimentally (Figure 2). In 3, as in 7, the predominant 
conformer is pa. However, the ratio is inverted in 6, where the @ conformer predominates slightly. The 
increased percentage of 6pp could derive from an intramolecular hydrogen bond between the hydroxyl group 

and the double bond-Ag(ts). This hydrogen bond could also be responsible for the chemical shift of C-8 in 6Bp 
(159.0 ppm), which is substantially less shielded than in 7pp (C-8 at 154.7 ppm). This carbon resonates more 

closely in the pa conformers: 154.0 ppm in 6f3a and 152.9 ppm in 7jkx. Intramolecular hydrogen bonds 

between hydroxyl groups and double bonds have been previously reportedI 

The preparation of 4.5epoxiderivatives generated valuable information at the fist stage of the 
conformational analysis of P-caryophyllene.3 In the authors’ laboratory, the treatment of 3.6 and 7 with m- 

CPBA yielded a mixture of two diastereomeric epoxides in each case (Scheme 3). The diastereomers 15&x and 

m-CP6A 

3, R = CH3 
6, R = CH20H 
7, R = CH2OAc 

14, R = CH3 I?% 
15, R = CH20H 70% 
16, R = CH20Ac 79% 

Scheme 3 
lS&3 were isolated by column chromatography and each isomer was analysed separately by spectroscopic 

techniques. The connectivities of their hydrocarbon skeletons were confirmed using 2D NMR teehniquesl~ and 

their configurations determined by NOESY experiments (Figure 3). The diasteteomers of 14 and 16 could not 

be separated by chromatography over silica gel. Their ‘H (Table 3) and 13C NMR (Table 4) signals were 
analysed on the spectra of the mixtures and were assigned by comparison with those of lS/3a and 15@. Their 

relative proportions were measured on the integral of the ‘H NMR spectra. 

lS@a ISPP 
Fitwe 3. Observed nOes by means of NOESY experiences on the diastereomers 15&x and 1!5#. 
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The existence of two conformers in 3,6 and 7 allows the exposure of both sides of the endocyclic double 
bond to the m-CPBA attack. Thus, the oxidation of the pa conformers generates the @f epoxides and that of the 

BP conformers yields the &3 epoxides. The 14Ba/14BB and 16Bcr/16BB ratios are directly proportional to 

those of the starting conformers (3@/3BB and 7Ba/79B). H owever, the lSBa/lSB~ ratio (>l) notably 

differs from the 6@r/6BB ratio (< 1) pointing towards a higher reactivity of Sm. This fact might be additional 

evidence for the existence of an intramolecular hydrogen bond. In the 6pa conformer, the allylic OH is free to 

coordinate with the peroxyacid,l6 thus accelerating the epoxidation of the neighbouring endocyclic double bond. 
In contrast, the hydroxyl group of 6BB is employed in the intramolecular hydrogen bond. 

EXPERIMENTAL 

Optical rotations were determined on a Perkin-Elmer Model 141 polarimeter, using CHCl3 as solvent.tH 

NMR (300 MHz) and 13C NMR (75 MHz) spectra were performed on a Bruker AM 300 spectrometer using 
TMS as internal standard and CDC13 as solvent. Chemical shifts (8) are expressed in parts per million @pm) and 

coupling constants (J) in hertz. NOEDIF and NOESY experiments were performed on the Bruker AM 300 

spectrometer. IR spectra were recorded on a Perkin-Elmer Model 983 G spectrometer with samples between 

sodium chloride plates (film). All mass spectra were registered on a Hewlett-Packard 5988A mass spectrometer 

using an ionizing voltage of 70 eV (BIMS) or by chemical ionization (methane, CIMS). Gas Chromatography 
(GC) analysis was run on a Hewlett-Packard 5890A gas chromatograph. Chromatographic separations were 
carried out by conventional column on Merk silica gel 60 (70-230 mesh) using hexane-Et20 (H-E) mixtures of 

increasing polarity or by flash chromatography on Merk silica gel 60 (230-400 mesh). 

Computational aspects. The SYBYL force field13 was used implemented as in the program Spartan 3.0.17 

/Waryophyllene (3) 
A sample of 3 (DGF company, Granada, Spain) was purified on a 20% AgN03 silica gel column to 98% 

purity (GC). Oil ; [U]D -12.90 (c 1.07). At 25cC the compound exists as a mixture of two conformational 

isomers: 3pa and 3pp at 82 and 18% respectively, as deduced from the *H NMR integral. 1H and t3C NMR 

spectra are in tables 1 and 2. 

Oxidation of P-caryophyllene (3) with Se02 

A solution of Se02 (1 .l g, 9.9 mmol) in EtOH (10 ml) was added to a solution of 3 (2.0 g, 9.8 mmol) in 

EtOH and the mixture was stirred for 3 h. at room temperature. Hz0 (70 ml) was added and the mixture was 

extracted with Et20. The resulting organic layers were washed with sat. NaHC03 aq. solution and H20, dried 
over anh. Na2SO4 and the solvent removed. The flash chromatography of the residue (75:25 H-E) yielded 1.3 g 
of isocaryophyllene (1) and 0.9 g of 14-hydroxy-isocaryophyllene (8). 1: coloriess oil; [a]D -16.060 (c 1.03); 

IR (neat): 2) 3069 (H-C=), 1628 (C=C), 1377, 1365 (CH3-C-CH$, 884 (C=CHz); tH NMR: 6 0.98 (3H, s, 

H-12), 1.00 (3H, s, H-13), 1.41-1.52 (2H, m, H-2), 1.54 (lH, dd,J=10.5,5=9.6, H-lo), 1.66 (3H, br s, H- 
14), 1.72 (lH, dd,J=10.8, J=8.6, H-lo’), 1.85 (lH, ddd,J=11.5, J=9.2, J=4.7, H-l), 2.00 (lH, ddd, 
J=13.1, J=6.7, J=3.9, H-3), 2.13 (lH, ddd,J=13.7, J=9.8, 5=4.2, H-3’), 2.14-2.26 (4H, m, H-6, H-6’, H- 
7, H-7’), 2.52 (lH, q,.J=9.1, H-9), 4.76 (lH, d,J=1.8, H-15), 4.84 (lH, d,5=2.0, H-15’), 5.26 (lH, brt, 
J=7.5, H-5); 13C NMR: 6 23.13 (C-12), 23.32 (C-14), 25.67 (C-2), 28.51 (C-6), 28.79 (C-3), 30.04 (C-13). 
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33.18 (C-11). 35.59 (C-7), 40.17 (C-Q), 40.~54 (C-lo), 51.95 (C-l), 110.40 (C-15), 124.98 (C-S), 136.28 (C- 
4), 156.70 (C-8). 8: yellow oil: [a]r> -10.4O (C 1.07); m (neat): 0 3336 (a), 1377.1364 (~3-C-CH3). 1010 
(C-O), 884 (-2); *H NMR: 8 O.% (3H, s, H-13), 0.98 (3H. s, H-12). 1.55 (1H. dd, Jt~ll,l~=10.7, 
Jtq3gr9.31 Iklf@), 1.70 (lH, dd. Jt~,tqj=lO.Q. J1oa9=8.8, H-10@, 1.80 (1H. ddd, 1~~=11.4,Jt,q=9.2. 

J1,2=4.1. H-g). 2.49 (lH, q,J=9.1. H-Q), 4.01 (2H, br s, H-14). 4.74 (lH, d,J=l.Q, H-IS), 4.82 (l:H, d, 
J=l.Q, H-15’), 5.50 (U-I, k t ,5=7.9, H-S), NGEIXF? JrrMation at 0 4.01 (H-14) generaW nOe in H-S and 

irradiation at 5.50 ppm (H-S) caused teciprocal nGe in H-14 13CNMlk 8 22.9 (C-12), 25.3 (C-2), 26.7 (c-3). 

27.3 (C-6), 30.1 (C-13), 33.3 (C-l 1), 35.1 (C-7), 40.1 (C-lo), 40.7 (C-Q), 52.1 (C-l), 67.3 (C-14), 110.6 

(C-15), 126.7 (C-S), 139.7 (C-4), 155.5 (C-8). 

Z4-hydroxy-fi-caryophyllene (6) 
The alcohol 6 at 91% (GC) purity was isolated from Junipenrr oxycarlrus, as pmviously de&b&6 At 

ra3m~itpRstntstwomajor ~:~(42%)and~~(S8%)onthebsisob~~~NMR 

specmuutHandt~NMRspectraateintables1ancl2. 

Reacti+ ~$6 wit& PBr3 and LiAlX4 
Brg (0.106,2 mmol) in anbydrous Et20 (3 ml) was slowly added to a stinxd solution of 6 (0.186 g. 2 

mmol) in Et20 (5 ml) at -loOC, under an inert atmosphere. After stirring for 7 min. the cooling bath was 

removed and LiAMt (0.062 g) in Et20 (3 ml) was added. The mixture was stirred for 1 h., diluted with moist 

Et20, dried on anh. Na2SO4 and evaporated to dryness. The analysis of the residue by GC-MS, with an 
authentic sample ,as stand& showed a small prop&on of Bcaryophyllene (3). Lastly, the nsirlue was run on 

a silica gel cbmmaqmphy column (QS:S, H-E) yielding 9 (33 mg), 6 (66 mg) and 3 (3 mg). 

Oxidation of 6 wit& PDC 
A mixture of 6 (0.03 g, 0.14 mmol), CH2Cl2 (2 ml) and pyridinium dichromate (PDC, 0.095 g, 0.25 

mmol), was stirred for 6 h. at room temperature. Et20 (SO ml) was added and the suspension was ftitered 

through silica gel (EtzO). The solvent was removed and a 3:7 (GC analysis) mixture (0.024 g) of 1010 and 

1111 was obtained. 

Z4-Acetexy-fi-caryophyilene (7) 
Gvemight treatment of 3 (0.1 g) in pyridine (1 ml) with AqO (1 ml), yielded the acetyl derivative 7: oil; 

[u]D-14.00 (c 1.02); IR (neat): o 1741 (C=O), 891 (C&H& EIMS m/z (rel. int.): 206 (M+-Me&!=CH2, l), 

202 (W-AcOH, 5). 187 (M+-AcOH-Me, 7). 159 (15),149 (14), 146 (M+-AcOH-Mc+C!H~, 13). 145 (14), 

105 (27). 91(45), 78 (79). 63 (100). This compound exists, at room temperature as a 3268 (1H NMR integral) 
mixture of the conformational isomers 7@ and 7pB. lH and 1% NMR spectra are in tables 1 and 2. 

Oron~lysis reactions of Z4-acetoxy-j?-caryophykne (7) and 14.acetoxy-isocaryopbyllene 
(12) 

An 02/03 saxxm (0.75 mmol G@) was bubbled through a solution of 7 (269 mg, 1.03 mmol) in 

CHzClz (26 ml) at -78oc for 3 h. Then, MezS (2.6 ml) was added and the mixture was stirred at room 
temperature for 12 h. The solvent was temoved, the residue was filtered on silica gel (Etfl & eluent) and the 
Et20 was again removed. The flash chromatography (4~6 H-E) yielded 26 mg of W: oil; [u]&O.80 (c 1.03); 

JR (neat): D 2721 (0. 1751 (C==G), 1728 (C!=O), 890 (C=CH& tH NMR 8 1.02 (3H. s, H-13), 1.03 
(3H. s, H-12), 1.43 (lH, t,J=10.3, H-lop), 1.66 (2H, 4.517.4, H-2). 1.80 (lH, dd,J1~1~=8.5, H-10@, 



3820 A. F. BARRERO et al. 

1.89 (lH, dr, Jl,g=9.6, Jt,2=7.6, H-l), 2.14 (3H. S, CH3CO2), 2.28 (2H, br t, J=7.6, H-7), 2.32 (2H, t, 

J=7.4, H-3), 2.37 (lH, br q, J=lO.O, H-9). 2.55 (2H, dr, J&7=7.6, J6,5=1.8, H-6), 4.60 (2H, s, H-14), 4.66 
(lH, br s, H-15), 4.77 (lH, br s. H-W), 9.75 (1H. r, J11.8, H-5); t3C NMR: 6 22.3 (C-12). 23.9 (C-2), 

26.5 (C-7). 31.0 (C-13). 33.6 (C-l I), 37.0 (C-3), 39.7 (C-lo), 41.8 (C-6), 47.6 (C-9), 51.6 (C-l), 67.9 (C- 

14), 107.7 (C-15). 150.5 (C-8), 202.1 (C-5), 203.6 (C-4); EIMS m/z (A. int.): 252 (M+-C2H20, 1). 196 

(M+-C2H+C&, 2), 184 (M+-C7HloO. 2), 142 (M+-C2Htu-C7H1u, 2). 124 (16), 111 (14), 110 (M+- 

C&i16, 3), 109 (23). 106 (29), 93 (16), 79 (17), 43 (100). 
Acetylation of 8, by the usual procedure, yielded the ace@ derivative 12. Oxonolysis of 12 (187 mg), 

according to the described procedure generated 32 mg of a substance whose spectroscopic features were 
identical to those of 13. 

Epoxidation reactions of 6, 3 and 7 
3Chloroperoxybenzoic acid (0.208 g, 1.21 mmol) in CHzClz (3 ml) was added to a solution of 6 (0.205 

g, 0.93 mmol) in CH2C12 (4 ml). under an inert atmosphere, and the mixture was stirred for 2 h. Then, 10% aq. 

Na2S@ was added. The mixture was extracted with H20. The solvent was removed and the residue was run on 
a silica gel chromatography column, giving 67 mg of 15@3 (86:14, H-E) and 120 mg of l@a (85:15, H-E). 

Up@ oil; [a]D +26.50 (c 0.63); IR (neat): u 3330 (OH), 1237, 1017 (C-O), 875 (C=CH2), 815; tH and *SC 

NMR data in tables 3 and 4 respectively; CIMS m/z (tel. int.): 237 (MH+, 15), 219 (MH+-H20, 75) 201 
(MH+-2H20, 100). 189 (MH+-HzO-CHzOH, 13). 145 (MH+-2H20-C&la, 10). 15pa: oil; [a]D -14.60 (c 
1.01); IR (neat): II 3329 (OH), 1233,1017 (C-O), 873 (C=CH2), 849.1H and 13C NMR data in tables 3 and 4. 

Epoxidation of 3 (0.502 g, 2.46 mmol) by a similar procedure, followed by flash chromatography (95:5, 
H-E) of the final residue yielded a mixture (429 mg) of 14pa (8 1%) and 14pj3 (19%). tH and t3C NMR data 

are in tables 3 and 4. 

Starting from 7 (0.064 g, 0.27 mmol) a mixture (26 mg) of the epoxides (flash chromatography, 85:15 
H:E) 16pa (79%) and 16pp (21%) was obtained. lH and t3C! NMR data are in tables 3 and 4. 

H 

1OP 
12 
13 
14 

14’ 

15 

15’ 

CH3CQ2 

Table 1. Relevant 1H NMR data* of the compounds 3,6 and 7. 

3 6 7 
Pa IY Pa BP Pa 

5.30, &i 
Js10.3.4.5 
1.91, dl 
JJ11.9, 5.3 
- 
- 
1.00, s 
0.97, s 
1.61, d 
J=l.l 
- 
- 
4.82, d 
J=1.7 
4.94, d 
J=1.7 

5.26, br d 
J=12 

5.44. dd 
Js11.0, 5.7 

- 
0.97, s 
0.96, s 
1.58, s 
- 
- 
- 
4.87, br s 
- 
4.94. br s 

- 
1.00, s 
0.99, s 
3.92, d 
J312.2 
4.16, d 
J&Z.2 
4.76, d 
Jd.8 
4.94, br s 

5.36, &l 
J~l1.7.4.5. 2.2 
- 
- 
- 

1.00. s 
0.98, s 
3.67, d 
J=11.8 
4.12, d 
J=ll.8 
4.89, br s 
- 
5.06, br s 

5.60. dd 
J=l0.9,5.5 
1.85, dt 
J=12.5, 5.3 
1.56, I 
J=10.4 
0.97, s 
0.95, s 
4.44, d 
J=l20 
4.68, d 
J=12.0 
4.81. br s 

- 
0.95, s 
0.93. s 
4.32, d 
J=11.9 
4.68, d 
J511.9 
4.87, br s 

4.%. br s 4.99, br s 

2.03. s 2.01, s 

Pp 
5.51, brd 
J=12 
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6 

BB 
56.9 

Bar 
51.2 
28.8 
34.0 

133.3 
1313 

z: 
15i9 
49.3 
40.3 
32.8 
22.3 
30.0 
61.4 

113.5 
21.1 

171.2 

7 

BB 

55.8 

133:3 Et 

131.1 

154:7 it; 

49.1 
42.6 
32.8 
21.9 

z: 
111:s 
21.1 

171.2 

16$a WV 

1.79, bt I - 

Ml.&i 

267,ddd 
1.68,&i 
1.58. I 
Imo. s 
o&8, s 
4.55, d 
3.61.&i 
5.QZ.brs 
4.84.bfs 
2.08, s 

Grddd 

1.00. s 
0.96. s 
4.36. d 
3.75, br d 
5.13, s 
5.02. s 
2.08, s 

F Bar 

ii: 
33.8 

138.0 
128.9 
30.0 
34.9 

154.0 
49.8 
40.7 
33.0 
22.2 

iit: 
113:1 

53.7 
28.4 

iti 
1378 

40.1 34.9 
135.6 135.1 
124.4 lM.6 129.5 

E 
159n 
49.1 
426 

z-i 
154:s 
48.6 
40.4 

31.5 
39.9 

155.2 
49.5 
42.7 

33.1 
22.7 
30.2 
16.4 

111.7 

33.1 
22.0 
29.9 
16.4 

110.9 

Table 3.lH NMR data* of the qxmides 14-16. 

H 

1 

14Ba 14i3B 1Spa 

1.74. br I - 1.78. br I 
1.46&W 
164,&i 

$gt 

1.3j. m 
2.26, m 
2.10, m 
2.26, m 
2.63.u 
1.65.&f 
1.55, I 
1.00, s 
0.98. s 
3.81. b d 
3.38, c&i 
4.96, d 
4.81. d 

1.75, b&i 
lAl,dW 
1.55.&d& 
2.12ifdd 
lJS7.&f 
3.13, dd 
217.M 
lA8,ddf 

E?z 
2.34:&d 
1.8dda 
1.61.&i 
1.00. s 
0.s s 
3.6O.bd 
3.5l;brd 
5.13, s 
5.02. s 

2a 
28 
ze” 
5 ii6& 2.98, &i 

E 
F 
:3 
12 
13 
14 
14 
15 
15 
m3m2 

250. &i 
iifw - 
1.6Xdd 1.84,&f 
1.59.r - 
1x)0. s 1.00. s 
0.98. s 0.96. s 
1.2Q, s 1.26, s 

4.95, d 5.09, s 
4.84. d 4.97, s 

Cwphg WIWUIIIS Q: compolmd 14ga: 1,9= 1,2a= 9.7 Hz; S&a= 10.7 Wz; 5,6@= 4.2 Ifi: 9.lOp-1 lOm,lO@= 10.6 HE; 9.1Om 8.3 HZ; 
15.15’= 1.6 Hz Cdmpuml M#@: S&a= 11.4 ffr; Se@- 2.6 Ifs; 78.7a- 12.9 Hr 7b.+ 63 ik 7@,6a= 2.1 Hr lOa.1~ 11.0 Hz; 
1Oa.S 8.0 Hz Compod U&x 1.9= 1,2a= 9.9 Hz 2a,3@= 13.4 Wr 2&?&n 10.4 &+2a,3am 43 & 2ft,3& 55 Hz; 2$.3a= 3.0 Hz; 
3a.3Bp 13.0 HE; 3B.14’= 1.1 Hz; S&s= 11.0 Wz; S&l= 4.1 Wt; 9,lOfk loSlO@= 10.6 Hs 9,1Oa= 83 Hz; 14.14’~~ 12.2 Hz; 15.15’= 1.6 
Hz. cmpamd 1sgb: l&x-103 Hz 1.9= 95 Ht; 2a$fb 145 Hz; 2f&3a= 12.4 Hz &3Bp 5.4 HIE; -=5.7 e 2##3p= 2.6 Hz; 
3a.3B= IS.1 Hr; 5,6@ Sf&7a= lib Hq S&a- 2.4 ti 6a.6b 12 m 6a,7a= 53 Wz; 6uJfb 2.l Hr; sB;rfb 6.3 EL: 7cs7+ 12.8 HZ; 
9,1og= 10.0 HE; 9,1Oa= 8.1 Ii+ 1OaJOp 10.7 Hz 14,14’= 11.7 Hz. tTuqimd 16pa: Is= la 10.0 Hs; 5&= 10.9 Hr; s&pm 3.9 
Hz; 9,10& lOa.lUfk 105 Hz: 9.1&t= 8.4 Hz 14.14’~ 12.2 Hz 14’,3@ 13 Hz Compmml laeb: S.apl 11.6 Hz 5.6~~ 2.7 Hs; 7&7a= 
12.9 H+ 7ft.@= 62 H+ v&a- 2.0 Hz; 14,14’= 12.0 Hz 
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Table 4. 13C NhfR data* of the epoxides 14-16. 

C 14ba 1488 15pa 15PP 16f3a 

1 50.8 
2 21.3 
3 39.3 
4 59.9 
5 63.8 
6 30.3 
I 29.9 
8 151.9 
9 48.8 
10 39.9 
11 34.1 
12 21.7 
13 30.0 
14 17.1 

112.9 
&3CO2 - 
CW& - 

36.4 
61.0 
61.1 
30.3 
36.7 

152.8 
47.2 
42.4 
33.1 
21.7 
30.0 
22.7 

112.3 
- 
- 

49.3 
26.5 
33.5 
62.9 
65.1 

2: 
151:5 
49.1 
39.9 
34.5 
21.5 
30.0 
62.1 

113.4 
- 
- 

54.9 
27.5 
31.3 
63.1 
61.9 
29.1 
36.8 29.0 

155.1 151.2 
47.3 
42.4 
33.2 
21.7 
29.8 
65.2 

111.9 
- 
- 

49.6 

E-i 
60:1 
63.8 
30.4 

49.0 
39.9 
34.5 
21.5 
30.0 
64.1 

113.7 
20.9 

171.3 

54.2 
27.4 
30.8 

Fz: 
2916 
36.5 

152.8 
47.3 
42.5 
33.2 
21.6 
30.0 
68.1 

112.6 
21.0 

171.3 

*Chemical shi& in ppm 
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