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Ahatractz Reactlow of methyl 12,l3-epoxyzrs-communates (3, 4) and methyl 12,l3-epoxy-rrans-communates (& 6) with 

BF, etherate at 0°C are reported They occur m a stereoselectrve and stereospecdlc way yleldmg mamly C-12 oxygenated 

punaranes When the reactton was camed out from I and 6 two tetracyclrc ketones (U, s) were also isolated Reaction 
mecbamsms and stereochemrcal unphcatlons are dmcussed 

Monoepoxldes of polyenes are appropriate substrata m blomlmetlc syntheses of terpenouls and steroids ’ The ozorane rmg 

baslcaily plays two roles m these reactlons (a) functlonahzation m a specdic pos~hon of the molecule, and (b) provlston of the 

reqmred cauon for acluevmg cycbzation wth a high stereochemlcal control,* by electrophtbc openmg In ths paper we report 

the results of the openmg reactions of methyl 12,l3-epoxysu-communate (a,$ and methyl 12,l3-epoxyJmns-communnate (& 

6) wth BF, etherate Most products obtamed m these processes are C-12 oxygenated plmaranes m addltlon to two tetracychc 

ketones (U la), when epomdes 1 and 6 were used 

METHODS AND RESULTS 

Epoxldatlon of methyl as-communate (0 was performed with m-CPBA m the selectwe conditions desa&ed by Pascual 

Teresa et al’ yleldmg, after chromatograptuc separatton, a mtiure of methyl (UR,us)-lgu-epoxy-la~a~(l~,l~~en-l~oate 

(3 and methyl (12S,l3R)-12,l3-epoxy-labda-g(l7),14-d~en-19-oate (4) (45% of the reactlon products) ‘H-NMR of the nuxture 

3 (12R, 13s) 4 (12s. 13R) 

(a/ 4 rat10 55/45) 

shows the same signals for H-C,, (6 290, br I, J=6 Hz) and Me-C,, (6 136, ) s m both Isomers m accordance wth a 

12,13-owane The 6 values of the exocychc methylene (a d 4 48.4 86,4 6 4 75,4 90) allowed to estabhsh the stereochemistry 

of the lateral cham smce conformational analysis around the C,,-C,, bond JuStlfk those dlflerences observed m the chemical 

shdts (figure l), the less hmdranced 58 and 46 conformers should be preferred tn a slmdar way as occurs for C-12 oxygenated 

labdancs’ and as deduced from the 11,12 couphng constants In this sense the proxlmlty behveen He,-17 and oxygen m 

compound 4 Justdies its deshlelded 6 value (4 75 ppm) m opposltlon to that III compound ;Z (6 4 48) 
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Figure 1 

Epoxldatlon of methyl Iruns-communate (2) yIelded a mulure of methyl (uR,l%)- 12,13-epoxy-labda-8(17),14-&en-19-oate 

(5) and methyl (lzs,l3s)-Y13-epoxy-labda-8(1~, 14- dlen-19-oate (6) The stereochemistry of the lateral cham m 5 and 6 ~85 

2 3 WR13R) f! (12$13S) 

(818 ratlo 60140) 

determmed m a smular f&on as for 3 and 4, takmg mto account the multlphclty and coupbng constant for H-12 (2d, J=6 7 

I-Lx for 5 and J =6 9 Hz for 6) as well as d values for H-17 (5 6 4 44, 4 84,6 6 4 72, 4 89) m ‘H-NMR In accordance w~tb 

these data, wnformatlonal analysts shows A conformers as those more probable for compound 5 and 6 (figure 2) 

In both epoxrdahon reactIons a certam stereoselectwtty through the formatlon of 12ksomers IS observed It should be re- 

lated wth the fact that the lateral cham of the startmg products (1,2) adopts a preferred conformatton around the C&t and 

C,,-C,,’ bonds III order to mmrntxc the mteractlon exerted by the blcychc system (figure 3), allowmg more easdy the attack on 

the less hmdered u side that leads to lm-epoxldes Tk stereoseletivlty IS co-tent \Irlth that described for 

photooxygenation’ and oxymercuratlon-demercuratlon” reactlons on 1 and 2 

H 

Figure 2 
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R’ 

1: R’ CH) , RZ -CHICki 

2’ R’ -CH=CH2, RZ -CH3 

1ZR. derlvathw 

Figure 3 

The oxnanc Mg opcnmg reactions of methyl 12,13-epoxy-communatcs were carrled out by treatments of nuxtures of 1 aad 

4 wth BF, etberate m benzene at (PC Results of these reactroas are collected m table 1 

17 OH 

Table 1. ReactIon of 3, 4 mudures wth BF, etherate 

1 2 2 JQ u 12 11 J4 

P (SO%) 
R-l 2.3% 4 3% 14 7% 11.7x 4 3x 27 9X 1 9% 1 ox 

d (40%) 

:-q=J * + 
l mam reacuon product, + minor reacuon product 

The opemng of the oxuane rmg followed by a H,, rearrangement lea& to compound U, and further A” wmenzauon 
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and stcreosekct~ve Aqm hydration by the less lundercd a srde leads to 14 Compouuds lJ (formed by rmg opemug and duect 

hydrauon) and 14 are mmor products ongmated by the presence of tram of water m the reamon mtxture The rest of the 

products are the result of the cycltxa~on process of the 8(17) double bond through C-13 positron of the ally1 catlou orlgmated 

~1 the oxlrane openmg 2 has been described as a radzakry cycbzatton product m the oxymercuratron-dcmercuratton of methyl 

Iruns-communate (2) ‘$ Its Bomer (S), detected III a mtxture together to 2 (65/35 ratio), shows sumlar ‘H-NMR spectrum to 

1, havmg the same stcrcochcmlstry on C, and C,, as 2 smce H-12 for both compounds has analogous spbttmg pattern (table 

2) On the oppostte, fl possesses R-C,, configuration deduced from the 6 values m “C-NMR for C,, (deshtcldcd) and C,, 

(shtclded) respect to those of 1, as a consequence of dtiferent y-effects exerted by C,, and the brtdge oxygen (table 3) 

Table 2 ‘H-NMR data of compounds 2 and B 

no-10 

W-13 

b-4 

l&O- 19 

H-12 

H-15 

H-16 

HI-16 

R 

8 0.67 (8) 6 0 68 (6) 

6 1 08 (s) 6 1 09 (s) 

6 1 17 (s) 6 1 17 (6) 

6 3 59 (8) 6 3 59 (S) 

6 3 83 (d. 5 5 Hz1 6 3 92 (d, 5 8 HZ) 

6 5 66 (dd, 16 7, 10 1 Hz) 6 5 99 (dd, 17 6. 10 6 Hz) 

b 6 00 (dd, 18 7. 1 2 HZ) 6 4 86 (d, 10 5 HZ) 

6 5 01 (dd. 10 1. 1 2 Hz) b 4 69 (d. 17 6 HZ) 

See reference 9 

64 -57 
-- 

*o 01 

+o 01 

0 

0 

+o 09 

+o 13 

-0 12 

-0 12 

7 4 

Table 3 ‘k-NMR data of C,, and C,, for compounds 2 and II 

2 R 2 (&effects) R &effects) 

Cl 144 05 gauche (Cl t ) I 6 b 
147 97 

gauche (01 

trams (0) trans (Ct 1 ) 

Cl I 
gauche (0) 

6 27 36 6 
gauche (Cl, ) 

21 06 
trans (Cv 1 ) trsns (0) 
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Smaurd elua&uon of ahhols p and U posed the problem of the stereochemrsrry on C-l2 and C-l3 together to the rmg 

C couformatron The ‘H-NMR spectrum of p shows ao H-12 srgnal at 6 3 57 (m, w,,~= 10.5 Hz, pseudoequatorral proton) 

whereas that of 19 s at 6 3 47 (dd, J, =9 3 HZ, J,= 5 4 Hz, pseudoamal proton) Furthermore, absolute con6gurauon m C-12 

for f! and lQ was determmcd by the Horcau method” as R and S, whrch mdrcates that both compounds present ‘*H,, half-&n 

conformatrons (figure 4) The C,, configuratrons for f! and 1Q were estabbshcd by ‘H-NMR mduced chemmal sluft studres wrlth 

9 l!l 

Flgure 4 

pyruhne-d, (table 4) and Eu(dpm)s (table 5) In both experuuents for compound 2 H-15 16 approxnnately two tuues more 

deshrelded than H-17 mdmatmg that hydroxyl and vinyl groups are m as relatrve posrtron (R-C,,) The Jame CIS relatrve posrtron 

IS deduced for compound 19 smce the pyrnhne mduced chemmal shrft on H-15 IS ako two tuues greater than that of H-17 

(S-C,,) On the contrary, the P values of H-15 and H-17 for lQ (table 5) are samJar, m agreement wrth an a-pseudoequatormi 

posrtroo of HO-C,, eqmdistant respect to both H-15 and H-17 

Table 4 ‘H-NMR data m CDCI, and pyrxhne-d, for compounds P and 19 

r 
H P (61, CoClr 1 9 (61, Pr-ds ) 2 (bt-bt ) 1p lb*, COCls 1 1p (br . IV-ds 1 J.Q (bz-61) 

12 1 51 3 01 +o 30 3 41 3 78 l o 30 

tL 5 aa 6 38 +o 50 5 a5 6 33 +o Ia 

16 5 oa 5 13-5 24 +o 10 5 01 5 13 l o 12 

16 5 to 5 13-5 21 +o 08 5 09 5 Ia +o 09 

11 0 93 I 15 +o 22 I OS I 26 +0 23 

Table 5. ‘H-NMR Eu(dpm), mduced chemmal shrfts for compounds 2 and u 

w (3) 

0 0 023 0 046 0 078 0 120 0 206 

3 57 3 60 3 9. 4 0’) 4 1. 5 69 

5 66 5 93 5 99 6 13 6 39 7 10 

5 06 5 oa 5 IO 5 16 5 35 5 72 

5 10 5 10 5 12 5 15 5 25 5 45 

0 93 0 95 0 99 1 06 9 21 1 62 

1 20 1 20 1 20 t 20 1 25 1 33 
0 a0 0 80 0 a0 0 00 0 69 1 00 
3 62 3 63 3 63 3 63 3 65 3 70 

P. (3) 

10 34 3 .I 3 95 1 20 5 06 5 90 3 3. 

5 95 5 a5 6 09 6 22 6 58 6 99 1 57 

3 I* 5 01 5 16 5 22 5 50 5 ao I 09 
I 10 5 09 5 20 5 27 5 .6 5 60 0 70 
3 37 I 05 I 25 I 38 1 13 2 11 I .6 

0 63 1 16 1 19 7 20 ) 25 t 31 0 21 

0 99 0 75 0 77 0 80 0 63 0 66 0 I6 

0 39 3 59 3 63 3 63 3 66 3 73 0 19 

0 0 189 0 337 0 566 0 727 

I- UQ) 

‘Eu(dpm), compound molar ratro, %roprum shrft parameter (ref 17) 
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Compounds U shows unportant d&rences for angular mcthyles m ‘H-NMR and carbons of A and B rugs III ‘?XVMR spectra 

respect to !! and IQ (table 6) fi should have a rosa&ene structure accordmg to the moiecular~formula deduced from the mass 

spectrum and d m ‘H-NMR and “C-NMR spectra Smce rmg C adopts a cbau conformation and H-12 an equatonal posttlon 

(deduced from ‘H-NMR data), the confiiatron on C,, must be R On the other hand, the 6 value of C,, (24 16 ppm) 

(cbaractenstlc of axml methylcs on cyciohexane”) allows to assign R confiiatlon for C,, 

Table 6. “C-NMR data for compounds e u and u 

C 9 lQ U 

5 53 36 53.43 127 00 
6 124.91 125 00 37 42 
9 132.06 134 13 37.26 

10 37 86 37 61 140.51 
12 72.51 74.51 74.21 
13 39 64 40.30 42.15 
15 144.66 140.75 146.46 
17 22.95 23 64 24.16 

In order to complete the stereochemxal study of the 12,lfoxlrane rmg opemng of methyl 12,13-epoxy-communates, a reactton 

of a mixture of s (60%) and 6 (40%) wth BF, etherate was carried out m the same con&Uons as for 3 and 4 Tius reactlon 

yielded the followmg products 2 (4%), 9 (mmor product), IS (2 5%), 16 (6 3%), 12 (24%). Ua (14%), 14 (0 g%), lZ (7 1%) 

and U(3 5%) 

u and 16 have been stereochemlcally cbaracterued makmg reference to theu stereo1somers p and u III bass to 6 values 

for C,, m ‘H-NMR (table 7) and “C-NMR (tdbble 9), located m pseudoequatorml and pseudoaxlal positrons, respectively 

Table 7. ‘H-NMR data of H,, and H,,-H,, for compounds 2, 19. fi and 16 
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Table 9 “C-NMR data’ for compounds 3-U and l&U 

C ii 4 P B 2 B 9 J_Q 

1 39 26 38 98 39 01 39 28 41 49 41 68 39 96 36 62 
2 19 90 19 07 19 82 19 07 18 73 1.9 75 19 60 19 39 
3 3.3 14 38 13 38 09 38 09 38 28 38 27 37 14 37 62 
4 44 26 44 25 44 21 44 21 43 86 43 86 43 86 43 71 
5 56 15 56 08 56 03 56 12 54 61 54 60 53 36 53 43 
6 26 01 26 04 25 98 25 96 20 79 20 70 20 61 20 49 
7 38 51 38 41 38 35 38 44 32 20 32 08 33 03 32 36 
8 147 90 146 33 148 25 147 53 85 58 95 44 124 91 125 00 
9 53 86 63 70 53 69 54 09 56 47 56 04 132 09 134 13 

10 40 07 40 01 39 89 40 08 36 61 36 70 37 86 37 81 
11 23 34 22 80 23.22 23 72 26 91 26 16 28 96 30 89 
12 65 44 65 43 64 59 64 68 84 22 84 22 72 51 74 61 
13 60 46 61 20 60 04 59 43 48 31 46 31 39 64 40 30 
14 136 31 136 54 140 88 140 96 50 08 52 33 37 39 42 53 
15 117 81 117 66 115 63 115.53 144 05 147 97 114 86 140 75 
16 21 40 21 36 15 37 15 00 113 03 109 86 113 26 114 42 
17 107 53 106 83 106 80 107 73 27 38 21 08 22 95 23 64 
18 28 71 28 76 26 73 28 73 28 60 28 61 26 36 28 29 
19 177 58 177 63 177 58 177 50 177 92 177 91 177 97 177 89 
20 12 38 12 62 12 59 12 40 141.5 14 93 17 13 17 05 
t&O 51 13 51 09 51 08 51 08 51 09 51 09 51 09 51 02 
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Table 9 (contmuatton) 

1 25 26 
2 19 98 
3 36 4a 
4 46 68 
5 127 00 
6 27 15 
7 24 59 
a 37 42 

9 37 28 

10 140 51 
11 36 89 

12 74 21 
13 42 15 

14 32 96 

15 146 46 

16 114 20 

17 24 160 

ia 24 400 
19 178 29 
20 20 64 
MO 51 75 

39 14 39 43 
19 78 16 95 
37 92 37 79 
44 19 43 64 
55 92 55 195 
25 72 22 22 
38 07 44 70 

146 47 72 79 
146 83 

50 01 56 47= 
50 19 
35 37 35 99 
37 08 32 79 
37 26 

210 28 202 73 
50 97 138 29 
51 76 

137 83 136 61 
137 97 
116.54 11 53 
110 67 

15 aa 14 76 
16 00 

io5.68 22 15 
106 29 

25 64 28 66 
177 43 177 63 

12 81 13 31 
51 11 51 15 

36 52 

37 67 

36 64 

37 
19 48 

66 
43 

19 43 

a4 43 75 
53 27 
20 32 

53 20 
20 57 

32 85 32 4a 
125 22 124 73 

132 71 133 88 

37 a5 37 92 
29 39 26 62 

72 50 72 16 
40.20 40 86 

39 31 43 28 

144 56 146 30 

112 so 114 54 

20 52 14 04 

28 36 26 35 
177 99 177 95 

17 25 17 OS 
51 12 51 10 

37 91 

38 56 CC-II) 

(C-9) 
43 77 

Ia a0 (c-lo) 

(C-6) 
49 62 (c-711) 
26 05 (C-7)’ 
24 61 (C-6)4 
40 97 (C-5aP 

52 79 (C-lib) 

38 58 (c-110)* 
36 54 (C-1) 

216 67 (C-2) 
49 37 (C-3) 

56 61 (C-3a) 

20 64 (C-4) 

41 13 (C-51 

16 95 (He-C>) 

28 67 (He-CI) 
t 77 68 (neoo~-cl) 

12 45 (Me-Cll.) 
51 15 (H~pxJC-Ca) 

38 35 
19 49’ 
37 91 
44 32 
53 67 
19 98’ 
20 57 
45 52 

48 aa 

40 09 
33 03 

222 50 
49 02 

43 34 

27 56 

24 08 

21 11 

29 30 
176 02 

13 46 
51 15 

* The spectra were run at 75 MHz (except U, at 20 MHz) m CDCl, 
6 values are gtven m ppm downfield from TMS 

UValues bearmg the same supersapt may be mterchanged 

Table 10. ‘H-NMR data for compound 111 and correlattons between 
protons deduced from ZD-NMR expertments 

H 6 (multtphuty; Hz) correlated hydrogens 



4450 
A F BARRERO~~~~ 

The proposed formatlon mechamsms for the products of these reacttons are summarrzed m scheme 2 Compounds 9 

and 4 o-ate cychzat~ons through route b only, whereas theu Isomers 5 and 6 do It through route c as well Smce the 

opemng of the oxlrane rmg IS accomphshed by breakmg of the C,,-0 bond, the trx.ychc compounds formed ought to retam the 

C,, ConIiguratlon of the oxuanes of which they come from (1 and 8 are necessardy ongmated from 3) In tlus sense, 

the stereochemlcal aspects of these processes have been clardied by the reactlons performed wtth 4 (95% of purity),, whtch 

yelded compound 1(L (U-S) almost excluswely, and by that performed on a mutture of 2 (70%) and 4 @I%), whuzh basxally 

led to 9 (12-R) The ch~ahty on C,, for compounds 2 and UL evidences that the ongmal onentation of the sushtuents on C,, 

(m compounds 3 and 4, respecttvely) IS qtute kept Tlus has also noted m a large-scale reactions from a mudure of 3 (60%) 

and 4 (40%) (R-l m expertmental sectIon) where compound & was predommantly formed as opposed to 1(65% of B versus 35% 

Scheme 3 
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of I) This means that rt IS a stereosektwe and stereospecdic process m whxh the rmg openmg and cyduatlon of A”’ to 

the allyl catmn u (scheme 2) must be qmte synchromc, gwmg the tertiary catmn Ill that evolves m three ddkrent ways (scheme 

3), bemg well-known that leads to L” 

The readon of 5 and 6 urlth BF, etherate shows slmdar cychzat~on to punaranes, although a lugher stereoselectlwty 1s ob- 

served as deduced from the sole lsolatlon of epoxlde 2 (ongmated m thts case from 5) This fact may be Justdied by the larger 

stablbty of ally1 catron 1ya (mtermedlate from s that leads to 2) than that of Iyb, whuzh yields Its C,, epuner 11 (figure 6), 

because of the mteractton between the n-8(17) orbrtals and the empty orbltal of the ally1 catlon (m m) Thus, the transmon 

Flgura 6 

state geometry remams unchanged after the openmg of the oxuane nng from 5 On the other hand, from the opemng of 

epoade 3, the geometry of the resultmg ally1 catlon s the less stable that may lead to a partml epunenvltlon on C,, 

In relation to the formatton of the tetracycbc ketones n and l& the mechamsm Ieadmg to the e&t-member nng IS what 

estabhsbes the Lfference of the reactton from 5 and 4 respect to that from 3 and 4 Assummg that the oxlrane rmg opemng 

and the cychzatlon are synchromc processes, the generation of the eight-members rmg from 3 and 4 IS not possible as a 

consequence of the lateral cham mflembdlty that keeps C,, away from the 8(17) double bond On the opposite, the 

Figure 7 

stereochemlstry of the oxuanes from methyl tmrrs-communate does allow tlus cychzatlon pattern (Iigure 7) Furthermore the 

evolutton of catlomc mtermedlates IS dfierent and It depends on the stereochemlstry of startmg epoxlde, from 6 the formatron 

of the cyclobutane takes place stereospeatically through the side a because of stenc hmdrances of Me-C,, (scheme 4) Fmally, 

the 1,Zhydnde rearrangement of H-12/3 leads to u 

Scheme 4 
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When the startmg epoxlde IS 5 the tetracychc carbemum y suffers a four-member nag expansloa to hyband catloa VI which 

IS stabllued by a H,, rearrangement of H-12a. the only hydrogen with approprrate stereochemistry to migrate (scheme 5) u 

From these constderatloas It can be tinally deduced that ketones u and 111 are stereospecdically generated from each methyl 

l&13-epoxy-fmns-communate 

Scheme 5 

EXPERIMENTAL 

Meltmg potats were determmed usmg a Rmchert type Kofler nucroscope and are uncorrected OptIcal rotations have been 

determmed on a Perkm-Elmer Model 141 polameter, usmg CHCI, as solvent (the concentration was of 10 mg/mL) UV 

spectra were recorded m MeOH on a UV-VIS Bausch-lamb model spectromc 2OW spectrometer and IR spectra on a 

Perkm-Elmer Model 983G spectrometer mth samples between sodmm chloride plates or as potassium bromide pellets ‘H-NMR 

spectra were recorded on Bruker WF’ 80 SY (80 MHz) and Bruker AM 300 (300 MHz) spectrometers usmg TMS or CHCI, 

as standard and CDCl, as solvent “C-NMR spectra were run al 75 MHz and 20 MHz on Bruker AM 300 and Bruker WP 80 

SY Instruments 2D-NMR (‘H-‘H and one-bond ‘H-“C correlatrons) experiments were performed on a Bruker AM 300 

spectrometer MS spectra were obtataed on a Hewlett-Packard 5988A mass spectrometer usmg an romzmg voltage of 70 eV 

Chromatographlc separattons were carried out by conveatlonal column on Merck slhca gel 60 (70-230 mesh) and by flash 

column on Merck sd~ca gel 60 (230400 mesh) usmg eluents of rncreasmg polarity from hexane to dlethyl ether Analytical TLC 

was performed on 0 25 mm thick layers of Merck srhca gel 6OG usmg a 7% phosphomolybdlc acid solutton (la ethanol) to 

develop the spots Preparative TLC was carried out on 100 mm thtck layers of Merck sd~ca gel 60 PF, gpshaltmg vlsuallvng 

the bands Hrlth a 254 nm ultrawolet hght Mixtures of compounds wth rl srmdar Rf m TLC were column chromatographed 

on 20% AgNO,/srhca gel 

Isolation of methyl cu-u) and ti-communate (1) 

1 and 2 were ohtamed from the acrdlc fraction (prenously steretied wth dlazomethane m Et,O) of the hexane extract of 

berrtes of Jumperus C~WW~IIS L ” 

Epoxldation of methyl crs-communate (1) 

To a stlrred solution of J. (100 g, 3 16 mmol) m CH,CI, (100 mL), a solution of m-CPBA (0 59 g, 3 41 mmol) m CH,Cl, 

(120 mL) was added dropwse m 2h at room temperature An aqueous solution of 10% Na$O, (125 mL) was added After 

addmg 35 5 mL of saturated NaHCO, solution, the reactlon mutture was extracted with CHCI,, washed with water and dried 

over Na,SO, After removal of the solvent, the residue (102 g) was column chromatographed on s~hca gel yleidmg the followmg 

fractions (a) 20 mg (eluted wth hexane-Et,0 99 1) of a mcuure of 4 (30%) and methyl (lZR,US)-12,13cpoxy-lab~-~(l7),14- 

dian-19-oate a (70%), [alo +61 O”, ‘H-NMR (80 MHz) 6 0 50 (s, Me-lo), 118 (s, Me-4), 136 (s, Me-U), 2 90 (br t, J =6 
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Hz, H-12), 3 60 (s, McO-19), 4 48 (br s, H-17), 4 86 (br s, H-17), 5 13-5 46 (m, H-15). 5 82 (dd, J, = 18 Hz, J,=lO HZ, H-14), 

“C-NMR m table 9, EIMS m/z (rel mt )* 332 (M’, l), 317 (M’CH,, l), 273 (M’COOMe, 2). 249 (M*-C&O, l), 189 

(249*-HCOOMe, 14). 161 (16). 133 (u)), l.21 (loO), 93 (48), 83 (C,H,O’, 21), 79 (60), 55 (76) (b) 258 mg (ehrted wrth 

hezane-EhO 98 2) of a mtzture of 3 (68%) and 4 (48%) (c) 160 mg (cluted wtth he-e-EtsO 97 3) of a mrzture of 2 (38%) 

and 4 (70%) (d) 43 mg (eluted wtth hczane-Et,0 % 4) of methyl (12S,WR)-12,13epoxy-labdP_8(17),l~en-l9~~ (4) [alo 

+36 V, IR (KBr) v 3085,1646,999,927 (CH=CHJ, 3085, 1646,898 (C=CH,), 1728,1230,1l55 (COOMe), ‘H-NMR (80 

MHz) 6 0 50 (s, Me-lo), 118 (s, Me-4), 1.36 (s, Me-13), 2 90 (br t, J =6 Hz-12), 3 60 (s, MeO-19), 4 75 (br s, H-17). 4 90 

(br s, H’-17), 5 13-5 46 (m, H-15), 5 80 (dd, J,= 18 Hz, Jr= 10 Hz, H-14), “C-NMR m table 9 

Reaction of a mlxtun of 3 (60%) and 4 (409b) with BF,:ctherate. (R-l) 

To a solutron of a mtzture of 2 and 4 (3 15 g, 9 47 mmol) m dry benzene (268 mL) under N, atmosphere, 268 mL (21 

mmol) of BF, etherate was added at OQC After stnrmg for 12 mm the reactton muture was poured onto a 5% NaHCO, 

solutron (1300 mL) and eztracted wtth EbO (3x100 mL) The orgamc layer was washed wtth water and dned over Na$O, 

After removal of the solvent the restdue (277 g) was tIash column chromatographed on s~hca gel (120 mg) yleldmg the 

foUowmg compounds 

Methyl 12-eze-labda-8(17),14-dien-19-oate (12) 6l3 mg eluted wuh hezane-E&O % 4, od [aID +316’, IR (neat) v 3879,1642, 

990, 928 (CH-CHs), 3079, 1642, 884 (C=CHh, 1721 (C=O), 1721, 1228, 1154 (COOMe), ‘H-NMR (80 MHz) 6 0 53 (s, 

Me-lo), 116 (d, J = 7 Hz, Me-l3), 120 (s, MC-~), 3 05-3 47 (m, H-13), 3 62 (s, MeO-19), 4 31 (br s, H-17), 4 74 (br s, H’-17), 

5 14 (br 4 J=lO Hz, H-15), 5 17 (br d, J= 17 Hz, H-15), 5 58-608 (m, H-14), ‘H-NMR (80 MHz, double resonance) 

urarhated hydrogen [affected hydrogensj H-l3 [Me-13 and H-14 (dd, J,= 17 Hz, Jr=10 Hz)], “C-NMR m table 9, EIMS m/z 

(rel mt) 332 (M’, 25), 277 (MI-C,H,, 59), 272 (13), 249 (MI-C,H,O, 34), 235 (249’.CH, 27), 234 (36), 217 

(M*-C,I-I,-HCOOMe, lOO), 189 (43), 175 (28), 121 (82), 109 (51), 91 (30), 81 (32) 

Methyl ~8R,12R)-8,12~poxy-p~mar-lS~n-l9~~ (s) and methyl (8R,12R)-8,12-epozy-isoplmsr-l5-zn-l9-uate (2). 144 mg of a 

mtzture of 8 (65%) and Z (35%) eluted wtth hezane-Et,0 92 8,011 [a]o +60 3”. IR (neat) v 3083, 1636,996,911 (CH=CHJ, 

1729,1232,1191,1156 (COOMe), 1094,1041 (C-O-C), ‘H-NMR (300 MHz) for both compounds m table 2, ‘“C-NMR for both 

compounds m table 9, EIMS m/z (rel mt ) 332 (M’, 37), 317 (M’-CH,, lOO), 273 (M’-COOMe, 7), 263 (lo), 257 

(MI-CH,-HCOOMe, 4), 223 (ll), 163 (13), 121 (26), 109 (31), 81 (27), 79 (26), 55 (26) 

Methyl ~~,l3S)-12-hydro~ro~-S(lO),lS~en-l9~a~ (H). 50 mg eluted wtth hezane-Et,0 85 15, od [aID t 73 5”, IR (neat) 

v 3526, 1037 (OH), 3080, 1636, 911 (CH=CHh, 1730, 1238, 1192, 1162 (COOMe), ‘H-NMR (300 MHz) 6 105 (s, Me-13), 

114 (s, Me-4), 124 (s, Me-g), 3 60 (m, w,,, =9 Hz, H-12), 362 (s, MeO-19), 5 15 (dd, J,=176 Hz, J,=1.3 Hz, H-16), 5 18 

(dd, J, = 10 9 Hz, J,= 13 Hz, H’-16), 5 85 (dd, J, = 17 6 Hz, J,= 10 9 Hz, H-15), “C-NMR m table 9, EIMS m/z (rel mt ) 332 

(M’, B), 273 (M’-COOMe, 29). 255 (M’-COOMe-H,O, 18). 245 (M’-COOMe-C,H,, 15), 161 (M’-COOMe-C,H,,O, 39). 131 

(31), 121 (32), 105 (58), 85 (20). 91 (69), 79 (60), 67 (69). 59 (76), 55 (lOO), 41 (95) 

Methyl (1~~-12-hydroxy-ptmara-8,15aicn-19-oate (a. 229 mg eluted wrth hezane-Et,0 75 25, od [alo +84 2’, IR (neat) v 

3472, 1058 (OH), 3082,1640,910 (CH=CHJ, 1730, 1231, 1195, 1163 (COOMe), ‘H-NMR (308 MHz) 6 0 80 (s, Me-lo), 0 93 

(4 Me-13). 128 (s, Me-4), 3 57 (m, wlla = 10 5 Hz, H-12), 3 62 (s, MeO-19), 5 08 (dd, J, = 18 0 Hz, J,= 12 Hz, H-16), 5 10 (dd, 

J, = 110 Hz., J,= 12 Hz, H’-16), 5 88 (dd, J, = 18 0 Hz, Jr= 110 Hz, H-15), ‘H-NMR (300 MHz, pyrtdme-4) 6 0.89 (s, Me-lo), 

115 (s, Me-U), 128 (s, Me-4), 3 58 (s. MeO-19), 3 87 (br d, J=6 0 Hz, H-12), 5 U-5 24 (m, H-16), 5 76 (d, J=6 Hz, HO-X$ 
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6 38 (dd, J, = 18 0 Hz, J,= 110 HZ H-15), ‘H-NMR (300 MHz; pyrtduvzdr, double resonance) uradmted hydrogens [affected 

hydrogens) HO-12 [H-12 (t, J=47 Hz)] H-12 (HO-12 (s) and H-11 (located around 2 25 ppm)], H-11 [H-12 (d, J=6 Hz)], 

‘H-NMR (80 MHz, CDC4, Eu(dpm),) m table 5, “C-NMR m table 9, EIMS m/z (rel mt ) 332 (M’, 38), 317 (M’-CH,, 31), 

314 (M’-H,O, 19), 299 (M’-H,O-CH,, 77), 287 (hi’-H,O-C,H,, 3), 273 (M+-COOMe, 19), 272 (M’-HCOOMe, I5), 255 

(MI-COOMe-H,O, 21), 254 (Me-HCOOMe-H,O, lo), 240 (255*-CH,, 24), 239 (254*-CH,, lOtI), 2l3 (240*-C&, S), 212 

(239+-C,H,, 5), 199 (l3), 183 (24), 173 (27), 167 (22), 164 (C,,H,,O+, 3), 149 (164+-CH,, 70), 146 (164+-H,O, 12). 131 

(149’-HrO, 38), 117 (30), 109 (12), 105 (45), 93 (25), 91(61), 84 (5X)), 59 (64), 55 (75), R contiiatron m C-12 was estabbshed 

by the “Horeau method”” wrtb an optrcaI rotatton of +0 143” and an optrcal yreld of 123% 

Methyl (~~-12-acetoxy-13-hyd~~-la~~(l~,14-dieo-19-oa~ (Idh). 145 mg of a mtzture of l3.g (58%) and 14 (50%), eluted 

wtth h-e-EtrO 11, were acetylated wtth AcrO/pyrrdme and chromatographed on sdtca gel obtatmng 42 mg of m 

(heme-EbO 7 3), 011 [a],, + 23 4’, IR (neat) v 3498, 1034 (OH), 3080, 1660, 892 (C=CH& 3080, 1647,926 (CH=CHr), 

1727, 1242, (AcO), 1727, 1242, ll54 (COOMe), ‘H-NMR (80 MHz) 6 047 (s, Me-lo), 115 (s, Me+, 1.23 (J Me-U), 208 

(s, AcO-12), 3.58 (s, MeO-19), 448 (br s, H-17), 486 (br s, H’-17), 493 (t, .I=5 Hz, H-12), 5 18 (dd, J,=lO Hz, Jr=2 Hz, 

H-15). 5 31 (dd, J, = 16 Hz, J,=2 Hz, H’-15), 5 92 (dd, J, = 16 Hz, Jr= 10 Hz, H-14), EIMS m/z (rel mt ) 332 (M+-AcOH, 3), 

314 (MI-AcOH-H,O, 3), 272 (M’-AcOH-HCOOMe, 2), 255 (314’~COOMe, 4), 254 (314’-HCOOMe, 2), 201 (ll), 161 (11), 

121 (56)s 93 W), 81 (U), 71 (39), 55 (31), 43 (loo) 

Methyl 8a-hydroxy-U-cudabd-U-E-end9-oate u4). 23 mg of 14 were column purdied (hezane-Et,0 65 35) from a mtzture 

of m and 14, od. [a], +40 l’, UV (MeOH) k max. 222 nm (E l5fXl), IR (neat) v 3488 (OH), 3020,1640 (C=CH), 1664 

(c&msaturated cdonyl), 1728, 1235, 1191, 1153 (COOMe), ‘H-NMR (80 MHz) 6 064 (s, Me-lo), 110 (s, Me-S), 116 

(5 Me+, 178 (br s, Me-U), 184 (br d, J=7 Hz, Me-14), 256 (dd, J,=l9 Hz, J,=4 Hz, H-11), 285 (dd, Jr=19 Hz, Jr=4 Hz, 

H’-ll), 360 (s, MeO-19), 6 79 (br q, J=5 Hz, H-14), “C-NMR m table 9, EIMS m/z (rel mt ) 350 (M+, 3), 335 (M’-CH,, 

l), 332 (M+-H,O, 3), 317 (M+-HP-CH,, 2), 289 (S), 373 (2), 235 (5), 285 (a), 179 (17), 175 (9), 121(15x 83 &H,O+, 79). 

78 (Sl), 63 (lOO), 55 (55) 

Reaction of a mixture of 3 (70%) and 4 (30%) with BF,:etherate (R-2) 

146 mg (0 44 mmol) of an ozuane mtature enrtched m compound 2 (70%) were treated m tdentnxd comhttons to those 

of R-l reactton peldmg 180 mg of a reactton crude whtch ‘H-NMR spectrum basteally showed srgnah of compound 2 bemg 

also able to detect compounds 2, 8 and u 

Reaction of a mixture of 2 (30%) and 4 (705%) with BF,:etherata (R-3) 

In tdenttcal condtttons to those of R-l reachon 2 g (6 33 mmol) of an oxlrane muture enrtched m compound 4 were treated 

obtammg 194 g of reactton crude that by fIash column chromatography over s&a gel ytelded u(398 mg, hezane-Et,0 96 4), 

51 mg of a mtzture of 2 (40%) and 8 (60%) eluted wuh hezane-Et,0 94 6, 19 (509 mg, hezane-Et,0 919), 2 (69 mg, 

hezane-Et,0 88 12), 73 mg of a mixture of 14 (48%) and the C-12 eptmer of compound u (60%) eluted wxth hezane-EtrO 

41 

Methyl (12s)-12-bydroxy-isopim~~,15~~-19~a~ m. 011 (a], +627”, IR (neat) v 3500, 1057 (OH), 3086, 1644, 922 

(CH =CH,), 1729, 1232, 1199, 1165 (COOMe); ‘H-NMR (300 MHz) 6 0 75 (s, Me-lo), 105 (s, Me-U), 116 (s, Me-4), 3 47 

(dd, J,=93 Hz, Jr=54 Hq H-12), 359 (s, MeO-19), 501 (dd, J,=176 Hz, Jr=16 I-k, H-16), 509 (dd, J,=109 Hz, Jr=16 
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Hz, H’-16), 5 85 (dd, J, = 17 6 H1, Jr= 10 9 Hz, H-15), ‘H-NMR (80 MHz, pyrubne-4) 6 0 85 (s, Me-lo), 116 (s, MC-~), 128 

(s, Me-U), 359 (s, McO-19), 3 78 (br dd, J, =9 Hz, J,=S Hz, H-12). 5 l3 (dd, J, = 18 Hz, J,=2 Hz, H-16), 5 18 (dd, J,= 11 Hr, 

Jr=2 Hz, H’-16), 6 33 (dd, J,= 18 Hz, J,= 11 Hz, H-15), ‘H-NMR (80 MHz, CDCI,, Eu(dpm),) m table 5, “C-NMR m table 

9, ZD-NMR expertments m table 10, EfMS m/z (rel mt ) 332 (M’, 3), 317 (2), 314 (l), 299 (5), 273 (3). 272 (3), 255 (3), 240 

(2), 239 (9), 213 (2), 199 (4), 183 (5), 173 (5), 159 (6), 149 (50). 86 (61), 84 (lOO), 47 (19), S contiguratron m C-12 was 

estabbshed by the ” Horeau method”” wrth an opttcal rotatton of -0 093” and an opttcal yteld of 24 7% 

Reaction of 4 wltb BF,*etherate. (R-4) 

The reactron of 4 (87 mg, 0 26 mmol) wtth BF, etherate was carrred out m the same condrtrons that above m R-l reactton 

yteldmg 119 mg of crude whtch ‘H-NMR spectrum showed signals from compounds lQ (major) and 12 (mmor) 

Epoxidatlon of methyl bnnwommunate (2). 

2 54 g (8 05 mmol) of t were epoxnhzed m tdenhcai condttrons as for compound 1 (see above) obtammg 3 g of reactton 

crude that by column chromatography yielded (hexane-Et,0 98 2) 108 g of a mtxture of methyl (llR,l3R)-l2,13cpoxy_labda- 

8(17),14-dien-19-uate @ (60%) and methyl (12S,13S)-12,13~~~-iabda~(l~,14dien-19-~~ (6) (40%) [a]r, +40 3”. IR 

(neat) v 3085, 1647,990,915 (CH=CHr), 3085, 1647,890 (C=CHJ, 1725, 1233, ll50 (COOMe), ‘H-NMR (300 MHz) (a) 

for compound I 6 0 48 (s, Me-lo), 116 (s, Me-4), 137 (s, Me-U), 2 78 (d, J=6 7 Hz, H-12), 3 58 (s, MeO-19), 4 44 (br s, 

H-17), 4 84 (br s, H’-17), 5 11 (br d, J= 10 7 Hz, H-15), 5 25 (br d, J= 17 4 Hz, H’-15), 5 59 (dd, J, = 10 7 Hz, J,= 17 4 Hz, 

H-14), (b) for compound 4 6 0 49 (s, Me-lo), 116 (s, Me-4), 137 (s, Me-13), 2 77 (d, J =6 9 Hz, H-12), 3 58 (s, MeO-19), 4 72 

(br s, H-17), 4 89 (br s, H’-17), 5 11 (br d, J = 10 7 Hz, H-15), 5 25 (br d, J = 17 4 Hz, H’-15), 5 58 (dd, J, = 10 7 Hr, J,= 17 4 Hz, 

H-14), ‘?XWR for compounds 5 and 6 m table 9, EIMS m/z (rel mt ) 332 (M’, l), 273 (2), 189 (6), 181 (4), 133 (12), 121 

W), 79 (loo), 55 (87) 

Reaction of a mtiure of 5 (60%) and 6 (40%) with BF,.etherate. (R-5) 

The reaction of 5 and 6 (1 g, 3 01 mmol) wuh BF, etherate was performed as above (reactron final time 30 mm) obtammg 

935 mg of crude that by flash column chromatography on sdtca gel ytelded u (224 mg, hexane-Et,0 973), 2 (37 mg, 

hexane-Et,0 95 5), 100 mg of a mtxture of 12 (70%) and fi (30%) eluted wtth hexane-Et,0 93 7, 16 (59 mg, hexane-Et,0 

85 U), 32 mg of a mvdure of ,9 (25%) and lS (75%) eluted wtth hexaue-Et,0 7 3, 35 mg of a mtxture of l3_a (60%) and U 

(40%) eluted wth Et,0 

(3R~~~aS,7~~,ll~,1lbR)-3b,lla-trimethyl-8-methoxyearbonyl-2-ox~~rhydr~clobu~n[J]phenanthreneuZ)~ndmethyl 

12-1.1x0-beyeran-19.oate us). Mp 95-100°C (MeOH), [all, +50 2”, IR (RBr) v 1717 (CO), 1717, 1232, 1193, 1150 (COOMe), 

‘H-NMR (300 MHz) (a) for compound 12 6 0 55 (s, Me-lla), 105 (d, J=7 2 Hr, Me-3), 1 15 (s, Me-81.3 62 (s, MeO-), (b) 

for compound 111 6 0 78 (s, Me-lo), 0 99 (s, Me-13), 115 (s, Me-4) 3 62 (s, MeO-19). “C-NMR for compound XZ and U m 

table 9, 2D-NMR cxperunents m table 8, EIMS m/z (rel mt ) 332 (M’. 22), 304 (22), 289 (9), 278 (6), 277 (27), 273 (21), 272 

(16), 249 (19), 245 (8), 235 (17), 234 (22), 217 (38), 189 (19), 181 (17), 175 (l5), 123 (31), 121 (lOO), 109 (48), 81 (41), 55 (66) 

Methyl (US)-12-hydroxy-pimnlr-8,15-dicn-19-oatc Cl@.011 [a], +523’, IR (neat) v 3434, 1057 (OH), 3078, 1638, 1005,9l3 

(CH=CHJ, 1665 (C=C), 1721, X232, 1194, 1160 (COOMe), ‘H-NMR (80 MHz) 6 081 (s, Me-lo), 093 (s, Me-13), 120 (s, 

Me-4), 3 40-3 67 (m, H-12), 3 62 (s, MeO-19), 5 09 (dd, J, = 18 Hz, J,= 18 Hz, H-16), 5 12 (dd, J, = 10 Hz, J,= 18 H& H’-16), 
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5 77 (dd, J, = 18 Hz, J,= 10 Hz, H-15), “C-NMR III table 9 

Methyl (l2R)-lZ-hydroxy-iso~m~~,l5~an-l9~~ (m. 011 [all, +97 5”, IR (neat) v 3463, 1056 (OH), 3084, 1641, 911 

(CH=CH& 1729, 1231, 1195, 1163 (COOMe), ‘H-NMR (80 MHz) 6 0 80 (s, Me-lo), 100 (s, Me-13), 120 (s, Me-4), 3 55 

(m, w,/, = 11 Hz, H-12), 3 63 (s, Me-19), 5 00 (dd, J, = 18 Hz, J,=2 Hz, H-16), 5 03 (dd, J, = 10 Hz, J,=2 Hz, H’-16), 5 75 (dd, 

J, = 18 HS J,= 10 HZ, H-15), ‘H-NMR (80 MHZ pyrldme-d,) 6 0 92 (s, Me-lo), 122 (s, Me-4), 130 (s, Me-13). 3 57 (s, 

MeO-19). 3 90 (m, w~,~ = 11 Hz, H-12), 5 00-5 32 (m, H-16), 6 05 (dd, J, = 18 Hz, J,= 10 Hz, H-15), “C-NMR no table 9, EIMS 

m/z (rel mt ) 332 (M’, 211,317 (lo), 314 (14), 299 (521,273 (19), 272 (17), 255 (14), 254 (6), 240 (19x 239 (95), 213 (5), 199 

(11). 185 (17), 183 (27), 173 (24), 164 (3), 159 (U), 157 (24). 147 (33), 131 (45), 121 (35), 105 (64), 93 (40), 91 (84), 79 (58), 

55 (100) 
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