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&&& - The 8,13-epoxylabdane derivative rue-19 was prepared in eight steps commencing from (E,E)- 
farnesol (8). Key reactions are the formation of 7 from drimenal (9b) and 6, Shatpless I epoxidation (7+ 
ll), epoxy alcohol oxidation (11_)16), reductive epoxide cleavage (16+lS), peracid epoxidation (15*18), 
and the trimethylsilyl triflate-mediated conversion of 18 into 19. 

The unexpected and highly interesting diit stimulation of the enzyme adenylate cyclase by forskolin (20)’ 

and the rather complex structure of this labdane diterpene have provoced great efforts directed at its 

synthesis.* Three total syntheses of 2a have been reported until now.2 In contrast to the published total 

syntheses we planned to develop a synthetic approach towards 2a making use of the fact that 1,9- 

dideoxyforskolin 2c can be converted into 2a by a combination of chemical and enxymatic steps.3 Thus, la- 

hydroxylation of 2c with Neurospora cmssu furnished in about 20% yield 9deoxyforskolin (2b)* which was 

chemically converted into 2a via en01 ether 1.5 Wherkas in the 9deoxy series (with the la-OH group) under 

basic conditions 9,11-enolate formation occurs (cf. 15) the 1,9dideoxy compounds under the same conditions 
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form the 11,12+nolatez3 (cf. 3). Allyllc oxidation with selenium dioxide then allows introduction of the *- 

OH group to give a deoxyforskolin derivative of type 2d7 which alsO can micmbiologically be hydroxylated 

in the l-position (hkumspom cmssa).4** Even the dii l$diiydroxylation with a scapuroriopsiF sp. has 

been achid albeit in low yield.9 

What follows in this article is the description of a sequence of reactions leading from 8 to 19, which is a 

potential intermediite on the way to k. This work is based on the retrosynthetlc analysis indicated in 

2c =B 4. 

me-13 and me-u 

The labdane skeleton was constructed from aldehyde rec-9b and the C5 building block 6. Rat-9b was 

prepared making use of the excellent fluorosulfonic acid-mediated cyclixation of trans,trans-famesol (8) 

described by Vlad’O which provided (f)drimenol @z&a) in 52% yield, followed by pyridinium dichromate 

(PDC)lL oxidation. Zirconocene-mediated carboalumination of Sb with trimethylaluminum~2 and subsequent 

trapping of the intermediate organometallic with iodine gave vinyl iodide 6 (69%). Halogen-metal exchange 

with tert-butyllithium provided the corresponding vinyllithium reagent which reacted with rue-9b h furnish 

~-7 in a yield of 55 % . A single (racemic) stemisomer was formed the configuration of which at C-l 1 was 

determined at a later stage. Sharpless I epoxidation of rut-7 with vanadyl acetylaceto~te - tert-butyl 

hydroperoxidel3 was again stereoselective. The configurational assignment at the newly created stereogenic 

centres at C-12 and C-13 of mc-11 will be discussed below. The reagent of choice for the opening of 

a-hydroxy epoxides to give 1,3 diols is REDAL. 14 However, this reagent failed completely in the present 

case. No reaction was observed even at 80°C. As expected, 14 lithium aluminum hydride opened the epoxide 

in both directions. Three products were obtained. Disappointingly, the desired 1,3 diol was a minor product: 

the ratio of the 1,2diols mc-1Oa and rut-lob and the 1,3diol m-13 was roughly 5:2. The 1,2diols may be 

mixtures of 13-epimers, this point has, however, not been clarified. To overcome the problems associated 

with installing the oxygen functionalities properly at C-11 and C-13, epoxy alcohol m-11 was oxidii with 

PDC” to give m-16 (84% yield). For the conversion of a&epoxy ketones to g-hydroxy ketones exist two 

general approaches. One includes a nucleophilic substitution at the a-position by reagents such as iodide1s or 

a selenidel6 followed by a redox process leading to the ketone enolate. The other methodology is based on 

electron transfer to the CO group either in the ground or in the excited state and subsequent epoxide opening. 

The fust-mentioned procedure did not work in the present instance, neither with iodide nor with selenide.*7 

In contrast, the second approach proved suitable for the conversion of MC-16 into rat-15. Thus, irradiation 

of rat-16 in the presence of triethylaminels led to the formation of mc-15 in about 56% yield. The SmI2- 

induced reaction’9 was even more effective and provided roe-15 in 89% yield. 

onal Assienments of 7. 10. 11. 13. 15. r&J$ 

The result of an X-ray analysis of rat-15 is depicted in Figure 1 demonstrating the desired (SR) 

configuration at C-13. From this result and the known configuration around the double bond in 7 the 

configuration at C-12 and C-13 of the epoxy ketone 16 could be assigned as well as the configuration at C-12 

in lOa/lOb and at C-13 in 13. The other stereochemical problems were solved using circular dichroism 

(CD). (+)-Drimenol (ent-9a)m was converted into ent-lob as ducribed above for the racemic series. The 

Snatzke group has shown that optically active 1,2- (and 1,3-) diols react with [Mq(OAc)4] in DMSO 
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solution to form in&u complexes the CD of which at around 300 nm can be correlated with the 

configuration of the diol. For open-chain vicinal sec,sec-glycols the sign of the torsional angle O-C-C-O is 

the same as that of the 300 nm band assuming a conformation of the complex in which each O-C-C-R moiety 

is antiperiplanar as indicated in formula 21 (Scheme 3). 2’ For en&lob the positive Cotton effect at 304 nm 

(b = + 1.1) is indicative of a positive torsional angle O-C-12-C-11-0 conesponding to the 

(R)-conflguration at C-11 in lob. From this result the relative configuration at C-l 1 of 7 and 13 can be 

deduced. Further, for the epoxidation of 7 to give 11 a transition state geometry as indicated in formula 22 

can be assumed. l3 

With enr-11 in hand we also tried to determine the preferred conformation of the epoxy ketone unit of 16 in 

solution. Enr-11 was oxidized to give enr-16 the CD of which at 311 nm was negative (As = -2.0). If it is 

the a&epoxy ketone unit which determines the CD, then, based on the rewrsed octant mle,U a 

conformation as depicted in 20 can be assumed. 
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Figure 1. X-ray crystal structute of rat-15 
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When compound MC-13 was heated with N-phenylsekznophthalimid~ in the presence of SnC4 

11,17-epoxide mc-12 rather than the desii 8,13-epoxide was obtained. An ene-type reaction to give an 

intermediate 23 followed by an SN ’ reaction may explain the formation of this compound. 

T l3 

An attempted cyclization of m&15 with mercury (II) trifl uoroa&ate was also 

unsucce&ul. The epimeric allylic ‘I-trifluoroaceEWs rut-Ma and mc-14b 

OH 
were formed probably via allylic organomenxuy intermedii.~ The 

Y 

..CH3 
configurational assignment is based on the fact, that in rat-14b a NOE 

HO 
H between 7-H and 5-H was observed. 

*a. OH 

& 

Epoxidation of rut-15 with m-chloroperbenzoic acid yielded stereoselectively 

an 7,8-epoxide, rut-18, the a configuration of which was apparent from its 

H 
SnClq-mediated rearrangeme@ which furnished mc-17.” The a 

configuration of the aildehyde group could be assigned on the basis of an 

-.._ SePh NOE between the aldehyde proton and 9-H. When m-18 was subjected to a 

2L 

trimethylsilyl triflate-mediated cyclization27 a single cyclization product was 

formed which according to an X-ray analysis (see Figure 2) has structure mc- 

12 
19. A NOE between the OH group and 9-H also indicated the axial 

Scheme 4. 
orientation of the OH group. The configuration of rat-19 at C-7 and C-8 is a 

strong hint, that the cyclization is not a straightforward process.m 

Probably the epoxide rearranges, triggered by the 11-keto group, to the allylic alcohol derivative mc-24 

which on conjugate addition to the enone cyclizes to mc-25 the precursor of rut-19. 

24 25 

Scheme 5, 

In conclusion: We have been able to synthesize the 8,13-epoxylabdane derivative mc-19 starting from 

trans,trans-farnesol (8) in eight steps. Further work on the conversion of mc-19 into rat-2c is in progress snd 

will be reported in due time. 
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Figure 2. X-ray crystal structure of ~19 

EX-AL 

For general methods, instrumentation, and abbreviations, see ref.29; PG = protecting group 

Fluorosulfonic acid (0.71 mL) was slowly added at -78” C to a stirred solution of t,t-famesol (2.49g, 
11.2 mmol) in 10~1 nitropmpane - CH2Cl2 (190 mL). The reaction mixture was stirred at - 78” C for 1 h. 
After quenching with triethylamine (2.5 mL) usual work-up (CH2C12) followed by LC (petrol - ethyl acetate 
8:l) gave rue-%I (1.3 g, 52%). 

- _ e(&) 
To a solution of 3-butyn-l-01 (1.12 g, 16 mmol), DMAP (0.5 g, 4 mmol), and triethylamine (2.6 g, 19 
mmol) in CH2C12 (40 mL) Butyldiphenylsilyl chloride (5.4 mL, 20 mmol)M was added at 20°C. The 
mixture was left at 20°C for 2h. Usual work-up (CH2Clz) and LC (petrol-ethyl acetate l&l) furnished 5b 
( 5.54 g, lOO%).- tH NMR (100 MHz, CDC13), 6 = 1.08 (s, 9H, &tyl ), 1.97 (t, lH, l-H), 2.48 (dt, ZH, 
CH2-3), 3.81 (t, 2H, CH2-4), 7.3G7.85 jlOH, aromat. H), J3,4 = 7 Hz, Jl,3 = 2.5 Hz.- JR (Ccb): 3300 
(C=C-I-I), 1580 cm-1 (C=C).- C2oH24OSi (308.7), MS’: m/z (96) = 251 (100). 221 (98), 211 (25), 105 
(60). 

To a solution of trimethylaluminum (2 mol/l solution in hexane, 2.3 mL, 6.4 mmol) and zirconocene 
dichloride (936.9 mg, 3.2 mmol) in CH2Cl2 (15 mL) a solution of Sb (987.9 mg, 3.2 mmol) in CH2Cl2 (2 
mL) was added at 0 “C. The mixture was stirred at 20°C for 14 h. At -23 “C a solutioti of I2 (1035 mg, 
4 mmol) in THF (10 mL) was added. Within 15 min the mixture was allowed to warm to 0°C. After 
addition of saturated aq. ammonium chloride (6 mL) and aq. Murated sodium thiosulhte (3 mL) usual work- 
up (CH2Cl2) followed by LC (petrol-ethyl acetate 4o:l) provided 6 (998.2 mg, 69%).- 1H Nh4R (80 h4Hz, 
CDC13), 6 = 1.05 (s, 9H, tbutyl), 1.68 (d, 3H, CH3-5), 2.41 (dt. 2H, CH2-2). 3.72 (t, 2H, CH2-l), 5.91 
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(q, lH, CH-4), 7.25-7.78 (IOH, ammat. H).- p (CHCl3): 1120 cm-l (C-O).- C21H+SiI (450.4), MS: 
m/z(W) = 393 (45), 235 (37), 183 (MO), 105 (53). 

11-o- 
A solution of 6 (214.1 mg, 0.47 mmol) in THF (4 mL) was cooled to -78 “C. tert-Butyllithium (1.7 mol/l in 
hexane, 0.205 mL, 0.35 mmol) was added and the reaction mixture was stirred at -78°C for 2 h. After slow 
addition of a solution of (*)drimenal (mc-9b, 31.6 mg, 0.14 mmol) in THF (2 mL) the reaction mixture 
was stirred at -78°C for 1 h. Hydrolysis with saturated aq. ammonium chloride (-78”C+2O”C), followed by 
usual work-up (CH2ClZ) and LC (petrol-ethyl acetate 30~1 + 1% NEt3) yielded 7 (68.8 mg, 5596).- lH 
NMR (400 MHz, CDCl3), 6 = O&,0.88, 0.99 (3s, 9H, CH3-18, CH3-19, CH3-2O), 1.02 (s, 9H, tbutyl ), 
1.60 (d, J m 2 Hz, 3H, CH3-l6), 1.82 (broad s, 3H, CH3-17), 2.21 (m, 2H, CH2-l4), 3.73 (t, 2H, CH2- 
15), 4.63 (dd, lH, 11-H), 5.565.63 (2H, 7-H. 12-H), 7.31-7.68 (lOH, aromat. H), J11 l2 = 3 Hz, Jl1 12’ 

= g Hz, J14.15 = 6.72 Hz.- IR (CC4): 3600 (OH), 1110 cm-1 (C-O).- MS: m/z (46; = 526 (2.2), 487 
(2.0), 469 (8.3), 353 (20), 199 (IOO), 135 (59), 97 (97).- C3,$52Q,Si (544.8) calcd C 79.35, H 9.62, 
found C 79.28, H 9.61. 

loxvj ent labd __ _ 7.12dlen-11-01 tent-7) 
prepared from 6 and (-)drimenal as de&bed above. [alo = 7.5 (c 1.12 in CHC13). 

To a solution of rue-7 (15.3 mg, 0.028 mmol) in benzene (1 mL) vanadyl acetylacetonate (0.11 mg, 0.4 
pmol) was added at 20°C. On addition of tert-butyl hydropemzide (m 80 per cent in di-tert-butyl peroxide, 
dried over 4A molecular sieves, accurdmg to iodometic titration 3.6 mol/l ,0.4 ~,O.O62mol) the colour of 
the solution turned from pink to c&u&s and then to yellow. Addition of water, usual work-up (CH2ClZ), 
and LC Qxtrol-ethyl acetate 30~1 + 0.1% NEt3) yielded rut-11 (11.8 mg, 75%)- *H NMR (400 MHz, 
CDC13), 6 = 0.84, 0.88, 0.99 (39, 9H, CH3-18, CH3-19, CH3-2O), 1.02 (s, 9H, tbutyl ), 1.38 (s, 3H, 
CH3-l6), 1.82 (s, W1n = 6 Hz, 3H, CH3-17), 3.18 (d, lH, 12-H). 3.73 (t, 2H, CH2-15), 3.88 (d, lH, 
II-H), 5.59-5.63 (IH, 7-H), 7.31-7.68 (lOH, aromat. H), J11 12 = 7 Hz, J14 15 = 6Hz.- IR (CC&+): 3500 
(OH), 1100 cm-l (C-O).- MS: m/z (%) = 542 (O.S), 503 (1),‘473 (2), 425 (4:0), 269 (77), 199 (lOO), 109 
(77).- C36H52O$i (560.8) caicd C 77.09, H 9.35, found C 76.96, H 9.54. 

hepared from enf-7 as described above. [a]D = 25.3 (c 1.04 in CHCl3). 

a) A solution of rut-11 (58.0 mg, 0.1 mmol) in THF (3 mL) was added to Lii (47.0 mg, 0.24 mmol) 
partially dissolved in THF (1.0 mL). After stirring at 20°C for 24 h H20 (1 mL) was added. Usual work-up 
(CH2ClZ) and LC (petrol-ethyl acetate 5:1, then petrol-ethyl acetate 1:2) fumished mc-lOa (12.5 mg, 22%) 
and a mixture of MC-lob und mc-13 (26 mg) which was separated by prepvative HPLC (5 pm Si 100 
(Merck), tolueneacetone&iethylamine 15: 1: 1) to give mc-13 (6.6 mg, 20%) and mc-lob (10.1 mg, 3196). 
b) Using the same procedure enr -lOa, em-lob, and em-13 weft prepaxed f’rom ent-ll. 

(11RS.z~) rm labd 7-1 l,12_diol (rac-1pp) E.-_ _ _ _ _ 

lH NMR (400 MHz, CDCl3), 6 = 0.82, 0.86, 0.89, 1.01 (49, 12H, CH3-16, CH3-18, CH3-19, CH3-2O), 
1.08 (s, 9H, fbutyl ), 1.82 (s, 3H, CH3-17), 2.22 (s, W1n = 6 Hz, OH), 2.95 (s, Win = 8 Hz, OH), 
3.65-3.72 (IH, 15-H), 3.74-3.82 (2H, 12-H, 15-H). 3.83-3.90 (d, lH, 11-H), 5.10-5.15 (lH, 7-H), 7.31- 

7.69 (lOH, aromat. H), J11,12 = 10 Hz, J14,15 = 6 Hz.- IR @Xl& 3640 (OH), 3600-3220 cm-l (OH).- 
C36H5403Si (562.8), MS: m/z (%) = 544 (0.2), 487 (3), 371 (IS), 283 (15). 235 (30). 199 (40), 115 (100). 
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k% = -3.7 (c 1.02 in CHC13).- CD of the in-situ compla with Mo&OAc)4 (for details, see under enf- 
lob): &, (A&) = 310 nm (+ 1.3). 

SR) mc-J ahd-7-en-l1.13.15_triol 
1H NMR (400 MHz, CDC13, H,H COSY ), 6 = 0.84, 0.88, 0.99 (39, 9H, CH3-18, CH3-19, CH3-2O), 
1.24 (dd, lH, 12-H), 1.38 (s, 3H, CH3-l6), 1.69 (t, CH2-14), 1.89 (s, 3H, CH3-17), 2.41 (dd, lH, 12-H), 
3.88 (m, 2H, CH2-IS), 4.49 (dd, lH, 11-H), 5.56-5.63 (lH, 7-H), J11.12 = 12 Hz, J11,12* = 3 Hz, 

1 J12 12’1 = 14.5 Hz, Jt4 15 = 6 HZ.- 13C NMR (100.6 MHz, CDC13, DEPT), 6 = 14.73 (CH3-20) 18.94 
(CH;-2), 22.52 (CH3-19j, 23.61 (CH2-6). 25.15 (CH3-17), 26.19 (CH3-l6), 33.09 Q-4/1@, 33.62 (CH3- 
18), 37.48 (Cq-4/10), 40.31 (CH2-3), 42.31 (CH2-I), 44.04 (CH2-14), 48.05 (CH2-12), 50.13 (CH-5), 
59.88 (CH2-15), 60.71 (CH-9), 67.53 (CH-ll), 75.00 Q-13). 127.47 (CH-7), 132.13 (Cq-8).- IR (Ccl& 
3620 (OH), 3580-3080 cm-l (OH).- C2oH3603 (324.5), MS: m/z (96) = 233 (1.9), 115 (NO), 109 (35), 43 
(43). 

__ 15U tent-13) 

0% = -2.9 (c 1.17 in CHC13). 

S. 133 rat J&d 7-ene-11.12. (rac-l&l _ _ 

I& CDC13), 6 = 0.84, 0.88 (2~, 6H, CH3-18, CH3-19), 0.91 (d, J = 7 Hz, 3H, CH3- 
la), 0.99 (s, 3H, CH3-2O), 1.61 (m, 2H, CH2-14), 1.82 (s, 3H, CH3-17), 3.68 (m, lH, 15-H), 3.73-3.82 
(2H, 12-H, 15-H’), 3.88 (dd, lH, II-H), 5.56-5.63 (Win = 10 Hz, lH, 7-H), Jtt,12 = 10 Hz, J14.15 = 
6 Hz.- ‘SC NMR (100.6 MHz, CDC13, DEFT), 6 = 11.17 (CH3-l6), 15.00 (CH3-2O), 18.76 (CH2-2), 
22.27 (CH3-19), 23.46 (CH2-6), 25.01 (CH3-17), 30.58 (CH-13), 32.90 (Cq-4 OT Cq-lo), 33.38 (CH3-l8), 
37.10 (Cq-4 oder Cq-lo), 38.27 (CH2-1), 40.49 (CH2-3), 42.03 (CH2-14), 49.94 (CH-5), 55.74 (CH-9), 
59.59 (CH2-15), 69.84 (CH-11/12), 75.51 (CH-11112), 127.40 (CH-7), 131.55 (Cq-8).- IR (CCW: 3680- 
3080 cm-l (OH).- C2($3603 (324.5), MS: m/z (96) = 291 (l.O), 279 (0.8), 218 (15), 192 (20), 177 (30), 
115 (NO), 97 (67), 69 (85). 

_- 12s. 13. .kru J bd 7+1x-1 1.12.15-criol ‘= -A- 

M,= -7.2 (c 0.69 in CHC13).- For the configurational assignment at C-11 enr-lob (2.7 mg) was treated 
with Mql(OAc)4, and from the in situ complex the CD was measured as descihed in ref.?‘, solvent DMSO 
(c 0.877 mmol/l), path length: 0.2 cm, 5 max (AE) = 304 nm (+ 1.13). 

A solution of m-11 (41.2 mg, 0.073 mmol) in 4 mL CH2Cl2 was added to a stirred suspension of 
pyriclmum dichromate (221 mg, 0.588 mmol) in CH2C12 (3 mL). The mixture was stirred for 8 h at 20°C 
and then f&red through Florisil (elution with ether, 80 mL). LC (petrol-ethyl acetate 15:1) furnished mc-16 
(34.4mg, 84%).- 1X-I NMR (400 MHz, CDCl3), 6 = 0.84, 0.85, 0.86 (3s, 9H, CH3-18, CH3-19, CH3-2O), 
1.02 (s, 9H, tbutyl), 1.32 (s, 3H, CH3-l6), 1.57 (s, 3H, CH3-17), 3.39 (s, lH, 9-H), 3.47 (s, 1H 12-H), 
3.78 (dt, ZH, CH2-15), 5.52-5.59 (m, lH, 7-H), 7.32-7.63 (10 H, aromat. H), J14,15 = 6.5 Hz.- IR 
(CC&): 1700 cm-l (C=O).- MS: m/z (96) = 558 (I), 501 (12), 471 (11). 423 (IO), 377 (lo), 199 (lOO), 
135 (38), 95 (54).- C&I#$i (558.8) calcd C 77.37, H 9.02, found C 77.35, H 9.13. 

IN-16 was prepared from enr-11 as described for ~c-16.- CD (c 1.14 mol/l in a&o&rile): k (A&) = 
311 (- 2.0), 237 nm (- 2.9). 

_ - fmc-la 
A stream of argon was passed through a solution of rue-16 (30 mg, 0.054 mmol) in acetonitrile (10 mL). 
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Then trietbylamine (41 pl, 0.27 mmol) was added and the solution was irradiated (254 nm, Rayonet reactor) 
under argon for 20 min with 254 nm light (quartz vessel). Solvent evaporation and subsequent LC (petrol- 
ethyl acetate 15:l) provided rot-15 (16.7 mg, 56%). 
b) To a solution of rat-16 (63 mg, 0.11 mmol) in 2:1 THF - methanol (6 mL), cooled to -90 “C, were 
added two portions of 0.1 mol/J SmI2 in THF [a) 5.5 mL, 0.55 mmol, b) 2.2 mL, 0.22 mmol] until a 
slightly blue colour persisted. At -70°C saturated aq. K2CO3 (5 mL) was-added and the mixture was allowed 
to warm to 20°C. Usual work-up (CH2C12) and LC (petrol-ethyl acetate 10~1) provided rupc-15 (54.7 mg, 
89%).- M.p.ll3”C (CH$&/hexane).- lH NMK (400 MHZ, CgD6), 6 = 0.82 (s, 6J-l) 1.08 (s, 3H) (CH3- 
18, CH3-19, CH3-2O), 1.19 (s, 9H, fbutyl ), 1.37 (s, 3H, CH3-l6), 1.60 (s, 3H, CH3-17), 2.69, 2.74 (2d, 
2H, CH2-12). 2.98 (s, Wtn = 7.5 Hz, lH, 9-H), 3.90-4.07 (2H, CH2-15). 4.37 (s, WI/~ = 6 Hz, lH, 
OH), 5.45 (m, Wt/2 = 11 Hz, lH, 7-H), 7.24-7.83 (lOH, aromat. H), 1J12.12’1 = 18.5 Hz, Jt4,15 = 6 
Hz.- 13C NMK (100.6 MHz, C6D6, DEPT), 6 = 14.85 (CHS-2O), 19.00 (CH2-Z), 19.36 (Cq-PC), 21.75 
(CHS-19), 21.92 (CH3-l6), 24.08 (CH2-6), 27.10 (CH3-PC), 27.56 (CH3-17). 33.08 (Cq-4/10), 33.49 
(CH3-l8), 37.61 Q-4/10), 41.38 (CH2-1), 42.28 (CH2-3), 43.99 (CH2-14), 49.60 (CH-5), 58.45 (CH2- 
12). 61.33 (CH2-15), 67.97 (CH-9), 71.51 &q-13), 124.42 (CH-7), 128.12 (CH-PC), 130.04 (CH-PC), 
130.79 (Cq-8), 133.87 (Cq-PG), 135.96 (CH-PC), 214.03 (Cq-ll).-JK (Ccl& 3520 (OH), 1700 cm-1 
(C=O).- MS: m/z (46) = 560 Q, 369 (45), 269 (30)? 218 (30), 191 (lOO).- C+J52O$i (560.8) calcd C 
77.09, H 9.35, found C 77.19, H 9.50. 

(11RS.v_Ewxv_rm_labd-7ene-l3.15_diol - _ 

To a solution of rat-13a (29.8 mg, 0.09 mmol) in CH2Cl2 (500 pl), cooled to -78 “C, a solution of 
N-phenylselenophthalimide (42.3 mg, 0.14 mmol) in CH2Cl2 (250 ~1) and a 10 per cent solution of SnC4 in 
CH2Cl2 (85 pl, 0.07 mmol) were added. A slightly yellow precipitate was formed. The stirred reaction 
mixture was allowed to warm to 20°C within 3 h. At about -1O’C the precipitate dissolved and a clear 
yellow solution resulted. TLC indicated that rat-lk was not completely consumed, therefore a further 
portion of each N-phenylselenophtbalimide (42.3 mg, 0.14 mmol) and SnCl4 (8s pl of the 10 per cent 
solution, 0.07 mmol) was added and the mixture was stirred at 20°C for another 30 min. After solvent 
evaporation and LC (petrol-ethyl acetate 10: 1 + 0,l 96 NHt3) mc-l2 (slightly impure, 11.4 mg, 40 96) was 
obtained.- JH NMK (400 MHz, CDC13, H.H COST), 6 = 0.81, 0.89, 0.91 (39, 9H, CH3-18, CHy19, 
CH3-2O), 1.32 (s, 3H, CH3-l6), 3.95 (s, Win = 10 Hz, lH, 15-OH), 3.83 (Win = 13 Hz, 2H, CH2-15), 
4.07 (mk, lH, 11-H), 4.13 (m, lH, 17-H), 4.34 (m, lH, 17-H), 4.51 (s, Win = 3 Hz, lH, OH), 5.50 (m, 

Wl# = 9 Hz, J = 2 Hz, H-J, 7-H), 1 Jt, 17’ 1 = 12 Hz- l3C NMK (100.6 MHZ, CDC13, DEPT), 6 = 
14.16 (CH3-2O), 18.54 (CH2-2), 21.63 (C&19), 23.79 (CH2-6), 26.42 (CH3-l6), 32.99 (Cq-4 oder lo), 
33.31 (CH3-l8), 34.27 (Cq-4 oder lo), 40.64 (CH2-I), 42.15 (CH2-3), 43.73 (CH2-12), 46.44 (CH2-14), 
49.96 (CH-5), 59.51 (CH2-15), 60.72 (CH-9). 69.19 (CH2-17), 74.18 (Cq-13), 77.32 (CH-11), 116.36 
(CH-7), 123.53 , 134.23, 137.31 Q-8). 

. . 
tment of UC-15 with M 

A solution ofrHg(OC!OCF~)~ (160.7 mg, 0.376 mmol) and rut-15 (105.5 mg, 1.188 mmol) in benxene (3 
mL) was stirred at 20°C for 6 h. Saturated aq NaCl (2 mL) was added. Usual work-up (CH2Clz) and LC 
(petrol-ethyl acetate 40~1 + 0.1 % NEt3) yielded m-Mb (18.8 mg, 15%) and rut-ll(l9.4 mg, 15%) . 

JmS. 13SR) -_ _ _. 15 (tert B-v) _ _ l’j by&xv 7 tnfluoracetoxv __* - _ _ _ rat labd 8-en ll-one (mc-14a) 
lH NMR (400 MHz, QDg), 6 = 0.58,0.67, 1.11 (3s, 9H, CH3-18, CHS-19, CH3-20). 1.15 (s, 9H, tbutyl 
), 1.32, 1.38 (29, 6H, CH3-16, CH3-17), 1.88-2.06 (3H multiplet containing the CH2-14 signals), 2.65, 
2.81 (26, ZH, CH2-12), 3.89-4.02 (2H, CH2-15), 5.28 (t, J = 

7.72-7.80 (4H, aromat. H), IJ,, 12’ 
3 Hz, IH, 7-H), 7.19-7.26 (6H, aromat. H), 

1 = lg HZ- l3C I’hfR (100.6 MHz, C@6, DEPT), 6 = 15.17 (CH3- 
20), 18.53 (CH2-2), 19.29 (Cq-h), 20.78 (CHy19), 21.31 (CH3-16). 25.27 (CH2-6), 27.04 (CHpPG), 
27.41 (CH3-17), 32.70 (CH3-l8), 32.93 (Q-4 or Cq-lo), 36.93 (CH2-1), 38.21 (Q-4 or 
Cq-lo), 41.20 (CH2-3), 43.67 (CH2-14), 49.34 (CH-5), 56.25 (CH2-12), 61.27 (CH2-15), 71.36 (Cq-13), 
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79.20 (CH-7), 123.86 Q-8), 127.73 (CH-PC), 130.06 (CH-I’G), 133.79 (Cq-9), 135.90 (CH-PC). 152.78 
(Cq-21). 208.98 (Cq-ll).- IR (CCl& 3500 (OH), 1775 (C=O), 1680 cm-1 (C=O).- CSgH 05FSSi 
(672.9), MS: m/z (46) = 597 (13), 558 (4), 483 (25), 331 (MO), 269 (68), 199 (90), 119 (al).- & NMR 
(75 MHz, CDC13, CFC13 as external stat&xl), 6 = -75.8 (s). 

‘H NhfR (400 k&Hz, C6D6, NOE), 6 = H3-18, CH3-19, CH3-20), 1.17 
(s, 9H, tbutyl ), 1.19 (m, lH, 6a-H), 1.31, 1.33 (2 s, 6H, CH3-16, CH3-17), 1.40 (m, lH, 6&H), 1.63 
(doublet structure, lH, 5-H), 1.85-2.05 (2H, CH2-14), 2.67/2.83 (2 d, 2H, CH2-12), 3.89-4.01 (2H, CH - 
15), 5.10 (d, lH, 7-H), 7.20-7.28 (6H, aromat. Ii), 7.72-7.80 (4H, aromat. H), J5.w = 15 Hz, 1 J~,6p “I 

= ca. 13 Hz, J66p,7 = 4.5 Hz, 1 Jl2.12’ 1. = 19.5 Hz.- 13C NIVIR (100.6 hIHz, C6D6, DEPT), 6 = 17.05 

(CH3-2O), 18.63 (CH2-2), 18.75 @X3-19), 19.30 (Cq-PC), 21.20 (CH3-l6), 25.77 (CH2-6), 27.05 (CH3- 
F’G), 27.41 (CH3-17), 32.41 (CH3-la), 32.52 (CqA or lo), 36.93 (CH2-l), 38.51 (Cq-4 or lo), 41.19 
(CH2-3), 43.84 (CH2-14), 45.61 (CH-5), 56.07 (CH2-12), 61.17 (CH2-15), 71.37 Q-13), 77.28 (CH-7), 
122.42 Q-8), 127.73 (CH-PC), 130.06 (CH-PC), 133.75 Q-PC), 133.87 ((X-9), 135.91 (CH-PC), 
153.77 (Cq-21), 209.65 (C-11).- IR (Ccl& 3520 (OH), 1780 (C=O), 1680 cm-l (C=O).- C38H5@5F$i 
(672.9).- MS: m/z (96) = 597 (M- tbutyl-H20, 3), 558 (10, 483 (40), 434 (30), 377 (35), 351 (20), 269 
(KM), 199 (87), 119 (83).- l9F NMR (75 MHz, CDC13, CFC13 as external standard), 6 = -75.8 (s). 

A solution of commercial 55 per cent m-&l 
mg, 0.266 mmol) ln CHCl3 (6 mL) was stitred at 20°C for 90 min. After addition of saturated aq. NaHCO3 
(10 mL) usual work-up (CH2Cl2 ) and LC (petrol-ethyl acetate 10~1) furnished mc-18 (155.7 mg, 99%).- 
lH NMR (400 MHz, CDC13, NOE), 6 = 0.84, 0.88, 1.00 (39, 9H, CH3-18, CH3-19, CH3-20), 1.04 (s, 
9H, fb~tyl ), 1.19, 1.27 (2~, 6H, CH3-16, CH3-17). 1.68 (dt, J = 2.5 Hz, ZH, 6&H), 1.78-1.95 (2H, CH2- 
14), 2.09 (dd, lH, la-I-I), 2.67 (s, lH, 9-H), 2.76, 2.88 (‘Ld, 2&I, CH2-12), 2.97 (m, W1n = 5 Hz, lH, 7- 
I-I), 3.73-3.91 (2H, CH2-15), 7.32-7.48 (6H, aromat. I-I), 7.60-7.69 (4H, aromat. H), Jlg.2 = 4.5 and 1 
Hz, 1 Jlg,lo/ = 15 Hz, I J6,xjg I = 15 Hz, J6g,5 = 13 Hz, J6g.7 = 3 Hz, 1 Jl2,l2* I = 18.5 Hz, Jl4,15 = 

6 Hz.- l3C NIvIR (109.6 MHz, CDC13, assignment by comparison with rat-19), 6 = 14.86 (CH3-2O), 
18.52 (CH2-2), 19.32 (Cq-PC), 22.30 (CH3-19), 23.12 (CH3-l6), 23.15 (CH2-6), 27.10 (CH3-PC), 27.22 
(CH3-17), 33.09 Q-4 or Cq-lo), 33.12 (CH3-la), 37.46 (Cq-4 or Cq-lo), 39.77 (CH2-I), 42.07 (CH2-3), 
42.73 (CH2-14), 45.38 @X-5), 57.59 Q-8), 59.06 (CH2-12). 60.56 (CH-7), 61.27 (CI-I2-15), 67.22 (CH- 
9), 71.84 (Cq-13), 127.99 (CH-PC), 130.03 (CH-PC), 133.38 (Cq-PC), 135.78 (CH-PC), 213.45 Q-11).- 
IR (CCL& 3500 (OH), 1700 cm-1 (C=O).- MS: m/z (%) = 501 (8). 269 (lOO), 235 (60), 199 @I).- 
C3&204Si (576.8), calcd C 74.95, H 9.09, found C 75.09, H 9.21. 

To a solution of mc-17 (26.5 mg, 0.05 mmol) in CH2Cl2 (7 mL), cooled to -78°C , SnC& (13 ~1, 0.05 
mmol) was added. The stirred reaction mixture was allowed to warm to 20°C within 1 h and was left at 
20°C for 25 h. H20 (2 mL) was added. Usual work-up (CH2Clz) followed by LC (peuol-e&yl acetate = 
2O:l ) provided rat-17 (7 mg, 26%).- lH NMR (400 MHz, CDQ, NOE, labdane numbering), 6 = 0.81, 
0.85, 0.98 (3s, 9H, CH3-18, CH3-19, CHg-2O), 1.03 (s, 9H, Butyl ), 1.18, 1.26 (29, 6H, (X3-16, CH3- 
17), 1.96 (dd, J = 13 Hz, J = 6 Hz, lH, 5-H), 2.53, 2.64 (2d, ZH, CH2-12), 3.02 (s, lH, 9-H), 3.71-3.88 
(2H, CH2-l5), 4.21 (s, lH, OH), 7.25-7.78 (lOH, aromat. II), 9.38 (s, lH, CH=O), 1112 12’1 = 17 Hz, 

Jl4,15 = 6 Hz.- IR (CCl,$: 3500 (OH), 1725 (C-O), 1700 cm-l (C=O).- C&I5204Si (5?6.8), MS: m/z 
(96) = 548 (0.5), 519 (3.5), 501 (3.5),269 (RIO), 235 (95), 199 (75). 
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(7RS. 8RS. 13sBll5 Itert ~1-8.13_sooxv-ll~ (ret -- - - _ _ - - 

To a solution of m-18 (82.1 mg, 0.14 mmol) in toluene (15 n&) trime&ylailyl trifla& (30.5 pl, 0.16 mmol) 
was added at 0°C. The mixture was left at 20°C for 10 min. H20 (2 mL) was added. Usual work-up and 
subsequent LC (petrol-ethyl ace&te 15:l) yielded MC-19 (46.7 mg, 57%).- M.p. 118°C @trol).- 1~ NMR 
(4OL-l MHz, C6D6, NOE, H,H COSY ), 6 = 0.75, 0.92, 1.01 (39, 9H, CH3-18, CH3-19, CH3-2O), 1.08, 
1.16 (29, 6H, CH3-16, CH3-17), 1.18 (s, 9H, tbutyl ), 1.50-1.71 (4H, containing the CH2-14 signals), 
1.79-1.88 (dt, IH, &x-H), 2.19,2.47 (2d, CH2-12), 2.54 (dt, lH, l&H), 2.80 (s, lH, 9-H), 3.45 (bs, lH, 
OH), 3.58 (t, IH, 7-H), 3.67-3.82 (CH2-15), 7.19-7.32 (6H, aromat. I-I), 7.72-7.83 4H, aromat. H), 
IJ l~,,al = 13 Hz, Jj,b = 3 Hz, 1 Jsp,~l = 14.5 Hz, J&,7 = 3 Hz, J7,6g = 3 Hz, \I,, 12’ 1 = 14.5 

Hz.- l3C NMR (100.6 MHz, CDC13, DEPT), 6 = 15.44 (CH3-2O), 18.55 (CH2-2), 19.32 (C&G), 21.75 
(CHS-19), 24.93 (CH2-6), 25.83 (CH3-l6), 27.09 (CH3-PG), 29.47 ((X3-17), 32.90 (CH3-l8), 33.45 (Cq- 
4 or Cq-lo), 36.75 (Cq-4 or Cq-lo), 38.82 (CH2-l), 42.22 (CH2-3), 46.60 (CH-5), 47.71 (CH2-14), 53.55 
(CH2-12), 60.27 (CH2-15), 63.15 (CH-9). 73.05 (CH-7), 77.99 (Cq-8), 80.80 Q-13), 127.97 (CH-PG), 
130.00 (CH-PG), 133.70 (Cq-PG), 135.80 (CH-PG), 208.86 (Cq-ll).- IR (CC4): 3560 (OH), 1700 cm-t 
(C=O).- MS: m/z (W) = 519 (M-tbutyl, 8), 501 (4), 433 (8), 269 (lOO), 235 (20), 199 @I).- C&$20&X 
(576.9), calcd C 74.95, H 9.10, found C 74.86, H 9.15. 

StfU~ 
rat-15 crystallizes in the monoclinic space group C2/c with a = 21.987(6), b = 9.941(3), c = 30.8400 A, 
13 = 101.69(2)“, V = 6601(2) A3, 2 = 8. Tbe structure was refined to R = 0.053, wR = 0.042 for 3609 

independent reflections &&, 20 5 50”, Fo2 > 1.5 o (Fo2)J. rat-19 crya in the monoclinic space 

group C2lc with a = 29.480(5), b = 7.707(2), c = 29.025(5) A, 8 = 93.08(3)“, V = 6585(3) A3, Z = 8. 
The structure was refined to R = 0.073, wR = 0.070 for 1623 independent reflections WI&, 20 5 45”, 

Fo2 > 2.0 o (Fo2)J. Further details of the structure investigation may be obtained from 
Fachinformationszentrum Energie, Physik, Mathematik GmbH, D-75 14 Eggenstein-Leopoldshafen 2 
(Germany) on quoting the deposition number CSD - 56873. Any request should be accompanied by the full 
literature citation of this paper. 
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