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Abstract - From farnesol and (R)-methyloxirane the optically active bicyclic
compounds 31 and 32 have been prepared. Cyclization of 31 led to the tricyc-
lic compounds 29 and 30, respectively, which differ confligurationally from
forskolin only at C-B,

Some time ago we discussed a biogenetically patterned synthetic plan for forskolin
(1)'+2 yia 1,9-dideoxyforskolin (2).3 Part of this plan is depicted ({n somewhat
more elaborate form) in Scheme 1. In the present publicati{on we report on results
which were obtained, probing the chemistry which {s connected with steps 4+5+ 6
and steps 7+ 8+ 5+ 6,
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Synthesis of 11, 17, and 18

As synthetic equivalents of synthon 8, epoxide (R}-11% ano the epoxide, derived
from (S)-17 as well as aldehyde (S)-18 were selected. (R)-10 vas obtained from 2-
methyl-2-propen-1-o0l using a) a modified versfon of the Sharpless spoxidation
reaction 8+5.6 and b) the work-up procedure reported by Meister and Scharf.% The

? anslysis (see Experimental) to be 93%., For the

e.e, w8s shown by Mosher ester
conversion of 10 into 11 the Hernande:z mothode was employed, The synthesis of both
17 and 18 was based on Seebach's selfreproduction of chirality. 12, preparsd from
{S)-malic acid as described by Sesbach? was reduced under carefully controlled
conditions (otherwise the lactonic function was also reduced) with borane - di-
methyl sulfige'0 to give 13, Rttempteo protection of the free OH group in 13 by
benzylation led to the formation of 14, whereas si{lylation under the Hernande:
conditions® clesnly provided 16. Reduction of the lactone gtouping in 16 with
borsane - dimethyl sulfide yielded hemiacetal 15 (95% yield) rether than the desired
diol 17, A S6% yleld of 17 was obtained by reduction of 16 with lithium aluminium
nyorige. Swern oxidation'! of 17 led to 18 in 65% yield.
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Reaction of sulfones 19, 21, and 23 with oxfirsne 11

As synthetic equivalents of synthons 4 and 7 the sulfones 1912 and 2313. respecti-
valy.’“"s vwere chosen., It {s well-known that lithiated sulfones resct rather
sluggishly with (especially sterically hindered) oxiranes'6+'7 ang that the reacti-
on rate Can be enhanced considerably by addition of a Lewils acidg such as boron
trifluoride etherate or titanium(1lv) lsopropnxlde.1s'20 But even {n the pressnce of
(a) T1(atpr),, (b) BFyx€t,0, (c) (1Bu),A1050,CFy, 27922 or (9) Me3S1050,CFy, the
lithiated sulfone 19 failed to react with 11.23'2“ and also the anion derived from
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19 with EtMgB8r resisted the desired resction.?3 In s model experiment epoxide 10
was trested with the lithio derivative of methyl phenyl sulfone in the presence of
Ti(OiDr)‘. Even in this cese the reaction wes very slow, and after 4d at 20°C a 10%
yleld of 22 was obtained. One may wonder wether this low reactivity is steric in
origin or the result of an unfavourable HOMO-LUMD interaction, since the anion
derived from the allylic sulfone 23 reacted smoothly (in the absence of a Leuwls
acid!) with 11 to provide 24, the "C1g-preCurlor' of 2, in 72% yield (v:! mixture
of two steresoisomers).
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Selenium-mediated cyclization of 24

By cyclization of optically active 24, in prlnclolo.12'25'29 access might be gained
to very elaborate precursors of 2. Unfortunately, until now we have been unable to
find proper conoltlpns to effect the cyclization {n the desired manner. On orgeno-
selenjum-{nduced Cyclization31 of 24 with N-phenylselenophthalimige (NPSD)32 in the
presence of SnCl, (24h at 23°C) exclusively the monocyclic products 25 and 27 ss
mixtures of stersoisomers were obtained (37% combined yield). The struCture of 27
followed straightforwardly from the 'H and '3C NMR spectra (see Experimental)., The
structural assignment of 25 was confirmed by spectral analysis after raduction with
tri-n-butyltin hydride to give 26.

Tricyclic compounds 30 and 34 from rac. 19 and methyloxirane

T!(OiDr)a-assistad reaction'¥ of the lithio cerivative of rac. 19 with both (R)-33
and rac.-methyloxirane (28) pr0v100624 the two substitution products 31 and 32 {n
optically sctive and racemic form, respectively, as 11-opimers.3°

The gross structures of 31 and 32 followed from spectral data, whereas the (rels-
tive) configuration at the newly formeo chiral céntres was assigned on the basis of
the results outlined below. Selenium-induced cyclizstion of both 3% snd 32 led to
the formation of the respective tricyclic compounds 29 anog 33 (87% and 78%¢ yielo,
respectively). From an extensive NMR spectroscoplic analy91335 the configuration
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shown {n 29 and the preferred conformation depicted in 29' were deduced.

Most specifically, the 7-position of the phenylselanyl residue was indicated by the
fact that the '3C NMR signal of C-7 (§=57.80) is accompanied by two satellites
which originate from 136. 7750 coupling (J=-68.2 Hz).ao 7-H gives rise to the X-
part of an "ABX" system with J7.E’J7.6"7’0 Hz which would correspond to an equa-
torial position in a chair-like ring B. The through-space {interactions between CH3-
14 and 7-H, 9-H, and 13-H (summarized tn 29') seem only consistent with the -
configuration of this methyl group. The NOE enhancements between 11-H and CHy-20
are best accommodated assuming a boat or twist conformation of ring C. This view is
supported by the multiplicity of the 11-KH M NMR signal which appears as a doublet
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with J=§.5 Hz which means that the torsional angle 11-H(C-11 - C-12)120-H {s almost
180° whereas the corresponding angles for 11-H/9-H and 11-H/128-H are around 90°,
The NOE effect between CHy-20 and 7-H indicates that tha ring B conformation may
also differ from the ideal chalr.

For the cyclization product of 32 configuration and conformation as depicted {n 33
and 33' were deduced from the Overhauser sffects summarized in formula 33'. The
more complicated 11-H signal (as compared with 29) which consists of 6 lines
(39.11-1.5 Hz, Jy9,129%311,128%9-5 H2) indicates ring C to be in a somewhat diffe-
rent conformation than in 29,

In a second set of experiments rac-31 and rac-32 were Cyclizeo with mercuric
trifluoroacetate, Subsequent reduction with sodium borohydrlda°° gave 33 and 34 in
62% and 42% ylelo, respectively. 33 and 34 wvere again submitted to careful NMR
spectroscopic analysis fully in accord with the proposed structures (see Experimen-
tel). Finslly, 29 and 33 were reductively converted with tri-n-butyltin hydride
{nto 30 and 34, respectively.

Conclusion

From farnesol and (R)-methyloxirane (28) the optically active bicyclic tompounds 31
and 32 have been prepared. Cyclization of 31 led to 29 and 30, respectively, which
differ confiqurationally from forskolin only at C-8, If the reluctance of 19 to
react with 10 or an electrophilic resgent derived from 17 can be overcome and {f
the cyclization would then lead to & tricyclic compound of type 29 with the correct
configuration at C-8, & highly advanced intermediate for 1,9-dideoxyforskolin would
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result with the proper functionality in ring B to introduce the 6,7-diol group by

elimination and clis-hydroxylation. Further work along these lines {s in progress.
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EXPERIMENTA AL
General

All resctions were performed in oven-dried glassware under a positive pressure of argon, Liquids
and solutions were transferred by syringe, and were introduced into reaction flasks through rubber
septa. If not otherwise stated, reactions were performed in Wheaton serum bottles sealed with alu-
ninium caps with open top and Teflon-faced septum (Aldrich). Ususl wotk-up means partioning the
reaction mixture between water and an orgenic solvent (given in parenthesis), drying the combined
organic solution over mzsoa. and removal of the solvent by distillation in vacuo at 40°C, using a
rotatory evasporator., The instrumentation used was: TH NMR: WP B0 (Bruker), AM 40O (Bruker); 13¢
NMR: AM 400 (Bruker); IR: Perkin Elmer 257 end 681; MS: MAT-731 and MAT-CH-S (varian); LC: Medium
pressyre chromatography (MPLC) using 31.0 cm x 2.5 cm (column B, 60 g 5102) and 37,0cm x 1,Scm
(column R, 17 g S510,) glass tubes, silica gel 50 um, {Grace), Ouramat pump (CfG); UV detector
Chromatochord III (Serva).
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S)-2-Mathyl-2-epoxy-1-pr 1 (10).

10 was prepsred from 2-methyl allyl alcohol (26.1 ml, 331 mmol) as described by Meister and
Scharf.% The work-up procedure of Melster and Scharf was followed unt{l a product (25.3 3} was
obtained containing mainly (5)-10 alongside with small amounts of the starting material, tert-outyl
alcohol, and CH,Cl,. The Mosher ester of (S)-10 was compared with the Mosher ester of rac.-10 and
was found (HALC: Llchrosorb Si 100, S pm; iscoctane - tert-butyl methyl ethar 15:1; flow: 1 ml/min;
UV detection at 219 nm) to have an e.a. of 93%.

{R)-2-(tert-Butyl-diphenyl-silanyloxymathyl)-2-methyl-oxirans (11).

To a solution of a slightly impure specimen of 10 prepared as deacribed above (2.00 Qs 22.72 mmol)
in CHyCl; (S0 ml) at 0°C triethylamine (6.33 ml, 45.45 mmol), &-dimethylaminopyridine (277.3 mg,
2.27 mmol), end tert-butylchlorodiphenylsilane (10,0 ml, 38.59 mmol) were added. The mixture was
stirred st 20°C for 22 h, Filtration through 5i0, (40 g, covered with Florisil (S g), elution with
hexanes - athyl acetate 10:1) followed by solvent evaporation and MALC (column C, hexanes - ethyl
acetate 10:1) provided (R)-11 (5.80 g, 78%).- (a) 5?0 = +7.3 (c 3.37 in CHCl4).- " NMR (80 MHz,
COCly): & = 1.10 (s, 91, C(CHy)3), 1.60 (s, 3H, CHy), 2.52-2.81 (AB-system, 2H, CH,-3), 3.69 (s,
2H, CHy-1), 7,30-7.80 (10H, AT-H); |J3 3¢[e5.0 Hz.- CygHg0,51 (326.5), MS: m/z (%) = 269.0998 (32,
Calc for CygHy90,51: 269.0998), 239 (76), 191 (100), 183 (96).

(25,55)-2-tert-Butyl-S-(2-hydroxy-ethyl)-S-methyl- (1,3)dioxolan-4-ona (13),

To a solution of 12 (271.3 mg, 1.26 mmol) {n THF (2,5 ml) at -20°C dropwise borsne-dimethyl sulfide
(2m solution in THF, 0,69 m1, 1,38 mmol) was sdded. Whan the H, evolution had ceased the resction
mixture was stirred at 20°C for 18 h. Excess borane-dimethyl sulfide was destroyed by addition of
methanol (80 pl). Solvent evaporation and SC (20 g $10,, hexanes-acetone 6:1) provided 13 (254.6
mg, 100%).- "M NMR (80 MMz, COC1y): &= 0.8 (s, 9H, C(CH3)3), 1.43 (3, 3H, CHy), 2,08 (t, 2H, CH,-
1), 3.79 (t, 2H, CHy=2'), 4,17 (3, 1H, 2-H)3 J41 21x6.9 Hz.- IR (CHC1y): 3700-3200 (QW), 1790 cm™"
(C=0).- mS: m/z (%) = 145 (11, (M-C(CH3)3)*), 99 (51), 71 (41), 43 (100).- (Found C, 59.281 H,
8.00. CygHqyg0, (202.3) requires C, 59.39; H, 8.97).

(25,55)-2-tert-Butyl-5-[2-(tert-butyl-diphenyl-silanyloxy)-ethyl)-S-methyl-[(1,3}
dioxolan-a-ome (16),

To a solution of 13 (1.45 g, 7.18 mmol) in CH,Cl, (12 ml) at 0°C dimethylaminopyridine (263 mg,
2,15 mmol, dissolved in 3 ml of CH2C12). triethylamine (2.40 ml, 17.23 mmol), and tert-butylchloro-
diphenylsilane (4,10 ml, 15.80 mmol) were added. The mixture was stirred at 20°C for 6.5 h. Most of
the solvent was removed by distillation, and the concentrated solution was filtered through 510,
(15 g, covered with Florisil (3 g}, elution with hexanes-ethyl acetate S:1), MPLC of the crude
product (column C, hexanes-ethyl acetate 30:1 10:1) gave 16 (2.86 g, 91%).- ((:]020 = +35 (c 1.9
in CHC1y).- "M NMR (80 MHz, COC1ly): 6 » 0.92 (s, 9H, C(CH3)3), 1.08 (s, 9K, C(CHy)y), 1.43 (3, 3H,
CHy)y 2,10 (t, 2H, CHy-1'), 3.8B4 (t, 2H, CH,-2'), 5.15 (s, 1H, 2-H), 7.29-7,53 (6H, Ar-H}, 7.57-
7.81 (4M, AT-H)3 Jy1127.0 Hz.- IR (CCl,): 1805 cm™' (Cx0).- MS: m/z (%) = 383 (52, (m-CHg)*), 297
(36), 26?7 (100).- Found C, 70.793 H, 8.26. CogMyg045i (440.6) requires C, 70.87; H, 8.23).

(25,42,55)-2-tert-Butyl-5-[2-(tart-butyl-diphenyl-silanyloxy)-ethyl)-S-methyl-(1,3) dioxolan=
4-0l (13).

To a solution of 16 (207.0 mg, 0.47 mmol) in THF (0.35 m1) at 0°C borsne-dimethyl sulfide (2m
solution {n THF, 0.52 ml, 1.04 mmol) was added. At S0°C dimethyl sulfide was removed by distillati-
on (1 h) at ordinary pressure under careful exclusion of water. The sealed reaction flask was then
heated to S0°C for 3 h. Excess borane-dimethyl sulfide was hydrolyzed at 20°C by addition of
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methanol (70 pl). Solvent evaporation and SC (S{0, (20 g), hexanes-ethyl acetate 10:1) proviced 15
(197.1 mg, 95%) as @ 2:1 mixture ('H NMR) of the C-4 epimers.- 'H NMR (B0 MHz, CDC14):é = 0.86 and
0.93 (2s, 184, 2xC(CHy)y), 1.05 (s, 18H, 2x C{CHy)y), 1.20 and 1.23 (23, 6H, 2xCHy), 1.70-2.18 (4H,
2xCH5-1'), 2.58 and 4.47 (2d, 2H, axchangesble with D50, 2x0H), 3.49-4.12 (4H, 2xCHy-2'), 4.67 and
4.84 (28, 2H, 2x2-H), 5.04 and 5.28 (29, 2H, 2x4-M), 7.27-7.49 (6M, Ar-H) 7.55-7.80 (4H, Ar-H);
J4,04=5-0 Hz and 9.0 Hz.- IR (CCl,): 3650-3200 cm™! (OH).- MS: m/z (%) = 385 (B), 269 (10), 221
(100), 199 (S9), 177 (29).- (Found C, 70.60; H, 8.67. C,gHya0,5i (442,7) requires C, 70.55; H,
B.65).

Reduction of 16.

To a suspension of LiRlH, (46.1 mg, 1.21 mmol) in diethyl ether (1 ml) at -78°C slowly a solution
of 16 (531.4 mg, 1,21 mmol) in diethyl ether (3 ml) was added. Within 2 h the mixture wes allowed
to warm to -30°C and was stirred 2 more h at this tempersture, The reaction was quenched at -30°C
with saturated aq, NH,C1 (10 ml). At 20°C the mixture was transferred into a saperatory funnel and
partitioned between saturated aq. NH,C1 (10 m1) ano diethyl ether (10 ml). The aqueous layer weas
extracted with diethyl ether (5x20 ml)., The combined organic solutions were oried over NaZSG,‘ and
filtered. Solvent evaporation and SC (5i0; (50 g), hexanes-ethyl acetate S:1+2:1) gave 15 (68.4
mg, 13%) and 17 {239.5 mg, S6%).

(S)-4-(tert-Butyl-oiphenyl-silanyloxy)-2-mathyl-butane-1,2-diol (17).

(0}020 = +6.8 (c 1,76 in CHC1ly).- "H NMR (8O MHz, CDC1y-D,0): § = 1,05 (s, 9H, C(CH3)3), 1.20 (s,
3H, CHy), 1.38-2.15 (2H, CHy-3), 3.46 (s, 2H, CHy-1), 3.74-64.14 (2H, CHy-4), 7.28-7.80 (10H, Ar-
H).- IR (CCl,): 3700-3200 cm™' (OW).- mS: m/z (%) = 283 (20), 249 (12), 223 (13), 205 (21), 199
(100), 85 (94), 61 (72), 43 (96).- (Foung C, 70.38; H, 8,49, [, Hyq0451 (358.5) requires C, 70.35;
H, 8.43),

(S)-4-(tert-Butyl-diphenylsilanyloxy)-2-hydroxy-2-methyl-1-butanal (18).

At -S5°C to a solution of oxalyl chloride (30.4 pl, 0.349 mmol) in CHyCl, (1 m1) anhydrous OMSO
(53.6 ul, 0.699 mmol) was added. After 3 min within S min & solution of 17 (113.7 mg, 0.318 mmol)
in CHyCl, (0.3 mi) was aoded dropwise, After being stirred at -55°C for 15 min the mixture was
treated with triethylamine (221 pl, 1,588 mmoal), and after further 5 min it was warmed to 20°C.
Usual work-up (CHpC1,) and SC (5i0; {10 g), hexanes- ethyl ecetate 8:1+ 4:1) gave 17 (22.8 mq, 20%)
and 18 (76,1 mg, 67%).- (a) 5?0 = -7.95 (c 1.58 in CHCl3).- "W NMR (80 MMz, COCly): 6 = 1.06 (s,
9H, C(CHy)3), 1.32 (s, 3H, CHy), 1.65-2.35 (2W, CH,-3), 3.40-3.92 (2H, CH,-4), 3.98 (s, 1H, OH),
7.30-7.80 (10H, Ar-H), 9.70 (s, 1H, 1-H).- IR (CCl,): 3600-3400 (OH), 1735 cm™' (C<0).- MS: m/z (%)
= 269 (2), 249 (6), 221 (100), 199 (S9), 177 (44).- (Found C, 70,763 H, 8.00. Co1Hpg0454 (356.9)
requires C, 70.74; H 7.92).

(RS)-4-(tert-Butyl-diphenyl-silanyloxy)-3-methyl-1-benzenesulfonyl-butan-3-ol (22).

Mathyl phenyl sulfone (21) (50.0 my, 0.320 mmal) and (RS)-11 (156,5 mg, 0.480 mmol) were converted
into 22 as described for 31 and 32 (vide infra). SC (Si0, (28 g), hexanes acetone S:1) geve 22
(15.5 mg, 10%). 111.0 mg (71%) of 21 were recovered.- 'H NMR (80 MMz, COCly): 6 = 1.03 (s, 9H,
C(CHJ)S), 1,10 (s, M, CHJ). 1.65-2.40 (m, 2H, CH2-2). 3.00-3.38 (m, 2H, CH2-1 )e 3.42 (s, 2H, CHy-
4), 7.30-8.10 (15H, Ar-H).- IR (CCl,): 3650-3400 (OW), 1315, 1305 and 1150 cm™' (S0,).- CypHy,0,551
(482.7), mS: m/z (%) = 426 (3.6, (M-C Hq)*), 408 (2.7), 348 (49), 200 (100).

Alkylation of 23 with (R)-11.

To a stirred solution of 23'3 (846 mg, 2.35 mmol) in 3:1 THF-MMPT (17.4 ml) at -20°C n-butyllithium
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(1.63 M solution in hexane, 1.73 ml, 2.82 mmol) was added. Stirring was continued for 20 min, and
the deeply red solution was then cooled to -78°C. After 30 min a solution of (R)-11 (1.146 g, 3.53
mmol) in THF (4.6 ml) was added. The mixture was stirred at 40-45°C for 6 h and then treated with
satursted aq. NH,C1 (25 ml). Usual work-up (diethyl ether) and MPLC (column 8, hexanes-ethyl
acetate 8:1) gave an 1:1 mixture (M NMR) of 24 (1102 mg, 72%). Part of this mixture was sapareted
by MALC (column B, hexanes-ethyl acetate-ethanol 30:2.7:0.3).

{2R,42,5€,9% )-1-(tert-Butyl-diphenyl-silanyloxy)-2,6,10,14-tetramethyl-4-toluenesulfonyl -pentadeca -
5,9,13-trien-2-01 (24, unpolar isomer).

(a)DZU = +19,6 (c 1.59 in CHCl3).- "W NMR (400 MHz, COSY, COCly): & = 1,03 (s, 3H, CHy), 1.08 (s,
9H, C(CH3)3), 1.27 (s, 3H, CHy), 1.56 (s, 3H, CH3), 1.58 (s, 3H, CHy), 1.67 (s, 3H, CHy), 1.85-2.10
(m, BH, incluging 3-H), 2.41 (s, 3H, CHy-Ar), 2.54 (s, 1H), 2.71 (gg, 1H, 3'-H), 3.42 (s, 2H, CHy-
1), 4.09 (m, 1H, 4-H), 4,98-5.11 (3K, olefin, H}, 7.22-7.29 (2H, Ar-H), 7.33-7.48 (BH, Ar-H), 7.59-
7.72 (6K, Ar-H)s Ty (=2.5 Hz, |33, 3:]515.0 nz.- '3C NAR (100.6 MHz, DEPT, COC15)%2: & = 15.9 (6-
CHy)y 16.4 (10-CHy), 17.6 (14-CHy), 18.2 (C(CH3)3), 21.6 (CH3-Ar), 23.2 (2-CHy), 25.7 (C-15), 26.0
(C-8), 26.6 (C-12), 26.8 (-C{(CH3)3), 35.9 (C-3), 39.6 (C-? und C-11), 60.9 (C-4), 71,4 (C-1), 71.8
(c-2), 119,17 (C-5), 123.4 (C-9), 124.,2 (C-13), 127.8 (aromat. C), 129,2 (aromat, C), 129.3 (aromst.
C), 129.8 (aromat. C), 131.3 (C-14), 135.6 (C-10); 132.79, 132.81, 134.8, 144,1, 144.6 (C-6 und
sromat, C).- IR (CHCl3): 3600-3400 (OH), 1665, 1605 (C=C), 1305, 1150 cm™! (50,).- MS: m/z (%) =
686.3814 (0.2, Calc for C, Mgg0,55i: 686.3825), 629 (0.2, (M-C,Hg)*), 513 (3.5), 337 (3.1), 255
(s4), 235 (100).- (Found C, 73.27; H, B.47. C,5Mg0,55i requires C, 73.42; H, 8.51).

(2R,45,5€,9€ )-1-{tert-Butyl-diphenyl-silanyloxy)-2,6,10,14-tetramethyl -4-toluenesulfonyl-pentadeca -
5,9,13-trien-2-o0l (24, polar isomer).

(a)p?0 = -12.3 (c 1.80 in CHCl3).- "W NMR (80 MHz, COCly): 6 = 1.06 (s, (C(CHy)y)s 1.12 (g, J=1.2
Hz, CHy), 1.20 (s, 3H, CHy), 2.41 (s, 3H, CHy-Ar), 3.41 (s, 2H, CHp-1), 3.80-4.17 (m, W,y p322.7
Mz, 1H, 4-H), 4.80-5.28 (3H, olefin, H), 7.15-7.79 (14H, Ar-H).- IR (CCl,): 3600-3400 (OH), 1600
(c=C), 1315, 1150 cm~! (50,).- MS: m/z (%) = 686.3819 (0.6, Calc for C,pHgg0,55i: 686.3825),
629.3116 (0.5, Calc for CygH,q0,554: 629.3121), 513 (6.8), 255 (66), 235 (100), 199 (91).- (Found
C, 73.35; H, B8.60. C,,H5q0,55i requires C, 73.42; H, 8.51).

Cyclization of 24 (poler stereoisomer).

To a solution of NPSP (299.2 mg, 0.990 mmol) in CHyCl, (20 m1) at 20°C a solution of 24 (456.5 mgq,
0.665 mmol) in CHyC1y (5 m1) and SnCl, (10 percent solution in CHyCly, 388.1 ul, 0.332 mmal) were
agded. The mixture was stirred at 20°C for 264 h, then solid NaHCOy was aoded. Solvent evaporation,
followed by & crude chromatographic separation (Si0, (25 g), hexanes-scetone 12:1) gave & mixture
of progucts (309.7 mg) which was separated by repeated MPLC (a: column 8, hexanes-acetone 12:1, b:
column 8, hexanes-ethyl acetate 8:1) to give 25 (173.0 mg, 31%) and 27 (33.4 mg, 6%).

enylsslanyl-11-toluenesulfonyl-9,10-seco-

15-nor-labda-5(10),8-dien-13-01 (25, mixture of 2 stereoisomers).

The analytical sample was further purified by prep. HPLC (column; LiChrosorb S{ 100 (S ym); sol-
vent: isooctane - CHCly - 2-propanol 25:1:0.1; flow 8 ml/min; detection: LV, 254 nm). v NmR (400
MHz, COSY, COCly): & = 0.95 (g, 1H), 1.11 (C(CHy)y), 1.18-1.46 (CHy-signals), 1.88s and 1.89s (3H,
CHy-Ar), 2.05 (12-H and 2-H), 2.43 (m, 1H, 2-H'), 2.80 (m, 1H, 12-H'), 3.29 (m, 1H, 3-H), 3.40 and
3,52 (AB-system, 2H, CHy-14), 4.30 (m, 1H, 11-H), 5.19 (m, 1H, 9-H), 6.80 ( 2H, Ar-H), 7.02 (3H, -
Ar-M), 7.21 (6H, Ar-H), 7.60 (2H, Ar-H), 7.70 (4H, Ar-H), 7.81 (2H, Ar-H); IJ,A'M.I-m.o Hz (for
both {somers).- IR (CCl,): 3650-3400 (OH), 1660, 1600 and 1580 (CaC), 1310, 1300 and 1150 cm™'
(505).- MS: m/z (%) = 842.3337 (Calc for C,gHg0,5805eS1: 842.3303), 686 (100), 869 (66), 626 (41),
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557 (23), 512 (31), 255 (32), 235 (100).

(52,112 ,13R,8€) -14-(tert-Butyl-oiphenyl-silanyloxy) -3 -phenylselanyl-11-toluenesul fonyl-9,10-seco-
15-nor -labda-8,10(20)-dien-13-01 (27, mixture of 2 sterecisomers).

The analytical sample was further purified by prep, HPLC (conditions as reported for 25). Th NmR
(400 mHz, COSY, CgDg): & = 0.88 and 0.90 (s, 3H, CHy), 1.10 ang 1.11 (s, 9H, C{CHy)y)s 1215, 117,
1.29, 1.24, 1.30 (CHy-signals), 1.88 and 1.89 (s, 3H, CHy-Ar), 1.91-2.25 (SH, including 12-H and
CHp-2), 2.680d and 2.72dd (1H, 12-H'}, 3.1300 and 3.23 (1H, 3-H), 3.42 and 3.50 (2 AB systems, 2H,
CHp-14), 4,20-4.34 (m, 1H, 11-H), 4.53d and 4.82d (J=7.5 Hz, and 5.0 Hz, 2H, 2Ch,-10), 5.20 (m, 14,
9-H), 6.75-6.85 (2H, Ar-H), 6.97-7.06 (3H, Ar-H), 7.19-7.26 (6H, Ar-H), 7.57-7.63 (2H, Ar-H), 7.65-
7.76 (4H, Ar-H), 7,78-7.85 (2H, Ar-H); |J, .124-14.0 Mz, |J1h,1h'|=12‘0 Hz (for both stereoiso-
mers}.- 13C NMR (100.6 MHz, DEPT, Cg0E)43): 6 = 16,47 (CHy-17), 19.46 (C(CHy)3), 21.18 (CHy-Ar),
24,44 and 24.49 (C-2), 25.06 (CH3-18), 25.45 and 25.51 (CH3-16), 27.05 (C(CHy)y), 29.05 ang 29.09
(CHy-18), 36.31, 36.69 andg 36.86 (C-?, C-6 and C-12), 38.99 and 39,07 (C-1), 41.55 (C-4), S3.16
and 53.52 (C-5S), 58.93 ano $9.04 (C-3, Jge,c=-577 Hz), 61.38 and 61.55 (C-11), 70.53 and 70.88 (C-
14), 72.39 and 72.46 (C-13), 108.13 and 108.27 (C-1Q), 120,28 and 120.45 (C-3), 127.37-147.32
(olefin. ang aromet. C).- IR (CCl,): 3650-300 (OW), 1310, 1300 and 1145 cm™' (SO,).~ C,gHgo0,55eSi
(842.1), ms: m/z (%) = 685.3749 (Calc for C,,Hg,0,55i: 685.3746), 511 (3.6}, 337 (3.0), 255 (47),
235 (100), 199 (66}, 135 (63),

(13R,8E)-14-(tert-Butyl-diphenyl-silanyloxy)-11f~toluenesul fonyl-9,10-seco-1 5-nor-labda-5(10),8-
dien-13-0l (26).

To a solution of 25 (10.1 mg, 11,8 pmol) in toluene {0.3 ml) tri-n-butyltin hydride (4.8 ul, 17.7
pmol) and a catalytical amount of AIBN were added. The mixture was stirred at 1:10°C for 2 h. SC
(si0; (1 g), hexanes-acetone 12:1) gave 26 (4.9 mg, 68%).- TH NMR (400 MHz, COSY, CgDg): & = 0.98
(34 3#, CHy), 1.00 (s, 3H, CHy), 1.12 (s, 9H, C(CHy)3), 1.19 (s, 3H, CHy), 1.20 (s, 3H, CHy), 1.5
(s, 3H, CH3), 1.84 (s, 3H, CHy-Ar), 2.05 (do, 1H, 12-H), 2.43 (s, 1H), 2.82 (0d, 1H, 12-H'), 3.42
and 3.53 (AB system, 2H, CH-14), 4.30 (8 lines, 1H, 11-H), 5.22 (d, 1H, 9-H), 6.78 (d, J=B.5 Hz,
2H, Ar-H), 7,17-7.26 (6H, Ar-H), 7.64-7.73 (4H, Ar-H), 7.76-7.84 (24, Ar-H); [312,12¢1 #14.2 Hz,
312,1139:5 Mz, Jyp0 99225 HZ, [Jq4,1401210.0 Hz, Ig 4y=10.5 Hz.- '3C NMR (100.6 MHz, OEPT,
csos)“): 6 = 16,47 (C-17), 19.46 {C(CH3)3)s 19.87 (C-2), 19.97 (C-18), 21,15 (CHy-AT), 25.57 (C-
16), 27.05 (C(CHy)y and C-10), 27,38 (C-6), 28.74 (C-18), 32.97 (C-7), 35.13 (C-4), 36.66 (C-12),
40.05 ang 40.66 (C-1 and C-3), 61.44 (C-11), 70.49 (C-14), 72,45 (C-13), 120.04 (C-9), 127.47-
144.11 (olefin, and aromat. C).- IR (CCl,): 3650-3400 (OH), 1660, 1600 (C=C), 1310, 1300 and 1145
cm-! (S0,).- C42M5g0,55i (687.1), mS: m/z (%) = 513.3547 (4, CygM,g0Sit 513,3553), 473 (1.1), 377
(1.2), 337 (2.9), 255 (38), 235 (100).

Titanium(IV) isopropoxide-catalyzed alkylation of rac. 19 with 28.

a) with (RS)-28

To a stirred solution of rac-1912 (481 mqg, 1.39 mmol) in 431 THF-HAMPT (S ml) at -78°C n-butyl-
lithium (1,48 M solution in hexane, 1,23 ml, 1.80 mmol) was added. The solution was permitted to
warm to 0°C, and after 30 min at 0°C it was recooled to -78°C. After addition of titanium{IV)
isopropoxide (619 ul, 2.08 mmol) the mixture was warmed to 0°C, maintaineo at this tempersture for
30 min, and then recooled to -78°C. (RS)-28 (154 ul, 2.77 mmol) was added and the reaction mixture
was then atirred at 20°C for 48 h, Saturated aq. NH,C1 (10 m1) and S percent aq. tartaric acid (10
ml) were then added. Usual work-up (diethyl ether) followed by MPLC (column B, hexanes-ethyl
acetate 5:1) furnished rac. 31 (176.1 mg, 31%) and rac. 32 (236.0 mg, 42%); 110.7 mg (23%) of rac.
19 were recovered,
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b) with (R)-28
The analogous reaction of rac. 19 (202.4 mg, 0.58 mmol) with (R)-28 (81.2 pl, 1,16 mmol) provided

(-)-31 (57.8 mg, 24%) and {-)-32 (85.0 mg, 36%);: 53,2 mg (26%) of rac. 19 were recovered.

(13R)-11g-Banzenasulfonyl-14,15-dinor -labd-7-en-13-0l (31).

(2)p20 = 6.5 (c 1.34 §n CHCl3).- The following analytical data were obtained from (¢ )-31. M.p.
142-143°C (from acetone/CCl,).- 'H NKR (80 MHz, CDCly): § = 0.72 (s, 34, CHy), 0.81 (s, B, 2xCHy),
1.25 (g, 3H, CH3-16), 1,76 (g, 3H, CH3-17). 2.13-2.72 (2H), 3.41-4,11 (3H, 1H exchangesble with
0,0, 13-H, 11-H and 13-0H), 5.63 (m, Wy /o=10.9 Hz, 1H, 7+H), 7.33-7.70 (3M, Ar-H), 7.79-8.08 (2H,
Ar-H); Jy3,95%6.0 Hz, "'J”.-,-Z.D Hz.- IR (CC1,): 3495 (0OH), 1295 and 1140 cm®? (505).- mS: m/2 (%)
= 262 (100, (M-PhSO,H)*), 218 (87), 109 (SE), 94 (B6).- (Found C, 71.18; H, B.93. L5,H3503S (404.6)
requires C, 71,243 H, B,97).

ant-{135)-11g-Benzenesul fonyl-13,14-3eco-15,15-dinor-pimar-7-en-13-0l1 (32).

(a)p20 = =18.1 (c 1.33 {n CHC1y).- The following anlyticel deta were obtained from ( ¢ )-32. M.p.
140-142°C (from acetone/CCl,).- 'H NMR (8O MHz, CDCls): & = 0.83 (s, BH, 2xCHy), 0.87 (s, 3H, CHq),
1.12 (d, 34, CH3-17), 1.81 (broad s, W, 524.0 Hz, 3H, CH3-14), 2.15-2.90 (2H), 3.48-4,10 (2H, 11-H
and 13-H), 5.59 (m, Uy /p=12.0 Hz, 1H, 7-H), 7.36-7.69 (34, Ar-H), 7.80-8.05 (2H, Ar-H); Jy3 4927.0
Hz.- IR (CC1,): 3650-3350 (0H), 1300 and 1140 cm”! (50,).- MS: m/z (%) = 262 (100, (M-PhSO,H)®),
218 (69), 121 (45), 109 (51), 35 (55), 94 (55).- (Found C, 71.30; M, 8.90. C;,Hy5035 (404.6) re-
quires C, 71.243 H, 8,97),

rac-(138)-% -Phenylsslanyl-11g -benzenasulfonyl-8,13-spoxy-13,14-seco-16,17-dinor-pimarane

(29, ent-29),

To a solution of rac. 31 (40,0 mg, 3,099 mmol) in CHyC15 (1 m1) at -78°C & solution of NPSP (44.7
mg, 0.148 mmol) {n ChyCl, (2.5 ml1) and then SnCl, (57.8 ul of a 10 percent solution in CH,Cly,
0,049 mmol) were added. Within 2 h the mixture was permitted to warm to 20°C and was then stirred
at this temperature for 90 min. Solvent removal (by passing srgon over the surface) followed by SC
(510, (5 g), hexanes-etnyl acetate 10:1) furnished rac-29 (48 mg, 87%).- M.p. 107-110°C (from
acatone/hexane). - W umR (400 m4z, COSY, “OE, CGOG): § =~ 0,73 (s, 34, CH3-19). 0.82 (s, 3H, CHjy-
20), 0.90 (s, 3H, CHy-18), 1.02 (d, 3H, CHy-15), 1.07-1,61 (9M, including 12'-K and S-H), 1.92 (m,
1H, 6'-H), 2.00 (0d, 1H, 12-H), 2,10 (s, TH, CHy-14), 2.31 (m, 1H, 6-H), 2.56 (s, 1H, 9-H), 3.33
(¢, 1H, 11-H), 3.95 (od, 1H, 7-H), 4.31 (m, Wy /,=22.0 Hz,1H, 13-H), 6.97 (6H, Ar-H), 7.50 (2H, Ar-
M), 7.89 (2M, AT-H)i Jyg,q326.6 M2, 49,92 =9.5 Hz, Jg gedq gr= 7.0 Hzo- '3C N7R (100.6 Mz, DEPT,
"/13¢ correlation, CgDg): & = 18.33 (C-20), 18.84 (C-2), 22.35 (C-19), 23.06 (C-15), 26.36 (C-6),
27.36 (C-14), 28.88 (C-12), 33.33 (C-4), 33.64 (C-18), 39.52 (c-10), 40.264 and 41,42 (C-1 and C-3),
46.08 (C-9), 50.39 (C-5), 57.80 (C-7, Jp gg=-68.2Hz), 59.51 (C-11), 62.77 (C-13), 76.57 (C-8),
127.11, 128.48, 129.23 (sromat, C's), 132.27 (aromat. C-Se), 133.07, 134.22 (aromat. C's), 141,90
(aromat. C-505).- IR (CCl,): 1580 (C=C), 1315, 1305 und 1145 cm! (805).- mS: m/z (%) = 560 (8,
m), 403 (14), 251 (100), 205 (26).- (Found C, 64.43; H, 7.22. CygM,03SSe (559.7) requires C,
64,383 H, ?7.20).

rac-{135)-7%-Phenylselanyl-11a-benzenssulfonyl-8,13-spoxy-13,14-88c0-15,16-cinor -
pimarane (33, ant-33),

rac-32 {40.0 mg, 0.099 mmol) on reaction with NPSP (44,7 mg, 0.148 mmol) and SnCl, (10 percent
solution in CHyCl,, 57.8 wi, 0.049 mmol), exactly as described for rac-3t, gave rac-33 (43.1 mg,
78%).- M.p, 192-193°C (from benzane).- 'H NMR (400 MMz, COSY, MNOE, Cglg): 6 = QL74 (s, 3H, CHy-19),
0.78 (s, 3H, CHy-20), 0.86 (s, 3H, CH3-18), 0.98 (d, 1H, CH3=17), 1.04-1.61 (SH, including 5-H and
12'-H), 1.86 (3, 3H, CHy-14), 1.93 (m, 1H, 6'-H), 2.21 (2H, 6-H and 12-H), 2.57 (d, 1H, 9-H), 3.24
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(at, 1H, 11-H), 3.56 (m, Wy /=23.5 Hz, TH, 13-H), 3.91 (t, 1H, 7H), 6.94 (6H, Ar-H), 7.48 (24, Ar-
H), 7.82 (2H, AT-M)3 Jy 43=6.0 Hz, Jg 1q=1.5 HZy Jyy,q 2 210.0 Hz, J7 g+Jo gt =4.5 Hz.- IR {CHC1y):
1580 (CaC), 1315, 1305 und 1150 cm~' (50,).- C3gH,o035Se (559.7), MS: m/z (L) = S60 (S, M), 403
(28), 261 (63), 205 (37), 43 (100).- (Founa C, 66.083 H, 7.19. CygH,q035Se x 0.5 CgHg sequires C,
66.20; M, 7.24).

rac-(13R)-11a-Benzenesulfonyl-8,13-8poxy-13,14-38C0-16,17-d{nor-pimarane (30, ent-30).

A solution of rac-31 (37.5 mg, 0.093 mmol) &n THF (0.5 ml) was added at 0°C to anhydrous mercury-
(I1) trifluorcacetats (79.2 mg, 0.186 mmol), The mixture was stirred st 20°C for $ h. The reaction
mixture was poured into an ice-cold solution which was prepared from 3M NalH (2 ml} and 0.5" NaBH,
in 3M NeOH (0.5 ml). The mlxture was then allowed to warm to 20°C. Usual work-up (diethyl ether)
followed by SC (Si0, (S n), hexsnes-ethyl acetate 15:1) gave rac-30 (23.2 mg, 62%); 7.7 mg (20%) of
rac. 31 were recovered.- M.p. 190-192°C (from scetone/hexana).- TH NMR (400 MMz, Cglg): & = 0.80
(s, 3H, CH3) 0.82 (s, 3H, CHy), 0.84 (s, 3H, CHy), 1.08 (g, 1H, CHy-15), 1,77 (3, 3H, CH3-14),
1.96 (gd, 1H), 2,10 (m, 1H), 2.30 (s, 1H, 9-H), 3.32 (0, 1H, 11-H), 4.4B (m, W, /5=22.5 Hz, 1H, 13-
H), 6.98 (mk, 3H, Ar-H), 7.91 (2H, Az-H); Jyg 386.0 H2, Jyy 42%9.0 Hz.- IR {CCl )} 1315, 1305 ang
1145 cm=! (50,).- MS: m/z (%) = 388 (6.3, (M-CHy)*), 263 (11), 247 (100).- (Found C, 71.20; H,
8.98. C,,Hyg03S (404.6) requires C, 71.24; H, 8.97),

rac-(135)-11a-Benzenesulfonyl-8,13-epoxy=-8,14-seco-15,16-dinor-pimarans {34, ent-34).

rac-32 (42,6 mg, 0,105 mmol) on reaction with mercury(II) trifluorcacetste (90.0 mg, 0.211 mmol)
axactly as described for 30, gave rac-34 (18,0 mg, 42%); 24.4 mg (57%) of rac-32 were recovered.-
Mo, 186-183°C (from acetone/ hexane).- 'H NMR (800 Mz, COSY, CgDg): & = 0.78 (dd, 1H, S-H), 0.83
(s, 34, CHy), 0.84 (s, 3H, CHy), .85 (s, 3H, CHy), 1,01 (d, 3H, CHy=17), 1.10-1.63 (7H, Including
12-H), 1.56 (s, 34, CH3-14), 2.02 (m, 1H), 2.20 (d, 1H, 9-H), 2.26 {m, 11, 12'-K}, 3,20 (0dd, 1H,
11-H), 3.48 (m, W, /5=25.0 Hz, 1H, 13-H), B.95 (3H, Rr-H), 7.33 {2H, Ar-H); Jg g=2.0 Hr, Jg gi=12. 5
Hz, 1y9,13%6.0 Hz, Jyq g=2.0 Mz, Jyq 33¢341,921=20.0 Hz.- IR {CCl,): 1320, 1305 and 1150 cm”
(50;).- mS: m/z (8) = 369 (11, (M- CH3)’). 247 (100),- (Found C, 71.223 H, 9.00. Cy4H3503S (404.6)
requires C, 71.24; H, B.87).

30 from 29 and 34 from 33.

Solutions of small samples (5 mg, 8.9 wmol) of rac-29 and rac-33 in toluere (0,2 ml), individually
treated with tri-n-butyltin hydride (3.6 pl, 13.4 pmol) and catalytic amounts of RIBN, were heated
to 110°C for 90 min, TLC analysis (hexanes-ethyl acetste 5:1, 2x developed) indicated the formation
of 30 and 34, rospectively.
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