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Abstract - From farnetsol and (RI-methyloxlr~e t%!t ogtlcally active bicycllc 

conparnds 31 and 32 l-we b8n prepared Cycllzatlon of 31 led to the trlcyc- 

llc comparrds 29 and 30, rasoactlvely, which differ configurationally from 

forlkolln only et C-8. 

Some tine ago we discussed a biopenetlcally patterned synthetic plan for forskolin 

(1 )‘@2 via 1 ,9-dideoryforskolln (21.’ Part of this plan is depicted (In somewhat 

more elaborate form) In Scheme 1. In the present publlcatlon we report on results 

uhlch were obtained, probing the chemistry rhich 19 connected with steps 4+S+ 6 

and steps 7+ 8 b S ä 6. 
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Synthesis of 11, 17. and 10 

As synthetic squivalmnts of synthon 9, sponidm (ff)-l14 and thm epoxidm, dmrlvod 

from (S)-17 IJ well as sldshyde (S)-18 wmrm selected. (I?)-)0 was obtminsd from 2- 

methyl-2-Propen-l-01 using a) l modified vsrlion of the SharplaSs spoxidetion 

reaction 4ps*6 and b) the work-up procedure reported by Meirter and Schsrf.’ The 
e.e. ~8s shown by masher ester 7 anslysis (see E*perimantal) to be 93%. for the 

Converilion of 10 into 11 the Hsrnsndsz method’ waL employed. The synthesis of both 

17 and 18 was based on Setbach’s selfroproduction of chlrallty. 12, prepared f ram 

(S) -malic rcId as described by Serbmch’ wes roducsd under cermfully controllrd 

ConcIltlOns (otherwise the lactonic function was also reduced) with borsne - di- 

methyl Sulfide ‘Cl to Five 13, Attempted protection of the free OH group in 13 by 

benrylation led to the formation of 14, whereas silylatlon under the Harnsndcr 

conditions 6 rlesnly Provided 16. Reduction of the lactonc groupinp In 16 ulth 

bot ane - dlmethyl sulfide yielded hemiacetsl 15 (95% yield) rather than the desired 

diol 17. A SSI ylrld of 17 was obtained by reduction of 16 with lithium alumlnlum 

hydride. Swern orldatlon” of 17 Icd to 18 in 651 yield, 

‘6” 0 0&o 

i?+ 0 COOH 

12 

Schamm 3. 

qetaCt!Qn of rulfonas 19, 21, and 23 with oxirsne 11 

As synthmtlc bquiv8lentS of synthons 4 rnd 7 the sulfones 1912 and 23”. respectl- 

v.ly,‘kJS vers chosen. It Is wmll-known that llthlated sulfones react rather 

slu~~l~hly with (a~~sc1ally stericslly hlndersd) oxirsnes 16.17 and that thm reacti- 

On rate Can be enhanced considerably by addltlon of a Lewis acid such as boron 

trifluorida l therrtm or titsnium(IV) isopropoxlde. ‘6-20 But muen In the presence of 
1 (a) Tl(a’pr),, (4) BFJ*Et20r (C) ( Bu)2A10S02CF3, 21*22 or (d) meJSIOS02CF3, the 

lithlated Sulfone lfl failed to react with 11,23*2' and also the anion derived from 



Model studrts dtiractad r~~efd fonkohn 6327 

19 with Etfig8r resisted the desired reactlon.23 In a model l xperimant l poxide 10 

we9 tr-ted ulth tht llthlo dsrluatius of methyl phenyl sultans In the presence of 

Ti(OiPr)4. Even in this Case the reaction ues very slou, end efter ld at 2OoC a 10% 

yield of 22 wms obtained. One soy uonder u8thht this low reactlvlty is sterlc in 

Origin Or the rUsult of en unfevourable HOmO-tUm0 fnteractlon, since the anion 

derived from the sllyliC sulfone 23 reacted smoothly (in the absence. of a Lewis 

acid!) with 11 t0 Provide 24, the “C,g-precuraorW of 2, in 72% yield (1:) mixture 

11 
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Selenium-nedlsted cyclitatlon of 24 

By CYCliZatiOn Of OPtiCally active 24, in Principl~,12*2S-2g access might be gained 

to very elaborate precursors of 2. Unfortunetely, until now WC heva been unable to 

find Proper conditions to effect the Cyclization in the desired mannor, Iln orgaho- 

selenium-induced cycliration ” of 24 uith N-phenylselenophthalimlde 

stereolsomers were obtained (371 combined yield). The structure of 27 

followed ¶traiqhtforuardly from the ‘H and 13C NfiG spectra (see Cxperlmrntal). The 

structural assignment of 2S was confirmed by spectral analysis after reduction with 

tri-n-butyltin hydride to gfve 26. 

7ricycllc compounds 30 and 34 from rec. 19 and methyloxlrene 

Ti(Q’Pr)4-aesistsd reaction” of the lithio berlvative of rec. 19 with 50th (I+” 

and ret .-methyloxirane (2E) provlded24 the two substLtution products 31 and 32 in 

optlCally active and facsmic form, reepectiusly, as ll-eplmers.34 

The gross structures of 31 snd 32 folloued from spectral date, rhereae the (rela- 

tive) Configuration at the newly formed chlrsl Cbntres was rsrigned on the basis of 

the result8 outlinsd below. Selenium-induced cycllzetlon O? both $3 and 32 led to 

the formation of the rmlPRCt!ve tricyclic Compounds 29 snd 33 (871 and 78% yield, 

reepectivrly). From an extRnslv0 NmR sPrctroscoplc analysis’S the configuration 
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8hown in 29 and the prafarrad conformation daplctad in 29’ weta daducad. 

nest aPaciflcally, tha ‘I-posltlon of the phanylsalsnyl taaldue vaa Indlcatsd by thm 

fact that the “13 NmR signal of C-7 (6-57.80) is accoapaniad by two aatallltaa 

which orlqinstc from ‘3C . 77Sa coupling (I=-68.2 Hz).~O 7-H ~luas rlsa to the X- 

part of an nABXn system ulth J7,S+J7,S, -7.0 Hz which would correspond to an l qua- 

torisl position in a chair-like rlnp 9. Tha through-space interactions betrsan CHJ- 

14 and 7-H. 9-H, and 13-H (sunmarlzed fn 29’) smarn only consistent with the - 

configuration of thlb methyl group, The YOE enhancemmnts between 11-H and CH3-20 

are beet accommodated assuming a boat or twist conformatIon of ring C. This view is 

supported by the multiplicity of the 19-H ‘H NJmR signal which appears a1 a doublet 

24 

X 

t 

21 

25 Sam 

2a H 

Schema 5. 

ul~:~ J~‘3.5 Hz which means that the torsional angle ll-H(t-11 - C-12)12a-h 1s almost 

leoO whereas the corresponding anglas for 11 -H/9-H and 11 -H/lZf+H are around 90°. 

The NOE affect between CH3 -20 and 7-H Indicates that th8 ring B COnfOrmatiOn may 

also differ from the ideal chair. 

For the cycll ration produc 

and 33’ deduced f ram were 

t of 32 co 

the Ovsrh 

nf igur etion and Conformatl 

affec auser 

on as dsplctad in 33 

fo rmula 33’. The in 

mOfb comPlicatad 11-H SiQnal (as compared with 29) which consists of 6 lines 

(J9,ll 11.5 Hz, J11,12o+J11,t2f3 19.5 Hz) lndlcatss ring C to be in a sornerhtbt diffe- 

rent Conformation than in 29. 

In a 5eCOnd sat of experiments rat-31 and ret-32 were cyclired with mercuric 

trifluoroacetate. Subsequent reduction with sodium borohydrlda4’ g8vs 33 and 34 fn 

62% and 42% yield, raspactively. 33 snd 34 were again submitted to careful NmR 

WectrOsCOPiC analysis fully in accord with tha propoaad structurea (aaa Experimen_ 
tall. Finally, 29 and 33 were reductively converted uith tri-n-butyltin hydride 

into 30 and 34, reBpectivmly. 

Conclusion 

From farnesol and (RI-mathyloxlrana (26) tha optically actlva bicycllc compounds 31 

and 32 have bean prepared. CyclIratIon of 3) lad to 29 and 30, respsctlvely, which 

differ conflguratlonally from forskolin only at C-6. If the reluctance of 19 to 

react with 10 or an alactrophllIc raaqent derived from 17 can be ovmrcoma and if 

tha CYclization uould than lead to a trlcycllc compound of type 20 rlth the correct 

configuration at C-8, a highly advanced intermadlata for 1,9-didmoxyforikolin would 
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result with the proper functionality in rlnq 6 to introduce the 6,7-diol group by 

elimination and cls-hydroxylation. Further work along these lines 1s in progress, 

Schem* a 

EXPERIMENTAL 

A11 rcsctlons were performed in oven-dried glassware undbr a positive pressure of argon. Licwlds 

and solutiws uoru transferred by syrlqu, and were intreed into reaction fltis through r-r 

septr. If not otherwise stated, reactions uere performed In Wheaton sercrm bottles sealed with slu- 

ninium UBJH with m tm and Teflon-faced septum (Aldrich). Usual work-w meens partiming the 

reaction mixture betwwn wstur and an organic solvent (given in paretnthesls), dryirq the combirrsd 

organic solution over Hs2S01, , end removal of the solvent by dlstlllation in vacua at IrOY, using a 

rotatory evaporator. The instrumentstim u8sd ~0s: ‘H NMR: WP 80 (Hruksr), AH 100 (8rukcr)t “C 

NH’?: AR 400 (Brrker)t IR: Per(tin Elmer 257 end 68t; MS: MAT-731 ard MAT-W-5 (Varlan); LC: Redium 

pressure chromstography (MPLC) u¶inq Jr.0 cm I( 2.5 cm (column 6, 60 9 Si02) and 37.0 cm x 1.5 cm 

(column A, 17 g 5102) qlass tubes, sllfca gel 50 urn, (Grace), Oursmet pump (CfG)r UV detector 

ChromrtcChotd II I (Servo). 



10 wes prepared from 2-methyl sllyl alcohol (26.1 ml, 331 nmol) es descrlbcd by Reistcr and 

Scher f.4 The work-up procedure of meistsr and Scharf uas fol lored until 8 product (25.3 7: wijs 

obtalrred containing mainly (S&10 alongside with smell l marnts of the starting material, tert-rxrtyl 

alcoh61, W CH2C12. The masher ester of (S)-10 uas compared with the Usher ester of rat.-10 ~JW 

wm farnd (HRC: Lichrosorb SI lCU, 5 vni lsmctsna - tort-butyl methyl ether 15:l: flow: 1 nl/min; 

UV detsctlon at 219 nm) to have an a.~. of 93% 

To a solution of a slightly impurs smclmsn of 10 prepared as cbcrlbad above (2.m g, 22.72 mmol) 

in CH2C12 (50 ml) at O*C trlethylamlne (6.33 ml, 45.45 mnol), 6-dirsot.hylsnlmpyridlm (277.3 mg, 

2.27 nnol), and tsrt-butylchlor~lphsrrylsllam (10.0 ml, MS9 mmol) were edckL The mixture was 

stlrrod rt Mot for 22 h Flltratian thmuph S!02 (40 g, cowred ulth Florlsil (5 g), slutlon with 

hexsnss - ethyl aCetats lO:I) followd by sol-t svsporatlm ud RRC (column C, hercsws - ethyl 

acetate 1O:l) provided (RI-11 (51.60 gI 78X).- [a)020 I +7.3 (c 3.37 ln CHC13).- 'H YmR (60 MHz, 

E13): d a l.fO (5, 9H, C(CH3)3), 1.40 (r, 3H, CH3), 2.52-2.61 (A9-system, 2H, CH2-3). 3.69 (s. 

2h, CH2-1). 7.30-7.60 (l&i, Ar-H)r 1 J3,3~ (=S.Cl Hz.- C2OH2602Si (326.5). mS: m/Z (%I = 269.0998 (32, 

CSlC for +jH,$2Si: 269.09981, 239 (761, 791 (loo), 183 (96). 

_(2S,5S)-2-tsrt-&ltyl-5-(2-hydroxy~e~yl)-5-nthyl-(l,3)dloxolsn-4-oru (13). 

To a solution of 12 (271.3 mg, 1.26 mmol) ln THF (2.5 ml) at -2O*C dropwlu borm~-dlmrVlyl lulflde 

(2fi solution ln TM, 0.69 ml, 1.38 mmol) ues added. When the HZ evolutlon bed ceased the reaction 

mixture uas stirred at 20°C for 16 k Excsss boram-dlmethyl sulfide was destroyed by addition of 

methanol (60 ~1). Solvent aveooratlon and SC (20 g Si02, hexanes-acetone 6:l) provided 13 (254.6 

mq, lOOl).- 'H NJmR (60 mHz, C0C13): d = 0.96 (s, 9H, C(CH3)3), 1A3 (3, 3H, CH3), 2.08 (t, 2H, CH2- 

1’1, 3.79 (t, 2H, Ch2-2’1, 4.17 (s, tH, 2-H)& J,r,21=6.9 Hz.- IR (CHC13): 3700-3200 (OH), 1790 cm-’ 

(C=O).- mS: m/z (X) = 145 (11, fm-C(CH3)3)*), 99 (511, 71 (411, 13 (loo).- (Found C, 59.26; H, 

9.00. C10H180, (202.3) requires C, 59.398 H, 8.97). 

To a solution of 13 (1.45 g, 7.16 mm011 in CH2Cl2 (12 ml) at O°C dimethylenlnopyrldine (263 mq, 

2.1s mmol, dissolved in 3 ml of CH2C12), trlethylrmlm (2.40 ml, 17.23 mmol), and tsrt-butylchloro- 

dlcMnylsilam (4.10 ml, 15.80 mmol) were added The mixture was stirred at 20°C for EL.5 h. most of 

Uw solvent was removed by distlllotlm, and the corrcentreted solution wee fllterud throllph Si02 

(15 g# covered with Florlsil (3 g), slution ulth hexsnes-ethyl acetate S:l). MPLC of the crude 

mxhct (colon C, hexanus-ethyl acetate 30:1 lo:?) gevs 16 (2.66 Q( 91X).- (a)oM - +LS (c 1.39 

in CHCl3).- ‘H NmR (a0 Rhr, CDcl3): 6 = 0.92 (3, QH, c(cH3)3), 1.08 (s, 9H, C(CH3)3), 1.43 (¶, 3H, 

CH3). 2.10 (t, ZH, 0+2-l*), 3.04 (t, 2H. CH2-2'1, S.lS (3, lH, 2-H), 7.29-7.53 (6H, Ar-H), 7.57- 

7.61 (WI Ar-H)t Jl~2~=7.0 HZ.- IR (Ccl,): 160s CR -' (C=OL- mS: m/r ($1 = 363 (52, (m-cLktg)+), 297 

(361, 267 (loo),- Found C, TO.791 H, 6.26. C26h3604Si (440.6) requires C, 70.671 H, 8.23). 

To a solution of 16 (207.0 mg, 0.47 mnol) in THF (0.35 nrl) at O*C borans-dimethyl sulflds (2m 

solutlm In THF, CL52 ml, 1.04 mmol) uas a&M!. At SU*C dlmethyl sulfide was mmovad by dlstlllatl- 

cm (1 h) at ardinnry pressure under careful sxcluslcm of u&or. The smlod reaction Cl& urn then 

heated to SOV for 3 h. Excess borano-dlmothyl Bulflde uas hydrolyzed at 20°C by l ddltlon of 
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methanol (7O ~1). Solvmnt culgoration and SC (SiO2 (M q), haxarrss-ethyl acetate 10:l) provided 15 

(197.1 l g, 95%) as a 2:1 mixture (‘H NMR) of the C-4 epimers.- ‘H NnR (60 Ir(Mz, CDcl3):6 - 0.86 and 

0.93 (23, 18H, 2xC(CH3)3), 1.05 (s, 18H, 2x C{CH3)3), 1.20 and 1.23 (2s, 6H, 2xCH3)+ 1.70-2.19 (4H, 

2xCJi2-1’1, 2.58 and 4.47 (2d, ZH, l xchenqoabl~ uith 020, ZxOH), 3.49-4.12 (4H. 2xCH2-2’1, 4.67 end 

4.84 (2s, 2H, 2x2-H), 5.00 and 5.28 (26. 2H, 2x4-H). 7.27-7.49 (6~. Ar-H) 7.55-7.80 (4H, At-H): 

J4,0H=5.0 Hz and 9.0 Hz.- IR (Ccl,): 3650-3200 cm-’ (OH),- MS: m/r ($1 = 385 (81, 269 (lo), 221 

(1001, 199 (591, 177 (29).- (Found C, 70.60; H, 8.67, C26H3804Si (402.7) requires C+ 70.55; H+ 

8.65). 

AedJctlcm of 16. 

To a suspension of LiAlH4 (46.1 mg, 1.21 mmol) in dlethyl ether (1 ml) at -76*C slowly a solution 

of 16 (531.4 mq, 1.21 mmol) in diethyl ether (3 ml) was added. Within 2 h the mixture was allow& 

to werm to -3OOC and was stirred 2 more h at thi9 temperature, The reaction was qwr~hed at -30OC 

with saturated eq. M4Cl (10 ml). At M*C Um mixture was transferred into 8 seperetory f-1 and 

partitioned bstwaen saturated aq. NH&Cl (10 ml) and dlethyl ether (10 ml), The aqueous layer was 

extracted with dicthyl ether (5x20 ml). The conbined organic solutions were dried over Na2SC4 and 

filtered. Solvent svaporstion and SC (Si02 (SO q), hexanes-ethyl acetate 5:1+ 2:l) gave 15 (68.4 

mq, 13s) and 17 (239.5 mq, SSS). 

~S)-~-(tert-&ltyl-d~phenyl-sllenyloxy)-2-rmthyl-~tene-l,2-diol (17). 

(a)020 = +6,8 (c 1.76 in CHC13),- ‘H NJmR (80 MHz, COC13-D20): 6 = 1.0s (3, 9H, C(Cq3)3), 1.20 (s, 

3H, CH3), 1.38-2.15 (2H, CH2-31, 3.46 (s, 2H. CH2-l), 3.74-4.14 (2H, CH2-4). 7.28-7.80 (lOI+, Ar- 

HI*- IR (CC14): 3700-3200 cm*’ (OP).- 175: m/r ($1 m 283 (201, 249 (121, 223 (131, 20s (21). 199 

(loo), 85 (94>, 61 (721, &3 (96).- (Found C, 70.38; H, 8.49, C21~30O3Sl (3S8.S) requires C, 70.35; 

H, 8.43). 

~S)-4-(tert-&rtyl-diph~ylsilanyloxy)-2-hydroxy-2-~thy1-l-butanal (lo). 

At -5SOC to a solution of oxalyl chloride (30.4 ~1, 0.349 mmol) in CH2C12 (1 ~1) anhydrous DMSO 

(53.4 ~1, 0.699 mmol) was added. After 3 min within 5 min a solution of 17 (113.7 mg, 0.318 mmol) 

in CH2C12 (0.3 mi> was added dropwise, After being stirred at -5SOC for 15 min the mixture was 

treated uith triethylamine (221 ~1, 1.588 mmol), and after further S min it was warmhd to 2O*C. 

Usual work-up (CH2Cl2) and SC (SiD2 (10 g), hexanes- ethyl ecetata E!:l+ 4~1) gave 17 (22.8 mq, 20%) 

and 10 (76.1 mg, 67%).- (B)D2’ = -7.95 (c 1.58 in CHC13).- 'H NmR (80 ~Hz, C0C13): d = 1.05 (s, 

9H, t(CH3)3), 1.32 (s, SH, CH3), 1.65-2.35 (2h(, CH2-31, 3.40-3.92 (2H, tH2-41, 3.98 (s, 1H, OH), 

7.30-7.80 (lOHI Ar-H), 9.70 (s, lH, l-H).- IA (CCl4): 3600-3400 (OH), 1735 cm-' (C=O).- @lS: m/t ($1 

m 269 (21, 249 (61, 221 (100). 199 (S9), 177 (44),- (Found C, 70.76; He 6.00, C21H28O3Si (356.5) 

requires C, 70.74; H 7.92). 

(~S)-4-(tert-~utyl-dl~yl-silanyloxy)-3-~thyl-l-ben~~sulf~yl-~tan-3-ol (22). 

methyl PFIsnyl sulfone (21) (50.0 mg, 0.320 mmol) end (RSbll (156.5 mq, 0.480 mmol) were converted 

into 22 as described for 31 and 32 (vide infra), SC (Si02 (28 g), hexanes acetone 5:l) qave 22 

(1S.S mg, 10%). Ill.0 mg (71%) of 21 were recovered.- '!-I NfiR (80 FIHz, COC13):6 = 1.03 (3, 9H, 

C(CH3)3), 1.10 (5, JH, CH3), 1.6S-2.40 (m, 2H, CH~-~), 3.00-3.38 (m, ZH, CH2-11, 3.~~2 (9, 2H, CH~- 

4). 7.34-8.10 (19, Ar-H).- IR (Ccl,): #SO-3MXl (OH), 131S, 13OS and 1150 cm” (SO,).- t27H34C14SSi 

(482.7). mS: m/r ($1 = 426 (3.6, (PI-C,H,)+), 408 (2.71, 346 (49). 200 (100). 

Alkyletion of 23 with (RI-11. 

To a stirred solution of 2313 (846 mg, 2.35 m m 1 in 3:l TM-HPIPT (17A ml) at -M*C n-butyllithium o ) 



(T.63 R solution in hexane, 1.73 ml, 2.82 mmol) uas added. Stlrrinp was continued far 20 mln, and 

the deeply red solution was then cooled to -7BOC. After 30 rnln a Bolution of (I?)-11 (1.106 9, 3.53 

nmol) in THF (4.6 ml) was added. The mixture was stirred at 40s4S°C for 6 h and then trsetmd with 

satursted aq. NJH4C1 (25 ml). Usual work-up (diethyl ether) end mpLC (column 8, hexants-ethyl 

ecetstc B:l) pave an 1:1 mixture (‘Ii rm) of 24 (1102 mq, 72%). Part of this mixture uas sapamted 

by MRC (column 9, hexsnes-ethyl acetate-ethanol Z-0:2.7:0.3). 

~2R,Lf,K,9E)-l-(tert-Butyl-diphenyl-silanyloxy~-2~6,l0,l4-tetrarrrethyl-l-tol~sulf~yl-psn- 

5,9,13-trien-2-01 (24, unpolar 1-r). 

Ial 020 = +19.6 (c 1.59 in CHC13).- 'H WR (000 mHZ* COW, COC13): d = 1.03 (3, 3H, CH3), l.OB (9, 

QJ+, C(CH,)3), 1.21 (9, 3H, CH3), 1.56 (s, SH, CH3), 1.58 (9, 344, CH3), 1.67 (9, 3H, CH3), IAS-2.10 

(m, BH, including S-H), 2.61 (s, Sk-i, CH3- Ar), 2.50 (J, lH), 2.71 (dd, lH, 3,-H), 3.42 (s, Zh, tH2- 

11, 4.09 (m, lH, 4-H), 4.98-5.11 (3H, olafin. H), 7.22-7.29 (2H, k-H), 7.33-7.18 (BH, Ar-H), 7.59- 

7.72 (6H, Ar-H)t J3,rc,=2.5 Hz, (J3,3,)=15.0 Hz.- "C NRR (100.6 flHz, OEPT, COC13)12: 6 = 15.9 (6- 

CH31, 16.b (10~CH3), 17.6 (14-CH3), 19.2 (C(CH3)3), 21.6 (CH3-Ar), 23.2 (24H3). 25.7 (C-15), 26.0 

(C-B), 26.6 (C-121, 26.8 (-C@3),), 35.9 (C-31, 39.6 (C-7 und C-111, 60.9 (C-41, 71.1 (C-l ), 71.9 

(C-21, 119.1 (C-S), 123.4 (C-9), 124.2 (C-13), 127.8 (aromet. C), 129.2 (aromet, C), 129.3 (sromst. 

C), 129.8 (aromst. Cl, 131.3 (C-14). 135.6 (C-10); 132.79, 132.81, 134.8, 110.1, 140.6 (C-6 und 

sromat. Cl.- IR (CHC13): 3600-3400 (OH), 1665, 1605 (C=C), 1305, 1150 cm-' (502).- mS: m/z (%) q 

666.381& (0.2, Calc for C,2HSBOGSSi: 686.38251, 629 (0.2, (M-C&H9)+), 513 (X5), 337 (3.11, 255 

(SO>, 235 (loo).- (Found C, 73.27; H, 8.47. C42H5B0,SSi requires C, 73.&2; H, 8.51). 

_(2R,4~,~,:,9E)-1-(tert-&tyl-dlphsnyl-sIlsnyloxy)-2,6,l0,~lr-tstrsmethyl-l-tol~sulfonyl-p~~a~ 

5,9,13-triun-2-01 (24, polar lu*nsr). 

b)020 = -12.3 (C 1.80 In CK13).- ‘H NmR (80 MHz, COC13): b = 1.06 (9, (C(c~3)3), 1.12 (0, ~~1.2 

Hz, CH3), 1.20 (s, 3H, tH3), 2.41 (9, 3H, CH3-Ar_), 3.41 (9, 2H, CH2-1 1, S.BO-44.17 (m, Wl/2=22.7 

Hz, lH, (c-H), 4.80-5.28 (3H, olefin. H), 7.15-7.79 (14H, Ar-H).- IR (CCl4): 3600-3400 (OH), 1600 

(C=C), 1315, 1150 cm-' (S02).- mS: m/z (%I = 686.3819 (0.6, Calc for 686.38251, C,2H5B0,SSi: 

629.3116 (0.5, Calc for C 3BH190,SSi: 629.3121), 513 (6.81, 255 (66), 235 (loo), 199 (91).- (Found 

C, 73.35: H, 8.60. C,2HsB04SSi requires C, 73.02; H, 8.51). 

Cycliration of 24 (polar etoreoisomer), 

To a solution of NPSP (299.2 mg, 0.990 mmol) in CH2C12 (20 ml) at 20DC a solution of 24 (456.S mg, 

0.665 rnmol) in CH2C12 (5 ml) and SnCl, (10 percent solution in CH2C12, 388.1 ~1, 0.332 rnmol) were 

added. The mixture was stirred at MT for 2Cr h, then solid NaHC03 uas added. Solvent evaporation, 

followed by e crude chrumet~rs~ic suparatlm (SL02 (25 9). hexam-acetone 12:l) pave a mixture 

of products (309.7 1n9) which was separated by repcateU MPLC (a: column 8, hexams-X&One 12:1, b: 

column 8, htxsnes-ethyl acetate B:l) to give 25 (173.0 mg, 31%) and 27 (33.4 mg, 6x). 

(l1~,13R,BE)-14-(tert-Butyl-diphenyl-sil~yloxy~-3~-~enyl~lanyl-ll-tol~~sulf~yl-9~lO~~co- 

l5-~r-lab6-S(l0),8-dlen-13-ol (2$ mixture of 2 stereoisonsrs). 

The analytical ssmple WIBS further Purified by prep. HPLC (column: LiChrosorb Sl 100 (5 urn); sol- 

vent: isooctane - CHcl3 - 2-proganol 25:l:O.lr flow 8 ml/min; detwtion: UU, 254 nm). 'H NM (400 

mHr, COSY, COC13): 6 q 0.95 (d, lH), 1.11 (C(CH3)3), l.lB-l.t6 (CH3-signals), 1.88s and 1.89s (SH, 

CH,-Ar), 2.05 (12-H and 2-H), 243 (m, lH, 2-H,), 2.80 (m, lH, 12-H’). 3.29 (m, 1H, 3-H), 3.40 and 

3.52 (AB-system, 2H, CH2-141, 4.30 (m, lH, 11-H), 5.19 (m, 1H, 9-H), 6.80 ( 2f-4, Ar-H), 7.02 (3H, - 

Ar-H), 7.21 (6H, Ar-H), 7.60 (ZH, Ar-H), 7.70 (bH, Ar-H), 7.81 (ZH, Ar-H)z 1J,b,,4,1=10.0 Hz (for 

both isomsrs).- IR (Ccl,): 3650-3400 (OH), 1660, 1600 and 1580 (C=C), 1310, 1300 and 1150 cm-’ 

ml+- MS: m/r (I) = 842.3337 (talc for C ,BH62O$"SeSi: 842.3303), 686 (100). 669 (661, 626 (01 1, 
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557 (23). 512 (31), 255 (32), 235 (100). 

(5%1E ,1 ~~~~-l4-~t4~t-ButyL-di~yl-~ilanyloxy~-~-~yl~l~yl-l1 -toluenesulfonyl-9,10-smco- 

15-nor-labda-6,10(M)-dien-13-01 (T?, mixture of 2 stereoimrs). 

The analytical sample was further purified by prep. HPLC (conditions as reported for 25). ‘H NmR 

(400 RHr, COSY, C&): 6 = 0.66 and 0.90 (s, SH, CH3), 1.10 and 1.11 (s, 9H, C(Qi3)3), 1.15, 1.17, 

1.21, 1.24, 1.30 (CH3-signals). 1.W and 1.69 (9, 34, CH3- Ar), 1.91-2.25 (5H. including 12-H and 

CH2-2), 2.68dd and 2.72dd (1 H, 12-H’), 3.13dd and 3.23 (1 H, 3-H), 3.42 and 3.50 (2 AB systems, ZH, 

CH2-14), 4.20-4.34 (m, lH, 11-H), 4.53d and 4.82d (J=7.5 Hz, and 5.0 Hz, 2H, =Ch2-to), 5.20 (m, lH, 

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 (2~, Ar-H), 7.65- 

7.74 (4H, Ar-H), 7.70-7.65 (2H, Ar-H); IJ, ,12*( =14.0 Hz, (J14,,4,1 q 12.0 HZ (for both stereoiso- 
\ mers,.- “C MmP (100.6 mHt, DEPT, 5 t606)4' : 6 q 16.47 (CH3 -171, 19.46 (C(CH3)3), 21.18 (CH3-Ar), 

24+44 and 24.49 (C-2), 25.06 (CH3-19), 25.45 and 25.51 (CH3- 16). 27.05 (C(cH3+ 29.05 and 29.09 

(CHJ-J El), 34.31, 36.69 and 36.66 (C-7, C-6 and C-12), 36.99 snd 39.07 (C-l ), 41.55 (C-4), 53.16 

and 53.52 (C-S), 56.93 and 59.04 (C-3, JSe,C=-57,7 Hz), 61.38 and 61.55 (C-l 11, 70.53 and 70.86 (C- 

14), 72.39 and 72.46 (C-131, 109.13 and 106.27 (C-lo), 120.28 and 120.45 (C-9), 127.37-147.32 

(olefin, and aromat. C).- If? (cC14): 3650-34M (CM), 1310, 1300 and 1145 cm” (s02).- CGBH620hSSeSi 

(a42.1), ms: m/2 (S) = 665.3749 (Calc for C42~57 0 4 SSi: 665.37461, 511 (3.6), 337 (3.0), 255 (47), 

235 (loo), 199 (6E), 135 (63). 

~l~~8E~-l4-~tert-6utyl-diph~yl-silanyloxy)-ll~-~l~nesulf~yl-9,lO-seco-lS-nor-la~-5(lO),6- 

dim-1 3-01 (266). 

TO e solution of 25 (10.1 mgr 1l.B umol) in toluene (0.3 ml) tri-n-butyltin hydride (4.8 ul, 17.7 

umoI) and a catalytical amount of AIBN were added. The mixture was stirred at liO°C for 2 h. SC 

(Si02 (1 9), h exanes-acetone 12:l) gave 26 (4.9 m9, 66%).- 'H HfiR (400 ~Hz, COSY, C606): 6 I 0.98 

(s, 3”~ CH31, 1.00 (9, 3h, CH3), 1.12 (3, W, C(CH3)3), 1.19 (3, 3H, CH3), 1.20 (9, 3H, CH3), 1.51 

(9, 3h, C’13), 1.64 (5, JH, CH3-Ar), 2.05 (dd, lH, 12-H). 2.43 (s, 1 H), 2,82 (dd, lo, 1 ~-HI), 3.42 

and 3.53 (A6 system, 2H, CH2-14), 4.30 (a lines, lH, 11 -H), 5.22 (d, 1H, 9-H), 6.78 (d, Ja8.5 Hz, 

2H, Ar-H), 7.17-7.26 (6H, Ar-H), 7.64-7.73 (4H, At-H), 7.76-7.64 (2q. Ar-H); 1J,2,12,1 ~14.2 HZ, 

J12,,,=9.5 Hz, J,2~ ,,=2.5 Hz, IJ 

C606)43& 

,4,,4,(=10.0 Hz, Jg ,,910.5 Ht.- 13C NMP (100.6 mHr, DEPT. 

6 = 16.47 {C-17), 19.46 (t(CH3)3), 19.87 (C-2;. 19.91 (C-l 9). 21.15 (CH3-Ar), 25.57 (C- 

16), 27.05 (C(CH3)3 and C-lo), 27.36 (C-61, 28.74 (C-la), 32.97 (C-71, 35.13 (C-l), 36.66 (c-12). 

40.05 and 40.66 (C-l and C-31, 61.44 (C-11 1, 70.49 (C-14), 72.45 (C-13). 120.04 (C-91, 127,47- 

144.11 (olef in. and aromst. C).- IR (CC14): 3650-3400 (Of-l), 1660, 1600 (C=C), 1310, 1300 and 1145 

cm -’ (m2).- C42H5604SSi (667.1), mEi: m/z (%) q 513.3547 (4, C35Y4g05i: 513.3553), 473 (1.1 ), 377 

(1.21, 337 (2.9), 255 (36), 235 (100). 

TiQnilm(IV) isopropoxide-catalyzed alkylation of rat. 19 with 28. 

a) with (FE)-28 

To a stirred solution of rat-1912 (4Sl mq, 1.39 mmol) in 4:1 THF -HPlPT (5 ml) at -76*C n-butyl- 

lithium (1.48 m solution in hexane, 1.23 ml, 1.60 mnol) was added. The solution was permitted to 

warm to OOC, and after JO min at O°C it was retooled to -78OC. After addition of titanium(IV) 

isoPropoxide (619 ~1, 2D mmol) the mix&a was warmed to OOC, maintained at this tamOsrstur0 for 

30 min, and then retooled to -7f3OC. (AS)-29 (1% u1, 2.77 mmol) was added and the ration mixture 

wa9 then stirred at 20°C for 46 h. Saturated eq. W4Cl (10 ml) and 5 percent aq. tertaric acid (10 

ml) Were then added. Usual work-UP (diethyl ether) followed by mPLC (column B, hersnes-ethyl 

acetate 5:1) furnished rat. 31 (176.1 mg, 31%) and rat. 32 (236.0 m9, 42%); 110.7 rnq (23%) of rat, 

19 were recovered. 



b) with (RI-2’8 

The analogous reaction of rat. 19 (202.4 mg, 0.58 mmol) with (R)-28 (81.2 ~1, 1.16 mmol) provided 

(-)-31 (57.8 mg, 24%) and (-1-32 (65.0 mg, 36%): 53.2 mq (26X) of rec. 19 rera rmcousrsd. 

~l3A~-11p-Ben2~u1fony1-14,15-di~r-1abd-7-en-13-01 (31). 

(alo 20 
n -6.5 (c 1.34 in CHCl$.- The followlng analytical data were obtained from ( ? )-31. M.P. 

142-t43OC (from acet~/CC14).- ‘H NPiR (80 MHz, CfIC13): d * 0.72 (s, Yr, CH3). 0.81 1% 6H, 2xCH3), 

1.25 (d, 3H, CH3-‘61, 1.76 (d, 3H, CH3- 17), 2.13-2.72 (2H). 3.41-4.11 (SH, 1H sxchangesbls uith 

020, 13-H, 11 -H end 13-OH), S.63 (m, ;J1/2 110.9 Hz, lH, 7-H), 7.33-7.70 (3H, Ar-H), 7.79-9.08 (ZH, 

Ar-H); Jl 6’6.0 Hr. 4J 7-2.0 Hr.- IR (CC14): 3,, 1 7 

= 262 (100, (m-PhS02H)+), ‘219 (871, 109 (Se), 94 

3495 (OH), 1295 and 1140 cm-’ (SO2).- MS: m/r (xl 

(es>.- (Found C, 71.18~ H, 9.93. C24H3603S (404.6) 

requlros C, 71.248 H, 8.97). 

~t-(l3S)-1l~-6at~ulf~yl-l3,14-~co-lS,16-dlnor-plmar-7-en-l3-o1 (32). 

(40 20 I -19.1 (c 1.33 ln CHC13).- The followlnq enlytlcsl deta were obtained from ( ? l-32. fl.P. 

140-142°C (from acetcme/CC14).- ‘H NAR (80 mHz, CDC13): d = 0.63 1s. 6H, 2xCH3), 0.87 (s, 3H, m3), 

1.12 (d, 34, CH,- 171, 1.81 (broad sr W1 12’4.0 Hz, 3H, CH3-14), 2.1 S-2.90 (2H), 3.48-4.10 (2H, 11 -H 

and 1 S-H), 5.59 (m, dl i2=12.0 Hz, lo, 7-H), 7.36-7.69 (3H, Ar-H), 7.80-8.05 (2H, Ar-H); Jl3,17=7.0 

HZ.- IR (CCl4): 3650-3350 (OH), 1300 and 1140 cm-l (SO2).- flS: m/r ($1 = 262 (100, (M-phSO2H)+)e 

216 (69), 121 (OS), 109 (51 ), 3s (ss), 94 (ss).- (Found C, 71.30t H, 8.90. C24H3603S (404.6) re- 

quires C, 71.24: H, 6.97). 

To a solution of rat. 31 (40.0 mq, 9.099 mmol) in CH2C12 (1 ml) at -7BOC n solution of NPSP (44.7 

mg, Cl.146 mmol) in Ch2C12 (3.5 ml) and then SnC14 (S7.8 ~1 of a 10 percent solution in CH2C12, 

0.049 mmol) were added. Wlthin 2 h the mixture was permitted to warm to 20°C and ~8s then stirred 

at this temperature for 90 min. Solvent removal (by passi~ 8rgM Over the surface) folkwid by % 

(SlO, (5 g), hexanes-ethyl acetate 1O:l) furnished rat-29 (48 mg, 87%).- m.p. 107-110°c (from 

scetone/hsxane).- ‘H !;mR (400 ?ltiz, COSY, YOE, C6D6): d = 0.73 (s, 3Ht, CH3-191, 0.82 (se 3H, CH3- 

201, 0.90 (9, SH, CH,-1% 1.02 (dr 3H. C’+3- 1 S), 1.07-1.61 (9H, including 12’-H and S-H), 1.92 tm, 

lo, 6@-H), 2.00 (dd, lH, 12-H), 2.10 (sl lH, CH3-ll), 2.31 (m, lH, 6-H), 2.56 (3, 1H, 9-H), 3.33 

(d, lo, ll-H), 3.95 (dd, 1~. 7-H), 4.31 (m, W1i2=22.0 Hr,lH, 13-H). 6.97 (6H, Ar-H), 7.50 (2H, Ar- 

H), 7.89 (2H, Ar-H); JlsI1 3~6.4 Hz, Jll ,, 2 r9.S Hz, J7 6+J7,6$- 7.0 Hz.- “C NqR (100.6 ~HLI OCofe 

'Ii/' 3C correlation, C6D6): & = 18.33 (C-20) , 18.84 (ct-2). 22.35 (C-19), 23.06 (C-1s). 26.36 (C-61, 

27.36 (c-16), 28.88 (C-12), 33.33 (C-4), 33.64 (C-19), 39.52 (C-IO), 40.24 and 41.42 (C-1 and C-3), 

46.08 (C-9), SO.39 (C-S), 57.80 (C-7, JC,Se--68.2H~), 59.51 (C-11 ), 62.77 (C-131, 76.S7 (C-81, 

127.11, 128.48, 129.23 (aromet. C’s), 132.27 (aromat. C-Se), 133.07, 134.22 (arowt. C's), 141.90 

(aromst. C-S02).- IR (CC14): 1580 (C=C), 131 S, 1505 und 114s cm-’ (SO,).- MS: m/z (%I - 560 (6, 

c), 403 (14). 251 (loo), 20s (26).- (FoLld C, 64.43; H, 7.22. C30~4003SSe (559.7) requires CI 

64.36; H, 7.20). 

rsc-32 (40.0 mg, 0.099 mmol) on resctlon with HPSP (44.7 mg, 0.146 mmol) and SnCl, (10 percent 

solution in CH2Cl2, 57.8 ~1, 0.049 mmol), l xactly l ¶ described for raC-31, Qava reC-33 (63.1 mpe 

?a).- m.p. 192-193oC (from benzene).- ‘H NMR (4CKl flHz, COSY, tar C$6): 6 = 0.74 (s, % CH3-19), 

0.78 (9, SH, CH3-201, 0.66 (s, 3H, CH3-18). 0.98 (d, 1H, CH3- 17), 1.04-1.61 (9H, including 5-H and 

12’-H), 1.86 (s, 3H, CH3- 14), 1.93 (m, lH, 6’-H), 2.21 (2H, 6-H and 12-H), 2.57 (d, lH, 9-H), 3.24 
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(dt, lH, 11-H), 3.56 (m, W,/2=23.S Hz, lH, 13-H), 3.91 (t, lH, 7H), 6.94 (6H, Ar-H), 7.49 (2% Ar- 

H), 7.82 (ZH, Ar-H)s J17,13-6.O HZ, Jg,ll ml.5 HZ* 311 ,la=TO.D HZ, J7,6+J7,6t 44.5 HZ.- IR (CHC13): 

1560 (MI), 1315, 1305 und 11SO cm-’ (S02).- C3OH400,SSe (SS9.7), M: m/z ($) = 560 (S, fi), 403 

(26). 261 (63), 20s (37). 43 (TOO).- (Found C, 66.081 H, 7.19. C3DH40D3SSa x 0.5 C6H6 requlras C, 

66.208 H, 7.24). 

rac-(1~)-11a~zsnssu1fony1-6,13-~xy-13,14-~o-16,17-d1nor-plmarsns (33, aM-3D). 

A solution of rat-31 (37.5 mq, 0.093 mmol) In THF (0-S ml) was added at O°C to enhydrous mercury- 

(II) triflwroaCetat0 (79.2 mg, 0.186 mmol). The mixturw was stirred et 2CPC for 9 h. The reaction 

mixture was parrsd lnto an ice-cold solution which was premrcd from 3M Nash (2 ml) and 09 )uamo 

In 3M NsOH (0.S ml). The mixture was then allowed to warm to 20.C. Usual work-up (dlethyl ether) 

followed by SC (S102 (5 9), hxsnes-ethyl aeetate 15:l) gave rat-50 (23.2 mg, 62%); 7.7 mg (20%) of 

rat. 31 were recovered.- kp. 190-192OC (from acetone/hoxana).- ‘H YMR (400 IrlHz, C606): d = 0.60 

(s, 3H, CH3) 0.82 (J, SH, CH,), 0.64 (s, 3H, CH3). 1.08 (d, lH, CH3-IS), 1.77 (s, 3H. CH3-‘4). 

1.96 (dd, lH), 2.10 (m, lH), 2.30 (s, lH, 9-H), 3.32 (d, lHI 11-H), 4.46 (m, Wl/2=22.5 HZ, lh, 130 

H), 6.98 (mk, 3H, Ar-H), 7.91 (ZH, Ar-H)r J, 5,1 3=6.0 Hz, J,, ,12a*9.0 Hz.- IR (CCL,): 1315, 1305 and 

1145 cm -’ (so2).- ms: m/z (%) = 369 (6.3, (!Q-CH,)*), 263 (ll), 247 (loo).- (Found C, 71.201 R, 

8.96. C24h36035 (404.6) requLres C, 71.24; H, 8.97). 

rat-(1 3S)-11o-6en2enesu1fony1-8,13-epoxy-&14-sec0-15,16-dinor-011xsram (34~ at-34). 

rat-32 (42.6 ng, 0.105 mmol) on reaction wlth mercury(II) trifluoroecetate (90.0 mg, 0.211 mmol) 

exactly as described for 30, gave rat-34 (18.0 mq, 42%); 24.4 mg (57%) of rat-32 were recovered.- 

m.0. 166-169°C (from acetone/ hex&w).- ‘H NM (4m MHz, CDSY, C6D6): & I 0.78 (dd, lH, S-H), 0.63 

(9, 3H, CH3). 0.84 (I, JH, CH,), il.65 (s, 3H, CH3), 1.01 (d, 3H, CH,-17), 1.10-1.43 (7H, including 

12-H), 1.56 (s, 3H, CH3-14), 2.02 (n, lH), 2.20 (d, lH, 9-H), 2.26 (m, lw, 12’-H), 3.20 (ddd, lH, 

1 l-H), 3.46 (m, Wl/2- -25.0 Hz, lH, 13-H). 6.95 (SH, Ar-H), 7.33 (2H, Ar-H): J5,6=2.0 Hz, Js,Gt=12.5 

HLI J17,13’6.O HZ* J, 1 ,g=2.0 Hz, Jtl ,t2*J11 ,,2t=20.0 Hz.- IA (Ccl,): 1320, 1305 and 1150 cm-l 

(5D2).- ns: m/r (x) = 369 (11, (m-CH3)*), 247 (lOO).- (Found C, 71.228 H, 9.00. C24~S603S (404.6) 

requires C, 71.24~ H, 8.97). 

Xl fran 29 and M frun 53. 

Solutions of small sawles (5 mg, 8.9 umol) of rat-29 & rat-33 in tolrRne (a2 ml), indivickuxlly 

treated uith tri-n-butyltin hydride (3.6 ul, 13.4 pool) and catslytic amants of AIBN, were heated 

to llO°C for Q) nin. TLC a~lysfs (hexanes-ethyl acetate S:l, 2x deuelumd) indicated the formation 

of 3D and 34, romtlvsly. 
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