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Abstract - From the bicyclic labdene derivative 4 the silyl ether of 1.9-didwoxy- 

forskolin 22 was obtained by a) HCl addition (4+16), b) cyclization with N- 

phanylselenophthalimidw-S&l4 , and c) reductive elimination. 

Introduction 

Some time ago we discussed a novel synthetic plan for forskolin (1) via 1,9- 

didwoxyforskolin (2) which included as one of the disconnections the rwtro-?,4- 

addition 2+ 3.1s2 In attemptinq to test the feasibility of this synthetic schema 

OH OH 

1 2 3 

ue tried to cyclizw compounds of type 3. We studied orqanoswlwnium-mediated cycli- 

ration reactions assuming that in 3 the phwnylswlwnatinq reagent would attack the 

12-position because of the conjugation of the two doubla bonds with the 11-kwto 

group. Contrary to our expectations treatment of 4 with N-phwnylswlwnophthalimidw 

(NPSP) led exclusively to the formation of cyclizetion products such as 7. Based on 

the mode of reaction of 4 with phanylswlwnyl chloride we proposed that the reaction 

X 
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of 4 with NPSP proceeds via an intermediate of typa 6 from which 7 is formad by an 

SN2' reaction.' 

A logical consequence of this reasoning , which is supported by recent results of 

Hashfmoto et a1.,3 is to repeat the cycliration reaction after protecting the 14- 

double bond in 4. This is described in the present publication. 

Reaction of 4 with m-chloroperbenroic acid 

In the reaction of 4 ' with m-chloroperbenrofc acid (BCPEA) we wished to make use 

of the preferred reaction of the 14-double bond with electrophiles described above. 

In the event, reaction of 4 with flCPBA led to the formation of four products. 10a 

and lob, which were obtained in 25% and 23% yield, respectively, correspond to the 

anticipated preferential attack on the terminal double bond. The formation of 11 

(31%, unknown configuration at C-13 and C-14) can be understood assuming an acid- 

catalyzed rearrangement of lOa/lOb to give 8, further oxidation (8+9) and a Payne- 

type rearrangement 4 (9+11).- Tha forskolin derivative 12 was isolatad in 6% 

yield. It should be formed by electrophilic peracid attack in the 12-position. 

With respect to the desired ring C forming cycliration epoxide 1Oa proved unsui- 

table. All attempted cyclization reactions (Hg(OCOCF3)2, N-phenylselenophthalimide 

in the presence of tin tetrachloride (NPSP-SnCl4f, PhSeCl, and SnC14) led to com- 

plex product mixtures from which we could only isolate the ‘I-membered ring pro- 

duct 13. 

The configuration at C-12 in 12 was established by NOE difference spectroscopy. The 

most indicative enhancements are summarized in formula 12'. The structure of 13 

+ 

OSiMe, l2 

S 
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was suggested by l3 C NNR signals at 6-65.02 (&HZ-1 5) and 6=67.20 (&Ii-14). A full 

account of the spectral data which support the proposed structures is given in the 

Experimental. 

It may be concluded from the results reported above that epoxidas of type lOa/lOb 

are too acid-sensitive to be of use in alactrophilic ring C forming reactions. 

Reaction of 4 and 5 with hydrochloric acid followed by organosalanium-mediated 

cyclizations 

Reaction of both 4 and 5 with dry HCl in CHC13 at low temperature (-4O*C+ -2S*C) 

qave, irrespective of the configuration around the Al2 double bond, after 20 min a 

mixture of the 1,2-addition products 14 (29%) and 15 (14%), as wall as the bis- 

adduct 17 (16s). Increasing the reaction time to th furnished in addition to 14, 
15, and 17 the 1.4-adduct 16 (17%) and a second bis-adduct 16 . 

The double bond configuration in 14 and 15 was assigned on the basis of NOE diffe- 

rance spectra ffrradation into the CH3-16 and the olaffnfc proton signals, raspac- 

tively). 15 slowly decomposed. In the ‘H NPlR spectrum of a partly decomposed sample 

the signals of 4, 5. and the isomeric chloride 14 ware irlant4f;ed 
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14, 15, and 16 were individually subjected to cycliration with NPSP-SnC14.6 14 

furnished 19, and from 15 both 19 and 20 were obtained. The formation of 19 and 20 

in the cycliration reaction of 15 obviously reflects the ready rearrangement of 15 

into the more stable isomer 14 (vide supra). The structures of 19 and 20 are based 

on their NRR spectra. most specifically, the C-8 signal in 19 (6=82.95) appeared at 

much lower field than in 14 (6=75.47) indicative of the ether formation (6-Effekt). 

That the second ether carbon was C-13 could be deduced from a quaternary carbon 

signal at 6=83.73. A new tertiary carbon signal (as compared with 14) at 6=67.55 

with two satellites caused by '3C-776e coupling (J=-65.7 Hz}7 proved the IZ-positi- 

on of the PhSe substituent. The structural assignment of 20 rests on the same sort 

of arguments. The configuration at the newly formed chiral centers in 19 and 20 

were deduced from the NOE difference spectra. The results are summarized in formu- 

lae 19' and 20'. 

We speculated, that in the cyclization reaction of 16 a product with a phenylsela- 

nyl group at C-14 and the chloro substituent at C-15 should be formed, and we 

therefore subjected the cyclization mixture immediately to a reductive elimination 

reaction with Zn-Cu couple. 

Indeed, compound 22 was formed in 41% overall yield along with the stereoisomer 21 

(12%). 2~ was identical in all respects with a sample obtained from 1,9-dideoxy- 

forskolin.' The $-position of the vinyl group in 21 was clearly visible from the 

ROE results summmarized in 21'. 

In concluding this paragraph, we wish to emphasize, that the cycliration reactions 

of compounds 14 - 16 took the desired course. From the synthetic point of view the 

cyclization of 16 followed by reductive elimination is particularly remarkable, 

since for the first time a forskolin derivative with the complete C20 carbon 

skeleton has been obtained from an A8 precurser in a one-pot operation. 

Oiels-Alder reaction of 4b with anthracene 

A well-known method for the protecting of double bonds uses the Oiels-Alder 

retro-Oiels-Alder strategy.' In an attempt to apply this methodology in the present 

context we tried to form the Oiels-Alder adduct of 4 with anthracene. ' In the 

TiCl4-catalyzed reaction the two isomeric adducts 23 and 24 were obtained but only 

in very moderate yields (71% and 95, respectively). The main reaction products 

(36%) were the HCl addition products 14 and 15. Experiments aimed at improving the 

yields of 23124 using Eu(fod)3 and high-pressure conditions," respectively, were 

unrewarding. 
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EXPERIAENTAL 

General 

All reactions were performed in oven-dried glassware under a positive pressure of argon. Liquids 

and solutims were transferred by syringe, and were introduced into reaction flasks through rubber 

septa If not otherwise stated, reactions were performed in Wheatm serum bottles sealed with alu- 

minium caps with open top and Teflon-faced septum (Aldrich). The inst~rn~~ti~ used wss: ‘H NRR: 

WP 60 (Elruker), AR 400 (Bruker); ‘% NflR: Am 400 (Bruker): II?: Perkin Elmer 257 end 681; R’S: RAT- 

73’1 and MAT-CH-5 (Varisn); LC: Nedlum pressure chromatography (RPLC; using 31.0 cm x 2.5 cm (column 

l3, 60 g SiO2; end 37.0 cm x I.5 cm (column A, 17 g Si.02; glass tubes, silica gel 50 pm, (Grace;, 

Ouramat pimp &PC); UV detector Chromatochord III (Serva). 

Reaction of 4 with m-chlorcoerbenroic acid. 

To a solution of 4 ’ (400.0 mg, 0.889 mmol) in CH2C12 (2 ml) containing solid NaHC03 (224.0 mg, 

2.667 mmol) at PC within IO min a solution of RCPBA (a# MCPBAI 303.5 mg, I.778 mmof) in CH2C12 (2 

ml) was added. The mixture was then stirred at 0% for 255 min. Filtration through Si02, elution 

with hexanes-acetone 3:I. solvent evaporation, and MPLC (column 8, hexenes-acetone &I + 7:I) 

furnished IOa (93.4 mg, 23x), lob (101.5 mg, 25$), 12 (25.7 mg, 6%) end a mixture of stereoisomers 

(733.6 mg, 31x), from which the main component 11 was obtained by RPLC (column A, hexanes-ethyl 

acetate Z:?). 

1145,I 2E)-76-Acetoxy-I 4,?5-epoxy-8-hydroxy-@3 -trimethylsilanyloxy-labd-I 2-m-I I -me 

(lOa, unpolar isomer). 

‘H NAR (400 T’lHr, COSY, C606)“: 6 = 0.15 (9, 9H, Si(CH3)3), 0.76 (d, IH, 5-H), 0.69 (a, 3H, CH3- 

1 S), I .I 3 (s, 3H, CH3-1 8), 1.73, I.77 and I .80 (3~s~ 3x3HI CH3-20, OCOCH3 and CH3-I 7;, I.96 (d, JR, 

CH3-I 6), 2.17 and 2.34 (AB part of en ABX system, 2H, CH2-IS;, 2.57 (9, IH, 9-H), 2.96 (X-part of 

the ABX system, IH, 14-H), 4.45 (dd, IH, 6-H), 4.86 (d, IH, 7-H;, 6.47 (broad SI Wl/2=3.5 HZ, I H, 

12-H;;; 4J 16,12f?.5 Hz, ]J,S,,5+6.0 Hz, J15,14 =2.5 Hz, J,51,,~=4.0 Hz, J5,6=2.0 Hz, J6,7=3.5 

Hr.- 13C Nf’lR (100.6 i’lH+, OEPT, C6D6)“: 6 = 0.47 (Si(CH3)3), 13.06 (C-I 6), 16.05 (C-20;, 16.29 (C- 

2), 20.66 and 20.70 (C-17 and OCO&H3), 23.13 (C-I 9), 32.86 (C-16;, 33.66 (C-4;, 40.40 (C-IO), 42.06 

(C-l), 43.53 (C-3), 47.02 (C-15), 54.24 and 55.22 (C-14 and C-S;, 70.07 and 71.56 (C-9 and C-6;, 

75.56 (C-B), 62.35 (C-7;, ?28,6? (C-12), 149.37 (C-13), 170.36 (OCOCH3;, 201.13 (C-11 ;.- IR (CC14;: 

3650-3300 (OH), 1735 (C=O, ester), 1665 (C=O, enone;, 1620 cm-’ (C=C;.- C2SH4206Si (466.7)~ flS: m/z 

($) = 466 (0.5, mf), 448.2633 (14, Calc for C2SH4OO5Si: 448.2645;, 363 (13;~ 323 (17;~ 263 (30;‘ 

233 (SE;, 225 (75;, 73 (75;, 43 (100;. 

(IQ,? 2E)-76-Acetoxy-I 4.I5-epoxy-6-hydroxy-~-trimethylsilanyloxy-labd-I 2-sn-?I -one 

jlCRr, polar isomer). 

‘H NMR (80 PlHr, c,D,): d = 0.17 (s. 9H, Si(CH3;3), 0.76 fd, I H, 5-H;, 0.80 fs. 3H, CH3-19;s 1.15 

(9, 3H, CH3-IEI), I.75 and I.79 (29, 3H and SH, CH3-20, CH3-17 and OCOCH3;* 2.03 (d, 3% CH3-16;‘ 

2.06-2.47 (AR pert of an ABX system, 2Ht CH2-15), 2.60 (8, IH, 9-H)* 2.92 (X part of the ABX 

system, IH, 14-H), 4.45 (dd, IH, 6-H), 4.66 (d, IH, 7-H;, 6.49 (broad s, Wl/2=?.7 HZ, 12-H;; 

43. ,6,,2=0.8 Hz, ]J,S,,5,]=6.2 Hz, Jl4,?5=2.S Hz, J,4,,5’=4.? Hz, J5,6=2-0 Rr, Jgt7=3.S Hr.- 

XR (CC14): 3650-3300 (OH), 1735 (C=O, ester), 1685 (CEO, enone), I620 cm-’ (C=C).- C25H4206Si 

(466.7). AlS: m/z (5; = 466 (0.4, &), 446.2645 (4.4, Calc for C25H4OOgSir 446.2645;s 391 (4.3), 389 

(4.2;, 383 (5.0;, 323 (S), 296 (8), 263 (16;‘ 233 (23), 225 (24;, 73 (47;, 43 (100;. 
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~12R~13Etl4E)-7~-Acetoxy-8,12:14,15-di~oxy-l3-hydmxy-~-trimethylsflanyloxy-labdan-l1-~e (11). 

'H NRR (400 @Hz, COSY, C6D6)12: 6 = 0.11 (s, 9H, S~(IZH~)~), 0.83 (s, 3H, CH3-18)‘ 1.07 (s, 3H, CH3- 

19), 1.36 (s, 3H, CH3-16). 1.54 (s, 3H, CH3-17), 1.62 (5, 3H, CH3-20). 1.77 (s, 3H, 0COCH3), 2.32 

and 2.51 (A8 system of an ABX system, ZH, CH2-15), 2.61 fs, IH, 9-H), 2.87 (X part of the ABX 

system, IH, 14-H), 3.60 (s, IH, 12-H), 4.35 (dd, IH, 6-H), 4.70 (d, lH, 7-H); IJ,5,,S,1 =6.0 Hz, 

J,4,,5=3.0 Hz, J,4,,s'=4.0 Hz, J5,6=2.0 Hz, J6,7=3.5 Hz.- "C NmR (100.6 RHz, DEPT, C606)": d = 

0.43 (Si(CH3)3), 13.06 (C-20), 15.75 (C-17), 18.10 (C-2), 20.87 and 20.89 (C-19 and OCO&H3), 23.10 

(C-16), 32.77 (C-4), 33.57 (C-la), 40.50 (C-10). 41.87 (C-l), 43.26 (C-3), 44.37 (C-15), 52.80 and 

54.75 (C-14 and C-S), 62.93 (C-9). 64.30 (C-13), 67.51 (C-12), 71,27 (C-6), 75.20 (C-E), 82.64 (C- 

7). 170.54 (OcOCH3), 204.86 (C-11).- IR (CCl4): 3650-3300 (OH), 1735 (C=O, ester), 1720 cm-' (C=O, 

kat .a).- RS: m/z ($) = 482.2697 (1.2, M!, Calc fur C2SH4207Si: 482.2700), 439 (3.2), 405 (SO), 383 

(ll), 323 (ll), 305 (9), 251 (IO). 225 (32), 73 (SO), 43 (100); impurity at 503 (1.3). 

~I~~-7%-Ac8~xy-8,l3-epoxy-l~-hydroxy-66-tri~~ylsilanyloxy-l~d-l4-en-ll-on8 (12). 

‘H N&R (400 PIHr, C606) 12: 6 = 0.14 (s, 9H, SifCH3)3), 0.64 (d, IH, S-H), 0.86 (se 3H, CH3-l8), 1.11 

(s, 3H, CH3-19), 1.43 (s, 3H, CH3-16)s 1.65 (s, 3H, CH3-17), 1.70 (s, 3H, CH3-20)~ I.78 (SI 3H, 

0COCH3), 2.79 (s, lH, S-H), 3.68 (s, lH, 12-H), 4.42 (dd, 1H, 6-H), 4.87 (d. lH, 7-H), 5.02 and 

5.24 (A8 part of an Af3X system, 2H, Cti2-15), 5.63 (X part of the AEIX system, lH, 14-H); J5,6=2.0 

Hz, J6 7=3.5 Hz, J,4,,S=10.5 Hz, J,4,,5'=17.5 Hz, &S,,5,1=2.0 Hz.- 13C NmR (100.6 mhz, DEPT, 

'SDS) 
11 : 6 = 0.43 (Sf(CH3)3), 14.17 (C-20), 16.70 (C-17), 18.19 (C-2), 20.66 and 20.70 (C-16 and 

C-19), 23.07 (OCOLH3), 32.75 (C-18), 33.55 (C-4), 40.51 (C-lo), 41.61 (C-l), 43.15 (C-3), 54.69 (C- 

S), 62.55 (C-13), 67.77 and 66.63 (C-6 and C-12), 71.33 (C-9). 75.17 (C-E), 81.99 (C-7), 116.85 (C- 

15), 139.85 (C-14), 170.24 (OCOCH,), 205.53 (C-11).- IA (CC14): 3650-3300 (OH), 1735 (C=O, ester), 

I720 cm" (C=O, katone).- RS: m/z (If = 466.2748 (1.3, R?, Calc for C25H42O6Si: 466+2751)t 420 

(6.4), 383 (5.2), 323 (II), 233 (82), 225 (loo), 73 (Ef), 43 (78). 

~148~-8-Acetoxy-8,14-epoxy-l5-hydroxy-~-trimethy~silanyloxy-labd-l2-en-ll-one (13). 

To a solution of 1Oa (30 mg, 0.064 mmol) in CH2C12 (0.5 ml)at -764C a solution of SnCl4 (2.26 ~1, 

O.M9 mmol) in CH2Cl2 (0.1 ml) was added, The mixture was stirred at -78T for 5h and at -4OOC for 

100 min. At-40°C saturatedaq. NaHC03 (0.5 ml) was added.Usualwork-up (ether)and mPLC(column 
A, h8XaneS-ethylacetate 13:IO) gave 10a (3.6 mg, 12x), 13 (7.7 mg, 261x1, as well as more polar 

compounds which were not characterized.- 'H NMR (400 RHr, COC13) "I: 6 = 0.17 (s, 9H, Si(CH3)3), 

0.92 and 1 .I 0 (25, 2x3HI CH3-I 8 and CH3-1 S), 1.48 and 1.53 (29, 2x3H, CH3-17 and CH3-201, 2.10 (d. 

1H, CH3-161, 2.17 (s, JH, 0COCH3), 2.81 (s, lH, S-H), 3.80 (A8 part of an ABX system, 2H, CH2-15), 

4.35 (X part of the AEIX system, lH, 14-H), 4.40 (dd, IH. 6-H), 4.79 (d, IH, 7-H), 6.40 (broad s, 

w,/2=3.0 HZ, t H, 12-H): 4J,6,,2=1.2 HZ, J,4,15+J,4,f6i=5.0 Hz, J5,6"2.0 Hz, J6,7=3.5 Hz.- 13C NWR 

(100.6 NHr, DEPT. COC13)“: 6 = 0.78 (Si(CH3)3), 15.99 (C-20), 18.29 (C-2), 20.46 and 21.44 (C-17 

and C-19), 23.‘12 (OCOcH3), 33.17 (C-16), 33.90 (C-4), 40.66 (C-lo), 42.41 (C-l), 43.81 (C-3), 55.65 

(C-s), 65.02 (C-IS), 67.20 (C-14), 70.55 (C-S), 71.45 (C-6). 75.89 (C-E), 81.96 (C-7), 131.61 (C- 

121, 147.43 (C-13), 171.01 (O&OCH3), 33.17 (C-18), 33.90 (C-4)‘ 40.66 (C-IO), 42.41 (C-t), 43.81 

(C-31, 55.65 (C-5). 65.02 (C-15), 67.20 (C-14). 70.55 (C-9), 71.45 (C-6). 75.89 (C-E), 61.96 (C-7), 

131.61 (C-12), 147.43 (C-l 3), 171.01 (OCOCH,), 202.58 (C-11).- IR (CC14): 3650- 3300 (OH), 1740 

(C=O, ester). 1685 (C=O, enone), 1585 cm-' (C=C).- C2SH4206Si(466.7), PlS: m/z ($1 = 450.2796 (0.2, 

Calc for C25H420SSi: 450.28021, 417 (1.8), 323 (1.3), 225 (ll), 217 (IOO), 199 (66), 77 (55). 

Addition of HCl to 5 

To a CRC13 solution saturated at OeC with anhydrous HCl gas at -4OT (3.5 ml) a solution of 5 (200 

mg, 0.444 mmol) in CHCl3 (2 ml) was added. The mixture was stirred at -40°C+ -25*C for 20 min, and 
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the reaction was then quenched by addition of saturated aq. NaHCO3 (3 ml) at -2!j°C. Usual work-up 

(CH2C12) and WPLC (column 6, hexanes-ethyl acetate S:?) furnished 14 (61.8 mg, 2B%f, 15 (30.9 mgr 

14x1, 17 (38.9 mg, 18%) along with 5 (12.0 mg, 6%). 

Addition of HCl to 4 

4 (500 mg, 1.111 mmol) was treated with a solution of HC1 in CHCl3 for lh at -4D°C+ -lO°C, 

Reaction conditions and working-up procedure as described above. PIPLC (column 8, hexanes-ethyl 

acetate 5~1) provided 14 (127.4 mg, 24%), 15 (91.2 mg, 17%), 16 (92.2 mg, 17%) along with 16 (35.0 

mg, 6%) and 17 (68.7 mg, 12%). 

f@.p. 124-I 26OC (from hexaoe).- ‘H NRR (400 MHz, COSY, CsD6): 6 = 0.14 fs, BH, Si(CH3)3f, 0.82 (d, 

1 H, 5-H), 0.89 (sr fH, CH3-1 8), 1.15 ( s, 3H* CH3-19)s 1.73 (s, 3H, CH3)’ 1.78 (s, 3H, CH,), 1.8D 

(s, 3H, CH3), 1.97 (d, 3H, CH3-161, 2.08 (t, 2H, CH2-141, 2.61 (s, IH, B-H), 3.13 (t, 2Hp CH2-15)r 

4.46 (dd, lH, 6-H), 4.91 (d, IH, 7-H), 6.11 (broad sr wI/2=4.D Hz, IH, 12-H); 4J16,12-l.5 Hz, 

J,4,15=7.0 Hz, J5,6=2.0 Hz, Js,7=3.5 Hz.- 13C NI(IR (IDD.6 MHz, DEpT, C6D6j”: 6 I* 0.45 Sf(CH~1~1t 

16.07 (c-20)* 17.99 (C-IS), 18.35 (C-2), 20.72 (DCO&H3 and C-171, 23.12 (C-19), 32.90 (C-16>, 33.67 

(C-4). 40.44 (C-IO), 41.57 and 43.11 (C-14 and C-IS), 42.22 (C-l), 43.61 (C-31, 55.38 (C-5), 70.06 

and 71.59 (C-6 and C-Q), 75.47 (C-8), 82.32 (C-7), 13I.40 (C-121, 149.22 (C-I 31, 170.36 (D~DCH3~, 

201.25 (C-l I ).- IR (CC14): 3650-3300 (OH), 1735 (C-0, ester), 1685 (C-0, enone), 1615 cm” (C=C).- 

RS: m/z f%) = 450.2796 (35. Calc for C25H42DgSi.: 450.2802), 225 (981, 95 flOD), 43 fQlf.- (Found G 

61.72: H, 8.91: Cl* 7.20. C25H43ClD5Si (487.2) requires C, 61.64; H 8.90; Cf 7.28). 

(122)-~-Acetoxy-l5-chlom-8-hydroxy-60-~imethylsllanyloxy-labd-l2-en-l1-me (I5). 

m(,p. 100-I 01 OC (from hexane).- ‘H NflR (80 MHz, C6DB): 6 = 0.13 (s, BH, Si(CH3)3), 0.78 (d, IH, 5- 

H), 0.88 (s, IH, 3H, CH3-1 8), 1.13 (s, 3H, CH3-IS), 1.59 (d, 3H, CH3-161, 1.68 (se 3H, CH3f* 1.75 

(s, 3H, CH3), 1.76 (9, 3H, CH3), 2.51 (3, IH, S-H), 2.89 (“t*, 2Hr CH2-141, 3.50 cm, 2H, CH2-151, 

4.45 (dd, IH, 6-H), 4.87 (d, IH, 7-H), 6.13 (breed sr wl/2”4.0 HZ, IHI 12-H); J5,6=2.0 HZ, 

45 ,2,, 6=1 .S Hz, J6,7=3.5 Hz, J14*15 P 7.0 Hz (taken from the V of CH2-14).- IR (CC14): 3650-3300 

(OH), 1740 (C=D, ester), 1685 (CEO, enone), 1615 cm’? (C-C).- mS: m/t (%) * 450.2QOs (12, Calc for 

C25H42DgSi: 450.2602), 263 (12)* 225 (341, 731 (341, 95 (691, 73 (641, 43 (lOD).- (Found C, 61.73; 

H, 8.90. C25H43ClO5Si (487.2) requires C, 61.64; H, 6.90). 

‘H NMR (400 YHz, CSD6): 6 = 0.12 (s, 9H, Si(CH3)3), 0.67 (d, IH, S-H), 0.85 (s, 3H, CH3-181, I.10 

(9, 3H, CH3-19), 1.62 and 1.63 (2s. 2x3H, CH3-20 and CH3-171, 1.68 (d, 3H, 16-CH3jr 1.75 (9, 3% 

OCOCH3), 2.43 (s, IH, B-H), 3.04 and 3.32 (AR system, 2H, CH2-12), 3.82 (d, 2H, CH2-I& 4.40 fddt 

1H, 6-H), 4.78 (d, IH, 7-H), 5.42 ft, IH, 14-H); J5,6= 2.0 Hz, J6,7=3.5 Hz, J14,15=6.D Hz, 

J,4,16=l.5 Hz, lJ12,12t 1=17.5 Hr.- IR (CC14)r 3650-3300 (OH)* 1735 (C=O, ester), 1720 cm”’ (GUI. 

ketone).- C25H43ClO~Sf (467.2), fiS: m/z (%) = 450.2801 (3, Calc for C25H4205Sf: 450.2802)* 391 

(20). 383 (30), 323 (14). 2.51 (13), 233 (22), 225 (I@, 205 (IQ), 18’7 (22), 137 (651, 73 (901, 43 

(loo). 

~1H)-~-Acetoxy-f3,15-dichloro-8-hy&oxy-~-trf~~Y~si1~Yi0xY-1ebdan-11-0ne 

(17, unpolar isomer). 

R,p, 99-l 00% (from ethanol).- ‘H NNR (80 RHr, CDC13): d = 0.18 (s, 9H, Si(CH3)3)r 0.95 (sr fH, 

CH3-18). 1.12 Is, 3H, CH3-IQ), 1.48 (s, 3Hr CH,), 1.51 (s, 3H, CH31, 1.74 (sr 3H, CH31, 2.19 (se 

3H, 0COCH3f, 2.26-2.77 (mk, 2X, CH2-141, 2.60 (s, IH, B-H), 2.96 end 3.41 (A9 system, ZH, CH2-121~ 

3.66 (t, 2H, CH2-Is), 4.41 (dd, IH, 6-H), 4.72 (d, lH, 6-H); J5,6=2.0 Hz, J,,,=3.5 Hz, J,4,15=6.D 
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Hz, JJ,2,I2,1 x19.0 Ht.- IR (CC14): 3650-3300 (OH), 1740 fC=Dl ester), I720 cm-’ (C=O, ketone).- I%: 

m/z (%) = 445.2076 (40, Calc for C23H39 3sC1202si: 445.20971, 427 (51, 383 (91, 323 (81, 263 (81, 

251 (7), 233 (13), 225 (261, 73 (771, 43 (lOD).- (Found CI 57.371 HI 8.50; Cl, 13.56. C25H44C12059i 

(523.6) requires C, 57.35; H, 8.47; Cl, 13.54). 

~I3E)-76-Acetoxy-l3,l5-dichloro-6-hydroxy-~-trfmethylsilanyloxy-labdan-lI-one 

(18, polar isomer). 

M.p. 154-156°C (from ethanol).- ‘H NNR (400 MHz, C606): 6 = 0.10 (s, 9H, Si(CH3)3f, 0.6’1 (d, IH, S- 

H)t 0.86 (~9 3H, CH3-181, 1.09 (SB 3H, CH3-19), I.54 ( s, 3H, CH3), I.59 (s, 3H, CH3), I.65 (s, 3H, 

CH3), I.78 (s, 3H, CH3), I.97 (s, IH), 2.16 (s, IH. S-H), 2.60 fm, Wlf2=42 Hz, 2H, CH2-141, 2.91 

and 3.35 (A6 system, 2H, CH2-121, 3.59 (m, WI/2=37 Hz, 2H, CH2-1 51, 4.37 (dd, lH, 6-H), 4.70 fd, 

IH, 7-H); J5,6”2.0 HZ, J6,7=3.5 HZ, 1 3?2,?2t1 =? 9.0 HZ*- IR (CC14): 3650-3300 (OH), 1740 (C=O, 

ester), 1715 cm” (GO, keton).- MS: m/z ($) = 445 (35), 383 (lS)t 323 (7)~ 263 (8)s 251 (7)~ 233 

(9), 225 (20), 205 (II), 187 (II), I57 (171, 137 (25). 73 (741, 43 (IOD).- (Found C, 57.40; HI 

8.48; Cl, 13.61. C25H44C1205Si (523.6) requires Ct 57.35; Ht 8.47; Cl, 13.54). 

Jf3S)-76-Acetoxy-I5-chloro-8,I3-epoxy-?~-phenylselanyl-~-trimethyl-silanyloxy-labdao-Il-ons (19). 

To a suspension of NPSP (44.0 mg, 0.146 mmol) in CH2C12 (0.4 ml) at -78Y a solution of SnC14 (5.66 

ul, 0.049 mmol) in CH2C12 (0.1 ml.) was added then a solution of 14 (47.2 mg, 0.097 mmol) in CH2C12 

(1.0 ml). Within 2h the mixture was allowed to warm to 0% and was then kept at this temperature 

for 2h. Filtration through Si02 (49, elution with hexanes ethyl acetate 15:If followed by solvent 

evaporation and MPLC (hexanss-ethyl acetate 4D:I + 3D:I) gave 19 (43.3 mg, 71%) and 20 (I.4 mg, 

2%).- ‘H NI’IR (400 f’!Hz, C608)‘2: 6 = 0.13 fs, SH, Sif.CH3)3), 0.62 (d, lH, 5-H), 0.83 (s, 3H, CH3- 

181, 1.11 (s, 3H. CH3-IS), I.15 (s, 3H, CH3-IS), 1.51 (s, 3H, CH3-171, 1.69 (s, 3H, CH3-ZO), 1.80 

(9, 3H, DCClCH3). 2.02 (m, IH). 2.13-2.31 (2H. CH2-141, 2.16 (s, Iti, 9-H), 3.59 (WI/2=23 Hz* CH2- 

l 5). 4.00 (s. IH, 12-H), 4.38 (dd, IH. 6-H), 5.04 (d, 1 H, 7-H), 6.97 (complex of signals, 3H, Ar- 

H), 7.56 (complex of signals, ZH, Ar-H); J5,6=2.0 Hz, J6,7=3.5 Hz.- 13C NFlR (100.6 fitiz, DEPT, 

C606) ‘I: 6 = 0.76 (Si(CH3)3), 16.87 (C-20), 18.43 (C-21, 20.87 (C-I?), 22.05 and 23.27 (DCOcH3 and 

C-IS), 25.32 (C-16), 32.85 (C-18), 33.93 (C-4), 38.22 (C-10), 39.91 and 40.28 (C-I and C-141, 44.00 

(C-31, 47.55 (C-151, 55.80 (C-S), 67.55 (C-12, ’ J,3C,775e=- 65.7 Hz), 70.07 (C-61, 72.08 (C-91, 

80.74 (C-7), 82.95 (C-8), 83.73 (C-131, 127.88 faromat. C), 129.39 (aroma& C), 130.32 (aromat. C- 

I), 135.24 faromat. C), 169.33 (DGDCH,), 201.36 (C-II).- IR (CC14): 1750 cm-’ fC=D).- MS: m/s (%) = 

643.2127 (2.3, mf, Calc for C31 H48 35C10SSi80Se: 643.21251, 537 (6.21, 449 (2.21, 307 (2+9), 225 

(loo), 73 (44), 43 (58). 

(I3R)-~-Acetoxy-IS-chloro-S,l3-epoxy-I26-phenylselanyl-f-trimethylsilanyloxy-labdan-ll-orw (20). 

15 (19.7 mg, 0.041 mmolf was treated with NPSP (18.4 mg, 0.061 mmolf and 0.1 ml (0.020 mmol) of a 

SnC14 solution (23.7 ul, 0.203 mmol SnC14 in CH2C12 (1 ml)) as described for IS (reaction tfma: 3 

h). Work-up as described above and MPLC (column A, hexanes-ethyl acetate 4O:l) furnished IS (2.9 

mg, 11%) and 20 (10.8 mg, 42x).- lH NAlA (400 MHz, C606)12: 6 = 0.12 (s, SH, Si(CH3)3), 0.53 (d, lH, 

S-H), 0.84 fs, 3H, CH3-?8), 1.11 (s, 3H, CH3-1 S), 1.29 fs, 3H, CH3-161, 1.59 (s, 3H, CH3-171, I.66 

(s, 3H, CH3-2O), 1.80 (s, 3H, DCDCH3), 2.00 fm. lH), 2.16 fs, IH, S-H), 2.24 (“t”, 2H, CH2-141, 

3.40-3.63 (complex of signals, 2H, CH2-75), 3.95 (s, lH, 12-H), 4.41 (dd, I H, 6-H), 5.03 (d, lH, 7- 

H), 6.95 (complex of signals, 3H, Ar-H), 7.63 (complex of signals, 2X, Ar-H); J5,6=2+0 Hz. J6,7=3.5 

Hz, J, 4,1 5’7.5 Hz.- 13C NAlR (I 00.6 NHz, DEPT, C,D,)” ): 6 = 0.75 (Si(CH3)3), 16.94 (C-20), 18.43 

(C-Z), 20.68 and 20.88 (C-17 and C-19), 23.28 (DCOcH3). 29.89 (C-16), 32.84 (C-I 81, 33.91 (C-4), 

38.21 (C-ID), 40.19. 40.46 and 41.26 (C-l, C-14 and C-IS), 43.94 (C-3), 55.42 (C-5). 69.03 (C-12)* 

70.01 (C-61, 71.84 (C-S), 81.35 (C-7), 82.87 and 84.20 (C-8 and C-13). 128.24 (aromat. C), 129.34 

(aromat. C), 130.59 (aromat. C-I ), 135.10 (aromat. C), 169.43 (O~DCH,), 201.28 (C-II).- IR (CC14): 

1750 und 1740 cm-’ (C=D).- C31H48C1D5SiSa (643.2), @S: m/r ($) = 536.1861 (6.7, Calc for 
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C27H40CJ4Si6aSsr S36.1661), 225 (lOCl), 73 (29), 43 (36). 

Cyclirat1on of 16, 

To a suspension of NPSP (37.3 mg, #,I23 mmol) in CH2C12 (1 ml) at -7WC a) a solution of SnC14 

(46.2 ~1, 0.412 mmol) in CH2CJ.z (l ml), and b) a solution of 16 (40.0 mg, 0.063 mmol) in CH2C12 

(0.5 ml) were added. The mixture was allowed to warm to -40% with 1 h and was kept at that 

temperature fur 6 h, Then Zn-Cu cwpl8 (lFB.1 mg, 1.X! mmal) uas addsd* and the mixture was stirred 

at -40°C for 90 min, Filtration through SfD2 (3 8, covered with Florisil (I g), alution with 

hexmas-ethyl acetats 3:1), soltmnt evaporation , and MPLC (column A, hsxanes-ethyl acetate %l) 

gave 22 (15.3 mgt 41X), 21 (4.5 mg* 12X), and a mixture of 22 ancl 21 (3.4 mg, B$), 

Irl* 12th122% (fram ethmnll. 
22 was identical (tic (hexanes-ethyl acetate 8:I) and 1H NPlR) with 13 sample of 22 obtained frum 21; 

m.p. of the authentic sample 122-123% (from et-l). 

1H NNR (450 PlNr, C606)12: 6 = 0.16 Is, 9H, Si(CH3)3), 5.63 (d, IH, S-H), 0.66 (s, 3H, CH3-lB), 

1 .I 4 (~9 3Hr CH3-19)s 1.18 (SC 3H1 CH3-l 61, I.65 (9, 3H, CH3-17)~ 1.69 (SI 3Hp CH3-201, 1.89 (5, 

3H, OCOCH3), 2,lQ (s, IH, 9-H). 2.21 and 2.70 (Zd, 2H, CH2-12)” 2.43 (m, IH), 4.48 (dd, lH, 6-H), 

4.80 and 5.56 (A8 part of an ABX system, 2X, CH2-1 Sl, 5.15 {dr IHI 7-H), 5.65 (dd, lHr 14-H)) 

$6’2.5 Hz, 36,7=3.5 Hz, j 312~ 2’ 1 -f&o Hz, 3I4,I cj”11.5 Hz, $4~ S’=I?.S Hz, 131 s,, 5,f =8-s Hz,- I@ 

(CC14): 1740 (GO, ester)* 1720 cm’I (C=O, ketone).- C2SH42OBS.t (455.71, f@S: mfz (%) = 391.2666 

(93, Calc for C23H3BO3Si: 391,2686), 375 (20), 367 (61, 345 (B), 307 (11). 279 (11)s 225 f25), 73 

(711, 43 (150). 

A solution of 4 (207.5 mg, 0.460 mmoljl anthracene (164.0 mg, 0.920 mmal], and TiCL4 f37.Q &It 

0.345 mmal) in CH2C12 (5 ml) was stirred at 20% for 5 h. Then saturated aq. NaHC03 (5 ml) was 

added. Usual work-up (CH2C12) end flPLC (column 8, hexanes - ethyl acetate 4:l and then column BI 

hexanes - ethyl acetate - 2-propanol 15:1:5.2) provided 23 (32.6 mgt 11x), 24 (14.5 mg, 5f)* 14 

(51.4 mg, 251) and 15 (27.5 mg, 1310. 

~I4E~I2E)-8-Aeei;oxy-l4,15-fB,1O-dfhydro-anthracen-B,lO-diyl)-6-hydroxy-68_trirmt;hytsirenvlo~- 

lebd-12-en-11 -Mne (23, unpolar iaomsr) . 

1H NF)R (80 @Hz, CSD6): d = 5,17 (sit 9H, SifCH3)3), 0.89 fs, 3H, Cflf-16)s 1.14 <se 3H, CH3-191, 1.70 

(s, 3H, CH3)’ I.61 (SF 3H* OCffC~~)~ 1.83 fs, 3X8 CH3f, 1.98 (dr 3H, CH3-16)t 2.46 (~1 7Hs 9-H)* 

4.00 ft, ?H, IV-H), 4.f? fd, IH, 9*-H). 4.49 (rJd, tH. S-H), 4.92 Id, IH, 7-Hjr 5.77 (broad se 

wl/2=4.5 HZ, IH, 12-H), 6.7O-%So (Ar-H)I J6,+.S HZ, 4Jl 6,121a.g HZ, J14,g,= 2,0 HZ, JIS,lOl=3.~ 

HZ.- XR (CC14)t X%0-3305 (OH):, 1735 (C-5, astar), 1660 (GO, enona), 1605 cm” (C=C)*- C3gHS206Si 

(828,9)* ES: m/z ($1 = 450.2796 (2, Calc for C2SH42QSSi: 455.2802)~ 383 [Ia), 323 (411. 257 (41, 233 

(7), 225 (71, 205 f6), I87 (71, 176.U~82 fl DOI Caic for C14HtO: t78.0782). 

‘~14E,f2E)-~-Ace~xy-l4,lS-(9,lO-dihyd~-anthracen~~,IO-diy~)-6-hycfroxy-~-trfmsthylsilanyloxy- 

labd-I 2-en-11 -me (24, polar i-r). 

1H NBR (80 MHz, C606): 6 = 5.13 (9, 9H, Si(CH3f3)* 0.89 fs, 3He CH3*18), I.18 fs, 3H, CHJ-19)t ?a76 

(s* 9H, 3xCH3), 2.04 (de 3Hi &H3-76). 2.48 ( s, 1Hs 9-H), 4.01 ft, lH, lO’-H)r 4-13 td, lH, 9’-H)t 
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4.47 (dd, lH, El-H), 4.82 (d, IH, 7-H), 5.71 (broad s, W,/2=4.0 HZ, lti, 12-H), 6.80-7.50 (Ar-H); 

JS,6=2.0 Hr. Jcip7=3.5 Hz, 4316,12=l.0 Hr, J14,9t=2.0 Hz, J15,10 ,=2.5 Hr.- IR: (CC14): 3650-3300 

(UH), 1735 (C=O, aster), 1680 (C=Ct, enone), 1605 cm” (TX).- C39HS2OSSf (628.9). mS: m/z ($) = 

450.0782 (1.9, Calc for C2SH4205Si: 450.2602). 263 (1.2), 225 (5.11, 176.0762 (100, Calc for 

C,4H,D: 176.0782), 95 (23), 43 (26). 
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