
Bull Sot Chim J?- (1997) 134, 203-222 
@ Elsovior, Paris 

A synthetic approach to (rt)-forskolin. 
Part II. Radical approaches of the AB ring system 

and formal synthesis of (k)-forskolin 

Claude Aniesl, Ange Pancrazi l* , Jean-Yves Lnllemandl, Thierry Pm&z* 

’ Lalromtoire de synlhdse oryaniquc associd au CNRS, DCSO, Lholc polytechnique, 911.28, Palaisentt; 
a LaDoratoirc de cltimie slnrcluralc biomole’culairc, Univelaild Par-is-Nor-d, 74, mc Marcel-Cacftin, 03012 BoDipty, fig,tcc 

(Received 16 September 1996; accepted 13 January 1997) 

Summary - A G-endo-trig cyclization was performed from enynes 8 and 10 using BusSnH/AIBN, leading to the construction 
of the Iwns-decalinic AB ring system of (A)-forskolin 1. In a second radical approach to (At)-forskolin 1, the diol 31 wns 

oxidized to dialdehyde 6. A pinacolic coupling reaction promoted by SmI2 then delivered the cycliaed GP,7&dlol 41. l’rom 
this compound the unsaturated lactone 2 was then prepared leading to a formal synthesis of (f)-forskolin 1. 

forskolin / formal synthesis / tributylstannane / radical cyclization / &endo-trig process / samarium iodide / pinacolic 
coupling reaction / Dess-Martin oxidation 

R&urn4 - Approche de synehase de la (A)-forskoline. Part& II: approches radtcalaires du syst&me bicyclique AB et 
synthise formelle de la (f)-forskoline. h pnrtir des dnynes 8 et 10 une cyclisation de type 6-endo-trig a dtd r@alisbe par 
action de BuaSnII/AIBN, conduisant b la prt?paration du systbme AB tmns d&alinique de la (&)-forskolinc 1. Dans une 
seconde approche de la (A)-forskoline 1, le diol 31 a 8tQ oxydG en diald8hyde 6. Un couplage pinacolique a ensuite 618 obtenu 
par traitement du diald&yde 0 avec SmIz et a conduit au ddrive G/3,7/3-dioi 41. A partir de cc dernier, la iactone insntur8e 
2 a pu Gtre p&par&e, nous permettant ainsi de rdaliser une synthbe formelle do la (f)-forskoline 1. 

forskoline / synth&se formelle / trlbutylstannane / cyclisation radicaloire / Gendo-trig cyclisation / snmnrium iodure / 
couploge pinacolique / oxydation Dess-Martin 

In our program towards the total synthesis of forskolin 
1 [l], we focused on the preparation of the unsfltu- 
rated lactone 2 which was used, as a pivotal synthon, 
by Corey, Ikegami and Ziegler for the total synthesis 
of forskolin 1 [2]. As described in a preceding paper 
[3], we decided to develop two radical cyclizntions for 
the preparation of the bicyclic core of forskolin 1. In a 
preliminary approach, a C’?-C8 closure, leading to com- 
pound 3, was envisaged from the enyne 4 (scheme 1) [4]. 
A second radical cyclisation induced by SmI2 on the di- 
nldehyde 6 must give the bicyclic diol 5 via a pinacolic 
coupling reaction [5]. In this paper we describe the two 
synthetic approaches developed in our laboratory and 
the synthesis of the lactone (f)-2 as a formal synthesis 
of rncemic forskolin (f)-1 [G]. 

Preparation of the AB ring system via a C7-C8 
bond closure 

In a preceding paper [3] we described the preparation 
of the hydrobenzofuran enyne derivatives S-10 via a 
preliminary radical cyclisation via a G-endo-trig process. 

To perform a radical cyclization induced by Bu&nH 
(71 from the enyne compounds 8-10 it was necessary to 
run the reaction under dilute conditions to Favor the 
G-endo-trig cyclization. Using a 10D2 solution of the 
enynol 8 in boiling toluene, the reaction was performed 
by a slow addition (G h) of BuaSnH/AIBN. In this case 
the expected bicyclic derivative 11 was obtained <as the 
only isomer in 46% yield (scheme 2). The structure of 
11 was elucidated with the aid of ‘H NMR analysis 
and NOE experiments. In this reaction, addition of the 
BusSn’ radical on the triple bond led to the vinylic md- 
ical I which cyclized on the double bond (scheme 3). 
Intermediate II was trapped by a H’ capture and the 
cyclized compound III was obtained. From III a proto- 
destannylation reaction occurred, probably due to the 
acidic proton of the proximal hydroxyl function, and 
afforded the decalinic derivative 13. Stereosel.ective ad- 
dition of H’ on the intermediate II on the p side was 
interpreted to be a consequence.of the bent structure 
of II. 

Starting from the silyl derivative 9 we also tried 
to perform the desired G-endo-trig cycliaation under 
the same conditions as used before. Protection of the 
acetylenic function with the TMS group had a dramatic 
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Forskolin 1 

8 

n) nnd b) see rcf 3. 

Scheme 2 

e) 

Scheme 1 
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(L) Bu&~IH (1 cquiv), AIBN (10 mol%), toluene, A, G 11, 46%. 

Scheme 3 

effect on the cyclization reaction. The reaction occurred 
in only 10% yield and the only isolated product was the 
unexpected tricyclic derivative 12 (scheme 4). 

For an explanation of this reaction we had to involve 
a Bu3S11’ addition on the double bond rather than on 

C6.C7 

9 12 IO % 

n) B113SnH (1 equlv), AIDN (10 !noI%), ~O~IICIIC, A, G II, 10%. 

Scheme 4 

!I--- 
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Scheme 5 

the silylated triple boncl (scheme 5). This chemioselec- 
tivity could be due to the steric l~inclrance at this posi- 
tion which has been previously observed [3]. From the 
radical intermediate Ia, generated in the first step, a 
5-exo-dig radical process could deliver the vinylic racl- 
ical species IIa. F’rom IIa a l,ti-hydrogen transfer was 
envisaged which led to intermediate IIIa, the toss of 
Bu3SnH in the last step then delivered the tricyclic com- 
pound 12 [8]. This reaction mechanism accounted for 
the formation of the pure 2 vinylsilane isomer. 

Formation of 12 via an ene-reaction can be excluded 
since heating 9 without addition of BusSnH did not de- 
liver a cyclized product. In order to prove the catalytic 
importance of BusSnH in this mechanism, compound 9 
was treated with 10 mol% of BusSnH but cyclization 
occurred in only 5% yield and the reaction mechanism 



could not be proved flt this time due to the poor yield 
of this reaction. 

When the ynonc 10 was treated with Bu3SnH under 
the same conditions as for compound 8, the stannyl 
derivative 13 was prepared in 55% yielcl (scheme G). 
In this case, protodestannylation did not occur and the 
vinylstamlyl 13 was obtained as the pure 2 isomer. 

The results we obtained for our strategy for the 
construction of the AB ring system of (f)-forskolin 1 
using a radical key step cyclization, were promising and 
the final experiment involved testing this cyclization on 
the enone-ynone derivative 4a envisaged before. 

Unfortunately, starting with compound 10, oxida- 
tion with Se02 using Sharpless or Salmond conditions 
[9] did not leacl to the expected lactone 4n or the cor- 
responding Inctol or liemiacetal (scheme G). 

Because the ethylidene group was not a suitable 
group for the Sharploss oxidation we decided to prepare 
the lactone derivative 18 (scheme 7). Starting from 14a 
[3] we were able to prepare the 5,-H aldehyde 15 and 
then the ynone 1G as described for the preparation of 
10. At this stage oxidation of 16 using Se02 did not 
lent1 to lnctone 18 and the hemiacetal 17 was obtained 
in 13% maximum yield (scheme 7). 

These disappointing results prompted us to use the 
Shnrpless oxidation on the methylene compound 14b 
and the lnctone 10 wns produced in G7% yield. To 
continue the synthesis the ncetnl 20 was also prepared 
from 19 in 75% yield (scheme 7). 

Having resolved the problem of oxidation in the 
a-position of the methylene function we focused on 
the preparation of the onyne-clione 18 from 17 or 20 
(scheme 8). Application of the radical cyclization used 
above, must deliver the expected tricyclic product 21, 
which was a possible precursor of the key lactone 2. 

Preparation of the AI3 ring system via a C&C7 
bond closure 

In a second radical cyclization approach (see scheme l), 
our initial project was to form the B ring of 
(f)-forskolin 1 using n pinacolic reaction, promoted 
by SmI2, from the dinlclellyde CI (see scheme 1) or 
the nitrile-alclehyde 23 [lo]. This route must deliver a 

a) 

10 1355% 

n) B113SnM (1 equiv), AIBN (10% mol), tolwma, A, G 11, 55%. b) 
ScC2, 1-120, dioxano, A. 

Scheme 6 

14b R = ‘I’r 

14b d)__ c) 

20 75 r/c 

n) (i) PCC, CIlzCIn, 20 “C, 1.5 11, 05%. (ii) &C03, MeOH, 
A, 3 II, 02%. b) (1) CzCLi~TMEDA, THP, 20 OC, 12 II, 75% 
(ii) Dess-Mertin, CH2Cl2, 20 OC, 1 11, 8G%. c) (i) ScOa, I-120, 
clioxnnc, A, 5 II. (ii) Amberlist 16H+ EtOH, 20 OC, 2 Ii, 13%. 
d) ScO2, H20, dioxnne, A, 5 II, G7%. o) (I) DIBALII, toluene, 
-78 ‘C, 1 II, (ii) Ambcrlist lGII+, h9eOI1, 20 ‘C, 2 II, 76%. 

Scheme 7 
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Scheme 8 

highly substituted AB ring system with two oxygenated 
functions at CG and C7. 

Starting from the nitrile-ether clerivative 22a de- 
scribed in our preceding paper [3], desilylation pro- 
vided the nitrile-alcohol 22b (scheme 9). This com- 
pound underwent an oxidation reaction using the Dess- 
Martin reagent to give the expected nitrile-aldehyde 23 
in 79% yield. In order to prepare the dialdehyde 6, 
the nitrile-aldehyde 23 was treated with diisobutylnlu- 
minium hydride (DIBALH) but reduction of alclehyde 
occurred faster than reduction of the nitrile function 
and the nitrile-alcohol 22b was obtained in 75% yielcl 
(scheme 9). 

For the preparation of the dialdehyde G we also envis- 
aged an oxidation of the corresponding diol derivative 
31 (scheme 10) which was obtained from the conju- 
gated ester 24 [3]. We then performed a one-pot renc- 
tion of the deconjugation of the unsaturated system. A 
stereospecific alkylation of the resulting ester 28 then 
led to the expected diol31 either after reduction into 30 
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b) 

-* 

22u R = TDS 
22bR=II $@ 

23 7!, % 

4 23 c) 

6 221,75 % 

n) IIF, ncctoniLrllc, 20 “C, 1 II, 90%. bJ Dose-Mnrtin, CI-I2Cl2, 
20 OC, 70%. c) DIBALIZ, toluonc, -78 C, 1 II, -) 22b 7G%. 

Scheme 9 

and &protection of the primary alcohol, or by reduction 
of la&one 29 which was obtained quantitatively from 
28 by treatment with tetrabutylammonium fluoride 
(TBAF) in THF [3]. 

Once we had obt;ained the diol derivative 31, we 

turned to an appropriate oxidation reaction to prepare 
the dialdehydo 6. 

We first tried to oxidize both of the primary alcohols 
under different conditions. The alcohol 30 gave the 
corresponding aldehyde 32 in 88% yield using Dess- 
Martin reagent, (scheme 11) [ll], whereas oxidation with 
the SOabpyridine complex in DMSO in the presence of 
NEt3 [12] led to the cyclized compound 33b in 73% 
yield. Oxidation using Swern conditions [13] gave a 
complex mixture. 

After desilylation of 24, ihe ester-alcohol 25 was 
oxidized into the aldebyde 26 in good yield (83%) using 
a Swern oxidation reaction. 

As an inCeresting reaction, we wanted to perform a 
deconjugation reaction of the unsaturated ester function 
in the aldehyde 26. Treatment of 26 in basic media 
[1,8-di,azobicyclo[5.4.0]undec-7-ene (DBU), toluene, A] 
delivered the tricyclic compound 27 in G5% via an 
intramolecular Michael addition of the enol onto the 
conjugated ester (see scheme 10). 

Starting from diol 31 we then applied different 
oxidation conditions, but, aldehyde 6 could not bc 

[12], pyridinium obtained using Swern conditions 

1 b) 

chlorochromate (PCC) [14], Dess-Martin [ll], 
tetrapropylammonium perruthenate (TPAP) [15], or 
SOsepyridine complex [12] reagents. We also tried to 

oxidize the bis-silylated compound 34 using Swern con- 
ditions [lG] but the only product,, isolated in 73% yiejd, 
was the tricyclic compound 33a (scheme 11). Com- 
pound 33a was also obtained in 30% yield during the 
silylation of diol 31 into 34. 

At this stage we have shown that the two primary 
alcohol functions of diol 31 can be oxidized separately 
but the dialdehyde 6 was not obtained using classical 
oxidation reactions from diol 31 or bis-silylether 34. 
Using the Dess-Martin reagent [ll] (3 equiv) in 
CH2Cl2, reaction with 31 led to the two isomeric lac- 
tones 29 and 35 (scheme 12). However, the formation of 
the two la&ones 29 and 35 involved the intermediate 
formation of laceols 36 and 37, which could be con- 
sidered as the cyclized forms of corresponding mono- 
aldehydes. In order to attempt an oxidation into the 
dialdehyde 6 we had to minimize the intermediate for- 
mation of lactols 36 and 37. 

Looking at, the mechanism involved for the Dess- 
Martin oxidation, it appears that during this reaction 
2 equiv of acetic acid are produced. On the other hand, 
it has also been described that treatment of a diol 
derivative such as pinacol leads to a stable pinacolate 
complex under anhydrous conditions; oxidation could 
be achieved when terPBuOH was added to the reaction 
mixture. 

With this mechanistic information on the oxidation 
reaction with the Dess-Martin reagent we then tried 
different experiments either by addition of pyridine 
(entry 2), ter&BuOH (entry 3) or pyridine and te& 
BuOH (entry 4). As reported in table I, aldehyde 6 
could be obtained in 20% yield at best when 3 equiv of 
the Dess-Martin reagent were used in the presence of 
G ecluiv of pyridine ant1 3 equiv of ter&BuOH in CH2Cl2 
at 20 “C (entry 4). 

Because it was also described that the Dess-Martin 
reagent could be a better oxidant, in the presence 
of 3 equiv of water [17], this reaction was also per- 
formed on the diol 31 but aldehyde 6 was not obtained 
(entry 5). Oxidation was also carried out using the io- 
doxybenzoic acid (IBX) reagent in DMSO [la] and alde- 
byde 6 was produced in 15% yield (entry 7). For the two 

24 28 95 % 

I e) 

2683% 27 65 % 29 95 % 

I h) 83% 

OH 

a) TBAF, THF, 20 ‘C, 12 h, 58%. b) S wern oxidation 83%. c) DBU, toluene, 65 ‘C, 4 h, 65%. d), c), f), g), II), see rof [3]. 

Scheme 10 
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Table I. Oxidation of dial 31. 

Enl~ Condiliom Yields 6, 36 and 29 

1 
2 

Dess-Mnrtin (3 equiv), CHZCI~, 20 ‘C 
Dcss-Martin (3 equiv), Py (G equiv), 

-, GO%, 20% 

cIIzclz, 20 “C 
lO%, G4%, 13% 

3 Dew-Martin (3;riJ, ~;~l$OH (3 equiv), 5%, 58%, 17% 

4 Dcss-Martin (x e$iv), Py (G equiv) 
terGBuOIi (3 equiv), CHZCIZ, 20 ‘c’ 

20%, G5%, 10% 

5 Dess-Martin (3 equiv), 1120 (3 cquiv), 
CH2C12, 20 OC 

-, 5G%, 25% 

G Des+Mnrtin (3 equiv), Ha0 (3 equiv), Py (G equiv), 
tc&BuOH (3 equiv), CI-I&12, 20 ‘C 

15% 57% 14% 9 I 

7 IBX, DMSO, 20 OC 
8 TPAP (10 mol%), NM0 (3 equiv), CHaCN, 20 ‘C 

15%, 19%, 51% 

9 Grieco’s reagent (3 equiv), Py/CH&I&lWF 1:l:l excess, 20 ‘C 
lO%, 35%, 47% 

-I -1 - 

34 50 F/c 

a) 

b) 

\ 

0) 
c 

3288% 

33a R = TMS 30 % 
33b R=TBS72 % 

6 

a) Dess-Martin, CN2C12, pyridine, 20 ‘C, 1.5 11, 88%. b) 
SOs~pyridinc, DMSO, NEta, “C, 3 11, 72%. c) TMSCI, CH2C12, 
NEta, 20 ‘C, 12 11, + 33n 30%. + 34 50%. d) Sworn oxida- 
tion, + 33a 30%. e) PCC oxidntion, SOsapyridine, DMSO, NEta, 
Swern oxidation. 

Scheme 11 

last experiments, the TPAP [15] reagent led to the 
clinldehyde 6 in only 10% yield (entry 8) whereas the 
Grieco reagent (191 did not give the dialdehyde 6 or 
lactones 29 and 35. The only compounds detectable in 
this reaction by ‘H NMR analysis were the two lactols 
36 and 37 (entry 9). 

In most cases reported for the oxidation of diol 31, 
lactone 35 was the major product of the reaction except 
when IBX was used (entry 7) where lactone 29 was 
obtained as the main product. 

31 

I 

[O] see table I 

gyo g--J #Jo 
0 

29 35 - G 

@OH @ 

OH 
36 37 

Scheme 12 

At this time we had no arguments for an explanation 
of this result. A more complete study of oxidatiou of diol 
31 must be envisaged to increase the yield of dialdehyde 
6. 

In order to prepare the dialdehydc 6 in better yield 
we needed to generate the second aldehyde function 
(at CS) via an ozonolysis reaction on a compound 
which already masks an aldehyde in the C5 position 
(scheme 13). 

This route was explored using a Wittig reaction as 
the first step leading to 38 (67% yield) and an oxidation 
to afford the aldehyde 39 (67% yield). Because the 
ozonolysis reaction could not be used in the presence 
of the dihydrofuran function we decided to transform 
the dihydrofuran derivative 38 into the hemiketal 40 
but all of the conditions we tried failed and compouud 
40 could not be prepared in acceptable yield. 

In spite of this disappointing result and the poor 
yield obtained during the synthesis of the dialdehyde 
6, we decided to pursue our synthetic approach aud 
perform the pinacolic coupling reaction from the nitrile- 
aldehyde 23 and the dialdehyde 6. 
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38 B7 8 3') 67 p/o 

& -z-- & 

38 40 

II) PI’II~CI-I~~~~, d3uLi, THP, 20 ‘C, 12 II, 67%. b) (i) HP, 
rtceto11itriio, Ni&, 20 ‘C, 1 II; (ii) Des+Mnrtin, Cl42Ci2, 20 ‘C, 
1.6 11, 67%. c) AtnberilsL 161-I+, MeOI-1, 20 “C. 

Scheme 13 

Treatment of the nitrile-aldehyde 23 by SmIz in THF 
in the presence of ter&BuOH led to the reduced product 
22b, no cyclizntion occurred (scheme 14). It has been 
reported that nitrile is a weaker radical acceptor than 
nlcleliycle [~OC]. 

RI 
- no cyclisation 

23 
I I 

I G 41 I 

n)Sn&2, TIIF, IcrtBuOH, -78 OCl II, -78 OC + 20 ‘C, 2 II, 

Scheme 14 

When a Q:2 mixture of lactono 35 and aldehyde G 
(35 and 6 were not separated by chromatography on 
silica gel) was treated with SmI2 under the same con- 
ditions used for 23, the expected cyclization occurred 
in 00% yield and the diol 41 was obtained as-the G&7/3 
isomer only, as proved by X-ray analysis [G]; the lactone 
95 (35/41 = 9:2) wcas quantitatively recovered. This re- 
markable stereoselectivity was in total agreement with 
the results obtained by Hanessian and coworkers in this 
field [20]. 

Because this cycliaation reaction gave good yields 
we performed the three steps involving oxidation, SmIz 
treatment and reduction from the diol 31. Three cycles 
of this reactional sequence delivered the cyclic diol 41 
in 40% yield calculated from diol 31 (equation 1). 

As depicted in scheme 1, the two radical approaches 
envisaged for the construction of the AB ring system 
of (f)-forskolin 1 were carried out: the second route 

31 il ) G + 35 - b) 41 + 35 

c) 41 31 20% + GO-G6% 
Tl1roo cycios + 41 in 40% yield. n) Dents-MurLin, pyrltii11q IcrG 
BuOIl, Cl-12Ci2. b) Sn&, TIiF, IcrGBuOl-I, -78 ‘C, 1 II, -78 ‘C 
+ 20 ‘C, 1 II. c) LAI-I, TIIF, 2 II, + 41 20%, + 31 GO-G5%. 

Equation 1 

using SmIz gave the suitable substituted Go,70 cliol 41 
leading to access to the lnctonc synthon 2. 

l?ormal synthesis of (f)-forskolin 1 

After construction of the cycliecd diol 41 wns nchievecl 
we then turned to the final steps for the preparation 
of unsaturated lactone 2, the key intermediate for total 
synthesis of forskolin 1. A protection of the diol 41 was 
first performed in aciclic conditions to deliver the ketnl 
derivative 42 in Q5% yield (scheme 15). WC then tried to 
oxidize the clihydrofurnn derivative 42 into lactone 43. 
As shown in scheme 15 direct oxidation of 42 with PCC 
lecl to a 1:l mixture of the expected lnctone 43 ancl the 
cleavccl product formyl-ketone 44. Compouncl 44 was 
quantitatively obtained by ozonolysis of 42. Using the 
Dess-Martin rcogent, oxidation of 42 resulted in a total 
cleavage of the dihyclrofuran clerivntive 42 to furnish 
compound 44. 

a) Z-n~ellioxypropclic, wrs cat, 20 OC. 211, 0s o/n 

42 .(ol__ 

43144 

A) PCC (I.5 equiv), Cl12Ci2, 20 ‘C, 3 II, 8G%, 50:50; B) 
03, CH2Ci2, MeOI-1, -78 ‘C, MczS exccrzs, -78 OC-+ 20 OC, 
17 11, 95% 0:lOO; C) McOI4, Amberlist 15 i-I+, 20 OC, 17 11, 
SO%, 2-meti1oxyproponc, PPTS cnl, 20 OC, 2 11, G5%, na-CPl3A 
(1.1 cquiv), BF3~OELz (0.1 cquiv) CH2Ci2, 0 OC + 20 OC, 3 it, 
80%, G8%, 100:O; D) Dcss-MnrLit1 (1.5 cquiv), CI-izCi2, 25 OC, 
1 it, 02%, 0:lOO. 

Scheme 15 

The best method to prepare 43 in a pure form was 
an acidic treatment in MeOH solution to prepare the 
intermediate hemiketal, protection of the cliol system 
that was formed during the key reaction, and finally 
oxidation of the hemiketal into the desired lactonc 43 
in 68% overall yield using m-chloroperbenzoic acid (m- 
CPBA) (1.1 equiv)/BFs.OEta (0.1 equiv) conditions 
(scheme 16) [21]. 
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45 x = Scl’h 
46 X=Li 

IL) LIM, 1’111” or ICI-I, TIIF. 

Scheme 10 

Unfortunately stnrting from lnctonc 43 we wcrc t,lml 
unnblc to gcnerntc tlic a-selenidc conil~ouiicl 45 or 
tllo corresponding litliio 46 derivative usiiig litliiuin 
diisoprol~ylnn~iclc (LDA) or KH bnsc to introduce the 
cloublc bond nt C8-CD. 

In order to introduce n liyclroxyl function nt tlic CD 
position and prepnre tlic a-l~yclroxylnctone 50, the di- 
llyclrofurnn product 42 was oxidized wit11 m-CPBA. In 
CH&l~ solution, tile renction led to ester 47. Trnnsfor- 
nmtion of 41 into liemilcctnl 48 wns also performed in 
GO% yielcl (scheme 17). Starting from tile ester deriva- 
tive 47, a LAH rocluction afforded tllc lnctol 49 in 75% 
yield. Lnctol 49 wns not recluced even if nn excess of 
LAH was usccl. Lactol 49 ~~1s tllso prepnrcd in 135% 
yield directly from diol 41. 

OCOAr OMe / 

d) 
\ 

75 ‘/o 
OH 

4’) 

tl) ?n-CPBA, CIizC12, 20 ‘C. 12 II, 85%. I>) (i) m-CPBA, 
cX12Cl2, 20 ‘=C, 1 h, then IICI lN/TIIF, 20 ‘C, 1 11, 68%. 
(ii) hmbcrlisl 151~I +, h4cOII, 20 “C, 12 11, 95%. (iii) PPTS, 
2-mothoxypropcnc, 20 OC, 3 II !EJ%, 61% overnll. c) (i) m-CPBA, 
CI.I&!Iz, 20 “C, 1 II, then IICI lN/TI-IP, 20 OC, 1 II, 08%. (ii) 
PPTS, 2-tllctlloxypropelle, 20 ‘C, 3 11, k-G%, GEi% ovcmll. cl) LAbI, 
TIW, 0 ‘C, 1 II, 75%. 

Scheme 17 

F;*om lactol49, we again had to perform an oxidation 
reaction for the preparation of the hydroxylactone 50. 
As observed previously, oxidation with PCC as well 
as tile Dess-Martin reagent gave qunntitatively tile 
formylketone 44 (scheme 18). Wllen Jones [22] and 
Fetizon [23] reagents were employed hydroxylactone 60 
wns obtained togetller with 44 in respectively GO:40 and 
25:75 ratios. The best reagent we found in this case was 

40 
(0) 

A) PCC (3 cquiv). CIIKh, 20 ‘C, 3 II, >DO% aloo; B) DCM- 
MnrLl~ rcngenl (1.5 cquiv), C112Cl2, 20 ‘C, 1 II, >oe% o:lou; c) 
Jon0 rcngcllt (1.5 cclulv), ncclolic, 0, OCT. OOc;10 00:~lO; D) Ag2CQr 
(10 LYIII~V), ~OIIICIW, A, 3 II, 85% 28:75; IS) IDS (111 cquiv), DhlSO, 
20 OC, I II, >DS% 88:18. 

Scheme 18 

tllc IBX pcrioclinanc oxidnut wliicll gave Inctonc 50 nnd 
formylkctonc 44 in ciunntitiltivc yield nuti in n. 85:lt 
ratio. 

‘H NMR stuclies wit11 tllc nid of NOE oxpcri- 
mcnts indicntcd that the $hydroxyl function of 50 lml 
P-stcrcochcmistry. Hem again m-CPBA nclclccl 011 tllc 
P-side of the clil~yclrofurnu function clue to the C~IICIWC! 
structure of the niolocule. 

For tllc last step of the syntllesis of lnctonc 2, 
cliniinntion of tlie 9,&liyclroxyl, whicll lens it c%s rc- 
lntionsl~ip wit11 the 8&hyclrogen, led us to perform 
npproprinte ciu elimination renctions. No eliminntion 
occurred and compound 51 wns uot obtnincd from 
llemiketal 48 using MsCl/NEts/ClCH2CH&l/A [24], 
or SOClz/pyridine/A [25], POCb/A [2G], DhGO/A 
12719 or Burgess rengent/l,enRelle/A [28] conclitions 
(scheme 19). 

OMo 

W 

20.30 ?47 

R) POCl3, pyridirle, A, or M&I, NEta, A, or SOClz, pyridine, 
A. IJ) SOCl2, pyridinc, A, 0.5 II, ZO-30%. 

Scheme 19 

Nevertheless after treatment of lnctone 50 wit11 
SOClz/pyricline/A the expected conjugated lactonc was 
produced in 20-30% yield. ‘H NMR data are identical 
to those reported by Ikegmni, Corey [2n-c] nncl Ruvecln 
[29]_ The prelmrntion of unsaturated lactonc 2 gave us 
R formal synthesis of (f)-forskolin 1. 

During tllis work tile total syntllesis of 2 wns rcnlized 
from a-ionone in 17 steps (sclleme 20) in a 1.3% overall 
yield. 
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17 steps 1.3 % overall yield 

Scheme 20 

Experimental section 

Physical data and spectroscopic measwemcnts 

Molting points were dctcrmlnocl with a Reichort appuratus 
nnd flre uncorrected. Boiling points are uncorrected. Infrared 
spectra were obtained on a Perkin-Elmer FT lGO0 instru- 
mcnt using either NaCl salt plates (film) or NaCl cell (in the 
speciflcd solvent) and are reported in terms of frequency of 
absorption (u, cm-‘). 

‘I-1 NR4R spectra were recorded with a Bruker WI’ 200 
(200 MHz) or a Bruker AM 400 (400 MHz) instrument. The 
solvent and the instrument are specified for each product. 
The chemical shifts are expressed in parts per million (ppm) 
rcfercnced to residual chloroform at 7.28 ppm. Data are rc- 
ported ns follows: chemical shift, multiplicity (recorded as s 
(singlet), d (doublet), t (triplet), q (quartet) and m (multi- 
plct)), lntcgration, coupling constants (J) in hertz (Hz) and 
nssignnicnt. ‘II,lH-COSY ant1 ‘I-I,‘~-I-NOIXY experiments 
were routinely carried out to ascertain 11~1-‘1-1 conncctivities 
nutI configuration assignments, respectively. 

13C NMR spectra were recordecl with the same in- 
slruments 50.3 and 100.G MHz respectiveIy. The chemical 
shifts arc given in parts per milEon (ppm), llie central 
peak of deuterochloroform being referenced at 77.14 ppm. 
J-modulated spin-echo technique (J-mod) experiments were 
used for the iletermination of CH multiplicities. When nec- 
essary, 13C NMR spectra were assigned with the aid of I-IET- 
COR experiments. 

Mass spectra were obtained with a Hewlett Packard 
HP598Dl3 spectrometer via either direct introduction or GC- 
MS, by chemical ionizntion (CI) with ammonia (NlJ3) or 
methane (CI&) or by electronic impact (El). Microanalyses 
wcrc performed by the analytical laboratory of the Institut 
cle chimie des substances naturclles in Gif-sur-Yvette. 

Usual procedures 

All non-aqueous reactions were conducted under argon, in 
oven (120 “C) or flame-dried glassware. 

Organolithium reagents were titrated using the procedure 
of Watson and Eastham [30]. The solution to be titrated was 
added dropwise via a syringe at 0 OC in a well-dried 25 mL 
round-bottomed flask containing a well-stirred solution of 
1,Zphenanthroline or 2,2’-biquinoline (ca 5 mg), TNF or 
diethyl ether (10 mL) and anhydrous benayl alcohol (0.5 mL, 
4.8 mmol). The addition was stopped after the colorless 
mixture turned dark red. 

l3ulb-to-bulb distillations were performed with a Biichi 
GKR 51 Kugelrohr apparatus. 

Solvent distillation 

Tetrahydrofuran, diethyl ether, benzene and toluene were 
distilled over sodium benzophenone. Dichloromethane and 
nmines were distilled over calcium hydride. DMF was dis- 
tilled from magnesium sulfnte under reduced pressure. 
Ethanol and methanol were distilled over magnesium. 

Thin layer chromatography (TLC) was performed on pre- 
coated plate of silica gel OOF 254 (Merck). Visualization was 
nccomplished with UV light then 7-10X ethanolic phospho- 
molybdic acid solution followed by heating was used as de- 
veloping agent. 

l%sh chromatogrnphy was performecl on silica gel Merck 
SI GO (0.040-0.063 mm). The solvents usecl were not distilled 
except petroleum ether. 

‘H anal 13C NMR of organostannyl compounds 

l?or large Sn-‘1-l or Sn- 13C coupling constants (250-450 Hz), 
the central signal was associated with two close pairs of 
satellites corresponding to both ‘17Sn and “‘Sn isotopes; 
in this case two different coupling constants were reported. 
l?or small SIP’I-I and Sn-lSC (cl00 I-Ix), the two pairs 
of sntellites collapse nnd only one coupling constant was 
observed. 

Nomwclature 

IUPAC nomenclature was used for all compounds. Because 
rocemic derivatives were described the relative stereochem- 
istry was expressed using asterisks, and the first stereocenter 
assigned as R’. In some cases and to be in agreement with 
the forskolin numbering 5cu-1-I and 5p-13 assignments were 
used. 

(2aR*, 39,5R+, 5aS, 8aS* ,SbR*)-4-Metlt$idene- 
3,6, G,880-tetrametftyldecahydwnapl~tf~o~l,8-bc]furan- 
5-01 11 

To a solution of alcohol 8 (87 mg, 0.37 mmol) in boiling 
toluene (38 mL) was added over G 11, using a syringe pump, 
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a solution of UuaSnI-I (120 mL, 0.45 mmol, 1.2 equiv) nnd 
AIBN (G mg, 0.04 mmol, 0.1 cquiv) in toluono (90 mL). 
The reaction mixture ws.9 then concentrated in vacua and 
purlllcation by flasl1 cl1romatogrfll~l1y on basic silicn gel gave 
compound 11 (40 mg, 4G% yield) and starting materlfll 8 
(36 mg, 40% yield). 
In: (N&I) Y CITI-’ 3410, 304G, 2990, 2925, 

1 265, 1 
1655, 

OSG, 865. 
1376, 

‘I-l Nh&.: (CDCls, 200 Ml-la, NOE experiments, l’orskolin 
numbering) 6 1.05 (d, J = G-8 l-lx, 31-1, Cl&, Cl-Is-8), 1.12, 
1.13 and 1.25 (3s, DH, 3CH3, 2CH3-4, CH3-lo), 0.93-2.03 
(m, 31.1, Ha-2, I&-3), 1.35 (d, J = 11.7 HZ, 11.1, H-5), 1.64 
(4.J = 0.5 Hz, 111, OH), 2.0 (m, 2H, II-D, I-lb-2), 2.5G 
(m, It-l, H-8), 3.55 (dd, J = 11.3, 8.1 Hz, 11.1, l-la-11), 
3.75 (dd, J = 8.1, 5.5 Hz, lH, Hb-11), 3.75 (dd, J = 7.0, 
5.5 I-IX, lH, H-l), 4.23 (dd, J = 11.7, G.5 Hz, lH, H-G), 
4.7G 

I 
d, J.= 

Hb-1 )* 
1.G Hz, lI_I, I-la-l’), 5.lG (d, J = 1.G Hz, 11-1, 

“C NMR: (CDC13, 50.3 MHz, forskolin numbering) 6 17.7 
((X13-8), 21.8 (Cl&), 24.1 (Cl-Is), 2507 (C-3), 32.9 (C-4), 
32.9 (Cl-r,), 3305 (C-9), 30.2 (C-2), 45.1 (C-lo), 48.4 
(C-S), 56.2 (C-B), 67.4 (C-11), 72.5 (C-G), 85.4 (C-l), 
103.9 (C-l’), 155.0 (C-7). 

h4S: (CI, NHJ) m/z 208 (Ml-l” + NIla), 251 (Ml-l+), 250, 
235, 217, 2OG, 189, 165. 

Anal ctilc for CIOHZ~O~, 250.37: C, 78.75; H, 10.47. Found; 
C, 70.82; I-1, 10.38. 

(3Z,2aRc,4S*,4aR’,7aR”,7DR”)-&;6,7O-IPIJmettq& 
3-/(trim.eth 1 ‘1 1) J sz 2/ mett~~lidenej-2a-21ir~~l-decah~drr,- 
indon~ol7,l-bc~~u~.ar~-4-01 12 

To a solution of alcol101 9 (74 n1g, 0.25 mmol) in boiling 
tolucnc (25 mL) wns added over 0 II, using a syringe pump, 
a solution of Bu&1H (250 mL, 0.91 mmol, 3.6 equiv) and 
AIBN (4 mg, 0.03 mmol, 0.1 cquiv) in tolucne (91 mL). The 
reaction mixture was concentrated in vocuo and purillcation 
by flasli cl1romatograpliy on basic silica gel gave 12 (7 mg, 
10% yield) and recovered alcol101 9 (52 mg, 70%). 
IR (CC&) Y 3 592, 3 412, 3 083, 2 957, 2 85G, 1 G18, 1463, 

1381, 1157, 1 OSG, 1011,854, 
‘II NMn: (CDCls, 200 MHz, NOE experiments) 6 1.12 (s, 

91.1, BCI-13, Si(CHs)s], 1.07 (8, 3I-I, CHs), 1.13 (28, GH, 
2c&), 0.80-2.01 (m, GH, OH, H-4a, Hz-G, I-12-7), 1.50 
(d, J = 12.2 Hz, II-I, OH), 3.29 (t, J = 3.1 Hz, 11-1, H- 
7a), 3.70 (d, J = 8.5 Ha, 11-l, Ha-2), 3.83 (d, J = 8.6 Hz, 
II-I, Hb-2), 4.54 (ddd, J = 12.2,9.8,2.7 Hz, lH, H-d), 4.98 
(dd, J = 17.7, 1.2 Hz, 11-1, Ha-2”), 5.24 (dd, J = 11.2, 
1.2 Ha, lli, Hb-2”), 5.45 (d, J = 2.7 Hz, 11-1, H-l’), 5.G9 
(dd, J = 17.7, 11.2 Hz, lI_I, H-l”). 

“C NMR: (CDCl3, 50.3 MHz) 6 0.8 (3CH3, Si(CH3)3), 
23.0 (C-G), 25.4 (CH,), 25.9 (CH3), 29.2 (C-7), 31.1 
(CI-Is), 33.0 (C-5), 50.4 (C7b), G2.5 (C-la), G5.5 (C-ati), 
76.3 (C-4)) 78.8 (C-2), 83.9 (C-7a), 114.8 (C-2”), 123.8 
(C-i”), 139.8 (C-l’), 169.9 (C-3). 

MS: (CI, NH3) m/z 338 (MI-I+ + NHs), 321 (MH+), 320, 
303, 285, 267, 231, 213. 

(4Z,2aR*, 35”,6aSC,8aS*, 86R*)-3,6, G,SD- Tetmmetfr.yl- 
~-[(triDutylstanr~~l)~~etl~~lidenc]decah~rlronapt~tt~o- 
[1,8-bc]fumn&one 13 

To a solution of ketone 10 (GO mp, 0.3 mmol) in boiling 
toluene (40 mL) was added over G 11, using a syringe pump, 
a solution of Bu3SnH (125 pL, 0.47 mmol, 2 equiv) and 
AIBN (4 mp, 0.04 mmol, 0.1 equiv) in toluenc (94 mL). The 
reaction mixture was concentred in vacua and purification 

by flnsll cliromatograpl1y on hydrogenated carbonated silica 
gel gave compound 13 (77 mg, 55% yielcl) and ketone 10 
(21 mg, 36% yield). 
IR: (NaCl) v 3 410, 3 045, 2 990, 2 928, 1 705, 1 G55, 1 G20 

1376, 1 2G5, 1 05G, 85G. 
‘I.1 NMR: (CDCIs, 200 R~IHx, NOC cxperin1cnts, forskolin 

minibering) 6 0.90 {L, J = G.0 Hz, OH, 3Cl-Is, 
Sn((C!H&CX3)a}, 0.91 {t, J = 0.0 1,1x, 01-1, 3Cl-12, 
Sn[CHz(CH~)zCl-la]s}, 1.03, 1.11 and 1.18 (3s, 91-1, 3Cl-13, 
2Cl-13-4, Cl-Is-lo), 1.18 (d, .J = 7.0 Hz, 3H, Cll3, Cl&-S), 
1.32-1.52 [m, 121-1, GCI.12, Sn(Cl-1~CI-1~CIf~Cl~l:~)s], 1.42- 
1.83 (m, 411, HZ-~, HZ-~), 2.31 (q, .I = 9.0 I-Is, II-I, l-l-9), 
2.30 (s, II-I, l-l-5), 3.01 (qdd, ,I = 7.0, 9.0, 1.9 Hz, II-I, 
H-8), 3.08 (t, J = 2.7 Ha, IH, H-l), 3.97 (dcl, OJ = 14.3, 
9.0 Hz, lH, Ha-11), 4.01 (dd, J = 14.3, 9.0 I-lx, 11.1 Hb- 
ll), G.31 (d, J = 1.9 Hz, 11.1, H-l’, J Il-117Sn = J I~l-~‘“s~l 
= Gl.0 Hz). 

13C NMlt: (CDCls, 50.3 Ml-lx, forsltolin numbering) 6 11.4 
(3Cl-12 S11(Cl~l2Cl-l~CH2CH3)3, J 13C-1i7Sn = 342.0 l-I&, 
SJ 13C-* ‘%I = 339.0 Hz), 13.9 (3CH3, Sn((Cl12)3CH3]:~}, 
18.9, 20.1 and 21.0 (3Cl-131, 22.4 (C-3), 27.5 (3Cl-12, 
Sn(CHzCl-l&‘l-IzClJs)~, J lJC-l“Sn = J ‘%-“%I = 
~~~~llHx), 29.4 {3CHa, Sll(Cl~l2Cl-12Cl~l2c!l-l:~)3, J ‘3C- 

= J 13C-’ ‘Sn = 2300 11x), 31.8 (C-4), 32.2 (Cl-Is) 
35.5 (C-9), 3G.2 (C-2), 45.0 (C-lo), 52.9 and 54.0 (C-5, 
C-B), 67.8 (C-11), 84.0 (C-l), 
= 3G3.0 Hz, J ‘%-“%I 

141.0 (C/-l, <I ‘3C-‘17S~~ 

(C-G). 
= 3G0.0 Hz), 150.0 (C-7), 202.4 

MS: (Cl, Nl-1:s) m/r for major ‘20S11 isotope 55G 
(MH+ + NHo), 538 (h/II-l+), 291. 

(3aR+ ,4R’s*, 7aR*)-3a, 5, t- ~imeth~~l-3-rrrettr.~llide~re- 
octahlldlalrc?lzo~u~a~l-4-ca?~~a~(Let~~~Le 15 

To a solution 01’ I’CC (2.3 g, 11 mmol, 1.5 equiv) and cclile 
(2.3 p.1 in dicl1lorometl1anc (20 n&I was added via cunaula 
L sofi;tion of alcol~ol 14a ‘[3] -(iyi mixture of 5~1-1 and 
50-H isomers, 1.5 g, 7.1 mmol) in dicblorometl1atle (15 mL). 
The resulting dark-brown solutlo11 was stirred at 20 “C To1 
1.5 11 and filtered through a plug of celitc and concentrated 
in vacua. Purilicotion by ll~asli cl1ron1t~tograpl1y on silica gel 
gave a I:1 mixture of 6a-l-l and 50-H aldebyde 15 (1.4 g, 
95% yield). 

To a solution of tile preceding 1:l mixture of aldcbydc 15 
(500 mg, 2.4 mmol) in mcLl1anol (2 mL) was added K&O3 
(1.7 g, 12 mtnol, 5.equiv) and tl1d resulting suspension was 
stirred at reflux for 3 11 and tl1en cooled at 20 “C. ‘I’ll0 re- 
action mixture was partitioned between a 1 N aqueous HCI 
solution (20 mL) and dictbyl ether (50 mL) and tl1e pbnses 
were scparatcd. Tl1e aqueous phase was extracted wit11 cli- 
ctllyl etl1er (3 x 50 mL) and tl1e combined organic phnscs 
were wnslled wit11 brine, dried over anllydrous hQ$0.1, fil- 
tered and cotlcentrated in vacua. Purification by Rosh chro- 
matogmphy on silica gel gave t11e pure Sa-Ii aldellyde 15 
(4G0 mg, 92% yield). 

l Compou7l.d 15 (h-H) 
IR: (CHCl3) u 2 935, 2 852, 2 736, 1 715, 1662, 14G1, 1385, 

1367, 1074, 1051, 1030, 891. 
‘I-I NMR (CDCl3, 400 MHz) 6 0.94, 1.17 and 1.27 (s, 91-1, 

2CI-l3-5, CH&a), 1.12-1.90 (m, 41-1, l&-G, HZ-~), 2.01 (d, 
J = 3.8 Hz, lH, H-4), 3.51 (t, J = 2.9 Hz, lI-I, I-l-7a), 
4.28 (td, J = 13.7, 2.4 Hz, II-I, Ha-2), 4.59 (td, J = 13.7, 
2.4 Hz, lH, Hb-2), 4.73 (t, J = 2.4 Hz, lH, Ha-I’), 4.91 (t, 
J = 2.4 Hz, lH, Hb-1’), 9.86 (d, J = 3.8 Hz, lH, H-l”). 

13C NMR: (CDCl3, 50.3 MHz) 6 17.9 (CH3), 22.1 (CH3), 
22.2 (C-G), 32.2 (CH3), 32.8 (C-S), 34.9 (C-7), 45.5 (C- 
3a), 58.5 (C-4), G9.8 (G2), 84.2 (C-7a), 104.9 (C-l’), 
15G.G (C-3), 204.9 (C-l”). 
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hlS: (Cl, N11:j) m/z 220 (hll-I+ f Nl-III), 2OO (hdl-I+), l!Jl, 
17!J, lG3, 153, 135, 123, 

Attttl cdc for C~~I~I~IJO~, 208.21): C, 74.!lG; 11, 9.G8. libttitcl; 
c:, 74.5iJ; 1.1, 9.01. 

IR (CllCi:~) I/ 2!130, 2860, 2735, 1715, I GOO, 14ti0, 1385, 
1370, I 075, I OGO, 1 030, 890. 

‘II Nh412 (CIX&, 200 MI~ix) 6 O.OO, l.O!J tud 1.33 (3s, Oil, 
3Cll:j, CIl:t-Yn, 2 CI.I:t-G), l.l!J-2.00 (Ill, 51-1, 1.1-4, llz-0, 
llz-7), 3.Gl (1, ,I = 3.2 Ha, 11-1, I&7rr), 4.27 (clc,, ./ = 14.1, 
2.4 l-lx, 111, l-111-2), 4.33 (GIL, ./ = 14.1, 2.4 I-Is, III, l-11,-2), 
4.87 (1, .I = 2.4 I-iw, ill, IIn-I’), 4.!J7 (I,, .J = 2.4 Ha, III, 
HI,-1’), !J.GO (cl, ,I = 6.3 Hz, 111, 1-i-l”). 

“‘C NMlt: (CDCI:~, 50,3 hdllx)‘6 22.!) (C-G), 2G.3, 2O.4 IIIICI 
ZJ.!) (ZCI~i:~-5, Cl&-3tt), 31.5 (C-7), :32,1 (C-G), 40.1 (C- 
a), GG.8 (C-4), 70.t (C-2), 83.2 (C-711), lOG.4 (C-l”), 
15ti.2 (C-3), 204.8 (C-l’). 

h,lS (Cl, NI.13) W./Z 22G (Mll+ + Nil:,), 209 (kill+), l!Jl, 
179 lG9 153 135 1’2’1 ‘I ‘1 ,‘I ‘. 

‘Ii-t ii coolccl solttLioii (0 “C) 01’ IiLltitm nccLylitlo-ethylem- 
clintttiitc coi1111lcx (1.7 g, I!) ittinol, 2.5 cclttiv) in 15 nil, 
ol’ ‘1’1-11~ wns nclclccl nldeltycle 15 (5cu-I-l) (I.5 g, 7.2 itttiiol) 
itt 1’1~11~ (5 iilL). l’lio rcnction mixture wnzj slirrccl nl 
tliis k.mlmnL~m for 3 II IIIKI LIICII al 20 OC ror 12 11. 
‘L’lic rcnctiott wtis r1i1c1icl1ccl wilit nir snturntcd II~~COIIM 

NII.tCI solttlion (10 niL) imtl tliltttccl witlt dictltyl CLIICI 
(50 1111~). ‘1%~ pliium wcr0 scimx~tccl mid llm nqrtcotts 
pl~trsc wis cxli~ct.ccl witlt cliclltyl etlier (3 x 60 inL). 
‘I’lic coml~inccl orgt~iilc pIirises were wnsl~ccl wil~i l~rim, 
tlriccl over u~~l~yclrot~s hdgSO.I, filLcrct1 nncl cnncc~~~r~t~ctl 
iii v~iclto. I~ttriiict~.liott by llnslt clt~oittnl~oy~iil~lty oii sil- 
icn gel gnvo (1fL’(~31i~S’,4,S’,71~~S~)]-l-(~3-ii~clltylicl~ttc-~~~~,5,5- 
I,~intclltylocLttl~yrll’ol~cn~0~ttr~ttt-~l-.yl)l~ro~~-2-~~~~- l-01 (1.27 g, 
75% yicltl). 

117.: (N&I) II 3 G07, 3 4 17, 3 304, 2 O37, 2 850, 1 4 IO, 2 340, 
2 IBE, I GBO, I 4G1, 1 370, I 075, 1 048, 1 029, 908, 737. 

‘I,1 NMit (CIXI~, 200 hdilz) 6 1.24 id 1.X (3s, !JII, :3CH:~, 
ZCI~l:,-c;‘, Cl-1:,3’n), l.OG-1.87 (III, did, Ii&, i-lz-i’), l.Gti 
[cl. J = 1.2 l-la. III. l-I-4’). 2.27 (cl. .J = GA Hz. 11.1. OHI. 
!k (cl, .I = 2:ti I-l-/., II-I;‘]-l-3), kb2 (L, .l = 218 II,., 11-i; 
lb7’n), 4.28 (tid, J e 13.3, 2.0 Ils, II-i, Iln-2’), 4.58 (clci, 
.J = 13.3, 2.0 Hz, 11-1, HI>-2’), 4.91 (tlcld, J = G.G, 2.5, 
I.2 l-lx, 111, H-l), 5.02 (cl, .I = 2.0 Hz, 11.1, Iit~l”), 5.03 
(cl, .J = 2.0 1.1x, 111, 1.11~1”). 

‘:‘C NMR: (CDCls, 50.3 h4Hx) 6 17.8, X3.8 ILII~ 3Y.G (3C&, 
2C1-i&i’, Cl&-3’a), 22.G (C-G’), :34.!J (C-5’), 37.0 (C-7’), 
48.2 (C-3’n), 50.0 (C-4’), 01.0 (C-l), G!).8 (C-2’), 74.2 (C- 
3), 85.3 (C!-7’tr), 87.7 (C-2), 105.G (C-l”), 150.2 (C-3’). 

RW: (CI, NII3) m/t 252 (h41-I’ -I- Nils), 235 (kItI+), 217, 
iO!J, 18!J, 175, lG1, 147, 123, 1OO. 

hllfli Cllk rOr c~si-id%, 234.33: c!, 7G.88; i-i, 9.4G. ~;bllllC~; 

C, 7G.05; I-i, Y.38. 

A solution of tlic above nlcc~liol (300 ing, 1.3 tii1t101) iii 
:3 iiiL 01’ tiiclior0itictltnne was ncicicci at 20 OC 1.0 il. solttlioii 
of tlic Dcss-Ahrtiii reagent (100 ing, 2 iiiinoi, 1.5 cqttiv) iii 
2 1111~ of tlicliiorori~olitni~c. m2 rcxtioii wns dirrcci cd 20 OC 
I’or I It ant1 ciuencliecl wit;lr 5 tnL of n sntt~mlcci :I~LICOIIS 

NwSO:t sol~kion. TIIC tnixlttrc wns ciiltttoti wiLli 25 ml, 01 
ciiclltyl ctlicr mid tltc phnscs wcrc scpfmdcci. Tlic nqiicoliS 

pitnsc was extracted witli 3 x 25 tnL of clictliyi eL11cr nnd 
the coinbinccl orgmiic pitnscs wcrc washctl witlt SlltUlXtCCl 

nqucous Nal.1 CO3 , tllen witit brine, tlriccl over iIIll1yCl~OllS 

h4gSO.1, lili,crccl nnci co~~cc~~trntcci in V~CIIO. I’urilicuLlo~~ by 
flush citroirii~lo~t~~tl~lt.y 011 siiicir gel yuvc Itct011c 10 (110 1116, 
SG% yiclci). 
ilt (CIICis) v 3 2O8, 2 O38, 2 857, 2 lG8, 1 182, 1 G74, 1402, 

1301, 1 370, 133G, 1 140, I 159, I 103, 1087, 1 048, 1030, 
DOS, 754, G4O. 

’ I.1 Nhdlt: (WC.& , 200 h~lI-iw) d 1.03, 1.13 1111cl l.!x (3s, !)I-I, 
3Ci-ia, 2C1-i:t-G’, C11:,-3’11), 1.23 (III, III), l.GB (111, II-I), 
1.85 (III, 2Il), 2.8!J (s, 11-l, Ik3), :3.21 (s, 11~1, IId’), :3.t3 
(I, ,I = 2.5 I-lx, 11.1, I-1-7/n), 4.32 (A, J = 13.7, 2.1 ila, 111, 
I-In-a’), Q.Gl ([IL, .J = 13.7, 2.1 I-la, 11.1, Ilb-%‘), 4.77 {I,, 
.I = 201 llz, 11.1, I-ILL-l”), 4.8!1 (ia, .I = 2.1 Ilx, 11.1, llt-I’). 

‘% Nhclit: (CDC’I I 3, 60.3 MI-Ix) 6 18.1 (Cl-]:I), 22.0 (C-G’), 
22.2 (Cl-is), 32.4 (Cl-I:,), 34.8 (Cd’), 35.3 (C-7’), 4G.5 (C- 
:3t1’), (Il.4 (C-4’), G!J.G (C-2’), 77.4 (C-3), 84.1 (C-7’n), 
85.6 (C-2), lOd.6 (C-l”), 16G.3 (C-:3’), l!JO.l (C-i), 

MS: (Cl, Nl.1~) ~tt/t 260 (MI-i+ _t NH:,), 233 (h4Il+), ZIG, 
213, 187, 175, IG!J, 147, 133, 123, IOK 

Am1 cnic for Cthl-1~002, 232.31: C, 77.55: II, 8.08. I~ountl; 
C, 77.75; I-I, 8.Gl. 

‘lb fl soittLioit of sclcnitm dioxitlc (GO III~, 0.5 1nn101, 
2.5 ccittiv) in ciioxntie (5 iitl,) wus riclciccl dislillcci wntci 
(28 /rL) nttrl ti~c rcsuilittg tnixlrtrc wns slirrcci tlL 20 ‘C Tot 
18 min. A soliibiott ol’ cori~pou~~i 10 (GO ing, 0.2 1n1n01) III 

tlioxtiitc (.I tnL) wns trtmdcrrccl lo tllc ttbovc soltrtion mtci 
Liic rcnctioti IiiisLtirc wns sl~lt~rcrl iiL Mitts Ibr 5 ii, After cool- 
ing lo 20 OC, the Itclci~oycttcotrs s0lttLi01t wns filleretl over tl 
plug oTcaliLr! iitid I~iic solid rittscci wiLit tlictlltyl clitcr (50 inL). 

‘lb 11 soittlioi~ or Llie nbovo crttria rcsitltic (7 ntl~. 
0.03 ii111~01) in cllinttol (1 td) IVilS ncldcci Atttim~litjL re.& 
(20 rnd. l’iic rcsttllinn sttstmtsioll WilS slirred nt 20 OC rolb 
5 11, IiKercd over c0iit~~atttl’li1c lillmttc rinsed wilit 50 inL 0r 
ciiclliyi cl.lior. ‘I’lic orgnnic IIili1SCS wcrc wcisiicci wiLtI Iwiim, 
clriccl over ~lyS0.1, flltwcrl ntiti coimitlrttlccl ii1 vnctio. ‘I’lic 
rcsullitig oil wns pttrilicci 1~ flflsli ~llrolltutorrntlhv fcliilim 
itctroi0iTtii cLiter/~ti~yl wcintc) Lo drortl 7 kg:‘( 18% yield) 
or the litic COI~I~~IIII~ 17. 
IR: (CIlCI:t) v 2 !J43, 2 878, 2 154, 1 181, 1 073, 1 4138, I 391, 

1370, 133G, 1 140, 1121, 1031, 764. 
‘II NMR (CDCI;,, 200 n’lllx) 5 1.00, 1.10, (2s, Gi-I, 2CH:t), 

1.25 (L, .J = G-5 ilx, 31-1, Cl-13, OCI-IaCM3), 1.27 (s, 31-1, 
Cl&), l.Gl-1.93 (III, 411, I&-G’, l&7’), 2.80 (s, 11-1, H-3) 
3.20 (s, 11-1, I-i-l’), 3.46 (m, 211, OCI-l~Cl-Is), 3.82 (bronci 
s, 1 i-i, 1-1-7’19, 4.O7 (cl, .I = 1.8 11x, 11-1, Pi-l”a), 8.24 (cl, 
.J = 1.8 Hz, 11-l, I-I-I”i,), 5.53 (L, J = 1.8 Iia, 11.1, H-2’). 

t3C Nhllit: (CDCI:,, 60.3 hdilx) 6 16.5 (CXls, OCI-I~CHn), 
17.0 (Cl+j), 21.7 (C-G’), 20.8 (Cl&,), 32.4 (Cl-la), 34.8 
(C-C;‘), 3G.3 (C-7’), 4G.G (CX’n), G2.7 (CM’), G4.2 (CI-12, 
OCI-IzCI-IS), 77.8 {C-3), 82.0 (C-7d), 8G.O (C-2), 103.0 
(C-l”), 110.8 (C-2 ), 187.6 (CM’), lOO.80 (C-l). 

MS: (Cl, NI.l:t) m/z 294 (Mkl+ + Nils), 277 (hW+). 

‘1’0 LL soiulion or sclcniutn tiiosicla (GO tq, 0.5 tntnoi, 
2.5 cclitiv) iii tlioxnnc (5 tttL) was ixlclcti clisLillcc1 wnlci 
(28 pL) mtci t11c tcsttllir~g tnixLttrc ww stirrcti nt 20 OC ToI 
I8 mitt. A solulioii 0r cotnpottttcl 141, [3] (01 tttg, 0.2 tnmol) 
in ciioxitnc (1 mL) ws tmnskrrcci lo tllo nbovc soitttion nnci 
the rcnction tnixlttrc wtls stirred nt rellttx for 5 h. Artcr cool- 
ing to 20 “C, tlic l~ctcrogciicous s0lttLiort wits lillcrccl ovct 
cciilc nnrl tiic soiicl wns rind wild1 tlictliyl ctltcr (50 ml,) 



ulld col~ccl~l.IdJxl in vtuzu0 to give compo~mzl 19 ((13 tttg, 
67% yiclcl). 

Ilt (CI-ICh) v 2 (348, 1 OW, I GGO, 1 448, 1054, ‘3011, 733, G4!). 

‘I.1 Nh4IE (CDCIJ, 200 MI-IX) 6 0.7G-1.8G (tn, GII, 11.4, I-I& 
l&7), 0.48 (s, 31-1, Cl-Is), 0.06 (s, 31.1, CH&,1.22 (s, 311, 
YIk), 3.27 (&I, J = 105, 7;: Hz, 11.1, IIn- ), 3.35 (&I, 

= 10.5, 2.0 Hz, 11-1, I-lb-1 ), 4.20 (t, ./ = &G Hz,, 11-1, 
II-~&L), 4.80 (s, 11.1, I-lt~-1’), 5.80 (s, 11-1, 1-11~I’), 7.32 (tn, 
911, hr-l-l), 7.81 (in, GI-I, Ar-1.1). 

“‘C Nh4l-t: (CDCI:,, GO.3 MHz) 6 17.1 (Cl&t-Zil), 23.3 (C-O), 
31.3 ntd 32.1 (2CI&-S), 34.2 (C-G), 35.0 (C-7), 44.7 (C- 
nit), GI.G (C-l), 6l.G (C-l”), 8G.4 (C-719, 87.5 [C’(Plt)a], 
122.G (C-l’), 127.2 (3CI1, AI’), 127.0 (GCI-I, Ar), 128.8 
(OCII, Ar), 144.0 (3C, AL’), 144.3 (C-3), lGG.2 (C-2). 

MS: (CI, NI-la) 711/z 484 (klIl+ + NIh), 467 (ADI’). 

l’o fl soluLion of 10 (GO tng, 0.1 tnmol) iii toluctw (3 ItlL) 
c:00lccI to -20 “C ~11s ndtlcd 11 1.8 M DIDALI-I solution 
in loluenc (300 /IL, 0.84 tntnol, G ecluiv). Th rcwtion 
wfls slirrcd id this tcmpcrtlt;urc for 1 II imd qucticltccl with 
tncthnoj (0.5 unL). Tj~c rcttction misturc wns pwlitdonccl 
bctwectt wntcr (10 IT&) mid diclltyl cllier (30 II1rA). ‘I’IIc 
pjinses wcrc scpnrntcrl and llic uqucoits jnycr WOH cxtrnctecl 
wit11 didhyl clhr (3 x 2G tnL). ‘I’lic contblncci organic pjiflscs 
wore wiisltctl witlt brittc, dried over onltytlrous h4gSO.1, ill- 
tcrccl mid coticenlrtd.ccl iii vncuo to give tlic corresj~ortding 
Iflctol wlticii WIS ctwricd 011 lo Llic next step willtottt fttrlltct 
purific~tiott. 

To a solitt;ion of tlic ctbove lnctol jti ~t~clj~flnol (2 mL) 
wtts otlcled lGkI+ Atni~crlist resitt (80 mg). The rcsttllittg 
sitspension wtts stirrccl al 20 OC for 2 It, lilLerccl over cclitc 
tmcl lltct fi1Lrcit.c was rittscd witli 50 mL of dicLityl ctltcr. 
WIG orgmiic piiuscs werc wusl~ccl willi brine, tiriccl ovct 
MgS0.t , filtcrcd mid cottcctitrt~tcd Iti vncuo. The resulting 
oil wets jxirilictl lay Ilnsii clirotni~togruphy (clution pctrolcum 
cthcr/cthyl ~xclntc) lo drord 7 mg (76% yiclcl) oTco111po1tttd 
20. 

11-k (CI-ICla) v 2 048, 1 GGO, I 448, 1 OG4, 900, 739, G4O. 

‘I-I Nhdlt: (CIX&, 200 h4I-1%) 5 0.78-1.85 (tu, GM, Id-Q, IkA, 
I&-7), 0.71 (s, 31-1, CI-Is), O.G3 (s, 311, ClIz), 0.06 (s, 31-1, 
CHs), 2.OG (clcl, J = 10.5, 7.0 II&, 11-1, Hn-1”), 3.28 (cid, 

= 10.6 2.0 Ha, lH, Ia>.l”), 3.39 (s, 3H, OCI-Is), 3.63 
; J = GIG I-lx I[_1 II-7n) 4.48 (s 11-I Iln-I’) 5.0 (s II-I, 
I-lb-l’), 5.36 (;, l;I, H-2j, 7.31 I;,, &I, Ark;), 7.Gi (m, 
01-1, ArH). 

“C NRQIE: (CD’&, GO.3 hJIla) 6 17.7 (CI&%t), 22.8 (GO), 
22.6 ntd 34.2 (2CIbG), 33.4 (C-G), 38.0 (C-7), 47.G (C- 
3n), 55.1 (C-4), G1.G (C-l”), 02.6 (0.Cfls), 82.G (C-7~9, 
87.7 [c(Plt)~], 104.0 (C-2), 110.3 (C-l’), 127.7 (BCH, Ar), 
12O.l (GCJI, Ar), 120.3 (GCI-I, Ar), 144.0 (3C, Ar), 167.4 
(C.3). 

h4S: (Cl, NI-Is) m/t 483 (h/II-I+), 244. 

And cdc TOr Caak13803, 482.G3: C, 82.12; I-I, 7.04. Found; 
C, 82.28; II, 7.7G. 

(3aR*,4R*, 7aR*)-%-(4-H~d~~ox~meth~1-3a,6,&t?in~eth~~- 
3a,4,6, G, 7, ~a-i~.exah~d~o(lenzofuran-3-~/l)p7npar~.e- 
nitvile 2Zb 

TO :L solution 0r 22a [3] (105 mg, 0.3 tnmoi) in ncctonitrilc 
(950 j&L) at, 20 OC WLS added n 48% aquco~~s I-II? solution 
(50 mL). Tltc resulting clo~icly tnixtttrc wn.9 stirrccl nt 20 W 
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f0r 1 II, tu~ci llio rcttctioti rl~~c~~cltctl willi IL si~Lttrr~lcx1 r~rl~~c- 
0~1s NdlC0:1 solution (5 IIIL) r111d tiilttt.ctl wil.lt tliotlt.vl C~JICI 
(30 ttti~). ‘IYrc lhi~scs Were sf$iwntcd mid 1J1c~ tiqilco~i~ lh1~5c 
ws cxlrtlclctj wjl11 cliolltyl ctltcr (3 x 26 1111,). ‘NIC COIII- 
IAnctl orynttic pltnscs wcrc wnslicd witlt lwittc, clriotl over tiii- 
hydrous MgS0.t , filtcrctl tulcl cottcctttrnlccl in vhto. L~IIwII 
cltrotnnLogrnpl~y 011 sillcn ycl gave 1dc011oi 22b (07 tug, !JO% 
vieldl. 

96 LI. solttliott of 23 (GO III~, 0.2 mmol) it1 tolttwc (3 ml,) 
cooled UL -20 ‘C ~11s r~lclctl H I ,G M I~II3ALH solttliott 
iti l,oIttotte (0.7 IIIL, I .O 1nmo1, G cqttiv). Tltc rcrwtiott was 
slirrod nL Lltis Ictttl~crnLttrc rol I II mid qitcliclietl witlt 
tnelltimol (0.6 ml,). ‘I’lie rcuctiott tttixlure wits l)nrlillottctl 
bctwcen wnbr (10 IIIL) mid dicthyl cl,ltcr (30 inI,). ‘I’i10 
pliflscs were sclmrttlctl riiid I,llc nrlltcoutl ltiycr wis cAmcLod 
with clicthyl cthcr (3 x 28 1t1L). l’hc cotnl~irtctl orgmlic jhlscs 
wcrc wnsliccl wiLli brittc, clricd over tutltytlrotts MgSO.,, lil- 
Icred utd cot~cenlrntctl itt vncuo lo pivc 22n (38 III~, 7GW 
yield). 
Ilk (cldC&) 3 300, 3 200, 2 934, 2 896, 2 220, I GGG, I 02 I, 

1386, 1 ODO, I OG4, 8G4. 
‘I-I NR4It: (CDCls, 200 Mll~) 6 0.77-l.YG (111, 81.1, IIA’, 

I&7’, l-l-4’), 0.81) (R, 3I1, CHJ), 1.03 (x, 311, Cl-Is), l.lG 
(s, 31-1, cm), 1.36 (rl, .I = 7.8 Hz, 31-l, ci-I:~-l’), :3.70 
(dci, e/ = 11.1, 7.3 IIz, 111, h-l”), 3.83 (&I, .J = 11.1, 
3.4 Hz, 111, Ilb-1”), 4.0 (cl, J = 7.8 I-IX, 11.1, II-l), 4.2G (1, 
.I = 3.6 Hx, 11.1, I-I-7a’), G.GG (5, 111, H-2’). 

MS (Cl, Nil:)): n&/t 2G(i (RIH’ + NIla), 2GO (Mll’). 

To $1 solutiott of 22b in clicillorotmAhut~c (1 II~L) wns c~Iclccl 
Dew-h~ldin rcagcnt (170 tng, 0.G 111mo1, 2 ccjuiv) tu~tl 
the rcfiction tnixlitrc wtis stirred nL 20 ‘C! for 1.G jt, Llieti 
pnrtiLioncc1 between TV snturntecl nqucous NrlzS0~ solttliotl 
(G tth) nttd tliethyl clllcr (30 mL) twtl the pitnscs wcrc sep- 
arntcd. Tltc nrluc011s piinsc wfls cxl~rnctetl wiLli dicl;llyi etitor 
(3 x 28 mL) nncl tjlc combined orgwtic pltnses wcrc wnshcci 
witlt Iwinc, clricd over tuiliyclroits R4gS0.1, liitcrecl nttcl con- 
cctttrtttcd in v~ic~to. Prtrifictil;iott by flnsli clirotiit~togral~li~~ 011 
silictx gel gnvc tkIchytlc 23 (GG ~ng, 79% yiclcl). 
IIt: (CIICis) I/ 3 014, 2034, 2 210, 1 712, 1038, 1 278, I 143, 

1 034. 
‘I.1 NMR (CIX&, 400 MHz) 6 G.84-2.OG (111, 4H, Ha-G’, kiz- 

7’), I.02 (s, 31-1, CIls), 1.2G (s, 31-1, Ch), 1.33 (s, 3FI, 
CI-IJ), 1.41 (cl, J = 7.8 Hz, 3H, Cl-Is), 2.08 (cl, J = 3.8 IIs, 
ill, H-4’), 3.01 (&I, J = 111.2, 1.G Hz, 111, 1~11~.1), 3.47 (tlcl, 

= 19.2 1.0 1.1~ II.1 I-Ib-I), 4.07 (L, ./ = 3.G IIz, lk1, I-I- 
;‘*), G.l/i (s, lH;‘I.I-2:), 9.7 (tl, J = 3.8 Hz, III, H-l”). 

MS (Cl, NI13) m/z 248 (MI-l+). 

3a,s, 6-t~im.eti~.~~loct~~,h~~Lro~cn~zo~~~7~a7l~-3-~~l~derl~e)- 
ucetic acid mCt/l.lJl ester 25 

To n solution of 24 [3] (590 tng, 1.8 mtnol) in TIW (G mL) 
at 20 OC was n&led n 1 kf ‘I’BAP solution in THI? mtcl 
tlte inixturc wvns stirred nt Lltis tempcrnturc for 12 Il. Tlte 
rcnction wns quetichcd with wntcr (IO mL), diluted witlt 
djetltyl cllter (50 tnL) nttd the phases were separated. Tllc 
nqucous, phse was extrncted with dielhyl eLhcr (3 x 28 ml,) 
and 1,1te combined organic phases cwshed with brine, clriecl 
over nnllydrois h3gSCt,~, fillcrecj and concentrated itt VXXIO. 
Purjficntion or Llte rosicluo by flash chrotnntograpjty on silica 
gel gnvc dcohol 25 (150 tng, 68% yield) as n yellow oil. 
IR (CI-IC13) Y 3 4G4, 2 949, 2 SGG, 1 708, I GGS, 143G, 1 3G0, 

1 224, 1 177, 1047, 1019, 909, 733, 084. 
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'II NhtlR: (CDCl3, 200 MHz) 6 0.7-1.8 (m, GI-I, H-4’, I-k-G’, 
H1-4’. OHl. 0.90, 1.0 and 
2cH3:5’), ~A2 (t’, J 

1.03 (3s. 9I-1, 3Cl.13, CH3-3’n, 
= 2.5 Hz, ‘11-i, I&n), 3.‘62 (s; 3H; 

CHS, COaCHs), 3.70 (ml, 2H, Ha-l”), 4.G8 (dd, J = 17.5, 
2.5 Hz, 11-1, Ha-2’), 4.88 (dd, J = 17.5, 2.5 Hz, 11-1, Hb-2’), 
5.GO (t, J = 2.5, 11.1, H-Z). 

“‘C NMR: (CDC13, 50.3 hWs) 6: lG.3 (CHP3’n), 20.7 (C- 
G’), 21.1 (CIk5’), 32.2 (C-5’), 3245 (CHFG’), 34.2 (C-7’), 
47.2 (C-3/t& 48.0 (C-4’), 50.5 (CHJ, COZCHJ), 59.4 (C- 
l”), G9.4 (C-2’), 82.3 (C-7/n), 110.2 (C-2), 165.8 (C-3’), 
171.5 (C-l, co2cX13). 

MS: (Cl, NI&): m/t 28G (MH+ -l- NH& 269 (htlH+), 254, 
181, 167, 153, 137, 123, 52. 

[2Z(3Z,3uR+,4Rc,7aR’)j-(4-Fo~rnyl-3a,5,5-tri~neti~~l- 
hexa~l~.~~rlrobentofu7ntl.-3-l/lidene) acetic acid tncth~jl- 
cstfY 26 

To LL solulion of oxaiyi ciiioride (30 pL, 0.3 mmol, 1.5 cquiv) 
in dici~iorotncll~nt~e (200 /AL) cooled at -GO ‘C was added 
DRWO (60 pL, 0.0 tnmol, 3 equiv) in dicillorotr~etimt~e 
(ZOO ILL), TIE reaction mixture was stirred td this lem- 
perature lbr 5 min and tile nicoi~ol 26 (GO tng, 0.2 mmoi) 
fldded. Stirring was continued for 30 min flnd 1;riel;iiyiumitie 
(140 /IL, 1.0 mmoi, 5 cqulv) added. The reacliou was slirred 
for 5 min aud allowed to warm to 20 ‘C over 2 11 tmd 
quenched witil wol;er (10 mL), diluted wit11 dielhyl elhcr 
(50 mL) and IAle pi~ases were scparnled. The aqueous pimsc 
wns extracled witit dietityi elher (3 x 25 mL) and lile com- 
bincd orgnuic pi~oses work wasited‘wih brine, dried over nn- 
ilvdrous MrrSO.,. liitered und concentrated in VOCIJO. PurilI- 
&k by n’nil ‘dllromntography ou silica gel gave nidellydc 
eslcr 20 (44 tng, 83% yield) fly il. yeilow oil. 
In: (CIICIJ) II 2 9G0, 2 850, 1735, 1 G48, 1438, 1370, 12G1, 

1088, 910, 734. 
‘I.1 NMR (CDCi3, 200 MHz) 6 0.78-2.01 (m, 51-1, H-4’, Ha- 

G’, Hz-/I’), 0.90, 1.00 anti 1.03 (3s, 9H, 3CH3, CHa-B’a, 
2 CH3-5’), 3.44 (t, J = 2.5 Ha, 11.1, H-7’n), 3.65 (s, 31-1, 
CI-13, CO&H3), 4.71 (dd, J = 17.5, 2.5 Hz, 11-1, Ha-2’), 
4.89 (dd, J = 17.5, 2.5 Hz, lH, Hb-2’), 5.GO (1;, J = 2.5, 
II-I, H-2), 9.82 (s brond, 11.1, CHO). 

‘+Z NMR: (CDCi3, 50.3 h’IHs) 6 16.3 (CH3-3’a), 20.7 (C- 
G’), 21.1 (CHJ-5’), 32.2 (C-5’), 32.5 (CH3-5’), 34.2 (C-7’), 
47.2 (C-3’&), 49.2 (C-4’), 50.5 (CH3, COZCIIJ), G9.G (C- 
2’), 82.4 (C-~/R), 110.2 (C-2), 164.7 (C-3’), 171.5 (C-l, 
COzCH3~, 203.4 (CHO). 

h/IS (Cl, NE&) m/z -284 (kH+ + NHa), 267 (hJH+), 181, 
lG7, 153, 137, 127, 123. 

(2aR*, 7aS, 76R*)- (5,5,76-‘Trimetl&2a, 5, G, 7,7a, 76- 
he~al~~dro-2~-furo/2,3,4-cdJbenzo- 
furan-2a-ul) acetic acid methyl ester 27 

To n solution of aidcityde 20 (230 mg, 0.91 tnmol) in toluenc 
(5 tnL) was added DBU (1.34 tnL, 9.0 tntnoi, 10 equiv) and 
l11e resulting mixture skirrecl nl 65 OC for 4 11, cooled at 
20 “C and pnrtil;ioned between a 1 N aqueous HCL solution 
(10 tnL) and dietilyl ctilcr (50 mL) nnd tile pbascs were scp- 
nratecl. T11e aqueous piutse was extracted wit11 dietllyl ether 
(3 x 25 mL) and liie cotnbined organic phases were waslled 
wiLlI brine, dried over anhydrous MgS04, filtered and con- 
centraled in vacua. Purification by Iias11 cllrotnatograpby on 
silica gel gave compound 27 (156 mg, G5% yield) es a ycilow 
oil. 
IR (CHC13) Y 3012, 2 953, 1751, 14GG, 1341, 1 189, 1 134, 

1021, 837. 
‘H NMR (CDC13, 200 MI-I&) 6 0.75-2.10 (m, 4H, HZ-G’, 

HZ-~‘), 1.10 (s, 3H, CH3), 1.11 (s, 3H, CH3), 1.18 (s, 

31.1, CH3), 2.55 (d, J = 15.G Hz, 11-1, I-In-2), 2.80 (d, 
J = 15.G Hz, 11.1, Hb-2), 3.67 (dd, J = 60, 3.0 Hz, lH, 
I-I-7’n), 3.72 (s, 3H, CIIx, CC&Ih), 3.90 (d, J = 11.0 Hz, 
II-I, I-In-2’),, 4.32 (cl, J = 11.0 Hz, iH, Hb-2’), 5.99 (s, 11-1, 
H-4’). 

‘“C NMRt (CDC13, 50.3 MHz) 6 18.0 (‘X3), 24.1 (C-G’), 
2G.3 (CH& 30.3 (CI&), 32.0 (C-5’), 36.0 (C-7’), 39.4 (C- 
2), 51.8 (CI-Ia, CCaCH3), 55.3 (C-7/b), 80.2 (C-2’), 83.5 
(C-7/n), 94.7 (C-2’a), 124.8 (C-4’n), 137.6 (C-4’), 170.8 
(C-l, CO2CH.?). 

h’lS: (CI, NI-13) m/t 284 (MI-I’ + NI-Is), 267 (MI-I+). 
Annl cnic for Ct~H220,1, 26633: C, 67.64; H, 8.33. l?ound; 

C, 67.78; I-I, 8.29. 

[2R* (3aR*,4R’, 7aR’]-2-(4-([(tsrt-But~~ldirnsthylsil~l)- 
oqj]methyL}-3n, 5,5-trimcth&3n,4,5, ti, 7,7a-haxo- 
Ir.~~d7oben~zofura7s-3-~ll)pro~~anal 32 

To 11 solution ol nlcol~oi 30 [3] (50 ~ng, 0.14 mmol) and pyri- 
dine (50 ILL, 0.G tnmol, 4 equiv) in 1 JIIL of diclilorometlmne 
wt-ts nddkd lhe Dcss-Marlin ;*eugent (90 mg, 0,2 mmol, 
1.5 eauivl and llle renction tnlxture wets stirred at 20 W for 
1.5 l~,‘ti& pttrlitioncd belween n saturnled NttzSOs nqueous 
solution (5 mL) und dictbyl etilcr (30 tnL) and tile pilases 
were sepamted. The nqucous plmse was extracted with di- 
e1,11yi ether (3 x 25 tnL) and tllct cotnbined organic plu~ses 
were wnsiled will1 brine, dried over ttnhydrous MgSOs, f11- 
tercd tmd cottccntrntcd in vncuo. Purification by flnslt cllro- 
matograpily on siiicn gel gnvo nldcllyde 32 (45 mg, 88% 
yield). 
112. (CHCl3) v 3 021, 2 985, 1 721, 1632, 1381, 1358, 1 123, 

1057, 93G. 
‘1-I NkIR (CDCi3, 200 MHz) 6 0.02 (s, GH, 2CI&, Si(CI-Ia)a), 

0.85-2.2 (m, 51-1, H-4’, Hz-G’, Hz-7’), 0.95 (s, DH, 3CH3, 
SiC(CH&), 1.02 (s, 31.1, CI&), 1.22 (s, 3H, CHJ), 1.40 
$l, J = G-5 Hz, 3I-I, (X3-2), I.45 (s, 3I-I, CI-Is), 3.60 (q, 

= 6.5 Hz, III, H-2), 3.91 (dd, J = lO.G, 2.5 Hz, lI_I, 
I-In-l”), 4.05 (dd, J = 10.6, j.3 i-12, lI_I, Hb-1”), 4.18 (t, 
J = 3.0 Hz. 11~. H-7’nj. G.29 Is. 11.1. H-2’). 9.78 ts broad. 

I* ., . I. . 
11-1, CHO). 

13C NMR: (CDCl3, 50.3 R4Hz) 6 -5.4 (2CI-13, Si(CIh)z), 
17.6 (CHs), 18.4 (C, SiC(CH3)3), 21.3 (CI-ki), 22.7 (C- 
O’), 22.7 (CH3), 20.1 (3CI-Ia, SiC(CI13)3), 32.3 (Cih), 
35.3 (C-6’), 3G.3 (C-7’), 44.1 (C-2), 47.3 (C-3n’), 54.2 (C- 
4’), 61.7 (C-l”), 90.2 (C7a), 126.7 (C-3’), 143.4 (C-2’), 
200.4 (CHO). 

MS: (CI, NHy) m/z 384 (MI-I+ f NHs), 3G7 (MI-I’). 

(3RC,3aR*,36R*,4R*,7aR*,8aS)-4-{/(tert-Butul- 
dimeti~2/lsil2/1)ox~~methyl) -3,36,5,5- tetmmethyl- 
dscahydrofuw[2,3-6Jhnzofuran 336 

A mixture of 30 (250 tng, 0.7 mtnol), dimctllyi sulfoxide 
(4 tnL) nnd tricthylnmine (0.7 mL, 5 tnmoi) was stirred and 
treated witit pyridinelsuifur trioxido complex SOS-pyridine 
(540 tng, 3.4 mmol, 5 equiv) in dimetilyl suifoxide (3 mL) for 
3 11 at 20 “C. The reaction tnixturc wns cooled lo 0 ‘C and a 
20% aqueous HCI solution was added before extraction with 
dietbyiethcr. l’urification by flasll cbromal;ograpily on silica 
rrci led to comnound 33b (183 tng, 72%). 
iit 8(;CZCi3) w-3 015, 2 OGO; 14GO;i 345; 1 185, 1 155, 1 030, 

‘1~ NGR (CDCi3,200 MHz) 6 0.05 (s, GH, 2CI-13, Si(CH3)2), 
1.0-1.9 (m, GH, Hz-G, I-12-7, H-4, I-I-3a), 0.90 (s, 91-I, 2CI-13, 
SiC(CH3)3), 0.94 (s, 3H, CHJ), 1.08 (s, 3H, CH3), 1.10 
(s, 3H, CHa), 1.18 (d, J = 6.5 Hz, 3H, CHs-3), 2.18 (m, 
lH, H-3), 3.60 (dd, J = 9.0, 5.0 Hz, lH, H-7a), 3.65 
(dd, J = 10.5, 0.5 Hz, lH, Ha-l’), 3.72 (dd, J = 10.5, 
G.5 Hz, 1H; Mb-l’), 3.96 (ddd, J = 8.0, 7.0, G.0 Hz, lH, 
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l-la-2), 4.15 (ddd, J = 8.0, 7.0, 6.0 He, 11-1, I-lb-2), 5.G2 
(d, J = 4.5 Hz, lH, H-8a). 

MS: (Cl, NHs) m/z 386 (MI-I+ -I- NHs), 369 (Mll+). 

(3R+,3aR+,3bR*,4R*,7aR’,SaS)-3,36,5,5-Y’etra- 
meth~l-4-([(trimcth2/lsil2/1)o~~fmetl~~l~-decahyd~- 
furol2,3-bjbenzofuran 33~1 and (3aRc,4Re,7aR*)- 
4-{[(trhnetlt~lsil~l)oxy]meth~l}-3-((lR+)- 
l-([(trimetltylsil~1)o~~Jmetl~yl)etf~~l)-3a,5,5- 
tvimc th&3a,4,5, G, 7,7a-h~aiLvdrobenzofiLran 34 

To a solution of diol 31 [3] (240 mg, 1.0 mmol) in CH2CI;! 
12 mLJ and tricthvlaminc (700 NIL. 5 mmol, 5 eauiv) cooled 
it 0 ok was addoh dropwiie cl~~orbtrimetl~~lsila~o (510 pL, 
4.0 mmol, 4 cquiv). After stirring at 0 ‘C for 1 II, the renc- 
tion mixture wes allowed to wtlrm to 20 “C nnd then stirred 
for 12 h at 20 ‘C. The reaction mixture was then parti- 
tioned. between water (10 mL) and diothyl ether (50 mL) 
and the phases were separated. The aqueous phase was ex- 
tracted wlt#h diethyl ether (3 x 28 mL) and the combined 
organic phnses were washed with brine, dried over unhy- 
drous- MgSO.1, filtered_and-concentratobcuo--Eur-ifi- 
cation by flash chromatography on silica gel gave silylatcd 
alcohol 34 (194 mg, 50% yield) and the furofuran derivative 
33a (98 mg, 30% yield). 

To a solution of oxalyl chloride (30 pL, 0.3 mmol, 
1.5 equiv) in dichloromethane (200 pL) cooled at -60 ‘C 
was added DMSO (50 DL, 0.G mmol, 3 equiv) in 
dichloromethnne (200 bL). ??he reaction mixture w&s stirred 
at this temnerature for 5 min and the bis-silylether 34 
(80 mg, 0.2 kmol) added. Stirring was continued-for 30 min 
and triethylamine (140 pL, 1.0 mmol, 5 equiv) was added. 
The reaction was stirred for 5 min and allowed to warm 
to 20 ‘C over 2 11 and quenched with wuter (10 mL), di- 
luted with dicthyl cthcr (50 mL) nnd the phases were sepa- 
rated. The aqueous phase was extracted with diethyl ether 
(3 x 25 mL) and the combined organic phases were wnshed 
with brine, dried over anhydrous MgSO4, filtered and con- 
centrated in vacua. Purification by flash chromatography on 
silica gel gave 33a (20 mg, 30% yield) as a yellow oil. 

l Compound 33~1 
IR: (WC&) u 3 026, 2 953, 1466, 1343, 1 178, 1 154, 1021, 

843. 

‘H’NMR (CDC13, 200 MHz) d 0.12 (s, 911, 3CI-13, Si(Cl-13)3), 
1.0-1.9 (m, GM, Ha-G, I-12-7, H-4, H-3a), 0.93 (s, 3H, CI&), 
1.00 (s, 3H, CH3), 1.09 (s, 31-1, CHJ), 1.14 (d, J = 6.2 l-la, 
3H, CH3-3), 2.15 (m, lH, H-3), 3.55 (dd, J = 9.0, 5.0 Hz, 
lH, H-7a), 3.02 (dd, J = 10.2, 6.7 Hz, 11-I, Ha-l’), 3.72 
(dd, J = 10.2, 6.7 Hz, 11-I, Hb-1’), 3.92 (ddd, J = 8.0, 
7.0, 6.0 Hz, 11-I, Ha-2), 4.11 (ddd, J = 8.0, 7.0, 6.0 Hz, 
111, Hb-2), 5.59 (d, J = 4.5 He, lH, II-&$ 

13C NMR (CDC13, 50.3 MHz) 6 -0.1 (3CH3, Si(CH3)3), 
25.4 (C-6), 2505 (CH3), 25.7 (CH3), 29.8 (c-3), 32.4 (C- 
5), 30.7 (CH3), 33.1 (CH,), 36.9 (C-7), 44.3 (G3a), 47.1 
(C-3b), 58.2 (C-4), 61.4 (C-l’), G9.6 (C-2), 85.6 (C-7a), 
107.3 (C-8a). 

MS: (CI, NI-Is) m/z 344 (MH’ -I- NHs), 327 (MH+). 

l Compound 34 

ln: (CHC13) v 3 051, 2 948, 1 GBO, 1 dGG, 1377, 1 181, 1 164, 
1 114, 1025, 916. 

‘H NMR: (CDC13, 200 MHz) c5 0.10 (s, 18H, ,GCH3, 
2Si(CH3)3), 0.72-2.07 (m, 5H, H-4, HZ-~, HZ-~), 0.89 (5, 
3H, CH3), 0.99 (s, 3H, CH3), 1.02 (s, 31-1, CH3), 1.12 (d, 
J = 6.0 Hz, 3H, CH3), 2.2 (m, lH, H-l’), 3.65 (m, 4I-I, 
Ha-l”, Hs-2’), 3.60 (broads, lH, H-7a), 6.10 (s, lH, H-2). 

13C NMR: (CDCI 3, 50.3 MI-I%) d 0.02 (6c1-13, 2SI(CH&), 
19.8 (CH3), 22.8 (C-G), 2G.3 (Cl-I3), 27.9 (CH3), 28.7 
(C-l’), 32.7 {CH3), 32.8 (C-5,), 33.1 (C-7), 48.0 (C-3a), 
53.5 (C-4), Gl.1 and G2.5 (C-l ‘, C-2’), 89.2 (C-7u), 125.t 
(C-3), 140.3 (C-2). 

MS: (Cl, NI-Ia) m/z 4lG (hU-I+ f Nll~), 309 (MII+). 

[3(1R’),3aRc,4R~,7aR+J-3-[(lR~)-~-~o~~n~~l~ttr.ylj- 
3a, 5,5- trimeth&3a,4,5, G, 7,7a-hexoh~ldrolrelrzof~~~~al~- 
4-carltaldshydc 0 and (3R’,GaR’s,gaR~,goR’)- 
3,7,7,D6-tetrarlleth2/1-Ga, 7,8, D,Oa, Ob-heaah~~dro- 
3H-furo-/4,3,2-ef/[%]benzoxeptn-G(4H)-one 35 

l Procedure A (entry 4) 
To a solution of the Dess-Martin reagent (1.7 g, 0.0 mmo1, 
3 cquiv) in CHZC~Z (15 mL) was added ler*GBuOH (390 /IL, 
G.0 mmol, 3 cquiv). The renction nilxlui:e was stirred at 
20 “C for 45 min and treated with a solution of dial 31 
(500 mg, 2.0 mmol) and pyridine (1.G mt, 12 mmo1, G equiv) 
in CH2C12 (5 mL). The resulting solution was stirred at this 
temperature for 1 II, then pnrtitioncd between a suturated . ..- ..--- 
aqueous N&S’& titiliitioii(BO~tiL) and dibthjil’~th~r~(75 mL) 
and the phases were separated. The aqueous phase was 
extracted with diethyl ether (3 x 50 mL) and the combined 
organic phases were washed with brine, dried over anhydrous 
MgS04, filtered and conccntratcd in vacua. PuriRcntion by 
flash chromatography on silica gel gave dialdehyde 0 (50 mg, 
20% yield) and lactone 35 (320 mg, 65% yield). 

l Procedure B (entry 7) 
To a solution of IBX (590 mg, 2.0 mmol, 12 equiv) in 
DMSO (2 mL) and pyridine (1 mL) was added at 20 “C a 
solution of diol 31 (44 mg, 0.17 mmol) in DMSO (2.5 mL). 
The resulting solutiou was stirred at this temperature for 
1 II, then pnrtitioncd botwcen a saturated aqueous NanSO 
solution (15 mL) and diethyl ether (50 mL). The aqueous 
phase was extracted with dietJly1 ether (3 x 25 mL) and 
the combined organic phases were washed with brine, dried 
over anhydrous M&04, filtered and concentrated in vncuo. 
Purification by II&h chromatography on silica gel gave 
dinldehyde 6 (7 mg, 15% yield), lactone 29 (22 mg, 51% 
yield) and &tone 35 (8 mg, 19% yield). 

l Procedure C (entry 8) 
To a solution of diol 31 (50 mg, 0.2 tnmol) in CH&& 
(2 mL) at 20 OC was ndded TPAP (7 mg, 0.02 mmol, 
0.1 cquiv), 4-methylmorpholine 4-oxide (NMO) (81 mg, 
0.G mmol, 3 equiv) and molecular sieves (4 A, 500 mg). The 
reaction mixture was stirred at this temperature for 3 11. 
The reaction mixture was then partitioned between a sntu- 
rnted aqueous NasS03 solution (15 mL) and diethyl ether 
(50 mL). The aqueous phase wraa extracted with diethyl 
ether (3 x 25 mL) and the combined organic phases were 
washed with brine, dried over anhydrous MgSO.1, filtcrcd 
and concentrated in vacua. Purification by flash chromatog- 
raphy on silica gel gave dialdehyde 0 (5 mg, 10% yield) and 
lactone 29 (23 mg, 47% yield). 

l Procedure D (entq 9) 
To a solution of diol 31 (46 mg, 0.2 mmol) in CH&l~/TlIP 
(l:l, 7 mL) at 20 “C was added Grieco’s reagent (191 
(230 mg, 0.G mmol, s equiv) in CIlzC12/l,yridine/THF 
(720 pL/l mL/l mL). The mixture was stirred in the dark 
at this temperature for 3 h, then partitioned between a sat- 
urated aqueous NazSO3 solution (15 mL) and diethyl ether 
(50 mL). The aqueous phase was extracted with diethyl 
ether (3 x 25 mL) and the combined organic phases were 
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washed with brine, dr ied over anhydrous  MgSO.~, filtered 
aud concent ra ted  in wmuo, No product  could be Isolated 
but  compounds  36 and 37  were identi l ied using ll-I NMR 
aunlysis. 

• Compound 6 

~11 NIVlI% i(3D(31~, 200 MHz) 5 0.89-2.01 (m, 41-1, 112-6, I-I~- 
7), 0.97 (s, 31-I, CI-I~), 1.15 (d, ,] --- 6.9 Hz, 31-I, (31-1~, 
CIIa-I')~ 1.23 (s, 31-I, Cl-Ia), 1.34 (s, 3I-I, Cl-la), 2.08 (d, 
J = ,1.5 l-lz, 1H, H-d), 2.92 (q, J ---- 6.0 Hz, 1H, 11-1'), 
'].95 it ,  d = 3.,1 l-lz, 11-I, H-7a), 6.09 is, IH, I-I-2), 9.51 (s, 
IH, II-2 ') ,  9.90 (d, J = ,1.5 Hz, IH, H - I ' ) .  

• Go~tpound 35 

11% iCCI4) ~ 2960, 2930, 1710, 1625, l d 5 0 ,  1250, 1 135, 
1 090, 850. 

I l l  NMR (CDCIa, 200 MHz) 5 0.72-2.10 (m, dH, I-I~-9, 1-I2'- 

[3aR* ,4R*, "TaR*)-3a, 5, 5- 7~'imethyl-3-[(1R* )- 1-methyl- 
alb.ll]-3a,4, 5, 6, 7, 7a-hexahydroben.zofu~un- 
4-carbaldehyde 39  

To a solution of sllyl derivat ive 38 (130 rag, 0.35 retool) In 
acetonitr i le  (950 ltL) a t  20 *C was added  a ,18% aqueous l t F  
solution (50 #L).  The  resttlting c loudy mix ture  was s t i r red  
at  20 °C for 1 h, aud the react ion quenched with s a tu ra t ed  
aqueous NaHCOa sohlt lon (5 mL) and di lu ted  with die thyl  
ether (30 mL). The  phases were separa ted  and the aqueous 
ph~mo was ex t rac ted  with diethyl  e ther  (3 × 25 mL).  The  
comblued organic phases were wtmhed wlth brine, dl ' led 
over anhydrous  MgSOa, filtered and concent ra ted  in vacuo. 
Puri l icat lon by flash chromatography  on silica gel guve the 
desired alcohol which was carried onto the next  s tep  wi thout  
fiwthcr purification. 

To a solut ion of tile above alcohol in d iehloronmthanc 
(1 mL) was added  the Dess -Mar t in  reagent  i200 rag, 
0.7 retool, 2 equiv) and the renction mixture  was sth ' red 
at  20 °C for 1.5 h, then par t i t ioned between a s a tu ra t ed  8), 1.00 (s, 3H, CI-Is), 1.08 (d, ,)" -- 6.9 Hz, 3H, CII~, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  aqueous Na2SOa solution (5 mL) nnd diethyl  e ther  (30 mL) $' , , od  t h e  wo,  e s e p . , a t e d  ' , ' l ,e  .,, eous p h a s e  w a s  ox -  

, .--"...,*,,-_.- . . . .  vu--.-~---'_.--_._~-.~ . . . . .  =_,._-. ....... ~ . . . . .  L..-._~., ........... t raeLedwit-lv diethyl  cLher (3"× 25"-ntL)'m~d-tho'combined"or=- 
3.82 (d, J ---- 11.1 Hz, 1H, Ha-d), ,1.07 (dd, J ---- I1 . I ,  ganie phases were washed with brine, dr ied over anhydrous  
2.0 Hz, 1H, Hb-4), d.13 (t,  J ---- 3.1 Hz, l i t ,  H-Oa), 6.07 
(s, IH,  H-2). 

mC NMR: (CDCIa,  50.3 MHz) 5 16.2 (CHa),  22.5 (CHa),  
23.5 (C-8), 23.8 (CI-I~), 29.7 (C-3), 29.5 (CI ls ) ,  30.7 
(c-7), 33.~ (c-9), 47.5 (C-9b), 50.0 it-on),  00.1 i t - s ) ,  
88.3 (C-9a),  112.0 (C-2), 141.8 (C-2a),  172.3 (C-0). 

MS: (CI, NHa) m / z  268 (MH + + NHa), 251 (MH+).  

Aual ealc for CmH22Oa, 250.33: C, 71.97; H, 8.86. Found; 
C, 71.921 H, 8.92. 

[3(1R* ),3aTI*,4R*, 7aR* ]-4-{[(tert-Butyldimethylsilyl}- 
o.~TI]methyl} - 3a, 5, 5- t ~rn.ethyl-3- (1-methylal lyl)- 
3a,4,5, 6, 7, 7a-hexahydTvbenzo furan 38  

To a solut ion of  P P h a C H a B r  (320 rag, 0.91 mmol, 3 cquiv) 
in T H F  (2 mL) cooled a t  0 °C was added  a 1.5M n-BuLi 
solut ion in lmxane (540 ftL, 0.80 mmol,  2.7 equiv) and the re- 
sui t ing solut ion was s t i r red  at  this t empera tu re  for 30 rain. A 
solution of a ldehyde  32 (100 nag, 0.3 retool) in T H F  (1 mL) 
was t ransferred via  cannula  to the above solution and the re- 
act ion allowed to warm to 20 °(3 and s t i r red  for 12 h at  this  
t empera tu re  and par t i t ioned  between water  (10 mL) and 
diethyl  e ther  (50 mL) and the phases were separated.  The  
aqueous phase was ex t rac ted  with diethyl  e ther  (3 × 25 mL) 
and the combined organic phases were washed with brhm, 
dr ied over anhydrous  MgSO4, filtered and concentra ted in 
vaeuo. Purif icat ion lay flash chromatography  on silica gel 
gave compound  38  i73 rag, 67% yield).  

IR: (CHCla) y 3 013, 2952, 1 578, l d 3 d ,  1 158, l 018, 968, 
8d3. 

1H NMR (CDCIa, 200 MHz) di 0.08 and 0.10 (28, 6H, 2CHa, 
Si(CH~)2), 0.95-1.90 (m, 5H, H2-6, Hz-7, H-d), 0.90 (38, 
9H, 3CHa, SIC(CHa)a) ,  1.05 (28, 6H, 2CHa), 1.17 is, 3H, 
Cl-la), 1.17 id,  J ---- 7.8 Hz, 3I-I, (3Ha, CHa-2), 2.90 (m, 
1H, I-I-l*), 3.78 (dd, J ---- 11.1, 7.3 Hz, 1H, I i a - l ' ) ,  3.84 
(dd, J = 11.1, 3.4 Hz, l t I ,  H b - l ' ) ,  3.9 (t,  J = 3.6 Hz, 
1H, H-7a), ,1.9-5.1 i m, 2H, H-3'),  5.9 (m, 1H, H-2'),  6.05 
(s, 1H, H-2). 

MS: ((3I, NH3) m / z  382 (MH + + NHa), 365 (MH+).  

Anal  cale for C22H.mO28i 36d.00: C, 72.27; H, 11.03. Found; 
(3, 72.39; H, 10.91. 

h,lgSO.i, filtered and concent ra ted  in vneuo. Purif icat ion by 
flash chromatography  on sil ica gel gttve a ldehyde 30 (65 rag, 
67% yield).  
ll 't (Cl-lCI3)tJ 3006, 298,1, 1 712, 1578, 1 dd5, 1 151, 1 021, 

998, 851. 
I l l  NMR (CDCI3, d00 MHz) di 0.8d-2.05 (m, dH, I I~-6', 

1-12-7'), 0.95 (s, 31-I, Cl-la), 1.12 (s, 311, CHa),  1.12 (d, 
J = 3.5 Hz, 31I, C i I ~ - I ' ) ,  1.38 (s, 3H, CHa),  2.1d (d, 
J = d.2 Hz, 1H, I-!-4'), 2.65 (dq, J = 3.5, d.0 Hz, 1H, H- 
I"), 3.92 (t, J ---- 3.6 Hz, IH, l I-7 'a) ,  ,1.95 (d, J = 16.5 Hz, 
1H, l-la-3"), ,1.98 (d, J ---- 10.5 Hz, 1 H, Hb-3") ,  5.8d iddd ,  
J = 16.5, 10.5, d.0 [-Iz, 1I-I, II-2') ,  6.09 is, IH, II-2') ,  9.92 
id,  ,1 = 4.2 I.Iz, 1H, 1"I-1). 

MS: (CI, NHa) m / z  294 (MH + q- NH3), 277 (MH+).  

(3R* ,48", 5 R* , 5aR*, 8aR* , 8b R* )-3, 6, 6, 8b- Tetramethyl- 
4, 5, 5a, 6, 7, 8, 8a, 8b-octahydronaphtho[1, 8- bc]furan. 
4,5-diol 41 

'1-'o a 0.1 M SmI2 [31] solut ion in T H F  (28 mL, 2.8 retool, 
2.5 equiv) cooled to - 7 8  °C was added  a solut ion of tile 
mixture  of d la ldehydc 6 i60 rag, 0.2 mmol)  and lac tose  
35 (220 rag, 0.9 retool) and  / - B u e l l  (210 Itb, 2.8 tnnml, 
2.5 equiv) in T H F  (22 mL).  Tim result ing solut ion was 
s t i r red at  this t empera tu re  for 1 h and allowed to warm 
to 20 °C over 2 h. The  reaction was then quenched with 
a sa tu ra ted  aqueous NaHCO3 solution (30 mL) and the 
phases selmrated.  The  aqueous phase was ex t rac ted  with 
e~hyl ace ta te  (3 × 75 mL) and the combined organic phases 
were washed with a sa tu ra t ed  aqueous Na~SO~ solution 
(3 × 25 mL),  then brine, dr ied over anhydrous  MgSO.1, 
li l tered and conccntra tcd  in vacuo. Purif icat ion by flash 
chromatography on silic~t gel cave dio141 i54 mgj 95% yield) 
and recovered lactone 35 (220 rag, 99~) .  
I1"£: (CHCIz) v 3356,  2947, 1614, 1451, 1378, 1 334,978.  
11.I NMR: iCDCI3, 200 MHz, N e E  exper iments ,  forskolin 

numbering) ~ 0.97 (s, 3H, CHa),  1.00-1.83 (m, dH, Ha- 
2, 112-3, OH),  1.18 (s, 3H, CHs) ,  1.18 (d, J = 6.9 Hz, 
3H, C113, CH3-8), 1.50 i s, 311, CHa),  2.02 (m, 1H, Hb-2), 
2.17 (d, J ---- 2.5 Hz, 1H, 1-I-5), 2.22 id,  J = 7.3 Hz, 1II, 
OH),  2.50 iqdd,  J = 6.3, 9.6, 1.8 Hz, 1H, H-8), 3.01 iddd,  
J = 9.6, 7.3, 3.1 Hz, IH, H-7), d.18 (dd, J ---- 9.0, 7.1 Hz, 
1H, H-l ) ,  d.2d (dd, J = 3.1, 2.6 Hz, 1H, H-6), 5.90 (d, 
J ' =  1.8 Hz, 1H, H-11). 
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Table III. Positional pnramctcrs (x IO”) and mean recnl- 
culntcd isotropic factors (X 103) for llydrogcn aloii~s. 

‘“C NMR.: (CDC13, 50.3 MlIa, forskolin numbcriug) 6 14.3 
(CHs-8), 24.8 (C-3), 2G.l (CHs), 27.3 (CH3), 30.3 (CH3), 
30.9 (C-8), 31.4 (C-4), 34.5 (C-2), 47.7 (C-lo), 50.5 
(C-5), 71.4 (C-7), 80.4 (C-G), 00.3 (C-l), 125.1 (C-Q), 
130.5 (Cll). 

h!IS: (CI, NHs) n&/t 270 (RdH+ + NH& 253 (MH+), 235, 
217. 

hnl cnlc for CIGI-12.103, 252.34: C, 71.39; H, 9.5Q. Found; 
c, 71.49; H, 0.40. 

RX annlpis of 41 

Lists or coordinntcs, distances, nnglcs and anisotropic tiler- 
intil factors can be found in tnblcs II-VI. Compoutrd 41 was 
studied by X-ray crystallograplly. Space group: P21/n; pn- 
rnmctors: a = 20.578(G) A; 6 = 8.009(3) A; c = 8.247(3) & 
p = QQ.Q(l)O; 2 = 4. 

Table II. Positional parameters (xlu’) and mean recnlcu- 
Ialcd IsoLropic fnctors (X 103) for non-liydrogen atoms”. 

.AlwIr.. . -..x_.._._ .._.. 

c3 
c4 
Cl8 0762 (3) 

Cl 

Cl9 

z 

c2 

:s’ 
Cl7 GG28 (3) 
CO 7810 (3) 
Cl0 8543 (3) 
Cl1 7674 (3) 
c20 

:A 
07 7150 (2) 

-928 (Oj 
-2612 (7) 
-4004 (10) 
-2919 (10) 
-2481 (7) 
-4102 (7) 
-3725 (7) 
-2513 (8) 
-2028 (10) 
-102G (7) 

2440 

__ ._u_.._-.__.._.__...2_ 

(Sj 

,, .__ ._. -< 

49 

u>- 

(7j 
2681 

599 (7) 

(G) 
1980 (10) 

2285 (8) 

z $1 
4400 (7) 55 (7) 
1615 (G) 
‘2& g E g; 

-742 (G) E !Gj 
-1119 (8) 52 (F) 

*-3z tij 
32 (5) 

-59 (7) 
;; [;I 

-1;;; [;I r r :: I:; r 
30 (5) 4G (4) 

324 (6) 5G (5) 

1511 (5) 
-5100 (5) 
-5246 (G) 

-. 

Al!orn X u P u 

Hl 009 89 -24 ii8 
I-12 950 
I-12 802 
Ii3 QQ2 
I-13 1007 
I-118 073 
I-118 058 
I-I18 1021 
I.119 002 
I.119 Q76 
I-119 007 
I-15 840 
I-10 833 
I.17 735 
l-18 747 
I-117 G55 
r-117 652 
I-I 17 G40 
I-11.1. __ ._ ._. . ,__ 729.._ 
I-120 Q35 
I-120 870 
I-120 809 
H-07 744 
H-06 842 

-..,_ _. 

158 241 
57 316 

-88 144 
-81 348 

-385 75 
~519 218 
-301 2G2 
-201 471 
-307 51G 
-407 440 
-184 238 
-470 238 
-315 1GG 
-319 -173 
-120 -20G 
-14G -0 
-313 - 134 
. ..l20. _ __ .-.1/a ._.. . .._. 
-210 -103 
-117 -230 
-313 -175 
-G82 -35 

353 35 

57 

108 
G3 

105 
53 
83 
31 
23 

100 
21 
82 
97 
80 

.50.. 
40 
5G 

1;: 
50 

(3aR’,GR* ,GaS,BaR*,DDR+, DcR*)-l,l, G,8,8, Sk-Hcxa- 
methyl-2,3,3a, G, Ga, Da,gb, Dc-octaiqjdro- 
lH-furo[4’,~,2’:4,5/n.aphtho/l,%-d][l,3/d~oxole 42 

A solution of diol 41 (50 mg, 0.2 nimol) and pyridinium 
toluencsulfinflte (PPTS) (5 mg, 0.02 mmol, 0.1 cquiv) in 
2-nictlioxypropcne (1 inI,) ut 20 ‘C was stirred for 12 Il. 
TIic rcsultiiig solution \vps then partitioned between watcl 
(5 rnL) and dictllyl ether (25 mL) and tllc pllascs were 
separated. Tile ac~ucous please was extracted wit11 dielIly 
ether (3 x 25 mL) nnd the combined organld pluwzs were 
dried over MgSO.1, filtered and concentrated in vucuo. Tile 
resulting oil was purified by flash cllromatography ou silica 
gel to give tllc title product 42 (55 mg, 95% yield). 

Table IV. Anisotropic lllermal pnrnmctcrs (x lo”) for non-Ilydrogen atoms. 

Atom Ull u22 u33 u2s u13 u12 

Cl 4 264 (34) 516 (36) 26 (30) 150 (28) -2G (28) 

c2 5 

3: [E{ 

320 (39) G38 (42) c3 4 19 (38) 530 (45) 522 (40) 1:; gg z”7 [El -‘if [;;I 
c4 3 45 (32) 
Cl8 415 (41) 

a:: [Z{ ;:; [g; 0 (28) 
:: [::{ 

3 (28) 
180 (37) 

Cl9 528 (43) 771 (57) 3;5 (33) ,A:: I::{ 
c5 37G (32) :;I: [Z$ 265 (27) -3 (20) 

-::: [E{ 0 (41) 
59 (2G) 

:: 435 (35) 262 (28) 30 (2(i) 10 (28) 

z [El :z g 32::: g:{ 1;; [;a{ 

z: I;:; 
-58 (29) 

C8 30 (23) 10 (30) 
Cl7 ::: [Z{ s:: [Z{ 500 (40) 2 (39) 28 (3G) 
EO 203 (25) 17 (25) 

8: I;:{ 

399 (32) 389 (35) 24G (2G) -1; g 

Cl1 
::: [Z{ 

434 (42) 
E [E{ 

1; [E{ ‘“787 [xs; -22 (33) 
c20 523 (44) 14 (32) 24G (29) 27 (34) 

:A z: [E{ 315 323 (24) (23) 478 628 (27) (23) 26 (22) 153 (22) -9 45 (22) (20) 
07 493 (28) 441 (29) 739 (31) -157 (23) 
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Table V. Distances (A) for non-hydrogen atoms with esd’s 
given in parentheses. 

Cl-C2 1.517 (9) C&C7 
Cl-Cl0 

:*:z $1 
CG-OG 

Cl-01 C7-C8 
;:iz; 13 

C2-C3 1:521 (9) c7-07 1:428 (7) 
C3X4 1.546 (9) C8-Cl7 1.544 (9) 
C4-Cl8 1.533 (9) C&C9 1.503 (8) 
c4-Cl9 

E [Z{ 
c9-Cl0 1.507 (8) 

c4-c5 CO-Cl 1 1.303 (9) 
C5-CG 1:542 (8) ClO-c20 1.543 (8) 
c5-Cl0 1.553 (7) Cll-01 1.388 (8) 

Table VI. Bond angles (“) for non-hydrogen utoms with 
esd’s given in parentheses. 

c2-Cl-Cl0 113.5 (5) C5-CG-C7 111.2 (4) 
c2-Cl-01 1lO.G (5) CS-CG-06 
ClO.Cl-01 lOG.7 (4) C7-CG-OG :z: t:{ 
Cl-C2-C3 108.4 (5) CG-C7-C8 1.1314 (5) 
c2:c3.c4 .- -.’ 111..9 (5). ‘-‘.. c$p;-m~‘~~ ‘-” i09.8 (5) 
c3-c4-Cl8 108.5 (5) 
c3-c)4-Cl9 108.1 (5) C7-C8:C17 E$ [i,’ 
c3.ccc5 108.5 (5) C7-C8-C9 
Cl8-c4-Cl9 108.4 (5) c17-C8-c9 

;$; # 

C18-C4-c5 
:z: [El 

C8-CO-Cl0 118:7 (5) 
c19.c4-c5 
C4-C5-CG 118:2 (4) 

cs-c9-Cl1 
ClO-c9-Cl1 :Ei I:{ 

c4-c5-Cl0 
co-cs-Cl0 KY [:I 

Cl-ClO-C5 1162 (4) 
Cl-ClO-CD 101.7 (4) 

C1-c1o-c12~ 110:5 (5) c9-ClO-c20 
c9-Cll-01 115.3 (5) cs-ClO-c9 K~ [a{ 
Cl-Ol-Cl1 lOG.4 (4) CG-ClO-c20 115:1 (5) 

IR: (CHC13) v 2021, 1831, lG21, 1469, 1354, 1211,891. 

‘I.1 NMR: (CDC13, 200 MHz, forskolin numbering) 6 1.01 
(s, 3H, CH3), 1.11 (s, 3H, CH3), 1.13 (d, J = 6.7 Hz, 
3H, CH3-8), 1,3G (s, 3H, CH3), 1.47 (s, 3H, CH3), 1.53 
(s, 3H, CHs), 1.3G-l.GG (m, 4H), 2.0 \m, lH), 2.45 (qdd, 
J = 6.7, 8.2, 1.8, Hz, lH, H-8), 3.42 (dd, J = 8.2, 4.7 Hz, 
lH, H-7), 4.16 (t, J = 7.5 Hz, 111, H-l), 4.40 (dd, J = 4.7, 
2.6 Hz, lH, H-G), 5.84 (d, J = 1.8 Hz, lH, I-I-11). 

13C NMR: (CD&, 50.3 MHz, forskolin numbering) 6 15,3 
(CH3-8), 24.5 (C-3), 24.7 (CH3), 26.2 (CH3), 28.8 (CH3), 
28.9 (CH3), 30.2 @Ha), 31,G (C-4), 32.4 (C-8), 35.1 (C- 
2), 47.7 (C-lo), 49.2 (C-5), 75.3 (C-7), 84.5 (C-G), 89.2 
i$l), 109.5 (C, 0.C(CH3)2-0), 125.7 (C-9), 136.2 (C- 

MS: (Cl, NH3) m/z 293 (MH+), 235, 217. 

Anal talc for C1sIizso3, 292.40: C, 73.93; II, 9.63. l?ound; 
C, 73.89; H, 9.59. 

(SaR*,5aS’,GR*,GaR*,9aR*,9bR*,9cR*)- 
l,l, G,8,8,9c-Hexamethl~l-decahydro-BH-furo- 
[4’,9,~:4,5]naphtho~l,2-dj~l,3/diozol-5-one 43 and 
(3aR+,dR’,5aR+, GF, 9aS1,9bS9)-&formyloxy- 
~?&4,5a,9,9-hexamethyl-octahydronaphtho- 
/l,Z-d][l,3/dioxoL5(.4H)-one 44 

l Procedure A 
To a solut.ion of compound 42 (30 mg, 0.1 mmol) in 
dichloromethane (1 mL) at 20 W was added PCC (35 mg, 
0.15 mmol, 1.5 equiv). The reaction mixture was stirred 
at this temperature For 3 h and partitioned between water 

(10 mL) and diethyl ether (40 mL). The nqueous phase was 
extra&cd with diethyl ether (3 x 26 mL) and the combined 
organic phases were washed with brine, dried over MgSOd, 
filtered and concentrated in vacua. The resulting oil was pu- 
riiied by flash chromatography to give lactone 43 (13 tng, 
43% yield) and formyl ketal 44 (14 mg, 43% yield). 

l Procedure B 
A solution of compound 42 (30 mg, 0.1 mmol) in 
dichloromethane (4.5 mL) and methanol (0.5 mL) at -78 ‘C 
was treated with a stream of ozone until it turned blue. Oxy- 
gen was then bubbled through the solution till the blue color 
diasappeared. Argon was then bubbled through the same so- 
lution and MezS (75 IAL, 1 mmol, 10 equiv) was added at 
-78 “C and the resulting mixture allowed to warm up to 
20 “C and stirred nt 20 “C for 12 11. The solvent was then 
removed in vacua and the residue puriiied by flash chro- 
matography on silica gel to give the desired formyl ketal 44 
(32 mg, 95% yield). 

l Procedure C 
To a solution of 41 (58 mg, 0.2 mmol) in MeOH (1 mL) 
at 25 OC was added 15H’ Amberlist resin (50 mg). 
The reaction mixture was stirred at this temperature 
for 12 h and partitioned between a saturated aqueous 
NaCl solution (5 mL) and diethyl ether (25 mL) and 
the phases were separated. The aqueous phase was ex- 
tracted with 3 x 25 mL of diethyl ether and the com- 
bined organic phases were washed with brine, dried 
over anhydrous MgS04, filtered and concentrated in 
vacua to give (2R’/S’,2aR’,35’,4R~,~S~,cnS’,SilS*,8bS’)- 
2-n~cthoxy-3,G,G,8~-tetramethyldecahydronaphtl~o[1,8-6c] 
furan-4,5-dlol (55 mg, SC% yield) which was carried on to 
the next step without further purification. 

IR (CHCl3): 3 343, 2 951, 1461, 1354, 1314, 991, 878. 

‘II NMR: (CDCI;(, 200 MHz) 6 0.97 (s, 3H, CH3), 1.01-1.83 
(m, 7I-I, H-5, l&-2, Hz-3, H-9, OH), 1.09 (d, J = G.9 Hz, 
3H, CH3, CH3-8), 1.18 (8, 3H, CH3), 1.35 (s, 31.1, CH3), 
2.1 (m, lH, H-8), 2.3 (m, 11-I, OII), 3.28 (dd, J = 9.5, 
4.5 Hz, lH, H-7), 3.4 (6, 31-I, CH3, OCH3), 3.75 (t, 

= 3.6 Hz lH, H-l), 4.25 (dd, J = 4.5, 2.0 Hz, lH, 
i-l), 4.8 (d; J = G.2 Hz, lH, H-11). 

MS: (CI, NH3) 302 (MH+ + NHa), 285 (Ml-I+), 284. 

A solution of the preceding diol (55 mg, 0.2 rnmol) und 
PPTS (6 mg, 0.02 mmol, 0.1equivj in 2~methoxypr~pene 
I1 mL1 at 20 OC was stirred for 3 II. The rcsultinr so- 
jution ;vns then partitioned between a saturated aq;eous 
N&l solution (5 mL) and diethyl ether (25 mL) and the 
phases were separated. The aqueous phase was extracted 
with diethyl ether (3 x 25 mL) and the combined organic 
phases were washed with brine, dried over MgS04, filtered 
and concentrated in vacua. The resulting oil was purified 
by flash chromatography on silica gel to give protected diol 
(3aR’,5R’/S’,5aS*,GR’,GaS’,9aR*,9bR~,9cR’)-l,l,G,8,8,9~- 
t~cxametl~yl-5-metl~oxydecahydro-5H-furo[4’,3’,2’:4,5]naph- 
tho[l,2-d][1,3]dioxole (59 mg, 95% yield). 

IR: (CHC13) 2 962, 1451, 1354, 1305, 978, 792. 

‘H NMR (CDC13, 200 MHz, forskolin numbering) 6 1.00 (s, 
3H, CH3), 1.07 (d, J = 7.1 Hz, 3H, CH3-8), 1.11 (s, 31-1, 
CH3), 1.33 (s, 31-1, CH3), 1.36 (s, 3H, CH3), 1.51 (s, 3H, 
CH3), 1.45 (m, 4II, H-2, H-3), 1.48 (d, J = 2.1, lH, H-5), 
1.71 (t, J = 6.6 Hz, II-I, H-9), 1.99 (qdd, J = 7.1, 9.3, 
G.G Hz, lH, H-S), 3.43 (s, 31-I, CH3, 0CH3), 3.05 (dd, 
J = 9.3, 5.1 Hz, II-I, H-7), 3.78 (t, J = 2.8 Hz, II-I, H-l), 
4.46 (dd, J = 5.1, 2.1 Ha, lH, H-G), 4.74 (d, J = G.G Hz, 
lH, H-11). 

13C NMR: (CDC13, 50.3 MHz, forskolin numbering) 6 lG.8 
(CH3-8), 19.9 (CHa), 22.2 (C-3), 23.3 (Cl13), 26.5 (CH3), 



28.9 (CHa), 31.3 (CH3), 32.2 (C-8), 33.3 (C-4), 37.0 (C- 
2), 41.2 (C-lo), 43.5 (C-9), 56.1 (C-5), 62.3 (CHs, OCHs), 
73.8 (C-7), 81.7 (C-G), 83.5 (C-l), 105.9 (C-11), 109.9 (C, 
CC(CH&C). 

MS: (CI, NHs) 342 (MI-I+ f NHs), 325 (MH+). 

To a solution of this compound (0 mg, 0.02 mmol) in 
dichloromethnne (0.5 mL) cooled to 0 ‘Cl was added m- 
CPBA (5 mg, 0.03 mmol, 1.5 equiv), followed by BF3~OEtz 
(10 pL, 0.08 mmol, 4 equiv). The renction mixture was al- 
lowed to wnrm to 20 W with stirrinr for 3 11 and then par- 
titioncd between water (10 mL) and-diethyl ether (25 mL). 
The aqueous phase was extracted with diethyl ether (3 x 
25 mL) and the combined organic phases were washed with 
brine, dried over MgS04, iiltered and concentrated in VDCUO. 
The resulting oil was puriiied by flash chromatography to 
give lactone 43 (4 mg, 70% yield). 

To a sotution of the Dess-Martin reagent (325 mg, 1.2 mmoi, 
1.5 eauivl in CH&lz f3 mL) was added a solution of 
diol 4’s ($ee below, 25 rng, 0.8 mmol) in CH&& (5 mL). 
The resulting solution \‘w stirred at 20 W for l 11, theu 
partitioned between a saturated aqueous NaeS03 solution 
(10 mL) and diethyl ether (40 mL). The aqueous phase was 
extracted with diethyl ether (3 x 25 mL) and the combined 
organic phases were washed with brine, dried over nnhydrous 
MgSO4, filtered and concentrated in vacua. Purification by 
flash chromatography on silica gel gave rormyl k&al 44 
(23 mg, 92% yield). 

l Compound 43 

In: (CHCIJ) Y 3 021, 2 978, 1 G83, 1431, 1341, 1315, 958, 
787. 

‘II NMR: (CDCls, 200 MHz, forskolin numbering) 6 1.03 
(s, 3H, CHs), 1.14 (s, 3H, CHs), 1.35 (s, 3H, CHs), 1.40 
(d, J = 7.1 Hz, 3H, CH3-8), 1.49 (s, 3H, CHs), 1.51 (s, 
31.1, CH3), 1.30-1.82 (m, 51-1, Hz-2, I&-3, H-5), 1.98 (qdd, 
J = 7.1, 9.5, 5.8 Hz, 11-I, H-8), 2.32 (d, J = 5.8 Hz, lH, H- 
O), 3.78 (dd, J = 9.5,4.9 He, lH, H-7), 4.06 (t, J = 3.2 Hz, 
HI, H-l), 4.47 (dd, J = 4.9, 2.2 Hz, lH, H-G). 

13C NMR: (CDC13, 50.3 MHz, forskolin numbering) 6 14.7 
(CH3-8), 19.7 (CHs), 21.8 (C-3), 23.0 (CH3), 26.4 (CHs), 
29.0 (CHs), 31.3 (CH3), 31.6 (C-8), 33.0 (C-4), 36.5 (C- 
2), 42.4 (C-lo), 43.7 (C-O), 57.8 (C-5), 73.5 (C-7), 80.5 
(C-G), 83.G (C-l), 110.2 (C, CC(CHs)eC), 176.3 (C-11). 

MS: (CI, NHs) m/z 326 (MH+ + NHs), 309 (MH+). 

Anal talc for CrsHzsC4, 308.40: C, 70.10; I-I, 9.15. Found; 
c, 70.19; M, 9.01. 

l Compound 44 
IRr (NaCl) v 2 990, 2 925, 1726, 1715, 1385, 1275, 1 105, 

855. 

NMR: (CDCl3,200 MHz, forskolin numbering) 6 1.16 (d, 
J 7.1 Hz, 31-1, CH3-8), 1.23 (s, 3N, CH3), 1.27 (s, 31-I, 
CITs), 1.38 (s, 3H, CH:,), f.4G (6, 3H, CHs), 1.52 (6, 31-1, 
CHs), 1.30-1.89 (m, 41-1, HZ-~, HZ-~), 2.05 (d, J = 2.9 Hz, 
lI_I, H-5), 2.75 (qd, J = 7.1, 6.2 Hz, lH, H-8), 3.99 (t, 
J = G.2 Hz, lH, H-7), 4.67 (dd, J = 6.2, 2.9 Hz, lH, 
H-G), 5.16 (broad s, lH, H-l), 7.99 (6, lH, CHO). 

1 NMR: (CDCIs, 50.3 MHz, forskolin numbering) 6 13.5 
(CH3-8), 21.0 (CHs),.22.8 (C-3), 24.0 (CH3), 24.5 (CH3), 
27.3 (CH3), 32.4 (CH3), 34.5 (C-4), 36.3 (C-2), 42.7 (C- 
8), 44.9 (C-5), 50.1 (C-lo), 72.1 (C-7), 80.0 (C-6), 74.8 
[Cl& 1;8$ (C, CC(CHs)&), 159.9 (C=C, CHO), 212.1 

- , - . 

'C 

MS: (CI, NHs) m/z 342 (MHf + NHs), 325 (MH+). 
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To a solution of 42 (55 mg, 0.19 mmol) in dichloromethane 
(5 mL) cooled to 0 ‘C was added m-CPBA (110 mg, 
0.3 mmol, 1.5 equiv). The resulting solution was allowed 
to warm up to 20 W, stirred at this temperature for 1 11 
and partitioned between a saturated aqueous NaHCOs so- 
lution (5 mL) and diethyl ether (7G mL). The phases were 
separated and the aqueous phase was extracted wit11 diethyl 
ether (3 x 50 mL) and the combined organic phases were 
washed with brine, dried over MgSOd, Glterecl and concen- 
trated hr vncuo. Purliication by flash chromatography gave 
47 (74 mg, 85% yield). 
IR (CHC1s) v 3 451, 3 001, 2 995, 1 G58, 1 G44, 1421, 1 078, 

935, 8G5, 745. 

‘H NMR: (CDC13, 200 MHz, forskolhr numbering) 6 1.03 
(d, J = 7.1 Hz, 3H, CH3-8), 1.07 (a, 3H, CH3), 1.21 (s, 
31-1, CH3), 1.37 (s, 3H, CH3), 1.38 (s, 3H, CHs), 1.53 (s, 
3H, CH3), 1.00-2.10 (m, GH, I&-2, Hz-3, H-4, H-8), 2.90 
(s, lH, OH), 3.72 (dd, J = 9.2, 4.9 Hz, lH, H-7), 4.35 
(t, J = 2.6 Hz, II-I, H-l), 4.50 (dd, J = 4.9, 2.3 Hz, 11.1, 
H-G), G.41 (s, lH, H-11), 7.43 (t, J = 7.9 Hz, 11-I, Ar-H), 
7.58 (dd, J = 7.9, 1.0 Hz, lH, Ar-H), 7.92 (d, J = 7.9 Hz, 
lH, Ar-II), 8.00 (d, J = 1.0 Hz, III, Ar-Ii). 

MS: (CI, NHs) m/z 466 (MI-I+), 4G5. 

(3aR+,5R*/SC,5aR+, GP, Gap, gaR*, i?bR’,iIcS)- 
1,1,G,8,8,~c-Hcxametf~y1-5-mctf~ox~dccaf~~dro- 
~H-fu~~o/~‘,3’,~:4,5Jnaphtf~o[l,&-d]~~,3/dioxol-5a-o148 

To a solution of dial 41 (80 mg, 0.3 mmol) in 
dichloromethane (5 mL) cooled at 0 OC was added m-CPBA 
(190 mg, 0.5 mmol, 1.5 equiv). The resulting solution was 
allowed to warm to 20 ‘C with stirring at this temper- 
ature for 1 11 and partitioned between a saturated aqua 
ous NaHCOs solution (5 mL) and dlethyl ether (75 mL). 
The phases were separated and the aqueous phase was ‘ex- 
tracted with diethyl ether (3 x 50 mL) and the combined 
organic phases washed with brine, dried over MgS04, frl- 
tered and concentrated in vacua. The resulting oil was di- 
luted at 20 OC with THF/l N HCI solution (2 mL, l:l), 
stirred at this temperature for 1 h and partitioned be- 
tween water (5 mL) and diethyl ether (50 mL). The phases 
were separated, the aqueous phase was extracted with di- 
ethyl ether (3 x 50 mL) and the combined organic phases 
were washed with brine, then dried over MgS04, Iiltercd 
and concentrated in vacua. Purification by flash chromatog- 
raphy gave (2R*/S’,2aSc,3R’,4R’,5S’,5aS’ ,8aS’,8bR’)- 
3,G,G,8b-tetrametl~yldecal~ydronapl~t~~o[l,8-bc]furan-2,2a,4,5- 
tetraol (G2 mg, 68% yield). 
In: (CHC13) u 3 455, 3 051, 2 987, 1 831, 1421, 1082, 945, 

843. 
‘H NMR (CDC13, 200 MHz, forskolin numbering) 6 1.02 (6, 

3H, CH3), 1.09 (s, 3H, CHs), 1.24 (d, J = G.9 Hz, 311, 
CH3-8), 1.41 (s, 3H, CH3), 1.00-2.21 (m, lOH, HZ-~, He- 
3, H-5, H-8, OH-4), 3.35 (dd, J = 9.5, 4.9 Hz, lH, H-7), 
4.30 (t, J = 1.6 Hz, lH, H-l), 4.30 (dd, J = 4.9; 2.2 Hz, 
lH, H-G), 5.30 (s, lH, H-11). 

r3C NMR: (CDCls, 50.3 MHz, forskolin numbering) d 11.3 
(CHs-8), 14.0 (CHs), 21-G (C-3), 23.7 (CHs), 32.7 (CHs), 
33.4 (C-4), 36.2 (C-2), 37.7 (c-8), 48.0 (C-lo), 45.3 (C- 
5), G9.4 (C-7), 75.2 (C-l), 83.7 (C-9), 84.9 (G6), 98.1 
(C-11). 

MS: (CI, NH3) m/a 304 (MH+ + NHs), 287 (MH+), 180, 
162. 
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To a solution of the above tetraol (,11 rag, 0.14 retool) 
in MeOH (1 mL) at 20 °C was added 15H + amberllst 
resin (dO rag). The  reaction mixture was stirred at  this 
temperature for 12 h and partitioned between a satu- 
rated aqueotm NaCi solution (5 mL) and diethyl ether 
(25 mL) and the phases were separated. The aqueous phase 
was extracted with diethyl ether (3 × 25 mL) and the 
combined organic phases were washed with brhm, dried 
over anhydrous MgSOa, filtered sad  concentrated in vacuo 
to give (2R'/S**,2aS',31ri*,dFI*,5S*,5aS*,SaS',8bR*)-2- 
nmthoxy-3,6,6,Sb.tetrametllyldeeahydronaphtho[1,8-bc]furan- 
2a,4,5-triol (36 rag, 85% yield) which was carried on to the 
next step without  further purification. 
IR: (CHela)  v 3,1d5, 3 021, 2 997, 1 d21, 1 078, 935, 8115. 
I1-1 NMK (CDCla, 209 MHz, l'orskolln numbering) 6 0.99 (s, 

3H, CI-13), 1.07 (d, J ---- 6.9 Hz, 311, GHa-8), 1.21 (s, 31I, 
CHa), 1.31 (s, 3H, CHa), 1.01-1.81 (m, 8H, H...-2, H~-3, 
H-5, 3OH), 1.98 (qd, J -- 6.9, 9.d Hz, 1H, 1-1-8), 3.25 (dd, 
J --- 9.4, ,1..9 Hz, 1H, H-7), 3.53 (s, 31-I, Cl-Ia, OCHa), ,1.08 
(t, d = 3,5 Hz, 1I.I, H-l) ,  ,1.27 (dd, d = d.9, 2.2 Hz, 1H, 
H-6), 4.89 (s, 1H, H-11). 

MS: (CI, NHa) m / z  318 (MH + -J- NHa), 301 (MH+), 300. 

A solution of  the above triol (35 rag, 0.12 retool) and 
P P T S  (5 rag, 0.02 retool, 0.15 equiv) in 2-nmthoxypropene 
(1 mL) was stirred at  20 °C for 3 Is. The  resulting solution 
was parti t ioned between a saturated aqueous NaCI solution 
(5 niL) and diethyl other (25 mL). The aqueous phase was 
extracted with dlethyl ether (3 × 25 mL) and the combined 
organic phases wvr0 waslmd with brine, dried over MgSO,I, 
filtered and concentrated in vacuo. The  resulting oil was 
purilivd by flash chromatography to give 48 (38 rag, 95% 
yield). 
IR. (CHela)  ~ 3,153, 3 01d, 2 967t 1,122, 1 077, 935, 865. 
ill NMR (CDCIa, 200 lVlI-|z, forskolin numbering) 6 1.0O (s, 

3H, CHa), 1.01 (d, J -- 7.1 Hz, 3H, Clla-8), 1.15 (s, 3H, 
CHa), 1.31 (8, 3H, CI'I3), 1.35 (s, 3H, CII3), 1.51 (8, 3H, 
Cite), 1.00-2.10 (m, 6H, H2-2, H2-3, H-,I, 1"I-8), 3.29 (s, 
IH, OH), 3.51 (s, 3H, CHa, OCH.~), 3.05 (dd, J ---- 9.3, 
d.9 Hz, 1H, H-7), 4.10 (t, J = 2.8 Hz, 1H, H-l),  ,l.d2 (dd, 
J = d.9, 2.3 Hz, 1H, H-6), d.80 (8, 1H, OH), `1.80 (s, 1H, 
rI-11). 

MS: (CI, NHa) m / z  346 (MH + + NHa), 329 (MH+), 328. 

(3aR*, 5R* /S*,  5aR*, 68", 6aS*, 9aR*, 9bR*, 9c8")- 
1,1, 6, 8, 8, 9c-Hexame thyl- decahydlv- 1H-faTe - 
[4',3~,~ :4 ,5]naphtho[1,~-b][1, 3]dioxole-5, 5a-diol 49 

A solution of the above tetrol (2R*/S* ,2aS*,3R*,,I R °,53. ,  
5aS °,SaS*,SbR*)-3,6,Tt8b-tetramethyldecahydronaphtho- 
[1,8.bc]furan-2,2a,d,5-tetraol prepared above (see prepara- 
tion of 48,  60 rag, 0.2 mmol) and P P T S  (5 mg, 0.02 retool, 
0.1 cquiv) in 2-methoxypropvne (1 mL) was stirred at 20 °C 
for 3 h. The resulting solution wan partitioned between a 
saturated aqueous NaCl solution (5 mL) and diethyl ether 
(25 rob). The  aqueous phase was extracted with diethyl 
ether (3 × 25 mL) and the combined organic phases were 
washed with brine, dried over MgSO4, filtered and concen- 
trated in vacuo. The resulting oil was purified by flash chro- 
nmtography to give 49 (65 rag, 95~  yield). 
IR.: (CHCIa) t/3,156, 3 046, 2 954, 1 ̀ 158, 1 071,936, 853. 
111 NMIZ (CDCla, 200 MHu, forskolin numbering) 6 1.01 (s, 

31-1, CHa), 1.10 (d, J = 7.1 Hz, 3H, CHa-8), 1.13 (s, 3H, 
CI-Ia), 1.39 (8, 3H, CHa), 1.,12 (8, 3H, CHa), 1.50 (s, 3H, 
CHa), 1.01-1.70 (m, 6H, H2-2, I'12-3, H-d, OH), 1.80 (m, 
1H, H-8), 2.70 (s, 1H, OH), 3.55 (dd, J = 9.3, 4.9 Hz, IH, 
H-7), ,1.12 (t, J = 2.8 Hz, 1H, H-I) ,  d.45 (dd, J = 4.9, 
2.3 Hz, 1H, H-6), 5.30 (s, 1H, H-11). 

13C NMR: (CDCIa, 50.3 MHz, forskolin numbering) 6 12.8 
(CHa-8), 13.6 (CIIa), 21.8 (C-3), 23.0 (CHa), 26.3 (CHa), 
28.7 ( c a . ) ,  32,7 (t- , l) ,  33.5 ( cH, ) ,  ao,a (c-2),  39.5 (c-  
8), ,13.5 (C-10), ,17.3 (C-5), 72.8 (C-7), 80.8 (C-0), 81.9 
(c-1),  s2.6 (c-9),  o7.5 (~I 1), 109.9 (c ,  o c ( c u , ) . , o ) .  

MS: (e l ,  NIIa) m / z  3d,l (MH + + NHa), 327 (MH+), 326. 

(3aR* , 5aR* , 68", 6aS*, 9aR* , 9bR* , 9c8")- 1,1, 6, 8, 8, 9 c- 
Hcxamethyl-5a.hydlvxTdccahydro-SH-furo- 
[4', 3 ~, ~:4, 5]naphtho[1, e-dill ,  g]dioxol-5.one 50 

• Procedw~ A 
To a solution of compound 40 (50 rag, 0.15 retool) in 
dichlorometlmne (1 mL) at 20 °C was added PCC (54 rag, 
0.23 retool, 1.5 equiv). The reaction mixture was stirred 
at this temperature lbr 2 h and Imrtitioned betwcen water" 
(10 mL) and diethyl other (,10 mL). The aqueous phase was 
extracted with diethyl ether (3 × 25 mL) and the combhmd 
organic phases were washed with brine, dried ovvr MgSO.s, 
filtered and concentrated in revue. The resulting oil was 
pttrified by flash chromatography to give the l'ormyl ketnl 
44 (43 rag, 95% yield). 

• Procedure B 
To a solution of the Dess-Mm'tin reagent (325 rag, 1.2 retool, 
1.5 cquiv) in CH2C12 (3 mL) was added a solution ofdiol  40  
(50 mg, 0.15 nnnel) in C112C12 (5 mL). The resulting solu- 
tion wan sth'red at  20 °C for 1 h, then partit ioned between 
a saturated aqueous Na.~SOa solution (10 mL) and diethyl 
ether (40 mL). The aqueous phase was extracted with dl- 
ethyl ether (3 × 25 mL) and the combined organic phases 
were washed with brine, dried over anhydrous MgSO4, fil- 
tered and conccntrated in vaeuo. Purilieatiou by flash chro- 
matography on silica gel gave formyl ketal 44  (,11 rag, 92% 
yield). 

• Procedure C 
To a solution of  diol 49  (30 rag, 0.1 retool) in acetone 
(1 mL) cooled to 0 °C was added a 2 M Jones rcagent 
solution in H2304 (75 ILL, 0.15 retool, 1.5 equiv). The 
resulting solution was allowed to warm to 20 °C over l h 
and partitioned between water (5 mL) and diothyl ether 
(50 mL). The phases were separated, the nqueoUs phase was 
extracted with dicthyl ether (3 × 50 mL) and the combined 
organic phases were washed with brine, dried over MgSO.I, 
filtered and concentrated in wtcno. Puriilcation by flash 
chromatography gave alcohol 50 (16 rag, 5d% yield) and 
formyl Ieetal 44  (11 rag, ,11% yield). 

• Procedur~ D 
A solution of Ag2COa (450 rag, 0.75 retool, 10 equlv) over 
celite in toluene (5 mL) was concentrated under  0.I mmHg 
pressure at 65 °C for 30 rain. A solution of  dlol 49  (25 rag, 
0.08 retool) in toluene (1 mL) was t.hen added to the above 
solution. The resulting mixture was refluxed for 3 h and 
filtered over a gel of evlite. Purification by flash chromatog- 
raphy gave alcohol 80 (5 rag, 20% yield) and formyl ketal 
44 (16 mg, 71% yield). 

• P~vcedure E 
To a solution of IBX (215 rag, 0.7 retool, 12 equiv) in DMSO 
(1 niL) and pyridine (0.5 mL) at 20 °C was added a solu- 
tion of diol 49  (20 rag, 0.00 retool) in DMSO (1 mL). The 
resulting solution was stirred at  this temperature  for 1 h, 
then Imrtitioned between a saturated aqueous Na2SO3 so- 
lution (15 mL) and diethyl ether (50 mL) and the phases 
were separated. The aqueous phase was extracted with di- 
ethyl ether (3 × 25 mL) and the combined organic phases 
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wnsbccl with brine, dried over anbydrous h4gSO.i, liltered 
nnd concentrated in vncuo. PurilIcntion by Itnsb cbromntog- 
rnplry on silicn gel gnvc formylketnl 44 (3 mg, 15% yield) 
tmd bydroxylnctone 50 (17 mg, 85% yield). 

0 Conl.pound 60 

llE: ICI-ICl3) Y 3 431, 2 095, 1 GG8, 1421,l 078,036,865,745. 

‘I-I NhdR (CDCl3, 200 MHz, forskolin numbering) 6 1.01 (s, 
31.1, CHs), 1.18 (s, 3H, CI-IJ), 1.32 (d, J = 7.1 Hz, 31.1, 
CI-IX-~), 1.32 (2s, (II-I, SCI-Ia), 1.49 (s,3H, Cl-I& 1.02-1.70 
(m, (ill, l&-2,112-3, H-4, OH), 1.05 (FJ, lI_I, H-8), 3.60 (dd, 
,/ = 0.3, 5.1 I-151., 11-1, l-I-7), 4.42 (dd, J = 5.1, 2.3 Hz, 111, 
II-G), 4.50 (t, J = 2.G Ilx, 11.1, H-1). 

MS: (CI, NI-Is) w/z 342 (Ml-I+ + Nils), 325 (hlIl+), 324. 

Ann1 cnlc for C~~I-12,yOer 302.40: C, GG.Gd; I-1, 8.70. Found; 
C, GG.85; II, 8.G2. 

@an+, GaS*,BnR’,DbR’,OcR’)-l,l, G,S,S,&-Hcsn- 
m,eth$-1, %, 3,3a, Ge, Da, Db, Dc-octnh?fdl,o-~H-f7~~o’- 
[~‘,3’,~:~,~J1f~~a~~f~~tf~.o~l,%-r~J[~,3J~~oxol-B-o1~~c 2 

To n solul,ion of bydroxylnctonc 50 (12 mg, 0.04 mmol) 
in pyridine (0.5 mL) cooled nt 0 “C wns nclcled SOClz 
(140 ILL, 1.G mmol, 40 erlnlv) mid the resulting solution 
wns rcfluxcd r0r 0.8 II md cooled nt 20 OC. ‘I’I~c mixture 
wns tllen J,nrtitionecl bctwccn wnlcr (10 mL) nnd dictbyl 
ctlicr (50 inL) nncl tlio phnscs wcrc scparntcd. l’lic nc~ircoi~s 
pbnsc wns cxtrnctccl with dietbyl ctbcr (3 x 25 mL) told 
LIE combined organic pln~scs were wnsl~~l will1 brine, dried 
over nnbydrous hflIgSO.1, iiltcrcd nnd conccntrntccl in vncuo. 
Purificfrtion by flash clironit~Logrnpliy on silica gel gave 
lnctonc 2 (2-3 mg, 20-30% yield). 

In: (CHCl3) I/ 2 098, 1752, 1675, 1 200, 1030. 

‘I.1 Nh9R (CDCI:,, 200 h4Hx, forskolin numbering) 6 1.07 (s, 
31-1, CI-Is), 1.21 (s, 31-1, Cl-Is), 1035 (d, J = 2.G I&, lI1, 
H-5), 1.35 (s, 3I.1, CI.l3), 1.40 (s, 31-1, CMJ), 1.43 (s, 3H, 
CI-IS), 1.52 (8, 3I-I, Cll:~), 1.72-2.23 (in, 4H, HZ-2, I-12-3), 
2.30 (s, 31-1, Cl&), 4.10 (dcl, J = 11.2, 5.7 I-la, 11-1, I-l-l), 
4.5!) ((1, J = 7.4 I-lx, lH, H-7), 4.G3 (dd, J = 7.4, 2.G Hz, 
11.1, I-I-G). 

h4S: (Cl, Nl13) 774~ 324 (h411f + NHs), 307 (MIl+). 
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