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THE TOTAL SYNTHESIS OF (k)-CORIOLIN 
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Al&act-The first total synthesis of (+)-coriolin from the tricycle 6-4-S-fused ring photo-adduct through the key 
tricycle S-S-S-fused ring intermediate. 7.8,l I - trihydroxy - l,4,4 _ trimethyltricyclo[6.3.O.@$ndecan - 3 - one, is 
described. 

In 1969, Umezawa’ isolated coriolin 1 from fermentation 
broths of the Basidiomycete Coriolus censors, and 
demonstrated that this new metabolite increased the 
number of antibody-forming cells in mouse spleen. As 
the cell immunity is decreased in cancer patients, it is 
thought that compounds enhancing cell immunity could 
enhance the effect of any cancer treiitment.2 Therefore, 
their strong activity rapidly won’ for the coriolin group 
antibiotics an important place in antitumor antibiotics. 
The structure of coriolin 1 was established in 1971 
through chemical studies,’ followed by X-ray crystallo- 
graphic studies in 1974.’ Thus, it was early clear that 
coriolin 1 was a member of the hiisutanoid sesquiterpene 
group,’ of which hirsutic acid6 and hirsutene 2’** were 
also known. Both the unusual biological activity and the 
unique tric~clo 5-S-S-fused ring, cis,anti,cis - tricy- 
cIo[6.3.0.02’ lundecaoe system, have attracted wides- 
pread interest. Indeed, coriolin 1 is a challenging syn- 
thetic target owing to the presence of eight asymmetric 
centres of a compact carbon skeleton. Consequently, it 
was our intention to successfully develop a general 
method of entry into the tricycle 5-5-S-fused ring system 
by our own strategy. In this connection, we achieved a 
stereocontrolled total synthesis’ of hirsutene 2, a bio- 
genetic precursor of coriolin 1.’ The key step was a 
unique skeletal-rearrangement of a tricycle 6-4-S-fused 
ring derivative 7 to a tricycle S-S-5-fused ring derivative 
8. Subsequently, as an extension of the strategy, we 
achieved the first9 total synthesis of coriolin 1. This 
accomplishment was followed by the elegant syntheses 
of Danishefsky,” and Shibasaki and Ikegami et al.” 

Herein we describe in detail, our first total synthesis of 
coriolin 1 from the above-mentioned key intermediate 8. 

Compound 8 contains already felicitously placed 
functional groups, an epoxide group of potential value 
for the introduction of oxygen atoms at appropriate 
positions, and five asymmetric carbon atoms properly 
oriented. The synthesis* of 8 was initiated from the 
tricycle 6-4-S-fused ring derivative 5, which was 
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obtained from 4 - acetoxy - 6.6 - dimethylcyclohex - 2 - 
enone ethylene acetal 9 and 3 - acetoxy - 2 - methyl- 
cyclopent - 2 - enone 4” by photocycloaddition and 
subsequent reduction, through the formation of the dio16 
and the skeletal-rearrangement of the tosylate 7, as des- 
cribed in detail in the Experimental section. The struc- 
tural assignments of S-8 have been already verified by 
the successful transformation to (?)-hirsutene 2 as well 
as the X-ray analyses of their derivatives.” 

We now came to grips with the problem of treating the 
7,lepoxide ring of 8. The cleavage of the epoxide ring 
by hydrolytic reagents would be expected to lead to a 
trans diol having an undesired a-hydroxy group at C-7.8 
On the other hand, the deoxygenation of 8 with NaI and 
Zn dust afforded the olefin 9. Though we suffered a loss 
of valuable asymmetry at C-7 and C-8 in this process, it 
was clear that 9 could be a useful intermediate provided 
that a cis-dihydroxylation could be achieved at the less 
hindered convex side. Then, 9 was hydrolyzed with 2% 
HzSO. to the ketoalcohol 10, which was submitted to a 
catalytic 0~0, cis-dihydroxylation’3 to give the key trio1 
11 in a high yield. The latter was readily converted to the 
corresponding acetonide 12 by treatment with 2,2- 
dimethoxypropane and TsOH for 10min. The stereo- 
chemistry of the newly introduced hydroxyl groups at 
C-7 and C-8 positions was assigned as depicted by 11 
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9: R =CHIOCH, 

x=<] 
YO: R=H, X=0 

completely confirmed by the completion of the synthesis 
by the methods shown below. 

Oxidation of 12 with pyridinium chforochromate 
smoothly afforded the corresponding ketone 13, which 
was the key intermediate for further functionafi~tion. 
Bis-suffenylation’s of 13 with NaH and methyl 2-nitro- 
phenyl disuffide readily gave the thioacetal14, which was 
treated with thaffium(II1) trinitrate in MeOH to give the 
co~esponding dimethyf acetaf 15. Thus, the desired in- 
troduction of the oxygen atom to C-10 of 12 was ac- 
complished and then the stage was set for the next 
introduction of a carbon atom to C-3 of 15 in order to 
advance the synthesis to completion. The latter intro- 
duction was realized by preferential attack of MeLi on 
the fess hindered carbonyf group of 15 to give the tertiary 
alcohol 16. Subsequently, the other relatively hindered 
carbonyf group of 16 was subjected to be reduced by a 
variety of methods. Reduction with Li and liquid NH, 
predominantly gave the desired q-alcohol 17, while 
hydride reductions predominantly gave the correspond- 
ing g-epimer. Conclusive evidence for the stereochemi- 
cal assignments at the C-3 and C-11 positions was pro- 
vided by transformation of 17 to the unsaturated ketone 
29 which was identical with the naturally derived product 
as described later on. Thus, deprotection of 17 with 90% 
trifluoroacetic acid to give the tetraol 18, followed by 
selective acetylation gave the diacetate 19. Elimination 
of the hydroxyf groups of 19 with methanesuffonyf 
chloride and (N,N-dimethyl) ~aminopy~dine in pyridine 
afforded the unsaturated ketone 25 in moderate yield. An 
authentic sample of 29 is derived from coriofin B,’ which 
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is known to be a biogenetic anafogue of coriofin 1, as 
foffows. 

Coriofin B was treated with LiAfH, to give the hexa- 
hydrocoriofin 21;’ which was selectively oxidized with 
anhydrous CrOS in pyridine to yield the monoketone 22. 
Selective acetyfation of 22 gave the diacetate 23, which 
was converted to the unsaturated ketone 29 in the man- 
ner described above. While, in regard to the spectral data 
and tfc behavior, 22 and 23 were not identical with 18 and 
X9 respectively, the synthetic 29 was identical with the 
naturally derived product. This fact showed that 18 and 
19 differed from 22 and 23 only in their relative 
configurations at C-3. 

Finally, deacetyfation of the synthetic 20 with LiOH, 
followed by epoxidation’ with excess of alkaline 
hydrogen peroxide completed the synthesis. It seemed 
reasonable to assume that possible isomers other than 
coriofin 1 were also produced.“’ The desired (5)~coriofin 
1, however, was isolated as a biologically active product 
by using bioautog~phy with Bacillus subtifis. The 
racemic coriofin 1 thus obt~ned was identical both spec- 
troscopically and cfuomatographicafly with an authentic 
sample of the natural product. 

EXPERWEhTN. 

M.ps were determjned on a micro hot-stage Yanaco MP-S3 
and were uncorrected. IR, UV and MS spectra were recorded on 
a Hitachi Pcrkin-Elmer 225, JASCO UY IDEC-I and Hitachi 
RMU-ITM FD/EI MB1 spectrometers, respective&, and NMR 
spectra in CDCb with TMS as internal standard on a Varian 
A6OD (60 MHz), a Varian EN-390 (90 MHz) or a Varian XL 100 
spectrometer (KM MHz) unless otherwise mentioned. Optical 
rotations were measured on a Carl Zeiss photoelectric polari- 
meter. Silica gel (SiOz) tic and column chromatography were 
performed on Merck tic 60 F-254 and Kieselgel 100, respectively. 
In general, evaporation was carried out under reduced pressure 
below 30°C. 

(lSR,2SR,5RS,6RS,?RS,ltSR) - 2,ll - Diucetoxy ” 5 - hydmxy - 
6,9,9 - frimetkyitricyclo(S.4.O.Oz”jrmdecan - 8 - one erhy~ene 
acelal 5 

The starting 4 - acetoxy - 6.6 - dimethylcyclohex - 2 - enone 
ethylene acetal 3 was prepared by the procedure developed in 
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these laboratories.’ The product had b.p. -IrT’/O.oOS mm; NMR 
(60 MHz) peaks at 6 1.02 and I.08 (each 3H, s, Me X 2), and 2.08 
(3H, s, OAc); Amsx (cyclohexane) 219 nm (c 266). 3 - Acetoxy - 2 - 
methylcyclopent - 2 - enone 4 was prepared according to the 
method of de Mayo” and had NMR (60 MHz) peaks at 8 1.61 
(3H, t, Me) and 2.29 (3H, s, OAc); A,, (cyclohexane) 227nm (c 
10500). 

A soln of the acetal3 (21 .O g) in dry cyclohexane (3 1.2 ml) was 
flushed with argon for 30 min. The acetate 4 (L73g) was added 
and the mixture irradiated through a Pyrex-filter with a 400W 
high-pressure mercury arc (Nikko Sekiei UV-HT) in a water- 
cooled immersion well for 60 h under argon. The solvent was 
removed and the resultant oil was chromatographed on SioZ 
(SOOg) with n-hexane-methyl ethyl ketone (3:l). The excess 
acetal3 having Rf 0.64 on tic (hexane-EtOAc 2: I) was recovered 
(18.9 a) and the crude ohoto-adduct having RI 0.23-0.28 obtained 

To.a stirred soln of the photo-adduct in MeGH (41 ml) was 
added NaBHI (142 ma) by uortions within 15 min. The reaction 
mixture was then stined- for 30min and neutralized with 10% 
AcOH, and the solvent removed to give the residue. This was 
partitioned between CHCb and water and the combined CHCl; 
layer was washed with NaCl aq, dried (NazSO+) and evaporated 
to give an oil, which was chromatographed on SiOs (1OOg) with 
n-hexane-EtOAc (4~3). The fractions containing 5 were com- 
bined and the solvent was evaporated to a solid, which was 
recrystallized from ether-n-hexane to give l.15g (26.8% from 4) 
of crystalline 5: RI 0.33 (n-hexane-EtOAc I : I); m.p. 167-169”; 8 
(IOOMHz) 0.87. 1.15, 1.24 (each 3H, s, Me X 3), I.%, 2.03 (each 
3H, s, OAc X 2). 3.8-4.0 (4H, m, ethylene ace&l), 5.16 (IH, dt. 
JI.II=JIO.~I=IOHZ, Jra.~=6Hz, H-II). Found: C. 63.09, H, 
7.95. Calc. for CIOHY&: C, 62.81; H, 7.91%. 

(lSR,2SR,5RS,6RS,7RS,l ISR) - 2,l I - Dik droxy - 5 - merkoxy- 
methoxy - 6,99 - trimethylrrifycfo(S,4,0, $6 jundecon - 8 - one 
ethylene ocetol 6 

N.N-Di-isopropylethylamine (1.25 ml) and methoxymethyl 
chloride (0.72 ml) were added to a soln of S (915 mg) in CHCI, 
(9. I5 ml) and the mixture was stirred at room temp for 5 hr. After 
addition of water (IO ml), the mixture was extracted with CHClr 
and the combined CHCb layer was successively washed with 
NaHCO, aq and NaCl aq, dried (NazSOd) and evaporated to give 
a crude oil of the methoxymethoxy derivative (l.lZg). 

To a soln of the oil in MeOH (20.5 ml) was added MeGNa 
(~.9mg) and the mixture was left to stand overnight at room 
temp. The mixture was neutralized with Amberlite CG-50 (H- 
type) resin, filtered and evaporated, leaving a residue, which was 
chromatographed over Siot (6&g) with CHCb-MeGH (IO: I) to 
give 6Q3mg (73.5% from 5) of 6 as a viscous syrup: R, 0.41 
(CHCh-MeOH IO: I); 8 (6OMHz) 0.87, 1.11, I.24 (each 3H, s. 
Me X 3) 3.37 (3H, s, GCH,), 4.63 (2H, s, CHr of MM). Found: C. 
62.86; H, 8.60. Calc. for CrrHr408: C, 63.13; H, 8.83%. 

(lSR,2SR,SRS,6RS,7RS,IISR) - 2 - Hydroxy - 5 - methoxy- 
methoxy - 6,9,9 - trimethyl - II - p - toluenesulfonyloxyiricy- 
clo[5.4.0.~6]andecan - 8 - one ethylene acelnl 7 

To a stirred and ice-cooled soln of 6 (401 mg) in pyridine (4 ml) 
was added ~toluenesulfonyl chloride (894 mg), and the mixture 
was stirred at 5” for I hr and then at 19’ for 3 hr. After addition of 
water (0.084 ml), the mixture was evaporated to give a residue, 
which was partitioned between CHCb and water. The organic 
layer was washed with water, dried (NasSO4) and evaporated to 
give quantitatively solid (59Omg) of 7, which was used for the 
next step without further purification. Purification by column 
chromatography on Sephadex LH-20 column with n-hexane- 
methyl ethyl ketone (2: I) gave an analytical sample of 7 as 
cubits: Rf 0.40 (n-hexane-EtOAc I: I): m.p. 104-105.5”; 8 
(IOOMHz) 0.83, 1.07, 1.23 (each 3H, s, Me X 3), 2.01 (IH, d, 
Jr.7 = 14H.z, H-7). 2.44 (3H. s, Me of Ts), 2.68 (IH, dd, Ji.rr = 
IOHz, H-l), 3.34 (3H, s, GCHd, 4.68 (IH, dt, Jio.,t = IOHz, 
Jr~,rr = 5.5 Hz, H-II). (Found: C, 60.62; H.7.25; S, 6.69. Calc. for 
&Hv,OsS: C, 60.46, H, 7.31; S, 6.46%); MS: m/e 4% (I&). 

(lRS,2RS,SSR,7SR,8RS,l IRS) - 7.8 - Epoxy - I I - mefhoxymefhoxy 
- 1,4,4 - ~rimelhyltticyclo[6.3.0.~4]undecan - 3 - one ethylene acetol 
8 

To a soln of the crude 7 (113 mg) in 60% aq acetone (3.8 ml) 
was added KHCO, (22.8 mg), and the mixture was stirred at 86 
for I day and concentrated to give a residue, which was extrac- 
ted with ether. Tbe ether soln was washed with water, dried 
(Na~S04) and evaporated, leaving a residue. This was chromato- 
graphed on SiOr with ~hexane~HCl~acetone (8: I : I) to give 
66mg (99% from 6) of 8 as a syrup: Ri 0.30 fn-hexane-CH~b- 
acetone 8: I : I): 8 (108 MHz) O.%. 0.99. 1.10 (each 3H. s. Me X 
3), 1.44. 1.76 (eachlH, dd, Js.s+= 12.5Hz. Jr.;= JJ..6=9H~, H-5 
and 53, 2.66 (IH, ddt, Jz.b= lL5Hz. J6.7= 2SHz, H-6). 3.10 (IH, 
d, H-2), 3.19 (IH, d, H-7), 3.37 (3H, s, GCH3), 3.61 (IH, d, 
JIC~.II = 5 Hz, H-l I), 4.57, 4.69 (2H in total, ABq, J = 7 Hz, CHr 
of MM). Found: C. 66.70; H, 8.65. Calc. for C~sHzs@: C, 66.64; 
H, 8.70%. 

flSR,2RS,6RS,IlRS) - II - Methoxymethoxy - l,4,4 - trimethyl- 
t~cycfo[6.3.O.~.~~ndec - 7 - en - 3 - one ethylene acefal 9 

To a soln of 8 (205 ml) in 97% aq DMF (4.2 ml) was added a 
mixture of Naf (947 mg) and Zn dust (413 mg), and the suspen- 
sion was stirred at 13tP for I day. After further addition of Nal 
(473 mg) and Zn dust (207 mg). the suspension was stirred at 130” 
for 2 days and then cooled to room temp. The suspension was 
extracted with n-hexane and the organic layer was washed with 
NaCl aq, dried (NazSO,) and evaporated to give a residue, which 
was chromatographed on Sit& with n-hexane-EtOAc (5:l) to 
give l58mg (81%) of 9 as a syrup: RI 0.69 (n-hexane-EtOAc 
2: I); 8 (@l-MHz.) 1.00, 1.05, I.13 (each 3H, s, Me X 3), 3.38 (3H, 
s. GCHI). 3.6 (IH. m. H-II). 4.62 (2H. AB-a. J =6Hz. CH, of 
MM), 53 (IHI m; Hl7). Found: c, 70.12; ‘Ii, 9.07. &lc.~for 
C,aHmQ: C, 70.10, H, 9.15%. 

(lSR~RS,6RS,llRS) - II - Hyd~xy - 1,4,4 - t~methylt~~y- 
cfo16.3.0.~6jundec - 7 - en - 3 - one 10 

A sample of 9 (107 mg) was dissolved in a mixture of acetone 
(2.7 ml) and 2.5% aq H2SO4 (4 ml) and the mixture was stirred at 
50’ for I day. The resulting mixture was partitioned between 
EtOAc and NaHCOr aq and the combined organic layer was 
washed with NaCl aq. dried (NarSO,) and evaporated to a resi- 
due. This was chromatographed on SiOr (5~) with n-hexane- 
EtOAc (2: I) to give a solid, which was recrystallized from 
EtOAc-n-hexane to afford 72 mg (94%) of IO as crystals: Rf 0.33 
(n-hexane-EtOAc 2: I); m.p. 82.5-83.5”; 6 (100 MHz) 0.93, 1.06, 
1.M (each 3H, s, Me X 3). I.59 (IH, dd, JJ.~ = IOHz, JST = I3 Hz, 
H-f), 3.74 (IH, broad t, Jr0.o =4Hz, H-II), 5.47 (IH, m, H-7). 
Found: C, 76.09; H, 9.03. Calc. for C,IH&: C, 76.33; H, 9.15%. 

(lRS,2RS,6SR,7SR,8RS IIRS) - 7,8,11 - Di’hydroxy - 1.4,4 - 
trimdhyltrieyclo[6.3.0.0i.6]undecan - 3 - one 11 

A soln of IO (95.3 mg) in acetone (0.95 ml) was added to a soln 
of N - methylmorpholine - N - oxide monohydrate” (563 mg) and 
0~01 (I I mg) in a mixture of acetone (0.95 ml), t-butanol (0. I9 ml) 
and water (0.95 ml), and the mixture was stirred at room temp for 
40 hr. To the mixture was added NaHSOs (I35 mg), and the 
mixture was neutralized to pH 7 with 4N HCI, diluted with NaCl 
aq and extracted with EtOAc. The combined organic layer was 
washed with NaCl aq, dried (Na&Od) and evaporated. The 
residue was c~omat~phed on SiOz (5g) with CHCl~-MeOH 
(15:l) and recrystallized from EtOAc-n-hexane to give 94mg 
(86%) of lf as crystals: Rr 0.39 (CHCIs-MeOH 8: I); m.p. 108- 
109.5”; 8 (acetone&, 9oMHz) 1.01 (3H. s. Me), 1.04 (6H, s, Me 
X 2). 3.07 (IH, d, J2.~.=9Hz, H-2). 3.95 (IH, dd, Jb.7=5.5Hz, 
J7.0~ = 5.0 Hz, H-7), 4.26 (IH, d, OH-7). Found: C, 65%; H, 8.46. 
Calc. for CllH2204: C, 66.12; H. 8.72%. 

(lRS,2RS,6SR,7SR,SRS,I IRS) - 7.8.11 - Trihydroxy - 7.8 - 0 - 
isopropylidene - IA.4 - trimetkyftricyclo[6.3.O.O**~undecnn - 3 - 
one 12 

To a soln of 11 (97 mg) in acetone (I.95 ml) containing TsOH 
(44mg) was added 2.2dimethoxypropane (0.97 mt), and the 
mixture was left to stand at room temp for IO min. After addition 
of triethylamine, the mixture was diluted with EtOAc and water 
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and the organic layer was separated. The aq layer was extracted 
with EtOAc and the combined organic layer was washed with 
NaCl aq, dried (NaaSOd) and evaporated to give a residue. This 
was recrystallized from ether-n-hexane to f&e 1 IO mg (P8%) of 
12 as cub&: Rr 0.65 (CHCl&feOH 1O:l); m.p. 164.~166”; S 
(1~MHz) 1.04, 1.87, 1.11 (each 3H, s, Me X 3), 1.35, 1.46 (each 
3H, s, acetonide), 2.47 (lH, m, OH-ID, 3.24 flH, d, Jza= lOHz, 
H-2), 4.49 OH, d, Js.7=6.5Hz, H-7). Found: C, 69.40; H, 8.88. 
WC. for C&&k C, 69.36: H, 8.905s. 

(lSR,2RS,~R,?SR,8RS) - 7,s - ~hydrnxy - 7,8 - 0 - ~op~py- 
lidene - 1,4,4 - trimefhyltricycfo[6.3.0.~~~undec~e - 3,ll - dione 
13 

To a stirred and ice-cooled soln of 12 (10mg) in CHZCCL 
(0.2 ml) was added pyridinium chlorochromate (18.5 mg), and the 
mixture was stirred at room temp for I hr. The resulting mixture 
was extracted with EtOAc and the combined organic layer was 
washed with NaCl aq, dried (NaaSO4) and evaporated to a 
residue. This was c~omat~hed on SiOz (log) with n-hex- 
arm-EtOAc (3: 1) and recrystallized from ether-n-bexane to give 
P.@ma f8P%) of 13 as cubits: Rr 0.49 (n-hexana_EtOAc 2:l): 
m.p. if&-IbY; & (60 MHz) 1.09, i,l6 (e&h 3H, s, Me X 2), I.38 
(9H, s, Me and acetonide), 3.00 (lH, d, 124 = 9.0 Hz, H-2), 4.38 
(HI, d, Jar = 5.0 Hz, H-7). Found: C, 69.79; H, 8.37. Calc. for 
Ci7HuO4: C, 69.84; H, 8.27%. 

(lRS,2SR,6RS,7SR,8SR) - 6,7 - Dihydroxy I 6,1- 0 - isopropy- 
lidene - 2,lO,lO - trimethyl~~cyclo[6.3.0.d.6]undecane - 3,4,11 - 
trione 4 - dimethyl dithioocetoi 14 

To a stirred and ice-cooled soln of 13 (20 mg) in THF (0.40 ml) 
was added 55% NaH (72 mg) and the mixture was stirred at room 
temp for 15 min. Methyl 2-ni~ophenyl disu~de” (33 mg, yellow 
needles, m.p. 57.5-58.5”) was then added to the mixtnre. After 
stirring for 13 min, the mixture was diluted with water and ether, 
the ether layer was separated and the aq layer was extracted with 
ether. The combined ether layer was washed with NaCl aq, dried 
(NazSO4) and evaporated to a residue. This was purified by 
preparative tic (n-hexane-EtOAc 3: 1) and recrystallized from 
ether-n-hexane to give 21 mg (80%) of 14 as cubits: Rr 0.67 
(n-hexane-EtOAc 3: 1); m.p. 162.5-163.5”; 8 (6tl MHz) 1.09, 1.15, 
1.50 (each 3H, s, Me X 3), 2.14 (6H, s, SMe X 2). 2.65 (2H, ABq, 
CH& 4.43 (lH, d, Jr.8 = 5 Hz, H-7). Found: C, 59.29; H, 7.35. 
Calc. for CV,HZ&S~: C, 59.34; H, 7.34%. 

(lRS~SR,6RS,7SR,8SR) - 6,7 - ~ihyd~xy - 6.7 - 0 - isop~py- 
iidene - 2,10,10 - t~methyIt~cyclo[6.3.~.~~u~ecune - 3,4,11 - 
trione 4 - dimethyf ocetaf 15 

To a soln of 14 (40 me) in MeOH (2.0 ml) was added a soln of 
th~lium~I1) trinitrate (105 mg) in M&H (0.88 ml), and the mix- 
ture was stirred at room temp for 5 min. The resulting precipitate 
was removed by filtration and the filtrate was evaporated to 
dryness. The residue was partitioned between CHzQ and water, 
and the combined CHKlz layer was washed with NaCl aq, dried 
(Na2SO4) and evaporated to give a residue. This was purified by 
preparative tic (n-hexane-EtOAc 3: 1 containing a trace of 
MeOH) and recrystallization from ether-n-hexane to give 25 mg 
(68%) of 15 as crystals; RI 0.48 (n-hex~~~tOAc 3: 1); m.p. 
13l.S-132.5”; 8 @O-MHz) 1.68, 1.15, 1.44 (each 3H, s, Me X $, 
2.96 (lH, d, Jt.s=9Hz, H-l), 3.25, 3.37 (each 3H, s, OMe X 2). 
4.40 (lH, d. J2.g = 4.5 Hz, H-7). Found: C, 64.63; H, 8.14. Calc. for 
C&&,: C, 64.75; H, 8.01%. 

(lRS~RS,6SR,7SR,8RS,llSR) - 7,811 - T~hyd~xy - 7.8 - 0 - 
isopropylidene - I ,4,4,11 - fetmmefhyit~cyclo[6.3.0.~6]~dec~ne - 
3,lO - dioue 10 - dimefhyl acetnl 16 

To a stirred and cooled (-70”) soln of 15 (17mg) in ether 
(0.34ml) was injected 1.2M ethereal MeLi soln (0.485 ml) under 
argon, and the mixture was stirred at -70” for ISmin and 
gradually warmed to 0” for I hr. The mixture was diluted with 
NH&l aq, the organic layer was separated and the aq layer was 
extracted with ether. The combined ether layer was washed with 
NaCl aq, dried (NaaSO4) and evaporated to a residue. This was 
chromatographed on Sick with n-hexane-EtOAc (5 : 3) containing 
a trace of MeOH and recrystalhzed from ether-n-hexane to give 

10.7 mg (60%) of 16 as needles: Rr 0.30 (n-hexane-EtOAc 3: 1); 
m.p. 186-187’; 8 (100 MHz) 1.04. 1.05, 1.10, 1.19, 1.32.1.41 (each 
3H, s, Me X 4 and acetonide), 2.29 (2H, ABq, J = 15 Hz, C&-P). 
3.05 (lH, m, H-6), 3.34 (6H, s, OMe X 2), 3.56 (lH, d, Ju= 
10.5 Hz, H-2), 4.48 (lH, d, Js,r=6Hz, H-7). Found: C, 65.19; H, 
8.87. Calc. for CsnH&: C, 65.19; H, 8.75%. 

(lRSJRS,3SR,6RSJSR,8SR,l lRS) - 3,6,7,tf - Trtroftydroxy - 6.7 
- 0 - isopmpyfidene - 2,3,10,10 - fchomethyl- 
t~cycfo[6.3.0.~~~~~ - 4 - one dimethyl acetot 17 

To a stirred slurry of 16 (17 mg) in THk (0.1 ml), liquid N& 
(2ml) was added and then Li (13mu) added all at once. The 
mixture was stirred at -W for 5 &I. After quenching with 
NH&l, the mixture was extracted with EtOAc and the combined 
EtOAc solution was evaporated to a residue. This was chroma- 
tographed on SiOr (8 g) with n-hexane-EtOAc (2: 1) containing a 
trace of MeOH to give 13 mg (75%) of crystalline 17: Rr 0.29 
(n-hexane-EtOAc 2: 1; comuared with Rr 0.53 for the C-11 
epimer); m.p. 183.5-185.5”; s (I~MHz) fj.92, 1.04, 1.17, 1.20, 
1.32, 1.49 (each 3H, s, Me X 4 and acetonide), 2.55 (IH, m, W-l), 
3.34 (6H, s, OMe X 2), 3.68 (lH, duff dd, Jt.11 = 9.5 Hz, JII,OH = 
-3 Hz, H-II), 4.14 (lH, d, Jr> = 6Hz, H-7). Found: C, 64.67; H, 
9.29. Calc. for CZOHWO~: C, 6484; H, 9.25%. A trace of the C-II 
epimer of 17 was detected on tic. 

IRS) - - Tetrohydmxy 
2,3,10,10 - teframethyltricyclo[6.3.0.d.$mdecan - - one 

A soln 17 (42mg) 90% trifluoroacetic (0.6Pml) was 
at room for 12 and evaporated a residue. 

was chromatographed SiO2 (8g) benzene-EtOAc (l:2) 
recrystallized from to give (93%) of 

18: Rr (CHCb-MeOH 8:l; with Rf 
0.31 the C-3 22); m.p. 6 (acetone4 a 
droo DzO. 90MHz) 1.04.1.17. 1.26 3H. s. X 41. - 
3.66 (lH, d, J 1.1, 8.j Hz, ii-lli (lH, b, = ci.jHz, 
Found: C, H, 8.62. for CtrH;*Or: 43.36; H, 

(lRS,2RS,3SR,6RS,7SR,8SR,l IRS) 7,ll - - 3,6 
dihydroxy - - - 4 
one 19 

a soln 18 (IPmg) (0.57ml) was ACZO 
(0.285 and the was stirred at 3(P. 
reaction was with EtOH the mixture 
evaporated to residue, which c~omat~aph~ on 
(5 g) n-hexane-EtOAc (I 1) to 20 mg of crystal- 

19: Rr (CHClrMeOH 8: or 0.40 
3:l; compared Rr 0.35 the C-3 23); m.p. 
171.5’; S 0.93, 1.00, 1.29 (each s, Me 4), 
2.02, (each 3H, OAc X 4.97 (lH, J7.~=7Hz, H-7), 

(lH, d, H-11). Found: 62.10; H, WC. 
for C, 61.94; 7.66%. 

(IRS,2RS,7SR$SR,llRS) - 7,ll - - 2,lO,lO trimethyl 
3 - methylenefticyclo[6.3.0.02$mdec - - en 4 - racemic 20 

a soln 19 (9mg) pyridine (0.18ml) added 
meth~esuUony1 (8.4 mg) (N,N~~ethyl) 4-antin~ 

(3mg). and mixture was overnight at 
Then, the amounts of me.thanesulfonyl 
chloride (N,Ndimethyl) daminopyridine further added 

the mixture stirred at for 6hr then at for 
15 After quenching water, the was evaporated 
a residue, was p~tioned EtOAc and water. The 
EtOAc layer was evaporated to dryness. The residue was 
chromatographed oo Sich with n-hexane-EtOAc (3: I) and fur- 
ther purified by preparative tic (benzene-ether 3: 1) to give 4 mg 
(46%) of crystallime 2P: Rr 0.57 (benzene-EtOAc 3: I); m.p. 
73-76’; 6 (1OOMHz) 1.00, 1.09, 1.47 (each 3H, s, Me X 3), -1.6 
(2H, m, CHr9), 2.13 (6H, s, OAc X 2), 2.38 (lH, dd, Jr.11 = 8 Hz, 
Jza= 12 Hz, H-I), 3.05 (lH, m, H-g), 5.17 (I& s, H-S), 5.27 (131, 
d, H-t& 5.63 tlH, d, Jt.a=7Hz, H-7)‘ 5.95, 6.~9 (e&t fn, s, 
CHt = C); r\m~ (MeOH) 248 nm (t 12900); rr,, (CCL) 1735, iX~3, 
1630, %7S cm-‘. Found: C, 68.47; H. 7.40. Gale. for C19Hz& C, 
68.66; H, 7.2%%. 



The total synthesis of (C)coriotin 4369 

(q4hiotin 1 
To a soln of 28 (59 mg) in THF (0.77 ml) was added I m LiOH 

(0.53 ml), and the mixture was stirred at 30” for 2 hr. The mixture 
was aeutraliied with Amberlite CG-50 (H-type) resin, filtered and 
evaporated to give a crude syrup of the de - 0 - acetate (68 mg). 
To a soln of the syrup in 65% aq THF (0.54& a powder of 
NaHCG3f60 ma) was added and then 30% II& (0.20 ml) added. 
and the ~&xtur~ was stirred at room temp for I hr. The ‘mixture 
was neutral&d with Amberlite CG-50 (H-type) resin and the 
solvent was removed yielding a residue, which was chromato- 
graphed on preparative tic with benzenbether (1: 1). ‘Ibe band 
having the same Rr-value as that of natural corioha was collected 
and eluted with EtOAc. The eluates were evaporated to a resi- 
due, which was further purified by preparative tk (benzene+ 
acetone 3: I). The band centered at Rr 0.47, which showed an 
antibacterial activity against Bacillus subtilis PC1 219 on bioau- 
tography, was collected and eluted with EtOAc. The ehtates were 
evaporated to a residue, which was recrystallized from EtOAc- 
CHCI~n-hex~e to give 6mg (12%) of racemic coriotin 1 as 
crystals: Rr 0.41 (benzene-EtOAc 3:2) or Rr 0.47 (benzene- 
acetone 3: 1); m.p. 180-183”; 6 (IOOMHx) 0.93, 1.09, 1.23 (each 
3H, s, Me X 3), 2.32 (IH, dd, Jr.11 =9Hx, Jr,s= 12Hx, H-i), 2.75 
(IH, m, H-S), 2.98, 3.14 (2H in total, ABq, J = 6.5 Hz, exo-cychc 
ethylene oxide), 3.56 (lH, s, H-f), 3.77 (iH, d, H-If), 4.05 (lH, d, 
J78 = 6 Hz, H-7); Y,,,= (CHCh) 2940 (m), 1760 (s), 1208 (s), 1190 
(s) cm-‘; MS: m/e 280 (M’). Found: C, 64.42; H, 7.22. Calc. for 
CIJH&: C, 64.27; H, 7.19%. Its IR, NMR and MS spectra and 
tk behavior were identical with those of an authentic sample of 
the natural product. 

(lR~R,3R,~,6R,?S,8S,liR) - 2,3,10,10 - Tetr~m~~yi- 
f~c~clo~6.3.0,~~undec~e - 3.4.6.7.1 I - nentaol 21 

To asoln of coriolin B’ (i.tiOgj in THF (38ml) was added 
LiAlH, (922 mg), and the mixture was refluxed for 1 hr. After 
cooling, a powder of NazSOc lOH20 (8.0 g) was gradually added 
and the mixture was filtered through Celite and washed with 
EtOAc. The combined organic solution was evaporated to a 
residue, which was purified by chromatography on SiO2 (ItXlg) 
with CH&&-MeOH (6: I) and recrystallization from EtOAc-n- 
hexane to give 675 mg (%%) of 21 as needles: Rr 0.07 (benzene- 
acetone 2: I); m.p. 188.5-189.5” (lit.’ m.p. 1890); [a]$ +41.5” (c 
1.0, MeGH). Found: C, 62.70; H, 8.99. Cak. for CIYH~OJ: C, 
62.91; H, 9.15%. 

(lR,2R,3R,6R,7S,SS,llR) - 3,6,7,ll - Tetr~ydroxy - 2,3.10,10 - 
tet~m~hylt~cyclo[6.3,0.~.b]und~an - 4 - one 22 

To a stirred and ice-cooled soln of 21 (323mg) in pyridine 
(6.4 ml) was added pulverized 003 (643 me), and the mixture 
was stirred at room temp for 3 hr and then extracted with EtOAc. 
The extracts were washed with NaCl aq, dried (Na2SO4) and 
evaporated to a residue, which was chromatographed on Sio2 
(32g) with CH2CI-MeGH (14:l). The fractions containing 22 
were combined and the solvent was evaporated, leaving a solid, 
which was recrystalliied from EtOAc-o-hexane to give 49mg 
(15%) of crystalline 22: RI 0.31 (CHCh-MeOH 8: 1) compared 
with Rf 0.35 for the C-3 epimer 18; m.p. 191-193”; Ia]; +48” (c 
1.0, MeOH); 8 (acetone& with a drop of DzG, 9OMHz) 0.88, 
1.03, 1.18, 1.30 (each 3H, s, Me X 4), 3.76 (IH, d, J8.n =9Hz, 
H-if), 3.80 (tH,d, hs=5.5Hz, H-7). Found: C, 63.09; H, 8.27. 
Calc. for CrsHz*OJ: C, 63.36; H, 8.51%. 

(lR,2R,3R,6R,7S,8S,llR) - 7.11 - Diacetoxy - 3,6 - di~yd~xy - 
2,3,10,10 - tetramet~ytt~cyc~o[6.3.O.~~undec~ - 4 - one 23 

This was prepared in the similar manner as described for 19, 
starting from u! (157 me). Recrystallixation of the crude product 

from EtOAc-n-hexane gave 138mg (68%) of 23 as needles: Rr 
0.67 (CHCh-MeGH 8 : 1) or Rt 0.35 (bctuene-acetone 3 : 1; com- 
pared with RI 0.40 for the C-3 epimer 19)); m.p. 186-187.5”; [u]b 
t86” (c 1.0, MeOH); S (18OMHz) 0.91, 1.02, 1.08, 1.26 (each 3H, 
s, Me X 4), 19O(lH,dd, Jr,11=8Hz,Ji,s= 12Hz,H-1),2.04,2.18 
(each 3H, s. OAc X 2), 2.83 (lH, m, H-8), 5.04 (1H. d, J?d= 
65Hz, H-7), 5.17 (lH, d, H-ii). Found: C, 62.18; H, 7.55. Calc. 
for &H&h: C, 61.94; H, 7.66%. 

(lR,2R,?S,IIS,llR) - 7,11 - Diacetoxy - Z,lO,lO - trfntefftyf - 3 - 
met~yfenet~cycfo[6.3.O.~~~ec - 5 - en - 4 - one 2) 

This was prepared in the similar manner as described for the 
racemic 28, starting from 23 (22 mg) to give 4.Omg (20%) of 
crystallime 20: m.p. 109-111”; [al? -51” (c 1.0. MeOH). Fwnd: 
C, 68.45; H, 7.44.Calc. for C~~H~OS: C, 68.66; H, 7.28%. Its IR 
and NMR spectra and tic behavior were identical with those of 
the racemic 20. 
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