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m--Abialrctone. a triterpcnoid isolated from several firs (A&s spp.) has been shown IO be 3a- 
mcthoxylrnosta-‘+(I I). 24dlen-27. 23R-olldc (I). 

ABIESLACTONE (I) IS a triterpenoid first isolated by Takahashi’ from the bark and 
leaves of A&es wiesii Masters (Pin-), a tall evergreen tree indigenous to moun- 
tains in the northern part of Japan. In a previous paper’ this compound was assigned 
the mokcukr formula, C, 1 H*sOj, based on repeated analyses and shown to probably 
have the skeleton of trimethylsteroids by selenium dehydrogenation. The identical 
compound has also been isolated independently from the bark of A. umubi1i.s (Dot&) 
For&s (001 %)‘* and A. pruceru Rehd by Dr. H. L. Hcrgert, Rayonier, Inc., in the 
United States and presented to one of the authors (J.W.R.) for investigation. Initially 
the research group in each country was undertaking investigation of the structure 
unknown to the other. Since, however, dir& comparison has shown that they were 
working on the same compound, we decided to carry out a joint investigation on 
the structure and stereochemistry. 

The mokcular formula of abieslactone has now been supported by the parent 
peak at m/e 468 in the mass spectrum. Of the three 0 atoms in abieslactone, one could 
be attributed to the OMe group which was shown by the Zeittl method and the 
three-hydrogen singkt at T 6.73 in the NMR spectrum. Two more 0 atoms were 
combined in an gkunsaturatcd y-lactone. Titrimetric estimation of abieslactone 
indicated the presence of a lactone group that exhibited a maxima at 207.5 mp 
(Iog E 4.30) in the W spectrum. The IR spectrum had a band at 1745 cm- ’ that 
shifted to 1770 an-’ on hydrogenation to a dihydro derivative II of abieslactone in 
which the tripkt at T 8.10 for the vinylic Me protons in the NMR spectrum of abks- 
lactone disappeared and the six Me groups in the region of r 8.98-9.Og were increased 
to seven (I 868-908) with concomitant loss of a vinylic proton at I 3(10. In vt 
with this assumption, treatment of abieslactone with LAH gave as a result of teductive 
ckavage of the lactone ring the dial, III, which was character&d as the di-pnitro- 
benzoate. The one-hydrogen vinylic multipkt at I 448 in the NMR spectrum of 
abieslactone did not disappear readily on attempted hydrogenation at room tem- 
perature and atmospheric pressure, and only after prolonged hydrogenation over 
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Adams catalyst in acetic acid-ethyl acetate were four H atoms taken up to give 
tctrahydroabieslactonc (IV) which had no vinylic signals in the region of r 34 in 
the NMR spectrum. 

Permanganate oxidation of abieslactone in acetic acid by the procedure of Taka- 
hashi’ gave a trisnorhydroxy-acid, V, with the loss of three C atoms from the starting 
material. The acid was characterized as the methyl ester (VI), the acetate (VII), 
and the methyl ester acetate (VIII). The IR spectra of the trisnorhydroxy acid (V) 
and its methyl ester (VI) exhibited CO bands at 1690 and 1725 cm- ‘, respectively. 
These bands were at a lower frequency than the respective absorptions at 1710 and 
1730 cm-’ of the corresponding acetyl derivatives (VII and VIII), due to intra- 
molecular hydrogen bonding of the carboxyl group with the OH group suggesting 
that the OH group is geminal to the carboxyl in the trisnorhydroxy acid 0, The 
trisnorhydroxy acid methyl ester (VI) showed singlets at r 8.939.30 corresponding 
to six C-Me protons, and a multiplet at T 466 for one trisubstituted vinylic proton. 
These facts indicated that the lactone grouping in abieslactone was at the terminal 
position of the side chain and suffered a loss of three C atoms on permanganate 
oxidation as a result of cleavage of the doubk bond in the lactone ring followed by 
hydrolysis of the resulting ester grouping 

Alkaline hydrolysis of abieslactone gave, in analogy with angelicalactone,** ’ 
the keto-acid IX, which exhibited a W maximum at 276 mu (log E 1.72) and a ketone 
band at 1713 cm - ’ in the IR. The keto-acid was characterized as the methyl ester 
(X) which showed CO bands at 1738 (COOMe) and 17 15 cm- ’ (CO) in the IR and 
gave a 2.4-dinitrophenylhydrazone. It reverted to abieslactone on heating with acetic 
anhydride. Attempted hydrogenolytic demethoxylation of this keto-ester was not 
successful ; hydrogenation over Adams catalyst under 1700 lb/in’ and 150” for 17 
hr gave a mixture of products that on chromatographic separation afforded the 
saturated deoxoester (XI), a small amount of the corresponding deoxoacid (XII), 
and tetrahydroabieslactone (IV). 

For the purpose of eliminating tbe oxygen functions on the side chain we first 
treated the keto-ester (X) with LAH to give the dial, XIII, which exhibited only one 
vinylic proton at I 4.47 in contrast to the diol III obtained by LAH reduction of 
abieslactone itself. This yiekkd a monotosylate (XIV), which on treatment with LAH 
gave an oxide (XV) showing no OH band in the IR. Analogously, tbe dial XVI 
derived from tetrahydroabieslactone (IV) on treatment with LAH gave an oxide 

(XVII). 
Since these attempts were not successful, we undertook an alternative sequence of 

reactions. The ketocster (X) was treated with ethanedithiol in the presence of BF,- 
etherate to give a thioketal (XVIII), which was desulfurized with Rarity-nickel in 
boiling ethanol. The deoxo-ester (XIX) thus obtained, was reduced with LAH, 
giving rise to the alcohol, XX. This was tosylated and treated again with LAH to 
furnish the compound, XXIII, which exhibited NMR signals in the region of r 
8.939~35 corresponding to eight C-methyls and a one-hydrogen multiplet at r 4.75 
for a vinylic proton. The same compound was obtainable, though in a lower yield, 
on filtering the tosylate (XXI) through a column of alumina and subsequent hydro- 
genation of the resulting unsaturated compound (XXII). Hydrogenation of this 
compound (XXIII) under more drastic conditions gave a saturated compound, which 
was shown to bt 3a-methoxylanostane (XXIV) as follows. 
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H H 

V: R-R.-H IX: R=O.R’-H 
VI: R=H.R’=Me X: R-O.R’=Me 

VII. R = Ac R’ - H .Sl 

VIII: R = AC. R’ - Me / 
XVIII: R = 

\ 
, R’ = Me 

S I 

XIX: R - Ha. R’ - Me 
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XI: R = Me 
XII: R = H 

XIII: R = Ii 
XIV: R =-l-s 

XVII XX: R=H 
XXI: R-l-5 

Demeqylation of the OMe group in this compound (XXIV) was effected by the 
action of hydrobromic acid in acetic anhydridt-acetic acid, affording the acetate, 
XXV, which was hydrolyzed with ethanolic potassium bydroxide to the alcohol, 
XXVI, m.p. 164-165”, [aJo +215” (CHCIa). This was not identical with lanostan- 
3&ol (XXVi11),6*’ but rather a C(3)-epimer, since it was smoothly converted by 
oxi~tion with chromic acid-pyridine complex into a ketone, m.p. 133134“. [ajo 
+ 28.4”. identical in all aspects with lanostan-3-one (XXVII).**’ 
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XXII XXIII. R : Me 
XXXV: R=Ac 

XXXVI: R=H 

H tt 

XXIV: R-Me 
XXV: R=Ac 

XXVI: R = H 

HO 

XXVIII 

XXVII 

XXIX 

The structure and the stereochemistry of the nuckus of abieslactone (I) have 
thus been elucidated. The OMe group has been established to bt at c(3) and is 
presumably a-oriented and therefore axial. This is compatible with the interpretation 
of the NMR spectrum of tbe alcohol (XXVI) in which a one-hydrogen diffused triplet 
(J = 2.5 c/s) at r 6.55 indicated that the H atom attached to C(3) is equatorial; hence 
the OH must be axial. Analogous one-hydrogen triplets were also observed for the 
acetoxyl and methoxyl derivatives, tbe acetoxyl derivative (XXV) showing a tripkt 
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(J = 2.7 c/s) at r 5.36 and the OMe derivative a triplet (J = 2 c/s) at r 7.2 These 
findings indicated that no inversion of the oxygen function took place during the 
hydrolysis of the OMe group, and accordingly the OMe group at C(3) in abieslactont 
must be z-oriented and axial. 

For comparison we have prepared 3f%methoxylanost-8cne and 3I3methoxy- 
tirucall-8ene* and confirmed that in the NMR, the axial hydrogen attached to 
C(3) bearing an equatorial OMe group exhibited a quartet different in shape from 
the corresponding signals of the abieslactone derivatives as shown in Table I. 

Compound 
I I 

H C’(OMe) C- OMe 

- - __- -. -. -. - - .- 

Abialactonc 7 7.20 triplet J - I.8 c/s r 6.73 
3z-Methoxylanosr-9(1 lkene (XXIII) T 7.18 triplet J - 2.3 G’S r 6.70 

3t-Methoxylanostanc (XXIV) r 7.20 tnplet I = 2.3 c;‘s r 6.70 

3&Methoxylanost-8-me r 7.31 quartet IAX = IO c.s JIX = 4 c;s T 6.63 
3&Methoxytirucall-t-cne r 7.31 quartet J*x = IO c:s J,, - 4 cjs r 6.63 

Now we turn to the location of the isolated double bond in abieslactone. Since it 
is trisubstituted as shown by the NMR spectrum and is in the steroidal ring-system 
as inferred from its resistance to hydrogenation under mild conditions, probable 
locations are limited to C(7)C(8) and C(9)C(ll). This inference was supported by 
the following facts. Abieslactone on oxidation with chromic acid gave the compound, 
XXIX, containing a chromophore. Cu=C-CO. as shown by its UV spectrum, 
Aa, 274 mu (log E 3.84). On oxidation with osmium tetroxide it afforded a tertiary 
secondary dihydroxy compound (XXX) as shown by its NMR spectrum that showed 
signals at T 7.65 (1 H. singlet) for a tertiary OH proton and at r 5.95 (1 H, multiplet) for 
a proton geminal to a OH group. This gave on periodide oxidation a keto-aldehyde 
(XXX& although it was not obtained pure. Of the two possibilities, the position of 
the double bond between C(7)-c(8) could be ruled out because of the fact that 
abieslactone (I) and its derivative, XXIII, showed no facile shift of the double bond 
in the ring system on treatment with mineral acids, analogous to lanost9(ll)cn- 
3kyl acetate. 6*9* ‘O*” Compounds such as lanost-7-en-3fJ-yl acetate,’ ’ euph-7-en- 
3f%yl acetate,” and triucall-7-en-3&yl acetate ” that contain the double bond 
between C(7) and C(8) are known to be readily converted with acids into compounds 
having the doubk bond at C(S)-C(9). Further, the fact that the isolated double bond 
can be hydrogenated under catalytic conditions parallels tbe behavior of lanost- 
9(1 l)-en-3&ol, while lanost-7_en-3P_ol is resistant. 

An observation that supported the view that the doubk bond in the ring system 
of abieslactone must be at c(9)-C( 11) was secured by the oxidation of the 3a-methoxy- 
lanostene (XXIII) with chromic acid in aatic acid, when a yellow enedione @XXII), 
d,,,., 275 mu (log E 3.89). v,, 1680 and 1674 cm-‘, and an enone @XXIII), &, 
245 rnp (log E 4.10). v,, 1677 and 1600 cm-‘, were formed. Since the enedione 
(XxX11) showed no signal corresponding to an olefinic proton, the double bond 
in this compound must be tetrasubstituted and accordingly was attributed to the 
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position C(Syc(9). Furthermore the UV spectrum of the enedione @XXII) is 
characteristic of those of A*-7.1 ldiones in the steroid and triterpenoid series6 On 
the other hand the enone @XXIII) showed a onchydrogen doublet (J = 20 c/s) 
for an olefmic proton at z 440 and its W spectrum was similar to those of 3g- 
acetoxylanost-9(ll)-en-12-one,9 3a-acetoxyarbo&(l l)-en-12-one.1* and methyl 12- 
ketodavallate.‘s The ORD curve of the enone (xXx111) depicted in Fig 1 exhibited 
a strong negative multipk Cotton effect which was very similar to those of 3a-acetoxy- 
arbor9(1 l)-en-12-one’* and 3g-acetoxy-18a-olean-9(1 l)-en-12-one.i6 

+30 

+20 

c) 
‘0 
c 
x +10 

S 

0 

-10 

zso 300 400 500 600 v 

FIG I ORDturvc of 3z-merhoxylanosr-P(Ilkn-12-one (XXXIII) In dloxan 

The foregoing facts suggested that the enedione had the structure of 3amethoxy- 
lanost-8ene-7, 1 Idione (XxX11) and the enone that of 3%-methoxylanost-9(I II-en- 
12-one (xXx111). Additional evidence supporting the position of the double bond 
in abieslactone was provided by the mass spectrum of the 3a-methoxylanostene 
(XXIII). This exhibited the parent peak at m/e 442, two peaks corresponding to 
h4. CH, and M CH, CH,OH (m/e 427 and 395). and four fragment peaks at 
m/e 287,273,255, and 241. Occurrence of these four peaks in the mass spectrum of 
the methoxylanostene isanalogous to the fragmentation pattern ofarborene’** I’* I’* la 
that contains a double bond at C(9)-C(ll). A plausible mechanism is shown in 
Scheme 1. 
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Proof for this inference has now been brought about by converting the methoxy- 
lanostene (XXIII) to lanost-!I(ll)-en-3-one. Hydrobromic acid hydrolysis of the 
methoxylanostene in boiling acetic anhydridcacetic acid in an atmosphere of 
carbon dioxide furnished, in addition to a compound that was presumably lanosta-2, 
9(11)-diene (XXXIV), a lanosten-3a-yl acetate (XXXV) that was saponified with 
ethanolic potassium hydroxide to give a lanosten-3a-ol (XXXVI). Oxidation of this 
axial alcohol with chromic acid-pyridine complex atTorded the ketone XXXVll, m.p. 
121-122, [a]n +59.7’ (CHCI,). 

H 

H H 

tOOH 

AcO 
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As shown in Table 2, the m.p. of this compound was slightly higher than the mps 
given in the literature for lanost-9(1 If-en-fone (XXXVII). 

TAELE 2 

Compound 
.___- 

XXXVI I 
Lanost-W 1 I pen-3-one 

VP I~10 Ref. 
.__ .- 

121 122 t 59.7 
113 114 +65 19 
111 Ill.5 .t f&7 15 

Iiowcver, a mixed m.p. determination of our compound with an authentic sample 
showed no depression of the m.p. and the IR spectra and thin layer chromatograms 
of both samples were superimposable, so that identity of both samples was established 
beyond doubt. Further inflation was provided by comparison of the m-p. and 
optical rotation of the compound obtained by sodium borohydride reduction of 
our lanostenone (XXXVII) and subsequent acetylation with those reported for 
lanost-9(1 l)-en-3/I-yl acetate (XXXVIII). (Table 3). 

TABU 3 

M P- Exlo Ref. 
.-_ .-__.. 

xxxvrt1 171 172 s84.3 
Lanost-9( 1 I t-en-3&yl acclalc 171 172 + 87. 20 

I?&171 +XI 6 
170 172 +85 9 
177-178 -83’ 10 

On the basis of the evidence thus accumulated, the structure and the stereochemistry 
of the 3a-methoxylanostene derived from abieslactone were established as represented 
by the formula XXIII. Finally, we must elucidate the configuration at C(23) before 
the entire stereochemistry of abieslactone is established. 

Gn the basis of his measurement of the circular dichroism of abieslactone that 
showed a very weak positive peak at 249 mu (0 = + 306”) for the n -+ n* transition 
of the unsaturated lactone, Prof. G. Snatzke, Bonn University, West Germany, 
suggested that abiesiactone probably has an R ~n~guration at C(23). 

More definite results were obtained by measuring the CD curves of the trisnor- 
hydroxy-acid (V) and its dihydro derivative (XxX1X). 

As shown in Fig 2, the CD curves of these two compounds showed a weak trough 
at about 220 mu and a strong positive peak at a shorter wavelength. If we compare 
these curves with that of x.-f + j-lactic acid ” that exhibited a positive peak at 213 rnk 
it is clear that these trisnorhydroxy-acids (V and XxX1X) have an R configuration 
at C(23), If we rule out the highly improbable inversion at C(23) in the course of the 
permanganate oxidation of abieslactone to the trisnorhydroxy-acid Iv), abieslactone 



The structure and the stereochemistry of abialactonc 2869 

itself must have an R configuration at c(23), and the complete absolute configuration 
of abieslactone is represented as 1. 

I 

210 220 240 260 mp 

FIG 2 CD-curves of V. XXXIX. and I._( + )-lacrtc acid in hi&H; -, V: - . XXXIX~ 

. . , ~4 + )-IactK acid. 

Abieslactone was submitted to the U.S. Cancer Chemotherapy National Service 
Center, but found to be without significant effect on three different types of cancer. 
It was also submitted to Dr. D. Rosenthal, The Squibb Institute for Medical Research, 
New Brunswick, N.J., U.S.A., for antibiotic testing. It was found to be only mildly 
active against typical gram positive and gram negative organisms, and inactive 
against yeasts and fungi. 

EXPERIMENTAL 

M.ps arc uncorrected. unkss otbcrwise nored. 

Spaxfx rotations were measured in CHCl, soln. NMR spectra wcrc measured m CDCl, soln on a 
Varian A-60 spslrcmcter usmg TMS as an internal rdcrcn~_* Mass spaztra were mcasursd on a Hitachi 

mass spcctrow~cr RMU-6D using an all-glass heared inks system. Some IR and NMR spectra bavc been 
deposited with 0x SckntifK Docummtation Gntrc, Dunfermline. U.K.; their numbcn are indicated as 
“(SDC No. )“. 

/solorion of nbtnlacroru (I) 
The drlcd hark ol .Ahw~ mwtr\tt Wasters I I2 3 kg1 was chopped and cttracrcd utth trOAc (So I I under 

rcflux for 24 hr. Tbc EtOAc extract was lilterai. and tbc filtrate was concentrated IO IO I.. daantad from 
resinous ppts. and again concentrated to I.5 I. The crystalline mass formal on standing overnight was 

l s - singlet, tr - triplet. m - multipkt. qu = quartet. 
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collected by filtratmo, and tbc filtrate was eva~meatai to I L IO give a further crop of crystala Tbc cryatallioc 
materials WM combiacd and taken up in CHCI, (1 I.). Tbc CHCI, aoln was f&era) from insolubk resinous 
materials and cvaporarcd to give crystals that were washed with 200 ml of hot MeOH 

(‘rystalllzatlon lrom EIOAC alforded uh~e&rronr III as colorlerJ prrsms (2Y 5 p). m p ZS? 253 . [ZIP 
- 113’ (c. IW). cw 2075 m)r (log c 4.3-O). #& 1745 1658. 1100. 838 cm ’ (SIX No. BWKG); e1 

1748~111 ‘;~,:1767~~‘;~~~17M~~‘.NMR(SDCNo.BWLN):r8~90.~.~,e08(sixC-Mc’s), 

8.10 (3H tr, I = 1.7 c/r vinylic Me). 7.20 (IH narrow dilTuscd tr, I - I.8 c/s. equatorial H&-OMc), 

I I ’ I 
6~73(3Hs.OMe).503(1Hm~H--O).4~48(1HmH--C~-- )and3~(lHapparcntquintctI - 1.7c/s, 

I ; I 
CH<l+C CO1 Decoupling 81 100 MC showed that the 3M) signal collapsed to a quartet wbcn 

dccoupkd from 5G3. ad to a doublet when dccoupkd from 8.10. Similarly, the 8.10 signal collapsed to 
a doubkt what decoupled from either 3GO or 503. The SG3 signal collapsed IO a broadened singlet wbm 
decoupled from tbc ad~aant mctbykne a~ about T 84 IO which it is coupled by I - 9 c/a Tbc 448 signal 
collapsed to a sharp tripkc. I - 3.5 c/s, when decoupled from the C-8 hydrogen at T 761, and collapsed 
to a broadcnod singlet_ J = - 1 c/s. wbcn decoupled from the C-12 methykac at r 7.81.ORD(c. 004348. 
in dioxan): [o]..0 -412”. [d],, -307V. [6],,0 - 11.300”. [OIIr, -27200” (troughA [4]*,,, -8240”. 
CD(c.004348. in dioxan): [e],, ),, 0”. [Oll,. , - 36.100’ (trough). [O],,, - 30.100”. (Found: C. 79%; 
H. 1037; 0. 1030; O& 650. C,,H,,O, rcquims: C. 79.43; H. 1032: 0. 1024: OMe. 662%). Mass 
specrtrum:m~e468IM’L4~SlM~ Cl(,).421 IM’ CH, CH,OHI 

7itrimtrric estuMIion oj Ihe &crone r&j in abitrlacronc (I) 
Abksloaonc (46+0 mg) was rdluxod with N/100 EtOH-KOH (F = 08464.250 ml) for 30 min. After 

cooling, the soln was u~ratal with N/l@3 HCI (F - 14176) usmg pbcnolphthakin as an mdiator. The 
consumed alkaline soln (1097 ml) corresponded IO one lactonc ring in the mokcuk. Abieslactooc gave 
positive Licbcrrnann-Burchnrdt. Salkowski and KariyontHashimoto testa, but a ncgarlw Legal lat. 

DihydroabuJlaclone 
Abtionc I (200 me) in THF (SO ml) was hydrogenated over 20% Pd C (500 me) at room romp for 

I.5 hr. After one mok H, (I03 ml) bad been absorbed, H, uptake cepsdd. Tbx catalyst was ranoval by 
tiltration. and rbc lilrratc was evaporated to give a solid mass (206 mg). which was dissolved in a mixture of 
hcxanc and benzene (1 : I) The soln was applied IO a column of neutral alumma (Woclm, grade 1. 6 g). 
which was elutcd with benzene. Evaporarlon d the &ate gnvc crystir (189 me). m.p. 21%216” that on 
rrpeatcd ~llizntioa from EtOH-ti afforded dihydmabieskuronr (II; 102 me) as colorless 
prisms, mp. 219 221‘. [%I~’ - IS’ (c, 099). #z 1770 and 1100 cm’ ‘, ED 1759 cm ‘. NMR: r 9+X3, 

I ’ 
9 06. 9 00. X 96 (SIX C-Me’s). 8 73 (3H doublet J - 6 5 c c. c‘u, <‘II C‘O). 7 18 1111 narrow dllluwd or. 

I 
I - 1.7 c!b equatorial H --b*Mc), 6.71 (3H s, OMe). 553 (IH broad m. XH 0 ) and 4.47 (IH m 

I 
H C=C ). (Found: C. 78.95; H. 1070. C,,H,,O, requires: C. 79.10: H. 1@7l?.). 

A soln of LAH (50 mg) in dry THF (20 ml) was added to a soln d abialactom (500 me) m dry THF 
(100 ml). The nnxturC was stirred at room rcmp for 10 hr. A small amount d water was added and the 
solvent was evaporated to dryneu Tbe rcaiduc was acidifd with dil HISO, and extractal with c&r. 
The extract was washed with water and dried over Na,SO,. Removal of tbc ether &m a pasty rwiduc 
(MO ma). which on chromatography on alumina (IS g) and clution with ether afforded. afta crystallita- 
tmn from pcl ether (h p SO 60 I. a cr)stalllnc producl 111 mgk m p 125 128 Rcchromalopraph! 
of thu awpound on alumina (5 s) aod recrystallization from pet. ctbcr-thcr. furnished k-methoxy- 
hnarw-9(11), 24dien-23t. 27-dioI (III) (127 mo) M nacdka mp. I&136”. vzl 3360, 1654 cm-l. lbc 
product exhibited a yellow color with tetranitromethanc. (Found: C, 7867; H, 11.30. C,,H,,O, requires: 
C. 78.76: H. 1109%). 
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Treatment ojthe diol(111) with p-nitrobenzoyl chloride 

A mlxturc d III (100 mg) and pnitrobenzoyl chloride (100 mg) in dry pyridinc (2 ml) was kept at room 

tcmp for 24 hr. then poured into water, and the resulting ppt was collcctcd by hltratron. The solid was 

dissolved in ether. and the ether extract was washed with 10% NarCO, and water. and then dried over 

Na,SO,. Removal d the erbcr gave a sohd rcsduc that was rccrystalllLcd four tunes from &OH-bcnzcnc 

to afford rhc di-p-nirrobrnrwrc (148 me) as colorloss nccdlcs, m.p. 166168’. (Found: C. 6999; H, 7.91. 

C.,H,,OPNI rquires: C. tolO; H, 758%) 

Terrchydroeabieskaerone (IV) 

Ablalactonc (502 mg) was dissolved m EtOAc @Xl ml) and A&H (20 ml). RIO, (I I7 mg) was added. 
and the mixrurc was hydrogcnatcd at room temp and atm press. One mok of H, was absorbed in about 

2 hr and a second mok was absorbcd after about 30 hr. Tbc catalyst was liltcrcd OK, and tbc soln taken 

IO dryness IO yield colorless crystals. m p 226 231 The product was crystallitcd alremately from CH,CI,- 

MeOH and from hcxanc several umcs and subhmcd ar 220 0015 mm 118 IO 81vc IV (3mncfhox~lcnosran- 
17. 23R-ohde). m p 230 331 (car ). [xl; +71 (c. I 31 UV end ahnorptron eLT 196 No color wuh 

tctranuromcthanc. vx_y 1766 cm ’ (SD<’ h’o BWKD). bL_T.‘* 1762 cm ‘, &*A!’ 1785 cm ’ NMR (SD<‘ 

0 
I 

No. BWLK): r 557 (IH. broad m. CH 0 C ) (Found. C. 78.65; H. 11.22: McO. 6.71. C,,H,,O, 

rcquircs : C, 78.76 ; H. I 109; McO, 6.56 “a). 

Pokassiwn pm4ngon4fe oxidarlon ojabvslaefone (I) 

A soln of KMnO, (717 mg) in A&H (10 ml) at 50’ was added dropwwc to a soln of abuzslactonc (438 

mg) in hot AcOH (100 ml). Aflcr the mixture was kept at room temp for 8 hr. aqueous NaHSO, was ad&d 

in small portions IO destroy the cxccss of KMnO,. The solvent was evaporated In tneuc and the ruiduc 

was dlssolvcd m ether that was cxtractcd with 5 ?/. NaOH (100 ml). Acidification d the alkaline extract 

with dil HCI gave the white ppt that was taken up in ether. Tbc ether extract was washed with water. dried 

over Na,SO,. and cvaporatcd to give a r&due (389 mg) that on chromatogmphy on silica gel (IO 8) 

alTor&d. alla elution with CHCl,. colorless crystals (IO8 mg). It was rocrystallizcd from bcnrcntaatonc 

IO give rhe rrisnor hydroxy acid (V) (25.26.27-rrisnor-33-nulhoxy-23R-hydraxy&~sr-~ I I ken-24ok aeuf) 

(81 mg). as colorless nccdlcs. m.p. 225 227‘. [a];’ + 580’ (c. 089) p % mu (c 724). #z’* 3360. I690 

cm ‘. ORD (e. 003804. m McOH): [d].r,e + 1086’. [&I,,, +4610”. [d]rz, +97lo’. [&I,,, + 17.500. 

[01112 +35.04@ (peak). CD (c. 003804. in McOH). [O]s,, 0’. [8]*s, - 1650 (trough), [Ola,, , 0 , 

ia,, + 38.8CXY. (Found: C. 75.23: H. 1@25. C H 0 rquircs: C. 75.29; H. 1038”;). 2. .e . 

The rrunor-hydroxy curd nvfhyl csfcr (VI) 

To a soln of V (93 mg) in crhcr (2 ml). an cthcr soln of diazomcthanc was addcd. After the evolution of 

N, subsldcd. ~hc solvcn~ was cvaporatcd IO dryness in r-. The raulting solid was chromatographcd 

on alumma (3 8) The compound was elu~cd with cthcr and rarystalhrcd from petroleum ether 

CLLrCl, IO 8ivc VI fmerhvl 25.26.27-rrlsnor-3~-mrrhoxv-23R-hydroxI I)-en-24-oore) (86 mg). as 

colorless prisms m.p 197 198 , [z]; + 53.8 (c. 081) &‘,“‘I 3550. 1725 cm ‘. NMR: r 893. 9.07. 9.12. 

9 17. 9.30 (SIX C-Me’s). 7.15 (IH difhrscd tr. J = I.8 cjs, quatorial H 6. OMe. 669 (3H s. OMe). 6.33 

I 
(3H s. COOMe), 6.25 (IH m. CH, CH (OH) COOMc) and 466 (IH m. H u ). (Found. C. 
75.57. tl. 10 53. C H 0 rquira: C. 75.60: H. ID50°0). re .I . 

The acerare o/V 

To a soln of V (I20 mg) in dry pyrldmc (3 ml) was addcd Ac,O (3 ml), the mixture kept at room ~crnp 

overnight. and the solwnts cvapomtal IO dryness In vocyo. The rosulnng ruiduc was dissolved in CHCl, 

and chromatographcd over silk gel (5 g) Elution with CHCl, ykklcd a sold which on crystallization 
from McOH gave fhr UWIOIC VII (25,26.27-rrivwK-h-nuihox~23R-~aoxylomsr-~lI~m-2dou oeid) 

(87 mg) as colorless prtsms. m.p. 252.254’. [ZIP + 330” (c. 074). c# 1730. 1710 cm ‘. NMR : r 8%. 

9+6.9~13.9~21.9~28(~1xC Mc’s).798(3HsOAc).7 lJ(1HdiBuscdtr.J = 1~8c/rquatorialH OMc). 
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I 
6.70 (3H s. OMe). 501 (III broad tn. H C OAc) and 4.65 (III tn. 11 i& ). (Found: C. 73.27; H. 

1004. C H 0 requires. C. 73U; H. IO IS”.,) ,0 .m , 

Methyl ester acetate o/V 

(a) The es~cr VI (70 me) in dry pyndinc (1 ml) was rrcatcd wwlth Ac,O (1 ml) in the same manner as before. 

Chromarogmphy d the residue on alumina (3 g) gave, after elution with bcnzmc. crystals. which on 
rccr~stalhzarlon from n-hcxanc furmshcd the corr~*.\pond~~ ccrtutc VIII (mrthtl ?5.?6.~7-trlrn~jr-32- 
nuthoxp23R-~etoxyhnorr-9(1 I)-en-24-wte), (67 mg) as colorless prisms, m.p. 16&161’. [a];‘ +280 

(c, 1.13). c’ 1730 cm- ’ (COOMe lad OAc). NMR: r 890.9G6,9~13.9~21.9~28 (six C-Me’sA 798 (3H s, 

OAc). 7.16 (1H difTusal tr. I - I.8 c/s. quatorir) H L OMc), 6.70 (3H s. OMe), 6.33 (3H s, COOMe). 

501 (1H broad m. H C OAc) and 463 (IH m H & ). (Found: C. 74a5: H. 1019. C,,H,,,O, 

rquiru: C. 7406; H. 1003”~& 

(b) The acelate VII (56 me) was mcrhylatal ~th dmxomcthane as desctibcd in the preparation of VI. 

Elurion of the product with bcntcm from a column dalumina (3 e) gave, afta crystallizal~on from n-hexone. 

the methyl ester acetate VIII (SO mg). as colorless prisnu m.p. 16&161^. The compound was idm~cal with 

thar obtntnod by procedure (a) by a tmxcd m.p. determination and comparison of their IR spectra 

Alkaline hydrolysis o/abies/actone (I) 

A soln of abicslactonc (SO0 mg) in N/4 EIOH-KOH (20 ml) was rcfluxcd for I.5 hr. rhen conantrarcd 

to about 5 ml In WCIIO. Alter dilurlon with waler. the alkaline mixlure was acidiftcd W&I dd HCL The 

product was extracted with ether, wtuch was washed with water. and dried over Na,SO,. Removal d the 

ether gave a rcaiduc (500 mg). which was dissolved in CHCI, and adsorbed on a column of silica gd (20 g). 

Elution with CHCI, gave a colorkas solid mass that on crysullizarioo from pel. ether (b.p. 5040’) fur- 

nished the keto acid IX (3a-mcthoxy-23-ketohznost-9( I I ken-27.oic mid) (481 mg). as prisms. m.p. I33- I34.5’, 

[x]p -72 3 (c. I-011 ;,&‘,’ 276 rnp (log c 1.72). v&T 1713. )~~~‘) 1710 cm-’ SMR. r X 73. 884. X.95. 

900.905,909 (seven C Me’s). 7.17 (I H diffused tr. I = 2G da quatorial H J OMc). 6.71 (3H s. OMc) 

k and44g(lHtn,H--. =C ).(Found:C,7~44;H.l031;0.13~19.C,,H,,O,rqu~res:C.76~M;H.IDM; 

0. 13.15%). The mass s-rum of IX exhibited peaks identical with [hose of abialactom (I). 

The kcto octal methyl ester(X) 

The kcto acid IX (SC0 mg) was treated tvlth an elhcr soln (IO ml) of diazomcthanc prepared from nttro- 

sotncrhylurca (1 g) LO essentially the same manner as described m the preparation of VI. The substance 

thus obramcd was chromarographed on alumina (20 8). Rcnzenc cluatcd a colorkss solid (483 mg) that on 

cr>slalhzalion from McOH furmshcd X (methF/ 3z-muthox\--~3-ketolunost-Y( I I )_rn-27-ootc~~ as nccdlcs. 

m.p. 72 74’. [a]~’ - 19.7 (c 097). &zl, 1738. 1715 cm ‘. NMR: T X.76. 8.87. 8.95. 899, W3.907 (seven , 

C-Me’s). 7.18 (IH diffused lr, I = 20 c/s. quarorlal H-. 
c 

.OMc), 6.70 (3H s. OMc). 6.30 (3H s, COOMe) 

and4.45(1HtnHi. 4 ~(Found:C.76~92;H.IDM;O.12~56.C,,H,,O,requim:C.7675;H.l047~ 

0. 12.78 7.) 

The 2,4-dinitrophenylhydrazone o/the krto ester(X) 

A sdn d X (50 mg), 2.4-dinitrophenylhydraxioe (22 mg), and two drops d cone HCI m EtOH (3 ml) 

was retluxal for 20 min. The crystalline pp~ formed on cooling was collected by filrration and w& with 
EtOH. Recrystallization from ErOH afforded the hydrazone. as yellow nccdks, mp. 16%164’. (Found. 

C.6702; H. 8.25; N, 848. C,,H,,O,N, rquira: C. 67a3; H. 8.29; N. 8,23o&L 

Treatnvnt ojthc keto acid (IX) with boiling acetic anhydride 
The keto acid IX (100 mg) in Ac~O (5 ml) was healed under rcflux for 2.5 hr. The solvcnl was evaporated 

in L-. and Ihc residue crystalli?zd from EtOAc lo glvc fine prisms (21 mgA m.p 252-254”. [z]b’ - 116 



The s~ructurc and the srcrcochermsrry of abialacrone 2873 

(c. lG7). The IR spectrum d thu compound was supcrimposabk on (hat of authentic abicslaaonc (I). 

(Found: C. 79.51; H. 1030. C,,H,,O, rqumzs:C,7943: H. 1032%). From tbcmothcrliquor. thestarting 

keto-acid (31 mg) wac rccovercd unchanged. 

Corolyric hydrogenwon of keto ester(X) 
A hydrogcnarion bomb was Ioaadcd with X (I.8 g). Pro, (494 mg), EtOAc (So ml), and AcOH (&I ml). 

This mixture was reduced for 17 hr a( 150’ under 1700 lb/m’ press of H,. T~BZ catalyst was filtered OK 

and rhc product extracta! as usual. Thu produa (1677 g) was absorbed onlo a column of alumma (Woclm. 

nculral. actw~y II. Xl g) and lcfr ovcrnlghr Chromarograph! then ylcldcd IWO matn fracrlons and one 

mmor component. Per. ctha-bcnItnc clu~al crystalline sarur4red dcoxo cswr XI (methyl 3~mcrhoxp- 

lanosrun-27-wre. 560 mg), m.p. 61 62”. Elution wilh ether-EtOH AcOH (5: 3 : 2). followed by cxtracrlon, 

ylcldcd IV. (501 mg), identical with an aurhcnric sample. and rhc sururored Low acid XII (3~merhoxy~~ 

sron-27-01~ orid. 82 mg) which was colorless with tclramtromcrhanc No Irace of dcsircd dcmclhoxy 

dcnvativa was dclticd 

The dcoxo ester XI was saponiticd by rcfluxmg for 3 hr with I 5 N McOH NaOH (50 ml) and extrac~cd 

as usual. The resulting XII was rccrys~allitcd scvcral limes from McOH. m.p. 90 93’ (car.). [a]:: +47 

(c. 1 2). IJV end absorpclon .?l(Y 20, ‘y 250 ,!ti”‘- 1705 cm- ’ (SDC No. BWKE). NMR (SDC No. BWLL): 

r 7.21 (IH narrow dllluscd tr. equatorial H $ OMe). 6.71 (3lt s. OMc). (Found: C. 7R 39. H. 11.31: 
I 

Me<). 6.52 C,,H,,O, rqulrcs: C. 78.42; H. 11.47; McO. 6549;). 

Lirhiwn 4lumrmm hydride reducrwn o/rk kero esrtf (X) 

A mixture of X (300 me) and LAH (80 mg) in dry ether (30 ml) was stirred at room lcmp for I2 hr. After 

addition of a small amoun( of water 10 destroy rbc excess of LAH. the mlxturc was aciditicd with dil H,SO,. 

The ether layer was washcd wrath water. drkd over Na,SO,. and evaporated. Tbc reslduc (ZSI mg) was 
chromatographat on alumma (IO gl Elutlon with bcnzenc ylcldcd a sohd that on crysrallizalion from 

n-hcxanc acelone furnished XIII (3~mcfho.xy&nosr-91 lkm-235. 27-diof) ax colorkss pnsms. m.p. 161- 

163“. [xl; -41.2 (c. 080). pL’$ 3350 cm ‘. NMR. r 8.97. 9M). 9a5. 9a (seven C MC’S). 7.20 (3H 

complicarcd broad m, overlapping da proton gcminal IO the 0- MC group with IWO protons arising from 

IWO OH groups. Srgnals corrcspondmg 10 two OH prorons wcrc removal by addltlon d DIO whik a 

narrow ditTuscd triplet at 7.20 having J - 20 c/s rcmaincd). 6.72 (3H s, OMc). 6.45 (3H broad m. 

btj OH and -CH, OH) and 4.47 (IH m. H L & .) (Found. C. 78.55; H. 11.49. C,,H,,O, 

rqumzs: C. 78.42; H. I I 47 “.) 

Tosylorion ojfhc dio/(XIII) 

A soln of Xl11 (300 mg) and tolucnc-psulfonyl chlorldc (250 mg) in dry pyridmc (20 ml) was allowed 

10 stand ar room tcmp for 2 days. Removal of pyridinc in MNO followed by addirion of cold waler gave 

a sohd, which was dissolved in ctha. The ether soln was washed sucmuvcly with dil HCI. water. dil Na,CO, 

and waler. drtal over Na,SO, and ~hcn cvaporatcd to dryness. Rccrysmlhrat,on of rhc rcsiduc (269 mg) 

from acelone gave l)u dial monorosylare XIV (197 mg), as colorless nadla. m.p. 126 128’ (Found: C. 

72On. H. 9.89. C,sH,,O,S requires. C. 72.56; H. 9.61 Ok). 

Formarion ofrhe oxide (XV)fiom fhe mm4for~lo~~ (XIV) 

(a) To a soln d XIV (X5 mg) in dry crhcr (10 ml), a soln of LAH (10 mg) m dry ether (5 ml) was addcd. 

and the mlxrurc kept al room tcmp for 24 hr Isolaclon of the produa m the manner as dcscnbcd m the 

prcpararlon of XIII afforded a substana (60 mg) that was dissolved in n-hexanc and applied IO a column 

of alumina (5 g!. Elurion with n-hcxanc gave a solid (43 mg) rhar wa.s crysralhud from acelone IO furnish 

rk ortde XV f.bmrrhoxykmosr-9(1 lbcn-23& 27-oxide) as colorless pnsms. m.p. 114 116 . [z]F + 156 

(c.042). p_y’1097. IO8Scm ‘(abxnaof0H~nd).NMR:r8~91.89S.a00.9~5.9~7.9~12(~venC-M~‘~l. 

I I 
7~Ig(1Hnarrowdiffusedtr.l = I.8 c!s quatorial H C OMc), 6,71(3H s OMc. and 1 H m CH, 0 ). 

I I 
5 ‘)Z .rnd 6 IX 1211. q. J - 7 5 c \. C‘H C‘U, 0 I. 445 (ttt m. ti CA* I (Found C. 81 50. 

It. 11.67. 0. 6.78 c‘,,,tt,,O> rqulrcs. C. X1.52; H. 11.48: 0. 701 “,) 
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(b) A soln of XIV (186 me) in CHCl, was appha! to a column of ulti gel (20 g). Eluilon with CHCI, 

allordal rhe oxide XV. m.p II4 I I6 . identical in all respects with the compounds obtainai in (a) 

Ltrhium olwinum hydride rrducrion ojrerrahyddrouhieslocronu (IV) 

To a suspension of LAH (2.45 g) In dry ethylene glycol dimethyl ether (30 ml) was added IV (0774 g) 

m warm ethylene glycol dlmcthyl ether (30 ml) The mlxturc was stlrrcd for I hr. and then rcfluxcd for I hr 

Excess hydride was then destroyed with EtOAc. and 1hc rmxturc extracted as usual to yield a crystalhnc 

product (@749 g). This product was carefully chromatographal on alumma (Woclm. ncurral. aclivtty II. 

20 g) Bcnzcnc.erhcr and ether- EIOH elu1cd rhe homcyencou\ dwl XVI I 3~:-mc,rhox~lunr,srctn-23C.27 dw’. 

0694 g). m.p. 151% I52 Thus was recrys1a)ltzcd several tlmcs from a small amount of cold McOH for 

analysis. m.p. 1525 153.5 (car.). [z];’ t 54’ (c. 1.4). (Found. C. 780s; H. 11.86; McO. 6.58. C,,H,,O, 

requires: C. 7R09; H. 11.84. McO. 6~51”,). The IR spectrum (SDC No. BWKC) was as expected. 

The dlol XVI was converted to 11s dl-3.SJmltrobcnzoa1c m rhc usual way with 3,Sdmltrobcnzoyl 

chloride and pyrldinc. Rccrystalh~ation several limes from CHCI, E10lt and CH,CI, .hcxanc yielded 

pak yellow tine needles. m.p. 177-s 179’ (car.) (Found: C. 62 53; H. 701. C.,H,,O,,N, requires. C. 

62.49: H. 6999!,) The IR rpccirum (SDC No BWKB) was as expected 

Comesion ojrhc dial (XVI) IO rhc oxide (XVII) 

Compound XVI (14303 e) was convened IO a glassy tosylatc by treatmcn~ with ptolucnsulfooyl chloride 

and pyridinc. The ester in cthyknc glycd dimethyl ether (25 ml) was slowly added to a soln of LAH (5.75 g) 

in the SBM solvent (25 ml). After stimng for I hr. the soln was refluxal for 3 hr. the exaas hydride des- 

troyed with EtOAc, and the mixture extracted in the usual way IO yield a pak yellow oil (0926 gb This was 

carefully chromawgraphcd on alumma (Woclm. ncu1ral. actlvlry II. Y) gt PCI ether bcnrcnc mixtures 

elutcd oily mcthoxyhydrocarbons (292 mg) from which no pure compound could be Isolated. Bcnocnc 

ether cluted a crystalline oxide (368 mg). Bcnzen+McOH elutcd hydromcthoxy derivatives (M9 mg) 

that were an oily mixture from which no pure crystalline component could be isolated. 

The oxide XVII (3a-merhoxylmrosra~r23,27-oxide) obtained above was crystallimd several times from 

a small volume of MeOH, m.p. I16~~118~5‘ (car.). vf,” 1038 cm -’ (strong, +) (SDC No BWKA). 

I 
NMR (SDC No. BWLJ): z 7.22 (IH narrow diiTuscd tr. equatorial H. C OMc). 6.71 (3H s OMz and 

I ‘I 
IHm. CH--0 ).6.2Oand599(2Hqu.J = 8c&.eachpeakfurthcrsplittoJ - lc/~.v~+H). 

(Found: C. 81.14: H, 11.86. C,,H,,O, rquircs: C. 81.16; H. 11.87%). 

‘I‘hwkcral ofrhr kctwcsra (?C) 
BF, ether complex (2 ml) was ad&d to a soln of X (I 549 g) and cthanedithiol(2 ml) in dry ether (IO ml) 

with ice cooling, and the mixture was allowed IO sti at room tcmp for IS hr. Tbc wlorkss crystals 

(I.286 g), m.p. 143-147”. which scparata! were colkctcd on a filter and washed with pet. etbcr. The filtrate 

was washed with dil Na,CO, and water. dried over Na,SO, and then evaporated to dryness. The resulting 

solid 1477 mg) was chromatographed on neutral alumma (Woclm. ncurral. activity II. 20 g) F.lutlon with 

ether afforded an additional crop (398 ma) of tbc compound m.p. 142 147. Recrystallizntmn of tbc com- 

bined products from EIOH gave rh thiokerol XVIII (mrrhyl3a-me1hox~23.23-rrhylmcd~1hlo&nosf-9(I I)- 

en-27 oarc) as prism m.p. 151-152”. [xl;’ + 270” (c. 091). v$_ m1 1727 cm- I. NMR : ~8.73.8+36.894,90, 

9Q6, 912 9.26. 931 (seven C-Me’s). 7.20 (IH dflu.ud tr. I - I.8 c/s. equatorial H L , GMeX 676 

(4H 4 sH,<H,- s), 670 (3H s, OMc), 6.33 (3H s, COOMe), and 4.78 (IH m, H-. h <-). 

(Found: C, 7055; H. 972. C,,H,,O,& rquirzs: C. 7@78. H. 978%). 

Dearl’lzorwn ojrk rhiokerol (XVIII) 

W,-Raney Ni (prepared from 20 g of Rancy alloy) was added IO a dn of XVIII (910 me) in EtOH 

(SO ml), and the mixture was boiled for IO hr. Afler cooling. the catalyst was removed by filtration, and tbc 

tiltrate was evaporated in m to give a residue (758 mg), which was dissolved in n-hexanc and chromato- 

graphed on a column dalumina (30 g). Elution with benzene afforded a colorless m(723 mg). which was 

crystalliz& from McOH IO give XIX (merhyl h-mrrhoxylonosr-%I l)-en-27-o01c). as prisms, m.p. 89-m. 
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[xl;’ +4Sb” (c, IaS). +E8 1729 cm - ‘. NMR: r 8.82 892 894.902 907.914.927.937 (seven C-Me’s). 

7.20 (IH diffwcd tr. I - I.8 c/s. oquatonal H- 4 

4%! 

i 4Me). 671 (3H s, OMek 634 (3H s, COOMe) and 

4.78 (1H tn. H -). (Found: C. 7924; H. 11.21. C,,H,,O, nquiru: C. 7896; H, 11.18%). Mass 
spectrum : m/c 486 (M ’ ). 

Ufhcwn afmbtm hydride reduction oftk dmxoestr XIX 
A soln d LAH (100 mg) in dry etbcr (IO ml) was addod with sturing IO a soln of XIX (700 mg) in dry 

ctbcr (SO ml). and the tmxturc was attowed IO stand at room tanp for I5 hr. Tratrncnt d the ~oduct in 
the manner dcacribrd for cbc prcporatmn of XIII gave a product (686 mg), that waa cbromatognpbnd on 
alumina (20 e). Elution with bmanmrhcr (I : I) afforded colorless crystals (669 me) that on crystallizatton 
from n-hcxanc fumisbcd XX (3a-methoxyfu~sr-9(1 I)-en-27-of), as prisms, m.p. 139.5 14tW. [z]As + 37.5’ 
(c. Ia). ED 3600 cm-‘. NMR: K 8.93, WI. 9Q7, 913. 9.26. 935 (seven C-Me’s). 7.20 (IH diffused tr. 

I 
I - I.8 c/s. cquarotil H J OMc). 6.70 (3H s, OMc). 655 (2H d. J - 5.8 C/S. - CH CHa OH) and 

4.77 (IH m. H& ). (Found: C. 8089; H. 1204. C,,H,sOs tquirca: C. 81.16; H. 11.87’:) 

Torylu~ion oj the akohol XX 

A mixture of XX (625 mg) and tolucne-p-sulfonyl chloride (250 mg) tn dry pyridine (5 ml) was allowed 
to stand at room temp for 2 days and then poured mto cold water The usual work up gave the product 
(753 mg). whrch on crystallmtion from MeOH afforded XXI, as colorlm prisms, m.p. 90-91‘. [I];’ 
+ 346‘ (c. 0%). c* 1600 (aromatic Ca I360 and 1170 (- SO, G) cm-‘. (Found. C. 74.S6; 

H, 9.98; $592 C,sH,,O.S requires: C, 7446; H, 9.87; S 523%). 

Conwrsion o/he rosy&ate XXI to 3x-metlroxyfanon-9(l I@te (XXIII) 
(a) A soln of XXI (200 mg) in CCI, was applied to a column of alumina (IO g). Elution with CCl, gave 

XXII (56 mg), which exhibited a strong band at e 888 cm’ ’ (terminal metbytcne group) in the IR 
spearurn. Further elutico with c&r recovcraf the unchangai tosylate (lo8 trig). A soln of XXII (SO mg) 
in EtOAc (20 ml) was hydrogenated over PdC (prepared from 15 ml of 3 Y0 PdCl,) for I2 hr. After working 
up in the usual manner. the product (50 mg) was chromatographcd on alumina (3 8) Elutum with pet. 
c&r (b.p. W) afTordat crystals (41 mg). which on recrystallization from McOH CH,Cl, gave 
XXIII as prisms, m.p. 93.94”. [a]:’ +42.6’(c.lGl).+z 1632cm-‘(-C=C-).NMR:r8.93.W7,909. 

I 
913.9~18.9~26.9~35 (eight C-Me’s). 7,IR (IH diffused tr. I = 2.3 cir equatorial H< OMe). 6.70 (3H s, 

OMck4.75 (IH m. H<& ). (Found: C. 84.35; H, 12.19. C,,Hs,O requires: C 8409; H, l2.29’%). 
(b) A soln dXXl(500 mg) in dry ether (30 ml) was added to a stirred soln of LAH (I50 me) in dry ether 

(20 ml). After standing at room tcmp for I2 hr. the reaction mixturr was treated with a small amount of 
water and dil HsSO. to destroy the excess hydride. The e&real soln was washed with water, dried over 
Na,SO,, and then evaporated to dryneu Chromatography of the ruidual solid (448 mg) on alumina 
(IS g) and clution with n-hcxanc gave colorlm crystals (431 mg) that on rccrystallizations from 
McOH CH,Cl, gave XXIII (371 mg). as cob&as prisrnr m.p. 93-94’. [z]ks +42.l’ (c. 104). Thus 
compound was tdcntrcal in all respects with that prepared in (a). (Found: C. 84.35; H. 12.30. C,,H,,O 
requires: C. 8409; H. 12.29”/,). Mass spectrum: m;r 442 (M’). 427, 395.287.273. 2S5.241 

k-,uerhoxyfMorranr (XXIV) 
Compound XXIII (16s mg) m AcOH (60 ml) was hydrogenated over PtO, (I SO me) under atm press 81 

9(r for 20 hr. The residue. after removal of the catalyst and solvent. was chromatograpbcd in n-brxane on 
alumina(lOg). Elutionwithn-hexanegavcacolorleoJsolid whichonrccrystalltxationfrom McOH--CH,Cl, 
fumisbcdXXIV(l%mg).asprismam.p. l12-l13~.[x]~” -2W(c. 191). p,l llO7cm ’ NMR:r909. 

915.9.19.9~23 (eight C Me’s). 7.2O(IH diflusal tr. I 
I 

- 2.3 c/s. equatorial H-CaMe). 6.70(3H s, OMc). 

This compound gave no color M&on with tetranitromethane. (Found: C. 83%; H. 12.35. C,,H,,O 
requires : C. 83.71; H. 1269 9~). 
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Laiwston-3a-yl ocetote (XXV) 
To a soln of XXIV (100 mg) iu AcOH (5 ml) 47 % HBr (06 ml) and Ac,O (4 ml) were added under a 

stream of CO,. After Boiling for 1 hr, the mixture was poured into cold water, and the resulting ppt was 
extracted with ether. The ether extract was washed with aqueous NasCO, and water, dried over NasSO, 
and evaporated to dryness Chromatography of the residue (104 mg) on alumina (5 g) gave, on e&ion with 
n-hexane, an oily unsaturated hydrocarbon (17 mg) and unchanged XXIV (57 mg). Further elution with 
n-hexane-benxene (3:l) afforded a solid (17 mg), m.p. 152157”, which, on recrystaRixation from 
MeOH--CH&ls gaveKXV,ascolorkssprisms,m.p. 1%159”, [a]&‘ -2S*Y(c,@83). p& 1745,1240cm-X. 
NMR: 7 9Q9, 9.14 9.18, 923 (eight C-Me’s), 7.93 (3H s, OAc), and 5.36 (IH tr, J = 2.7 c/s, equatorial 

I 
H 

I: 
-0Ac). (Found: C, 8151; H, 11.78. CJ;LHf&Z requires: C, 81.29; H, 11.94%). 

A soln of XXV (85 mg) in N/5 EtOH-KOH (10 ml) was refluxed for t-5 hr. After the usual working up, 
the crude product (65 mg) was chromatographed on a column of alumina (Wcelm, neutral, activity II, 
3 g) and eluted with benzene to give a solid. Recrystallization from MeOH-CH,Cl, gave XXVI (59 mg), 
as prisms, m.p. 164-165”, [a]:: +21.5” (c, i+Ol). et 3600 cm-‘. NMR: 7 9(f5, 912, 9.17, 9-22 (eight 

I 
C-Me’s) and 655 (1 H diffused tr, J = 2.5 c/s, equatorial @ -OH). (Found : C, 83.36; H, 12.45. C3,H,,0 

requires: C, 83-65; H, 1264%). 

Lfznostan-3-one (XXVII) 
To a soln of XXVI (53 mg) iu pyridine (1 ml), a mixture of CrO, (50 mg) and pyridine (l-5 ml) was added 

with cooling. The mixture was allowed to stand at room temp for 2 hr, then diluted with water, and the 
resulting ppt extracted with ether, washed with dil HCI and water, and then dried over Na,SO,, Fhapxa- 
tion of the ether r3ave a crude product (51 mg), which was chromatp~aph~ on alumina (3 g). The column 
was duted with n-hexane-benxene (10: 1) to yield a solid which on recryetallixation from MeOH-ether 
furnished prisms ofKXVII(41 mg), mp. 133-lW, [ali’ +28.4’ (c, @Se). YfLi: 1707 cm”‘. ORD (c, lfJO2, 

in dioxan): Cal700 + 13”, [aIs +27”, CaJ3bl +H”, Ca133, -42” (trough), [a]sr9 +469”. [a]sT3 +459”, 
[a]ss6 +519*. NMR: 7 892,894,9(19,9-21 (eight C-Me’s). (Found: C, 8430; II, 12.26. Calc. for C3cH,,0: 
C, 8404; H, 12*23?& This showed no dapression in mixture mp. with knostan-3-one prepamd from 
lanosterol by tire known metln~I.~*’ The IR, NMR, ORQ and TLC of both sampks were identical. 

A mixture of XXVII prepared from abieakctone (30 mg) and NaBHI (7 mg) in EtOH (2-S ml) was kept 
at room temp for 2 in and then a small amount of AcOH was added to destroy the excess of NaBH,. 
Evaporation of the solvent in aucno foBowed by the addition of water precipitated the crude product, 
which was extracted with ether. The etber extract was wasbed with water and dried over NaaSO,. After 
evaporation of the ether, the reaidue(30 mgl wascbromatographed on akmina(2 g). BIution with n-bexane- 
benzene (1: 1) afforded a solid that on remystailixation from MeOH-CHsCIs gave XXVIII (23 mg), as 
prisms, mp. 18O-181”, [a]k3 +31(P(c. 100). e 36OBcm-*.NMR:79@4,910,921,925(eight G-Me’s), 

I 
and 6.80 (1H qu, iU = 99 c/s Jax = 5.5 c/s, axial &-C-OH). (Found: C, 8345; II, 12.59. C3cH,,0 

requires: C, 8363 ; H, 1264 %). There was no depression in mixed m.p. with an authentic sampk of lanostan- 
3@-oi. The IR and NMR spectra and TLC of the samples were identical 

3&Methoxylanosr-&me 
Matallk K (15 mg) was added to a soln of lanost-8-en-3&01 @IO mg) in dry benzene (20 rn& and the 

mintunwu~uxadwitb~inas~ofNsforShr.AAercoolin&MeI(~ml)waaaddcdand 
the soln again rdhmed with stirring for 4 hr. A smail amount of McOH was added to destroy the excess K 
and the reaction mixture washed with water, and dried over NasSO, Evaporation of the benmne gave 
the product (200 mg), which was dissolved in n-bexane and chromatograpbed on a column of alumina 
(10 g). Elution with n-hexane gave a solid (155 mg), which on crysM&ation from MeOH-CH,cI, gave 
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3B_methoxy~st+ne as colorkss prisms, m-p. 130-131”, [a]p + 779”(c 098). c 1094 cm-‘. NMR: 

J r~1,9~,912,~17,919.~31(eightGMe’s),7~31(1HqyJ, = loOc/.sJnl = 40c/s,axiaIH -0MC) 

and 663 (3H s, OMe). (Found: C, 84.23; Ii, 12.17. t&H,,0 requires: C, 84@; H, 1229%). 

3B_Methoxytimcall-8-ene 
Tirucall-E-en-3p-ol (156 mg) was methylated in the same manner as described for the preparation of 

3&methoxyIanost-82ne, and the resulting product (150 mg) was chromatographed on alumina (8 g). 
Elution with Phexane gave a solid (81 mg) that on recrystaIIization from MeOH-CH,Cl, afforded 3& 
methoxytirucuIl-8-ene as colorkss prisms, mp. 9495”, [a]$’ +13*4” (c, 1.12). e 1095 cm-‘. NMR: 
z 991, 905, 908. 913, 918, 921, 925 (eight C-Me’s), 7.31 (1H qu, Ja = 100 c/s Jmx = 40 c/s, axial 

H -OMe), and 663 (3H s, OMe). (Found: C, 8424; H, 12.33. &HsdO requires: C, 8409; H, 12.29%). 

chromic odd oxidation of obie.7factone (I) 
A soln of 00, (230 mg) in 90% AcOH (10 ml) was added slowly with stirring into a soIn of I (250 mg) 

in hot AcOH (40 ml) at 55”. Stirring was continued at 60” for 4.5 hr. and then the solvent was evaporated in 
wcuo. The tidue was dissolved in ether, washed with aqueous Na,COs and water, and dried over 
Na#O,. Evaporation of the ether gave a yellow solid (264 mg) that was chromatographed on silica gel 
(15 g). Elution with CHCIs yielded yellow crystals (86 mg) that on recrystallization from MeOH afforded 
XXIX @a-methoxy7. 11-diketo&nostu-8, 24-dim-27. 23R-elide), as yellow plates, mp. 215-216”. [a]As 
+3*2” (c, 093). c 274 mp (log s 3.84). e 1755 1678,lloO cm-‘. NMR: 7 871,8*75,8.85, w7,918 

(6 C-Me’s), E-10 (3H tr, J = 1.7 c/s, vinyIic Me), 7.14 (1H diIfused tr, J = 3-O c/s, equatorial H-+OMe), 

-0-A CO 
6.72 (3H s, OMe), 5% (1H m, H-O-) and 3-02 (1H quintet J - 1.7 c/s, H-CH=C’ 

\CH,). 

(Found: C, 7468; H, 904. CsIHUO, requires: C, 740%; H, 8.93%). 

Osmium tetroxide oxidation of ab&dactone (I) 
Abitslactone (835 mg) and OsO, (1 g) were dissolved in diethylene glycol dimethyl ether (200 ml) and 

the soIn was leti for 2 weeks at room temp in the dark. The osmate ester was decomposed by saturating 
the soIn with H,S,z2 and the resulting suspension Ntered through a column containing c&e, active 
carbon, and powdered silver. The column was eluted with CHCI,-EtOH, and the eluates were evaporated. 
The r&due. was- severaI tima from MeOH and from CH,Cl,-hexane to give the colorless 
crystalline XXX (3a-methoxy-9s 1 ladU?ydroxyfanost-2~n-27, 23sIide). m.p. 241-245” (car.), colorless 
with tetranitromethane, e 210 mp (E 13,180). The IR (SIX No. BWKF) was as expected, NMR (SDC 

‘No. BWLM): 7 765 and 8.30 (2H sharp s, OH, absent when D20 added), 5.95 (1H broad m, axial 

--OH). (Found: C, 74.24; II, 1009. C31H,001 requires: C, 7406; H, 1003%). 

Periodic acid pxidation of the dial XXX 
To a soln of XXX (563 mg) in ethylene gIyco1 dimethyl ether (10 ml) was added periodic acid (1-O g) 

in water (2 ml). The soIn was left 3 days in a refrigerator and then poured into water (100 ml) and’&tracted 
with toluene (100 ml). The toluene layer was washed tw-ia with water (50 ml). The water extracts were 
washed serially with fresh toldene (50 ml). Arsenious acid (044 g) and NaHCO, (2a g) were then added 
to the combined water extracts. The soIn was distilled, and the distillate (100 ml) gave absolutely no ppt 
with dimethyklihydrore.sorcinol or with 2+dinitrophenyIhydrazone. It gave a negative test for acetone 
by the salicylaldehyde method.‘” 

The combined toluene layers were washed with NaHCO, soln, dried, and evaporated to yield crude 
crystalline XXX1 (9.1 I-seco-3a-methoxy-9.1 l-dioxolwwst-24-en-27, 23R-o/i&, 442 rngb whose 1R spec- 
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trum showed that the conjugated &tone and OMe groups were still prcsart, the OH group were gone, 

and new CO bands were present at I71 2 and 1727 cm - ’ (CCl,). A pure product could not be isolated on 

chromatography on alumina due IO aluminaatalyzed condensations d the aldehydc group. 

Trearmcnt of XXIII wirh hydrogen chloride 

A wln dXXlll (SO mg) in AcOH (10 ml) containing 1% of HCl gas was rdluxcd for 2 hr. After cooczn~ra- 

lion IO 3 ml in wcyo, the soln was poured into water. and the resulting ppt was extracted with ctber. The 

ex~mct was washal with Ll NaxCO, soln and water. dried over Na,SO,. and :hen evaporatal 10 dryness., 

The residue was chromatographed on l lumnta (2 g) Elution with n-hcxanc gave a solid thar on crystolliza- 
tlon from McOH -CH,CI, gave colorksJ crystals, m.p. 9SW. The product was identical tn all rcspccls 

wtth XXIII. 

chromic acid oxidafh of k-mrhaxylanosr-9( 1 I )-ene 

Compound XXIII (200 mg) in A&H (10 ml) was 1rca1cd wtth CrO, (22U mg) in 90% AcOH (5 ml) 81 
60’ ps describai for tbc oxydation of I. The yellow product (21 I mg) thus obtained was dtssolvcd in pet. 

ether (b.p. SO W) and cbromatographcd on alumina (10 g) Pet. ether-benzene (4: I) eluated a yellow 

product (14 mg), which on crystallizatton from McOH aflorded XXXII as yellow plates. m p IO9 I IO . 

[xl:, +4lg’ (c, 039) c* 275 mu (log c 3.89). eya 1678 cm-‘; v$$ 1674. 1680 cm-‘. NMR: I X.69. 

I 
8.83. 907.909.9.20 (8 C .Me’s). 7. I3 (I H difluscd tr. J - 3G c/s, quatonal H< OMe) and 670 (3H s. 

OMe). Mass spectrum: m/e 470 (M l ), (C,,H,,,O,: mol wt 47@71) 

Further elutmn of the column with peg. etbcr-bcnzmc (I I) gave a colorku crystalline product that on 

several rccrystaW.ations from McOH gave XXXIII (27 mg), as pnsms, m.p. 141 142’. [z];’ + 604” (c, 092). 

c 245 mu (log c 4.10). e’ 164MI. 1673 cm-‘: #A 1600. 1677 cm-’ ORD (c. ooO2521. in dioun): 

[~I700 +46’. [z],,~ .QO + 54’. [a],,0 - 1240 (trough), [~],~c - 1160;. [Q]~~, + 3570”. [alzW + 728W. 

I 
NMR:r8~g3.~.905.909.9t8.9~2S(gC-Me’l).7~16(1HdiRusedtr.l = 2.3cis.quatorialH C-OMc). 

I 
6.70 (3H s. OMe) and 440 (I H d. I - 20 cjs. bearing the axtal H in the y-position H 4 =CH - L .O). 

(Found: C. gI.33; H. 11.56. C,,H,,OI rqutrcs: C. 81.52: H, 114g”,) 

LurKW~l l)cn-33-y/ acemre (XXXV) 

To a soln d XXIII (100 mg) in AcOH (5 ml), 47 % HRr (06 ml) and Ac,O (4 ml) were added in an atm 

d CO, and the soln boiled for I hr. After working up in the usual manner, the crude product (102 mg) 

was chromatographcd on alumina (5 g) Elution with n-hcxane gave colorless crystals (18 mg), which was 

rcchromatographal on alumina (1 g). and the compound elutcd with n-hcxanc was cryrtalhmd from 

n-hcxanc several rimes 10 gtve an wuolwarrd hydrucmbon XXXIV. as ncedks. mp. 109 1 I I’. No band 

at IlOOcm ’ tn the IR spectrum rbat was prcscnr in WI of XXIII. NMR: r 8.92, 9W. 9.18, 9.25. 933 

(8 C Me’s) and 4.45-l 75 (3H comphcatcd broad m. ovcrlappmg of the protons on 
H\ 

,C=C( 
H 

and 

I ’ 

It c‘ c‘ I Thts compound uas asstgned lowrfa-?.% I I titmr from the above data (Found. <‘. X7 41 
H. 1203 C,,,H,, rquira: C. 8773. H. I2 27”.) 

Furtbcr elution d tbc ahmn with n-hcxanc followed by n-hcxaabbenzmxe (5: 1) gpv+ both undungbd 

XXIII (W mg)and colorkascrystals(21 mg). Several rccrystalltitionsof the latter compound from &OH- 

CH,Q, gawXXXV.u priarump. 13&13T.[~~~ +36l”(c. I.3Oj #A 1734,1uOan-‘. NMR: r 891, 

899. 913. 917. 9% 933 (8 CMe’r). 793 (3H r, OAc). 532 (IH diffused tr, I - 2.5 c/r, equatorial 

HJ SAC) and 4.75 (1H m, H -j (Found: C 81.51; H, 11.58. C,sH,,O, rquires: C, 8164; 

H, 11+6Y’& 
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West Germany. and to Dr. K. Kuriyama. Shionw B Co.. Ltd.. Osaka, Japan. for measuring Ibe ORD 
and CD curves; d to Dr. D. P. Hollit, Varian Asociala. for the 100 MC dacoupbd NMR spatrum of 

abieshctone. 
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