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At&W-The structure and absolute configuration 22 of trichokaurin have been established on the basis 
of spectral and chelpicd evidence. The chemical conversion of trichokaurin into Int-16+x0-17-norkauran- 
20&c acid (40) has been accomplished, which means the ~a~fo~atioa of ~cho~u~ into (-)-kaurene 
(4l),atisine (42). garryine (43) and veatchine (44). 

RECENTLY, we isolated eight kinds of diterpenoids from the leaves of Isodm juponicus 
Hara (Japanese name: “Hikiokoshi”) and 1. trichocarpus Kudo (Japanese name: 
“Kurob~a-~iokoshi*‘), and clarified the structure and stereochemistry of six kinds 
among them. 3-7 

Subsequently, we isoiated a new kaurene-type diterpenoid from the leaves of 
I. tichocarpus Kudo, which we gave the name “trichokaurin”*, and investigated its 
structure and stereochemistry. This paper deals with the details of the research which 
led to an assignment of the structure and absolute configuration 22 to trichokaurin. 

Trichokaurin was obtained as crystals having m.p. 184-185” (decomp.) and [a]:: 
-93”. The molecular formula, C24H3007, was established by the mass spectrum 
determination and analysis. In the IR spectrum (KBr), the absorption bands at 3550, 
3450 and 3350 cm- ’ due to hydroxy groups were observed. 

The IR absorption bands at 1730 and 1230 cm-’ and two singlet signals at 6 2.19 
and 2.06 ppm due to methyl protons of acetoxy groups as well as one proton doublet 
at 6 521 ppm and one proton triplet signal at 6 5-62 ppm due to the protons on the 
acetoxylated carbons in the NMR spectrum gave an information that trichokaurin 
has two secondary acetoxy groups. Trichokaurin on acetylation gave an acetate, 
whose NMR spectrum exhibited singlet signals at 6 2_18,2Q9 and 206 ppm indicating 
the presence of three acetoxy groups. The one proton signal at 6 3.58 ppm in tricho- 
kaurin’s spectrum caused a paramagnetic shift to 6 464 ppm by acetylation. Chromic 
acid oxidation of t~chokau~n yielded a monoketode~vative (IR: 1700 cm- ‘). 

l Prof. T. Okamoto and his collaboratoe University of Tokyo, isolated a new diterpenoid from the 
same plant source and called it enmenin. which was proved to be identical with trichokaurin by a dii 
comparison with each other. 

2517 
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These facts suggested the presence of a secondary hydroxy group in the diterpenoid. 
The foregoing acetate still had a hydroxy group, as shown in the IR (3500 cm-l) 

and NMR (8 3.76 ppm) spectra. The presence of a hydroxy group also in the foregoing 
keto-derivative was shown by the NMR (8 3.38 ppm) and IR (3400 cm-‘) spectra. 
Accordingly, a tertiary hydroxy group is present in trichokaurin. Thus, six oxygens in 
trichokaurin were characterized. Subsequently, the remaining one was shown to be 
an ether-type oxygen, because a singlet signal of two protons due to an ether-type 
methylene group was observed at 6 3.93 ppm in the NMR spectrum. 

The IR (1660 cm-‘) and NMR spectra (each one proton signal at 6 !%04 and 4.91 
ppm) suggested an exocyclic methylene group in trichokaurin. As couplings of each 
of exocyclic methylene protons to the foregoing proton at 6 5.62 ppm were recognized, 
a partial structure 1 was proposed. 

I 
1 

k 
TMS 

4 
FIG. 1. The NMR spectrum of trichokaurin. 

It is very characteristic and different from enmein (@type that trichokaurin contains 
neither a five-membered hemiacetal ring nor a &la&one ring, but does bear a tertiary 
hydroxy group. From its molecular formula the number of sites of unsaturation is 
calculated as eight. Since no other un~turat~ bonds than one exomethyle~e and 
two carbonyls in acetoxy groups were found, trichokaurin must have live rings. 

Trichokaurin was also shown to have two tertiary methyl groups from the NMR 
spectrum. Moreover, the proton at 6 5.21 ppm appeared as a doublet with a coupling 
(J = 74 Hz) to the proton at 6 1.93 ppm. 

The foregoing data and a biogenetic consideration led to an assumption that tri- 
chokaurin might have a kaurene-type 7-hem&eta1 structure; a partial structure 3 
was proposed. 
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HO 
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An alkaline hydrolysis of trichokaurin was tried in order to get tetrao14, but only 
a low yield of the desired product was obtained. The major product was an un- 
saturated aldehyde, which was yielded by the cleavage of the D-ring. A satisfactory 
yield of the tetraol was achieved by the treatment of trichokaurin with LiAlH,. The 
acetate of trichokaurin on treatment with the same reagent also gave the tetraol in 
good yield. 

The tetraol 4 in methanol was allowed to react with periodate at room tempera- 
ture for three days to afford an enmein-type hemiacetal lactone 6 as a major product 
and a lactone aldehyde 5 as a minor product. The latter on treatment with a weak 
acid was easily converted into the former. Product 6 on hydrogenation using Adams’ 
catalyst followed by oxidation with Jones’ reagent gave a crystalline ketodilactone, 
which was proved to be identical with 3deoxy-1-epidehydrodihydro-enmein 8, 
a product prepared from 1-epi-bisdehydrodihydroenmein 7* by thioketalization and 
subsequent desulfurization. Thus, the structures and absolute configurations of 5 
and 6 were confirmed as shown in Chart 1. Accordingly, the unidentified secondary 

OH 

4 5 H+ 
6 

(2) Ionen’ 
oxidation 



2520 E. FUJITA, T. FUJITA, M. SHIIWYA and T. SHINGU 

hydroxy group was proved to be located at C-l and to have ISorientation (axial); 
the R-configuration of C-l was established. 

Hereupon, the structure of trichokaurin can be represented as formula 9, the 
stereochemistry of the acetoxy groups at C-6 and C-15 being unsolved. 

9 lo 

AC@-pyridinc 

OAc OAc 

11 12 

cHNtT2 

Tetraol 10 (=4) on acetylation yielded a crystalline diacetate 11 and an oily 6- 
monoacetate 12. The fact suggests that the C-6 hydroxy group in compound 10 has 
&configuration, because a-hydroxy group at C-6 would be more hardly acetylated 
than p-hydroxy group at C-l. Thus, the &configuration is assigned to the acetoxy 
group at C-6 in trichokaurin as shown in formula 13. It was reconfirmed that this 
assignment is correct, as will be later mentioned. 

Q$& % og&--:g@ 
OAc OAc OH 

l3 14 15 

0iART3 

1-Ketoderivative 14, a chromic acid oxidation product of trichokaurin 13, was 
subjected to thioketalization followed by desulfurization with Raney nickel. The 
crude product was subjected to catalytic hydrogenation on Adams’ catalyst, then to 
treatment with LiAlH4 to give a saturated trio1 15. The truns relationship between 
C-15 and C-16 hydrogens in the trio1 was recognized based on the coupling constant 
(J = 5.0 Hz) in the NMR spectrum, hence the C-15 hydroxy group and the C-16 
methyl group are rruns each other. According to the usual examples’ of hydrogenation 
on the exo-methylene at the D-ring in the series of compounds, we supposed k 
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configuration of the methyl group at C-16. On the basis of the assumption, we first 
gave an assignment of a-configuration to the C-15 acetoxy group in trichokaurin,3” 
but we reached the conclusion that the assignment was incorrect, from the evidence 
given below.* 

The methanesulfonate 16 of trichokaurin on oxidation with Lemieux-Johnson’s 
reagent” gave a ketone 17, which was also obtained from trichokaurin by Lemieux- 
Johnson’s oxidation followed by mesylation. Treatment of the compound 17 with 

21 20 

&RT 4 

* Reccotly, we tried the IR comparisons of the product 15 (m.p 232-235”) with the authentic samples A 
(m.p. 204-210”) and B (m.p. 200-2W), which were supplied by Prof. T. Okamoto.‘” University of Tokyo, 
and recognized the unidentity in each case. The stereochemistry of l5 is most probably represented as C. 
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dimethylsulfoxide at 150” for three hours i2 afforded an unsaturated compound 18. 
On catalytic hydrogenation, the latter gave a saturated ketone 19, which was treated 
with LiAlH4 to afford tetraol 29. In the NMR spectrum of diacetate 21 which was 
derived from the tetraol20 by acetylation, a quartet [.I = 35 (coupling to OIJ) and 
99 Hz] at 6 4.26 ppm assignable to the C-15 proton and a quartet (J = 6.5 and 9%) Hz) 
at 6 4.97 ppm assignable to the C-16 proton were observed. On the basis of the in- 
vestigation on the stereomodel, only a steric configuration shown as formula 21, 
in which the C-15 and C-16 hydrogens are c&s-oriented, can provide a reasonable 
interpretation for the NMR data. Hence, the conjuration of the C-15 acetoxy 
group in trichokaurin must be l3 as shown in formula 22; the asymmetric center C-l 5 
must have the R confi~ration. 

Chemical evidence was provided to support this. Dehydrotrichokaurin (23 = 14) 
on treatment with LiAlH4 gave tetraol24, whose periodate oxidation resulted in the 
formation of an enmein-type product. The structure and absolute configuration of 
the product were proved to be represented as 25, because the derivative prepared by 
a partial acetylation followed by the catalytic hydrogenation was shown to be 
identical with tetrahy~o~odo~~~a~tate (26) by IR apd NMR spectral com- 
parisons and the mixed melting point test; tetrahydroisodocarpin~acetate (26) 
was derived from isodocarpin 27’ through dihydroisodocarpin 28’ and tetrahydro- 

OAc OAc OH 

NaIO, 

22 

OH 

23 24 

28 

CHART 5 
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isodocarpin 29. Moreover, compound 26 derived from trichokaurin (22), on Jones’ 
oxidation, gave a product which was proved to be identical with the known dehydro- 
dihydroisodocarpin (Jo).’ 

The C-15 proton in tetrahydroisodocarpin-&acetate (26) beiig coupled to the C-16 
proton with splitting of 10 Hz, gives rise to a doublet at 6 4.93 ppm Thus, the C-15 
hydroxy group has c&relationship with u-oriented methyl group at C-16 as shown in 
formula 26, that is, the absolute configuration of C-15 must be R. 

Another evidence also supported this conclusion ; tetraol 24 on treatment with 
15% hydrochloric acid yielded a saturated ketone 31 quantitatively, which means 
easy hydride shift from C-15 to C-16 due to a favorable steric environmentI (see 
Chart 6). Thus, the fact established the f&orientation of the C-15 hydroxy group in 24, 
hence of the equivalent acetoxy group in trichokaurin. The ketone 31 on periodate 
oxidation gave dihydroisodocarpin (28), which confirmed the structure and absolute 
configuration of the ketone to be represented as formula 31. An unusual IR absorption 

NaIO. 

u) 

CHART 6 

of cyclopentanone at 1715 cm- l of compound 31 can be attributed to the hydrogen- 
bonding with the C-6 hydroxy group. * This fact provides another support to the 
f%assignment of the C-6 acetoxy group in trichokaurin; the asymmetric center C-6 
must have the S-configuration. Thus, the chemical structure and absolute con- 
figuration of trichokaurin was established as shown in formula 22. 

As described above, trichokaurin on alkaline hydrolysis gave an oily unsaturated 
aldehyde 32 as a major product, while the desired tetraoll0 was obtained as a minor 
product. The pathway to 32 from trichokaurin 22 is shown in Chart 7. The hemiketal 
32 on acetylation gave triacetate 33. 

Subsequently, we carried out the chemical conversion of trichokaurin into (-)- 
kaurene and diterpene alkaloids_ The ketone 34 (= 19) derived from trichokaurin 
through four steps as shown in Chart 4, on hydrogenolysis with calcium in liquid 

l cf. IR spectrum of oridonin’. 
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32 

&ART 7 

CHO 

ammonia gave a ketone 35 and a trio1 36. The structures of both compounds were 
assigned on the basis of the spectral data* of their acetates, 37 and 38. Trio1 36 was 
subjected to Wolff-Kishner reduction modified by Nagata et a1.,14 then to catalytic 

OAc OR OR 

34 35:R=H 36:R=H 
37:R=Ac 38:R=Ac 

36 
(1) Nag&~‘s modili~tion 

of Wolff-Kiber reduction 

(2) Hfi 

39 40 

CHART 8 

l See experimental section. 
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hydrogenation using Adams’ catalyst to give dio139, which was oxidized with Jones’ 
reagent to afford a keto carboxylic acid. The latter product was proved to be identical 
with ent-16-oxo-17-norkauran-20-oic acid (40)” by the mixture melting point 
determination and IR and mass-spectral comparisons. Since this compound 40 has 
already been converted into ( - )-kaurene (41),” atisine (42),16 garryine (43)17“. * and 
veatchine (44)170* ‘s the present transofrmation means the accomplishment of the 
chemical conversion of trichokaurin into ( - )-kaurene and those diterpene alkaloids. 

41 42 43 44 

CHART 9 

EXPERIMENTAL 

All m.ps were determined by a micro m.p. apparatus (Yanagimoto) and were uncorrected_ UV spectrum 
was recorded in MeOH on a Hitachi model EPS-3 spectrophotometer. Unless otherwise stated, IR spectra 
were run in KBr discs on a Hitachi model EPI-S2 spectrophotometa and NMR spectra in CDCI, with 
TMS as an internal standard on a Varian A-60 spectrometer. 

Extracts were dried over snhydrous Na,SO,. 
Mallinckrodt silicic acid was used for column chromatography. TLC plates were coated with Nakarai 

silica layer G. 
Isolation of trichokaurin (22)from Isodcw trichocarpus Kudo 

The dried leaves (1 kg) of Isodon tridwcarpus Kudo which were collected at lshikawa prefecture in 
1963 were digested in Et,0 (5 I) at room temp for a few months Evaporation of Et,0 gave a green residue 
(11 g), which was dissolved in acetone and refluxed with charcoal (3 g) for 1 hr then filtered. The filtrate 
was evaporated. Thii procedure was again carried out to give a yellow syrup (10 g). The latter was chromato- 
graphed on silica gel (400 g’ column and the eluate with acetonc-CHCl, (1 : 9) was collected As isodocarpin 
precipitated from the fraction, it was filtered off. The filtrate was evaporated to give a residue (1 & which 
was chromatographed on silica gel (40 g) column. An amorphous and apparently homogeneous fraction 
(400 mg) was again chromatographed on silica gel (15 g) column to givt crude crystals, which were re- 
crystallized from Et,0 to yield very tine crystals (85 mg) of frichokmcrin M.p. 184 m 185”, [u$’ - 93” 
(c. 1; CHCI,); IR v,: 35sO,3450.3350,1730,1630 cm-‘; NMR 6,: 0.87.1.13 (each 3H, s), 193 (lH, d, 
J = 7, C-5-u 2%. 2.19 (each 3H, s), 358 (lH, t, I = 2, C-l-H), 329 (2H, s, --C&-O-), 491,504 

(each IH, q, J = 1.2, ?Z=CI-I,), 521 (lH, d, J = 7, coupling to a doublet proton at 193 ppm), 5.62 (lH, 

t, J = 2, coupling to quartet protons at 4.91 and 5a ppm) (Found: C, 66-25; H, 8%. &H,,O, requires: 
C, 66.34; H, 7.89”/,). 

Acetylation of trichokaurin A solution of trichokaurin (22) (20 mg) in Ac,O(l mlbpyridine (1 ml) was 
allowed to stand overnight at room temp, and evaporated in uacw to give a syrupy residue, which was 
chromatographed on silica gel column to give acerote as crystals (20 mg) Recrystallization from MeOH 
gave the analytical sample, m.p. 189 - 191”. IR v,: 3475, 1730, 1660 cm-‘; NMR 6,: 089.1.15 (each 
3H. s), l-95 (lH, d, J = 7), 296 2-09,2.18 (each 3H, s), 3.76 (lH, br s, Om 397 (2H, s), 4.64 (lH, br s), 493, 
504 (each lH, dd, I = 1,2), 5.21 (lH, d, J = 7, coupling to proton at 195 ppm), 564 (lH, f I = 2, coupling 
to protons at 493 and 504 ppm) (Found: C, 65.84; Ii, 795. Cz6Hs60s requires: C, 65.53; H, 761%). 

Oxidation of trichokmvin. Trichokaurin (22) (40 mg) was disaolvad in pyridine (1 mlh and to this solution 
was added a complex prepared from Cr03 (150 mef and pyridine (1.5 ml), then the mixture was allowed 
to stand overnight at room temp. About three times of volume of H,O were added and extracted with 
CHCl,. The extract was treated as usual to give a crude product, which was chromatographed on silica 
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gel column to yield crystals. Purifiition by recrystallization from MeOH afforded pure crystals (35 mg) of 
oxo-compound 14, m.p. 177 w 179”. IR Y,. 3400, 1740, 1700, 1655 cm-‘; NMR 6,: @94. la (each 
3H, s), 2Q7,2.23 (each 3H, s), 3*%,4.35 (each lH, AB-type, J = lo), 3.39 (lH, br s, Om 5.11 (lH, d, J = 7, 
C-&m (Found: C, 66.38; Ii, 7.59. &H,,O, requires: c; 66.65; Ii, 746%). 

ent-7~~Epoxykma-16-ene-1~~7~15a-tetmoI (4) T~chokau~ (22) (120 mp) was dissolved in dry 
Et,0 (20 ml) and the solution was dropwise added into a suspension of LAH (240 mg) in Et,0 (10 ml). 
The mixture was refluxed for 3 hr on a water-bath. ARer cooling, AcOEt (20 ml) was added and the solution 
was washed with dil. HCl and then H,O. The organic layer was dried over anhydrous Na,SO,, then the 
solvent was evaporated off to 8ive a solid, which was recrystallized from MeOH to yield fine crystals (25 mg) 
of tetrao14. IR v, cm- ’ : 3500,3300,3050,1660. M+ m/e 350 (mass spectrum). 

Periodate oxidation of tetraoi 4 
(i) Tetraol4 (100 mp) was dissolved in MeOH (10 ml) and NaIO, (300 mg) was added into the solution. 

The mixtun: was kept stirring for 3 days at room temp. The usual treatment of the AcOEt extract gave a 
syrupy crude produa (120 mg), which gave two spots on silica gel TLC. Chromatographic separation on 
silica gel column gave polar (20 mg) and less polar (60 mg) compounds a~ crystals. The polar compound was 
recrystallized from MeOH to atford analytical sample of 5. IR v,,: 3450.2725, 1705 cm- *; NMR (100 

MHz) 6,,,,: 1.06 (6H, s) 3.15 (lH, d, J = 4, , _ ‘CHXHO), 4.23 (lH, br s, ‘pa- OH), 4.61(2H, s, 

-C&&), 493 (2H, m, e&), 5.10 (lH, br s,>&-OH), 992 (ly, d, J = 4, --CfiO). 

The less polar compound was recrystallized from MeOH to yield dial 6 (40 mg), m.p. 207 * 209”. IR 
V m,X: 3400, 1700 cm-‘; NMR (100 MHz) apprn: 163. 1.06 (each 3H. s). 340 (I H, m. -OH), 3~76,399 (each 

lH, AI&type. J = IO. -C&---O-), 4.92 (1H. q. J = 3*5, c-15-H). 506 (2% m, +&A 5.34 (lH, 

s, C-6-m (Found: C, 68.92; H, &22. &,H,sO, requires: C, 68.94; Ii, 8.10%). (ii) After having kept standing 
a solution of 5 (5 mg) in AcOH (1 ml) for 30 ti at room temp, AcOH was evaporated off to give a crystal- 
line residue (5 mg), which was recrystallized from MeOH to yield dio16 (3 mg). 

The conversion ojhemiacetai lactone 6 into 3-deoxy-1-epidehydrodihydroenmein R Compound 6 (20 mg) 
was dissolved in MeOH (5 ml) and was subjected to hydrogenation on PtO, (2 mg) catalyst for 1 hr. After 
filtration from the catalyst, the solution was evaporated off to give a syrupy residue (20 mg), which was 
dissolved in acctone (1 ml) and oxidized with Jones’ reagent (@l ml) to afford a crude crystalline product 
(15 mg) by usual treatment. It was recrystallized from MeOH to yield pure crystals (9 mg), m.p. 199 - 204”, 
which proved to bt identical with 1-epi-3-d~xy-dehy~~~ydr~nrn~ (8) by comparisons of IR spectra 
and mixture melting point determination. 

A mixture of 1-epi-bisdehydrodihydroenmein (7) (200 mg), ethanedithiol (01 ml) and BF,etherate 
(@l ml) was allowed to stand at room temp for 1 night. The reaction mixture was poured into ice water 
containing Na,CO,, and alkaline mixture was extracted with CHCIJ. The extract was washed with H,O, 
dried and evaporated to give the crude crystafline product (152 mg), which was chromatographed on silica 
gel (4 g) column. Elution with CHCI, gave an ethylenedithioketal (111 rng) which was crystallized from 
CHCl,-hexane as needles, m.p. 298 _ 301”, IR v,: 1750, 1717 cm-l. (Found: C, 60.82; H, 6.47. 
C21H2s0JS2 requires: C, 6054; H, 659%). 

l-Epi-6-dehydro-3-deoxy-dihydroenmein (g). A mixture of ethylenedithioketal(109 mg) and Raney Ni Wz 
(2 g) in EtOH (50 ml) was refluxed for 12 hr. The catalyst was tiltered elf. The tiltrate was evaporated in 
uocu) to give a gum, which was chromato~aph~ on a silica gel cohmm, then purified by recrystallization 
from MeOH to give l~p~-6~e~y~o-3deoxydihydroen~e~~ (8) as needtes, m.p. 199 - 2@V‘. IR v,: 1775 
1740,1705cm-* ; NMR6,,, :4*48(1 H,t,J = 3~0,C-1-&),4~13,395(each 1 H.AB-type,J = lO+O,C-2011,). 
(Found: C, 6906; I-i, 770. t&HzeOLT requires: C, 69.34; H. 7.57%). 

Acetylation oftetraoll0 (=4). Tetraol 10 (50 mg) was dissolved in a mixture of Ac,O (1 ml) and pyridine 
(1 ml). Evaporation in uacuo after standing overnight at room temp gave a syrupy residue (55 mgA which 
gave two spots on TLC (silica layer Gj It was chromatographal on silica gel column to yield an oily polar 
substance and a less polar crystalline substan~ The former proved to be nw-etote 12 IR v_; 3350, 
1690 cm-‘; NMR (100 MHz) a,,: 086, 1.13 (each 3H, s), 212 (3H, s), 3-13 (lH, br s, --Om 346 (lH, 

br s, C-1-m 436 (Hi, br s, C-15-m 5a (2H, m, *&), 5.15 (lH, d, J = 6, C+H). The latter was 
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recrystallized from MeOH to give pure diucetate 11, m.p. 175 - 178”. IR v,: 3550, 3400, 1760, 1740, 
1665 cm-l: NMR a,,,,,: O-89, 1.17 (each 3H, s), 2@?, 2.18 (each 3H, s). 3*21,3.50 (each 1H. br s, OS). 3.97 

(2H. s, --C&-O-), 444 OH, m, C-IS-& 4-62 (1Y br s, C-l-H), 5.10 (2H, 4 )C=C&A 527 (lH, d, 

J = 6, C-6-H. (Found: C, 66.33; H, 7.88. C2*H3407 requires: C, 6634; H, 7.89%). 
Trio1 15. 1-Ketoderivativc 14 (80 mg) was dissolved in a mixture of ethanedithiol (0.5 ml) and BF,- 

etherate (65 ml) and kept standing for 10 min at room temp. The reaction mixture was treated as usual to 
give a crude product, which was dissolved in EtOH (30 ml) Raney Ni (6 g) was added into the solution and 
the mixture was heated at reflux for 8 hr, then the catalyst was filtered off. The filtrate was evaporated to 
give a residue, which was dissolved in absolute Et20 (10 ml). A suspension of LAH (160 mp) in Et,0 (5 ml) 
was added into the solution and heated at reflux for 3 hr. A crude syrupy product which was obtained by 
usual treatment of the reaction mixture was chromatographed on silica gel column to yield a crystalline 
product. The latter was recrystallized from MeOH to afford pure trio1 15 as crystals (30 mg), m.p. 232 - 235”. 
IR v,,: 3300 cm-‘; NMR gD,‘,p’“‘d’“: 4.07 (2H. s), 4.18 (lH, d, J = 5*5), 4.31 (lH, d, J = 5). (Found: 
C, 71.09; Ii, 9.66. Ct0Hs,04 requires: C, 71-39; Ii, 9.59%). 

ent-7~~~E~xy-6a,15crdiucetoxy-lu-mesyloxykmtr-l6-en-7a-oi (16). Methan~ulfonyl chloride (O-5 ml) 
was added into a solution of trichokaurin (1 IO mg) in pyridine (2 ml), and the mixture was kept standing 
overnight at room temp. The reaction mixture was thrown into ice-water and extracted with AcOEt. 
Washing of tbe extract with H,O, drying, and evaporation of the solvent gave a crude crystalline product 
(80 mg), which was recrystallized from AcOEt to afford mesylute 16 as colorless plates, m.p. 190 - 191”. 
IR Y,,,: 3500, 1740, 1725, 1660 cm-‘: NMR dppm: 2.07.2.18 (each 3H. s), 3% (3H. s. --oSO,C&), 4.67 

OH, m, )C&-OSO,CH,). (Found: C, 58-86; H, 7.17. Czs H 0 36 9 S requires: C, 58-59; H, 7.03%). 

enr-7~~~Epoxy-6a,l5ar-diacetoxy-f6-oxo-lu-mesyloxy~l7-norkauran-7a-ol j17). Mesylate 16 (100 mg) 
was dissolved in a mixture of tetrahydrofuran (25 ml) and H,O (25 ml), and 0~0, (5 mg) was added into 
the solution under stirring. When the mixture was kept stirring for 1 hr, the solution got black. To this 
solution was added NaIO, (1.5 g) and the mixture was kept stirring for 3 br at room temp. The solution got 
pale yellow and colorless crystals precipitated. After a treatment with H,S, the reaction mixture was ex- 
tracted with Et,0 (200 ml), and the extract was treated as usual to give a crude product (100 mg), which 
was chromato~aph~ on silica gel column to yield Q ketone 17 as crystals (70 mg). Recrystallization from 
acetone gave an analytical sample, m.p. 192 - 193”. IR v_: 3500, 1750, 1735 cm-‘; NMR a,,,,,: 2*5, 

2.22 (each 3H, s), 3Q6 (3H, s), 4.65 OH, m, >C&-OSO,Me), 5.26 (IH, d, J = 7.5, C-Q!), 5.44 (I H, d, 

J = 1, C-15-Jjj. (Found: C, 5625; H, 6.62. Cz1H3+0,$ requires: C, 5603; l-l, 6.61%). 
ent-7~2a-Epoxy-6a,15a-dincetoxy-1Coxo-17-norkalrr-l-en-7a-d (18). A solution of mesylate 17 (100 mg) 

in DMSO (2 ml) was heated in a sealed tube at lx)” for 3 hr. AAer cooling, DMSO was evaporated otT 
in uacuo to give a syrupy residue, which was chromato~aph~ on silica gel column to afford colorless 
crystals (60 mg) of compound 18, m.p. 203 - 204”. IR v,,: 3475,1755, 1735 cm-‘; NMR Sppm: 2.04,2.21 
(each 3H, s), 5.18 (lH, d, J = 8.5. C-6-@, 5.47 (IH, s, C-IS-H), 5.32, 5.78 (each lH, AB part of ABX,, 
<H,-CH=CH -). (Found : C, 6593 ; H, 7.35. C,,H,,O, requires: C, 6601; H, 7.23 %). 

ent-7PJ~Epoxy-6a,lSa-diacetoxy-l6-ox(l-17-norkmcran-7a-ol (19). Unsaturated ketone 18 (20 mg), 
dissolved in AcOH (2 ml), was subjected to hydrogenation on PtO, (5 mg) catalyst for 12 hr. After filtration 
from catalyst, the solvent was evaporated off to give a saturated crystalline product, which was recrystal- 
lized from MeOH to yield pure ~0~~~ 19 as needles (IS mg), m.p. 186 _ 187” IR v,: 3350, 1755, 
I735 cm-‘; NMR 6,,: 2+X?, 2.21 (each 3Ii, s), 5@2 OH, d, J = 7.5, CT-&&,), 5.45 (IH, d, J = 1, C-IS-&). 
(Found: C, 65.58; Ii, 7.49. C,,H,,O, requires: C, 65.69; H, 7.67%). 

ent-7~2~Epoxp6cg16a-diaceroxy-l7-norkour~e-7a,ISa-diol (21). (i) Ketone 19 (20 mg) was dissolved 
in absolute Et,0 (5 ml), and a suspension of LAH (30 mg) in Et,0 (2 ml) was added to the solution under 
stirring. The mixture was heated at reflux for 3 hr on a water-bath. After cooling, AcOEt was added and 
washed with H,O. Drying followed by evaporation gave a crystalline residue (20 mg), which was re- 
crystallized from EtOH to yield colorless needles of tetraol 20, mp. 195 - MO”. IR v,: 3350 c-n-‘. 
(ii) TetraoI20 (18 mg) was dissolved in a mixture of AczO (1 ml) and pyridine (1 ml) and allowed to stand 
overnight. Evaporation of the solution gave a syrupy residue (20 mg), which was chromatographed on 
silica gel column to afford crude crystals. Recrystallization from MeOH yielded pure crystals (14 mg) of 
diacetate 21, mp. 205 5 206”. IR v,,: 3400,172U cm- * ; NMR bpp,: @80,1*10 (each 3H, s), 2*11,213 (each 
3H, s), 2.76 OH, d, J = 3.5,0@& 3.30 (lH, s, aH), 3.92 (2H. br $ --c&-X--). 4,26 (IH, q, J = 3.5,9, 
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C-15-fi4*97 (IH, q,J = 6*5,9, C-16-W 5.12 (lH, d,l = 5*5,C-6-m (Found: C, 65a; H, 8% Cz3H3.0, 
requires: C, 65.38; Y 8.11%). M* m/c 422 (mass spectrum). 

enr-7$~Epoxykmu-l6-ene-l$,6~7a,l5a-t~aol(Z4), Ketone 23 (Sex, mg) was dissolved in anhydrous 
Et,0 (SO ml), and a suspension of LAH f8aO mgl in Et,0 {Zo ml) was added to this solution. The mixture 
was heated at reBux on a water-bath for l hr, then treated as usual to give a crude crysta%i product, 
wlGch was rccrystallii from McOH to yield tewaof 2.4 as needfes (500 mg), m.p. 240 n 243”. iR Y,: 3300, 
1660 cm-‘” (Found: C, 68.33; H, 8.73. C1,,H3005 requires: C, 68.54; H, 8.63%). 

Periodate oxidation of tetrnol24. Tetraol24 (100 mg) was dissolved in a mixture of McOH (5 ml) and 
Hz0 (5 ml) To this solution w&p added NaIO, (200 mg), then the mixture was kept stirring for 12 br at 
room temp. The reaction mixture, after extraction with AcOEt, was treated as usual to give a crystalline 
crude product (120 mg). Recrystaflixation from MeOH yielded pure crystals (80 mg) of compound zf, lap. 
265 _ 2699 IR vk 3450, i%Qcm-‘;NMR6,*: 4*48@H,t,f =9,c-l-W5-Mffff,4C~~~Found: 
C, 69.11; H, 8.39. CzaH,,Os raquires: C, 6894; H, 8*10”/,). 

Part&al acetylation and catalytic reduction of compound 25. 
(i) Compound 25 (30 mg) was dissolved in AcOH (10 ml) and the solution was heated for 3 hr at 100’ 

on a water-bat& Acetic acid was evaporated off to give crude crystalline residue (30 mg), which was re- 
crystallized from MeOH to yield h-acetate of 25. IR v_: 33M,I74@, 1710, I660 cm-‘. 

{iif The foregoing 6-acetate (10 mg) was dissolved ia MeOH and subjected to catalytic ~ydrogena~on on 
PtO, (2 mg) for 3 hr. The reaction mixture was treated as usual to give a crude crystalline product (10 rngh 
whicfi was recrystallized f?om MeOH to yield a.n analytical sample of corn- Za, mp. 270 _ 272”. 

IR v,,,,=: 3350,1735, 1710 cm-‘; NMR 6 _: 094 (3H, d, J = 7, )CH C&,X 1.00, ia (each 3H, sb 2.05 

(3H, s), 397,4*13 (each lH, AB-type, J = 9x 444 (lH, tf J = 9, C-1-u 4.93 (H-I,%, J = 10, C-15-y). 6.17 
flH, s, C-6-m (Found: C, 67.38; H, 8-36. CzZH3@s requires: C, 67.35; H, 8.16%). 

Redwtion #fd~~yd~~j~~c~p~ {2@. ~~~~5~~~ 428) jlO0 mg) was dissolved in MeOH f2rt ml) 
and a solution of NaRH, (lo0 mg) in MeOH (2 ml) was added to this solution. The mixture was kept 
stirring far 1 hr at room temp. Three times of 10% HCl in volume were added under cooling to the reaction 
mixture, theu extracted with AcOEt. The extract was treated as usual to give a syrupy product (110 mg), 
which was chromatographed on silica gel column to yield homogenevruf but oily tetwhydroisudocurpin 
(29) (40 mg) in addition to recovered material 28 (30 mg). Compound 29. IR v~$‘? 3400,171O cm- ‘; NMR 
6 ,:4~46(1H,t,~=8~5,C-l-~~85(fH,~J=lO,C-f5-~5~M(l)f,s,C-~~. 

Partial acetykzrion 4 t~t~~yd~~~~p~ (29). Tet~y~o~~~~ f?sf@Q mgt was dissolved in 
AcOH (10 ml) and heated for 3 hr on a water-bath, t&en AcOH was evaporated off to give a crystalline 
residue, which was chromatographed on silica gel column and at last purilled by recrystallization from 
MeOH to yield dacetate 26 as pure crystals (40 mg), m.p. 271 w 273’. This compound proved to be identical 
with the sample 26 which was derived from trichokauriu by IR and NMR comparisons and mixture melting 
point determination. 
Oxkfcrtion ry’S_manoacetate 26 d~~~#~ rricbkmuin, 

&Acetate 26 {IO ms) was dissolved in acetone (1 ml) and two dropi of Jones’ reagent were added to this 
solution. The mixture was allowed to stand for 1 hr at room temp, and extracted with AcOEt, The extract 
was treatad as usual to give a crystalline product (8 mg), which was recrystaiiizd from MeOH to yield 
pure crystals (4 mg) of compoutld 30, m.p. 290 * 3009 The IR spectrum coincided with that ofdehydro- 
dihydroderivative 30 derived from isodocarpin. 

ent-?B,2~~~~~-~~-~5-one-lB,S~~a-n~ (31). Tetrad 24 f3l mgt was dissotvcd ia MeOH Q ml) 
and 20% HCl was added to the solution, so that the concentration of HCl was adjusted to 15%. The soiution 
thus prepti was kept stirring for M hr at room temp. The extract with AcOEt was ttatal as usual to 
give a ketone 31 as a crude crystalline produd (30 mg) Purification by recrystallization from MeOH 
yielded au analytical sample, m.p. 244 _ 246”. IR v~,: 3250,1715 cm-‘; NMR 6$$“‘dlaa: la (3H, d, 

J = 6, >CH-c~,), 1.09, 1.22 (each 3H, sb 3.68 (Hi, t. J = 8, C-1-m 4.13 (lH, q. J = 6, if. C-6-if), 

4.32 4.68 (each lH, AB-type, J = 10, --C~,--O--h 654 @HT d, J = 1 t, C-mm (Found: C, 68.49; 
H, 8-66. C2QH3001 requires: C, 68-54; H, 8.63%). 

Periodate oxidation ofketone 31. Dihydroisodocarptn (28). Ketone 31(2O mg) was dissolved in a mixture 
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of MeOH (2 ml) and H,O (2 ml), and NaIO, (50 mg) was added into this solution. The mixture was kept 
stirring for 20 br at room temp. The reaction mixture was treated as usual to give a syrupy crude product 
(15 mgh which was chromatographed on silica gel column to yield a homogeneous crystalline substance 
(6 mg). Racrystallizatioo from MeOH afforded pure crystals (3 mg), p.p. 224 - 230”. This compound proved 
to be identical with the known dihydroisodocarpin by IR comparison and mixture melting point determioa- 
tion. 

Alkdine tremnmf of trichokaurin. Trichokaurin (100 mg) was dissolved in methanolic &N-NaOH 
solution (46 ml) (26 ml of H,O was cooticd) and the solution was heated at reflux for 9 hr on a water-bath 
The solution got neutral, so further mcthanolic &N-NaOH solution (4 ml) was added and heated at reflux 
for additional 3 hr. The reaction mixture was neutralized with HCI and extracted with AcOEt. The extract 
was treated as usual to give a crude crystalline product (83 mgb which was chromatographcd on silica gel 
column to yield a crystalline conjugated aldehyde 32 as a major fraction. It was recrystallized from MeOH 
to yield pure crystals (45 mg), m.p. 160 - 161”. IR Y,,: 3400,1690,1625 cm-‘; NMR 6,,,: 1.17,1.32(each 
3H, s), 3GJ (lH, m), 362, 3.77 (each lH, AB-type, J = 8.5, <Hz&), 450 (lH, s, -O&, 598, 6.26 

(each lH, s, >C=C&), 9.51 (lH, s, -CuO). (Found: C. 68.30; H, 8.37. C,,,H,,O, requires: C, 6854; 

H, 8.63%). More polar crystallioe fraction was recrystallized from MeOH to give pure crystals (3 mg), 
which proved to be identical with tetraol 10 by IR comparison. 

Acetylation ofhemiketal aldehyde 32. Compound 32 (15 mg) was dissolved in Ac,O (1 ml) and pyridine 
(1 ml) and the solution was allowed to stand overnight. The solvent was evaporated off to give a residue 
(16 mg), which was chromatographed on silica gel column to yield crude acetate 33 as crystals. Recrystal- 
lization from MeOH yielded pure crystals (10 mg), m.p. 145 - 146”. IR v_:27@J 1740,1690,1620 cm-‘; 
NMR a,,: 108, 1.19 (each 3H, s), 199, 2.14, 2.16 (each 3H, s), 2.43 (H-I, s, C-5-m 404, 4.29 (each lH, 

AB-type, J = 12-5X 4.73 - 4.98 (2H, m, C-1-H and C-7-m 6.01.6.25 (each 1H. s, )C=C&), 9-52 (lH, s, 

--CHO). (Found: C, 65.72; H, 7.91. Cz6H,,0s requires: C. 65.53; I-I, 7.61%). M+ m/e 476 (mass spectrum). 

Hydrogenolysis ofcompound 34 with Ca in liquid NH, 
Compound 34 (50 mg) was dissolved in anhydrous dioxane (5 ml: distilled with added Na), and the 

solution was dropwise added into a solution of Ca (100 mg) in liquid NH, (30 ml) under vigorous stirring. 
When stirring was kept for 20 min after addition of whole solution, the blue color disappuucd. Ammonium 
chloride (500 mg) was added and NH, was allowed to be evaporatal to give a residue, which was extracted 
with Et,0 (100 ml). The extraa was washal with dil HCl, then H,O, and treated as usual to give a crude 
mixture (30 mg), which was chromatographed on silica gel column to isolate two components. Less polar 
product remained as oil (6 mg) and proved to he ent-7~,2&epoxy-17-norkuuran-16-one&,7a-dio1 (35). 
IR ~‘2% 3400.1735 cm-‘; NMR a,,: 3.77 (lH, d, J = 5, C-6-m 3.98 (2H. br s, -C&-O-). Another 
product was crystalline and recrystallized from MeOH to yield pure crystals (10 mg) of ent-7B&epoxy-17- 
nor~ane-6a,7~,16~triol(36), m.p. 245 - 250”. IR v,: 335Ocm-‘. (Found: C, 7051; H.958. C,gHSOO, 
requires: C, 70.77; H, 9.38%). 

Acetylation ofketone 35. ent-6a-Acetoxy-7~,2@epoxy-l7-norkmcran-l6-on-7a-o1(37). Ketone 35 (6.5 mg) 
was dissolved in a mixture of Ac,O (@5 ml) and pyridine (@5 rnlh and tbe solution was kept standing over- 
night. Evaporation in vneuo gave a residue. which was chromatographed on silica gel column to give 
crude crystalline acetate 37 (6 mg). Recrystallization from MeOH yielded an analytical sample, m.p. 
210 - 215”. IR v,: 33M, 1740, 172U cm-‘; NMR a,,: @82, 1.13 (each 3H, s), 2-06 (3H, s), 3.70 (lH, s, 
-0u 3.98 (2H, br s, -CH,&), 5% (lH, d, J = 5). M+ m/e 362 (mass spectrum). 

Acetylation o/ trio1 36. ent-6u,l6fL4cetoxy-7~,2O-epoxy-l7-norkorrran-7a-o1(38). Trio1 36 (10 mg) was 
acetylated as described above to give diacetate 38 as crystals (7 mg), m.p. 194 - 195”. IR v,: 3450,1735, 
1710 cm-’ ; NMR a,,,: e83.1.11 (each 3H, s), 2.02,2.07 (each 3H, s), 356 (lH, s, --Om 3.85, 3.97 (each 
lH, AB-type, J = 10, <Hz-G--), 4.80 (lH, q. J = 7.4. C-l&HJ 5.03 (lH, d, J = 5, C-&H). (Found: 
C, 67.88; I-l, 846. C,,H,,O, requires: C, 6795; H. 8.43%). 

WolflKishner reduction and hydrogenation of trio1 36. ent-17-Norkaurune-16~,Xhfiol (39) Trio1 36 
(40 mg) was dissolved in a mixture of anhydrous hydra&e (1700 mg), hydrazine hydrochloride (304 mg) 
and triethyleoeglycol(2980 mg), and heated at 140” for 12 hr. After cooling pellets of KOH (400 mg) were 
added and the mixture was slowly heated, so that the temp was raised up to 220” over a period of 3 hr. 
Theo, the mixture was refluxed at 220 - 230” for 3 hr. After doling, Hz0 (5 ml) was added and extracted 
with Et,O. The extrad was treated as usual to give a crude product (50 mg). which was dissolved in MeOH 
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(5 ml) and subjected to hydrogenation on PtO, (5 mg) for 5 hr. The reaction mixture was treated as usual 
to give a crude product (SO mg), which was chromatographed on silica gel co1umn to yield a homogeneous 
oily diol39 (20 mg). NMR S,,: 188 (6H, s). 409 (2H. s, -C&--OH), 415 _ 442 (lH, in, C-16& 

ent-ldOxo_17-norkouran-20-oic acid (40). [( -)-16oxo-10-curboxy-l7,2G!~isncrkuruane]. Diol39 (6 mg) 
was dissolved in acetone (1 ml), and Jones’ reagent (2 drops) was added into this solution. The mixture was 
kept stirring for 2 hr at 20”. To the reaction mixture, MeOH was added and kept stirring for 10 min, then 
extracted with AcOEt. The extract was treated as usual to give a crude product (6 mg), which was chromato- 
graphed on silica gel (1 g) column Eluate with CHCI, gave a homogeneous crystalline compound (4 mg), 
which was recrystallized from MeOH to afford colorless pure crystals (3 mg) of keto acid 40, m.p. 238 * 
240”. IR v_: 3400,1740,1690 cm-‘. M+ m/e 304 (mass spectrum). This compound proved to he identical 
with ent-16-oxo-lFnorkauran-20-oic acid (48) by mixture melting point determination and IR and mass 
spectral comparisons. 
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