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Ab&ract-Lactone ester 5 derived from emnein (2) was subjected to acyloin condensation to give 18 as a 
main product. Compound 18 was converted into 27, which on ozonolysis gave ketone 31. The latter ~88 
treati with Ca in liquid NHs to afford 3. The work constitutes a formal chemical ccnversion of emnein 
into enr-kaurene, atisine, garryine and veatchine. 

RECENTLY, the chemical conversion of trichokaurin (1)2 into keto-carboxylic acid 4’ 
via hemiketal dio13 was accomplished2 which corresponded to a success of a formal 
chemical conversion of trichokaurib into ent-kaurene,t’* 4 atisine,’ garryine6”* b and 
veatchine.6a* ’ 
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l To whom correspondence should be addressed. 
t (-) -Kaurene is named like this in accordance with a proposal for nomenclature of cyclic diterpenes 

subscribed to by many workers in this area. (J. W. Rowe in preparation.) 
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This paper deals with the details of chemical conversion of enmein (2) into com- 
pound 3. 

Enmein,8 major bitter diterpenoid from the leaves of Zsodon trichocarpus Kudo and 
I. juponicus Ham, was converted into unsaturated lactone ester 5’“* b Subsequent 
routes to 3 were investigated in two ways : the one is the route A uia 6 to 3, and the 
other is the route B oia 7 to 3. 

Route A. An attempted rearrangement of endo- into exe-double bond by treatment 
of 5 with I, in dry benzenelo or with dil HCl in acetone” was unsuccessful. Treatment 
of 5 with 6N HCl in acetone at reflux gave t-alcohol 8, while 5 was treated with 35”/, HCl 
in acetone to give hydrochloride 9. The epoxide 10gb on treatment with Zn in EtOH 
or with ZnBr, in EtOH” gave only the recovered material. Treatment of 10 with 
ZnBr, in benzene at reflux gave a mixture of at least seven unidentified products. 
Neither the heating of 10 in EtOH-AcOH (9 : 1 in volume) under refluxi’ nor treatment 
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of 10 with MgBr, in Et,O-benzene’oV i3 at room temperature gave the desired 
product 11. 

tioy 5, d issolved in pyridine, was subjected to photosensitized oxygena- 
“9 l4 by passing O2 gas through the solution in the presence of hematoporphyrin 

as Rhotosensitizer under irradiation by fluorescent lamps to yield the desired ally1 
alcohol 11 accompanied by epoxide 10. The assignment of the structure was based on 
the IR and NMR soectra. The acetate 12 was oxidized with 0~0, to afford two 
glycols 13 and 14, both of which on acetylation gave diacetate 15. Glycoll4 was easily 
converted into 13 by treatment with HCl. These facts and NMR data supported the 
structures of the glycols. The yields of 11 and 14, however, were low, so the route A was 
abandoned. 

Route B. The acyloin condensation with 5 by Na in liquid NH, was investigated.* 
Into a solution of a large excess Na in liquid NH,, an ethereal solution of 5 was added 
at - 60” within 30 min, and the mixture was stirred for 2 hr. The reaction resulted in 
the’ formation of 16, 17 and 18. The IR spectrum (v mlUL 3470 and 1715 cm-‘) of 16 
suggested the presence of OH and cyclohexanone, and its NMR spectrum showed a 
singlet signal of C-5 proton at 6 2.16, a singlet signal of C-20 protons at 6 4.07 and a 
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singlet signal of C-7 OH proton at 6 4.22 ppm. The IR spectrum (v,, 3350,1048 and 
1031 cm- ‘) of 17, and a multiplet signal at 6 3.93 (C-6-I-I) and a C-20 protons singlet 
signal at S 4.02 ppm in its NMR spectrum suggested the diol structure. Catalytic 
hydrogenation of 17 gave the known dihydro-derivative.’ Compound 18 was shown 
to have two OH groups by IR (v ,,_ CHC’3 3590 and 3430 cm-‘) and NMR signals at 
6 240 and 2.98 ppm assignable to OH protons, and a doublet at 6 3.80 ppm assignable 
to C-6 proton. Catalytic hydrogenation of 18 gave the known dihydro-derivative.’ 
Oxidation of 18 afforded ketone 16. I5 In the second case, an ethereal solution of 5 
was added into 1.3 equivalents of Na in liquid NH, at -75” within 1.5 hr and the 
mixture was stirred for 2 hr. The reaction afforded 19 and 18. The molecular formula 
of 19 was the same as that of 18, and on treatment with methanolic O.OlN NaOH 19 
was converted into 18. The NMR spectrum gave a singlet signal due to C-7 proton at 
6 3.34, besides two OH protons signals at 6 3.25 and 2.29 supporting the structure 19. 
The configuration of OH at C-7 of 19 was confirmed by its conversion into trio1 21’ 5 
with NaBH,. Through several times of reactions under the same conditions, the best 
yield of the desired compound 18 was 49.8 %. In addition to the above products, 
trio1 20 was also formed as a minor product. 

Recently, a high yield of acyloin was reported, when the reaction was carried out in 
the presence of trimethylsilyl chloride in nonpolar solvent.‘6 This procedure was 
tried for the acyloin condensation of 5. The VPC of the products showed at least 
7 peaks. The NMR and IR spectra of the mixture did not show the presence of OH, 
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but the IR (in CHCI,) absorption bands at 1248 (Si-C bending vibration) and 842 
cm-’ (SK stretching)” suggested the presence of trimethylsilyl ether. The mixture 
was reated with dil HCl to give free alcohols, which were column-chromatographed 
to ve only a low yield of 7-hemiketal-6-01 18. g/ 

The key intermediate 18 was first acetylated to give 6-acetate 22, which was oxy- 
genated with an 0, stream under irradiation by fluorescent lamps in the presence of 
hemrtoporphyrin to afford the expected ally1 alcohol 23 in 715% yield accompanied 
by a small quantity of an isomer 24. 

The IR (z~~‘,“‘~ 1662, 977, 922 and 908 cm-‘) and NMR (6 513 and 524 ppm) 
spectra of 23 suggested the presence of exocyclic methylene group in the molecule, and 
a singlet signal at 6 4.26 in its NMR spectrum was assignable to C-15 8H. A compari- 
son of the NMR spectrum of 24 with that of 23 and the identity of the molecular 
formulas of two compounds gave a reasonable assignment of the structure to the 
minor isomer. The usual acetylation of 23 by Ac,O-pyridine at room temp resulted 
in the recovery of the material, because of a hydrogen bonding between C-7- and 
C-15-a-OH groups [v’?&:‘~ 3450 cm-’ ; 6 cm3 3.33 and 4.37 ppm (each lH, m, OH)]. 
The same reaction at 105 N 110” gave amorphous triacetate and a mixture of dia- 
cetates 25 and 27. When the mixture of diacetates was warmed with aqueous AcOH, 
only acetate at C-7 in 25 was hydrolyzed and diacetate 27 was isolated as crystals. The 
mixture of 25 and 27 on treatment with LAH in Et,0 gave alcohol 26, in which a 
strong intramolecular H-bonding was recognized, thus, it had an unchangeable OH 
signal on treatment with D,O in its NMR spectrum. On acetylation at room temp, 
26 gave monoacetate 23. The best way for getting 27 among the investigated proced- 
ures was treatment of 23 with A@-NaOAc in CHCl J at reflux for 22 hr. The structure 
27 was supported by the NMR and IR data. 

The Lemieux-Johnson’s oxidation29 i* was tried on 27 in THF, but only a very low 
yield of cl-ketol 32 was obtained. Now, diacetate 27 on 0~0, oxidation in ether- 
pyridinelg gave an amorphous glycol in 64 % yield. The foregoing result of the reaction . 

with compound 12 and the NMR data of the glycol [6 2.10, 2.11 (CH,CO), 360 
(lH, d, J = 1.5 Hz, C-15-H), 3.80, 3.98 (each 1H. AB-type, J = 10.5 Hz, C-2OI-I,), 
and 4.18 (2H, s, C-17&)] led to an assumption that the glycol is not the normal 
C-16, C-17 glycol, but the acetyl-migrant”’ C- 15, C-16 glycol28. The assumption was 
proued to be correct by NaIO, cleavage of the glycol : the product was an aldehyde 29 
which had an acetoxyacetyl-group as shown by IR (v~Z:~ 1724 cm-‘) and NMR data 
[6 2QO. 2.12 (CH&O), 4.67 (2H, s, C-17H,)]. The compounds 28 and 29 were also 
obtained by Lemieux-Johnson’s oxidation of 27 in dioxan.” The glycol 28 on 
acetylation with Ac,O-pyridine at room temp gave a triacetate, whose structure was, 
unexpectedly, shown to be 30 on the basis of IR (~~~~‘3 1770 cm-‘) and NMR data 
[S 367 (1 H, d, J = 1.5 Hz, C-l 5-H) and 6.03 ppm (1 H, d, C-6-@]. The migration 
of aaetyl group during the reactions of 12 and 27 with 0~0, seemed very characteristic 
for these C/D ring compounds. 

In/ order to prevent the acetyl-migration, mesylation at C-15 OH-group of 23 was 
trie but the expected mesylate could not be obtained.22 

Fi ally, ozonolysisZ3 was successfully carried out to yield the desired compound 31 
“, 

as a ajor product (55 ‘A yield) and 32 as a minor product. The latter on acetylation 
with Ac,O-NaOAc in chloroform gave the former, while the former, dissolved in m 
chloroform, was allowed to stand on addition of the catalytic quantity of cone HCl 
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for 2 days to give the latter. These facts and IR and NMR spectra reasonably led to the 
assignment of the structures 31 and 32. cr-Acetoxyketone 31 was subjected to hydro- 
genolysis with Ca in liquid NH, 2, 24 to afford alcohol 3, which constitutes the formal 
chemical conversion of enmein into ent-kaurene, atisine, garryine and veatchine. 

EXPERIMENTAL 

All m.ps were determined by a micro m.p. apparatus (Yanagimoto) and were uncorrected. Unless other- 
wise stated, IR spectra were run in KBr discs on a Hitachi model EPI-S2 spectrophotometer and NMR 
spectra in CDCl, with TMS as an internal standard on a Varian A-68 spectrometer. Mass spectra were 
taken on a Hitachi RMU 6D mass spectrometer using a direct inlet system GLC was carried out with a 
Shimadxu GC-1C equipped with hydrogen ionization detector. Extracts were dried over Na2S04. Mal- 
linckrodt silicic acid or Kieselgel O-05 _ 020 mm (Merck) was used for column chromatography. TLC 
plates were coated with Silicagel G nach Stahl (Merck) or Nakarai Silica Layer G. 
Attempted rearrangement of endo- into exo-double bond of unsaturated lactone ester 5 

(a) Material 5 (54 mg) was dissolved in dry benxene (5 ml) and Is (@5 mg) was added. The mixture was 
heated under reflux for 2 hr. A usual work up, after washing with Na&Os aq, gave the recovered material 
(54 mg), which was identified by TLC (10 % AgNOs impregnated SiOss’, CHCls : acetone = 95 : S), GLC 
(QF - 1: 1.5 %, @75 m x o-4 mm, N, carrier) and IR (CHCls). 

(b) A soln of material 5 (50 mg) in glacial AcGH (5 ml) was heated under reflux for 2 hr to give the recovered 
material. 

(c) To a soln of 5 (48 mg) in acetone (4 ml), 3.5 y0 HCl(1 ml) was added and the mixture. was heated under 
reflux for 2 hr. After pouring into NaCl aq, extraction with Et,0 and a usual work up recovered the material 
(46 mg). 

(d) After a mixture of 5 (90 mg) and 6N HCl(3 ml) in acetone (3 ml) was heated under reflux, the reaction 
mixture was poured into H,O and extracted with Et,O. A usual treatment of the extract gave a neutral 
fraction (77 mg), which was chromatographed on SiOs (2 g) column by elution with CHCl, to give the 
recovered material (48 mg) and a hydroxy lactone ester 8 (28 mg). An eluate with CHCl, - acetone (9: 1) 
gave an additional quantity (10 mg) of the latter. Recrystallization from MeOH-H,O afforded colourless 
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crystals, m.p. 164 _ 165” (changed to needles at near loo”); IR v ,,& 3600 _ 3300; 1762; 1727cm’.(Found: 
C, 6808; H, 9.17. Cs,H,,O,-l/2 MesOH mquires: C, 67.86; Ii, 9-01x). 

(e) To a soln of 5 (53 mg) in acetone (25 ml), 35 y0 HCl(1 ml) was added and the mixture was heated 
under refhtx for 30 min. The reaction mixture was poured into NaCl aq and extracted with Et,O. The 
extract was treated as usual to give a crude product (60 mg), which was chromatographed on SiO, (1.2 g) 
column by elution with CHCI, to give hydrochloride 9 (28 mg). Puritication by recrystallization from 
Et,0 yielded pure compound 9, m.p. 143 _ 146”. Beilstein reaction: positive (green); IR v,_z 1750; 

1727 cm-‘, NMR r&,,: 098 (3H, s); l-18 (3H, s); 1.73 (3I-L s, p-C&); 372 (3H, s, COOCH,); 3.96 
I 

(ZH, s, C-20 Hz). (Found: C, 6595; H, 8.25. C2iHs204 requires: z6509; H, 8.41%). 

Attempted conversion of epoxide 10 into 11 

(a) Epoxide 10 (15 mg) and ZnBr, (529 mg) were added into a mixture of dry benzene (4 ml) and abs 
EtOH (1 ml), and the mixture was heated under reflux for 9.5 hr. A usual treatment gave a crude substance 
(15 mg) which exhibited at least 7 spots on TLC (CHCl, : acetone = 97: 3) including the spot of the starting 
material. 

(b) A soln of 10 (28 mg) in abs Et0 ml) and AcOH (1 ml) was heated under reflux for 18-5 hr. The 
solvent was evaporated off to give a residue (30 mg), which did not exhibit the spot of the desired product 
on TLC(CHC1, : acetone = 97 : 3). 

(c)Into a soln of epoxide 10 (23 mg) in EtOH-benzene (1: 1) (2 ml), anhyd MgBr, (170 mg) was added and 
the mixture was allowed to stand for 30 hr at room temp. The TLC of the product gave two spots, none 
of which corresponded to the spot of the desired alcohol 11. 

(a) Unsaturated lactone ester 5 (246 mg) was dissolved in dry pyridine (8 ml) and hematoporphyrin (4 mg) 
was added to the soln. Oxygen was passed through the soln under irradiation with fluorescent lamps. 
Pyridine was sometimes added to keep constant the volume of the soln. After 58.5 hr, the reaction mixture 
was aoncentrated and a soln of KI (1.7 g) in aq EtOH containing a small quantity of AcOH was added. 
After the mixture was allowed to stand overnight, the soln was concentrated, and H,O was added. Extrac- 
tion with Et,O, washing with aq thiosulphate soln, and a usual work-up gave a crude product (200 mg), 
whic4 was chromatographed on SiOz (5 g) column (1.3 x 7.5 cm) by elution with CH,Cl,. The first eluate 
(40 ml) gave the recovered material (160 mg), the next eluate (20 ml) gave epoxide 10 (11 mg), and the third 
eluate (40 ml) gave a mixture (71 mg) of at least three compounds. The latter was subjected to a preparative 
TLCCSiOs, 20 x 20 cm, 0.2 mm, 4 plates, eluted with CHCI,-EtOH (9: l)] to give an additional epoxide 10 
(10 mg) and alcohol 11(23 mg). Confirmation of the epoxide was based on the IR(CHC1,) and NMR spectra. 
The alcohol was confirmed by the following evidence shown in (b). 

(b) The material 5 (982 mg) and hematoporphyrin (22 mg) were dissolved in dry pyridine (14 ml). The 
soln was irradiated by four fluorescent tubes (20 W) for 97 hr in a stream of dry oxygen. The crude product 
(715 mg) was chromatographed on SiO, (16 g) column (1.8 x 20 cm) by elution with same solvent as above 
to giee alcohol ll(330 mg) [32 % yield]. Recrystallization from CHCls-hexane two times afforded colour- 
less crystals, m.p. 193-195”; IR v,: 3500; 3060; 1745; 1723; 910 cm-‘, v=~: 3580; 3480; 1768; 1750; 
1726; 1660; 908 cm-‘, NMR a,,,: 099 (3H, s); 120 (3H, s); 2.12 (lH, s. C-5-H); 2.89 (H-I, m), 3.77 
(3H, s, COOCHs); 3.94, 4.10 (each lH, AB-type, J = 11 Hx, C-20&); 423 (lH, broad s, C-15-m; 
J-18,5.28 (each lH, broad s, C-17H2). (Found: C, 68.01; H, 8.38. C,,H,,O,.1/2 H,O requires: C, 6790; 

H, 841%). Further elution gave a material (14 mg) which had lower Rf value than alcohol 11; IR vzi’: 
3450; 1765 (infl); 1752; 1725 cm-‘, NMR 6,,: 099 (3H, s); 1.21 (3H, s). 

(c) The material 5 (290 mg) was dissolved in dry pyridine (12 ml) and eosin Y (15 mg) was added. The 
soln as irradiated by fluorescent tubes in a stream of 0,. After similar treatment to that described in (a), 
the c 

! 

de product (283 mg) showed only a small spot of alcohol 11 on TLC(CHC1, : acetone = 95 : 5) besides 
a big pot of the starting material 5. 

A&ate 12. Alcohol ll(53 mg) was acetylated with Ac,O (1 ml)-pyridine (1 ml) for 43 hr. Addition of 
MeOH and evaporation in vacua gave a crude acetate (63 mg), which was chromatographed on SiOl 
(1.5 g) column (1 x 9 cm) by elution with CHCl, to yield acetate 12(46 mg). Crystallixation with petroleum- 
benxine and recrystallization from acetone-petroleum benxine afforded colourless rods, m.p. 182-W”. 
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IR v ,,,_: 3030; 1770; 1740; 1730; 1235; 912 cm-‘, NMR 6,,: 099 (3H, s); 1.20 (3H, s); 1.98 (3H, s); 2.13 
(lH, s, C-5-m; 2.89 (lH, m); 3.69 (3H, s, COOClfs); 3.9L4.09 (each lH, AB-type, J = 11 I-Ix, C-20 Hs). 
5.13 (lH, broad s, C-15-H); 5*19,5.59 (each lH, broad s, C-17 Hz). (Found: C,6766; I-I, 7.96, CssHssOs 
requires : C, 68.29 ; H, 7.97 %). 

Osmium tetroxide oxidation of acetate 12 
Glycoll3 and glycol14. Acetate 12 (63 mg) was allowed to react with 0~0, (82 mg) in Et,0 (5 ml) and 

pyridine (3 drops) for 40 hr at room temp. The osmate was collected and dissolved in CHCI,. H,S gas was 
passed through the soln. The ppt was filtered and evaporation of filtrate gave a crude glycol(65 mg). The 
filtrate of osmate on similar treatment afforded an additional crop of crude glycol(11 mg), which showed 
nearly one spot on TLC (CHCI, : acetone = 8 : 2). The chromatography of glycol(76 mg) on SiO, (2.7 g) 
by elution with CHCls-acetone (90 : 10) (30 ml) gave glycol13(22 mg), which was recrystallized from EtOAc- 
hexane to yield colourless crystals, m.p. 170-171”; IR v,: 3470; 1762; 1734 cm-i, NMR a,,,,,: @96 
(3H, s); 1.19 (3H, s); 2.01 (lH, s, C-S--y); 2.10(3H, s); 3.61 (lH, s, Oy); 3.72 (3H, s, COOCHJ; 380 (lH, 
S, C-15-m; 3.94 (2H, s, C-20&); 4.32 (2H, AB-type, .f = 12 Hz, C-17 &), Mass spectrum: M+ m/e 438. 

Elution with CHCls-acetone (80:20) (10 ml) alforded a mixture (5 mg) of 13 and 14, and further elution 
(30 ml) gave the glycoll4 (27 mg), which was recrystallized from EtOAc-hexane to yield colourless crystals, 
m.p. 152-154”; IR v_: 3470; 1758; 1730; 1708 cm-i, NMR 6,_: 0.96 (3H, s); 1.19 (3H, s); 2.03 (lH, s, 
C-5--@; 207 (3H, s); 2.97 (lH, broad s, Oil); 3.63,3.71 (each lH, AB-type, J = 11 I-Ix, C-17 &); 370 
(3H, s, COOCH,); 3.93 (2H, s, C-20 a,); 498 (lH, s, C-15-&Ij. 

Migration of acetyl group from glycoll4 to glycol13 
Glycoll4 (5 mg), which contains very small amount of glycoll3 on TLC, was allowed to stand in CHCl, 

with a drop of cone HCI for 45 min at room temp. The product was isolated by extraction with CH,Cl, in 
aq NaCI. It showed a single spot on TLC (CHCI,:acetone = 80:20). After filtration on SiO, column, a 
reaction product was recrystallized from EtOAc-hexane to afford crystals (2 mg), which were identified 
with glycol13 by IR (KBr) and TLC (CHCI, : acetone = 80 : 20) comparisons. A fraction (1 mg) which seems 
to be trio1 was also obtained. 

Diacetate 15 
(a) Monoacetate 13 on acetylation with AcsO-pyridine gave a crude diacetate (5 mg), which was chrom- 

atographed on SiO, (100 mg) by elution with CHsCl,acetone (90: 10) to afford a pure diacetate 15 (3 mg). 
(b) Monoacetate 14 on a similar acetylation and purilkation [chromatography on SiO, (150 mg) by 

elution with CH,Cl,-acetone (90:10)] gave diacetate 15 (5 mg); IR v~‘~: 3550, 1758-1730; 1056; 1036; 
1020 cm-‘, NMR 6,,,: O-96 (3H, s); 1.18 (3H, s); 2.02, 2.06 (each 3H, s); 2.03 (lH, s, C-S---@; 3.70 (3H, 
s, COOC&);‘3.92 (2H, s, C-20 H,); 4.04, 4.36 (each lH, AB-type, J = 11.5 Hz, C-17 Hz); 5.21 (lH, d, 
J = 1.5 Hz, C-15-m. 

Acyloin condensation with unsaturated lactone ester 5 
(a) A soln of 5 (497 mg, 1.456 mmole) in dry Et,0 (30 ml) was dropwise added under vigorous stirring into 

a soln of Na (174 mg, 5.2 eq) in a mixture of liquid NH, (50 ml) and dry Et,0 (30 ml) at -60” in an at- 
mosphere of N,. After 10 min, the blue violet colour disappeared, then Na (214 mg) was added, and further 
addition of the soln of 5 was followed over a period of 30 min. The reaction mixture was left at same temp 
for 2 hr. Excess Na was decomposed by addition of a mixture of EtOH-ET,O, and NH, was evaporated by 
a stream of N,. The residue was acidified with HCl, and extracted with Et,0 3 times. Removal of acidic 
fraction (26 mg) by Na,CO,aq gave a neutral product (328 mg), which was chromatographed on SiO, 
(15 g) column (1.8 x 14 cm). By elution with CHCI, (120 ml) and CHCls-acetone (97:3) (20 ml), 6-keto-7- 
hemiketall6 (86 mg) was obtained. It was recrystallized from EtOH 2 times to give colourless needles 16, 
m.p. 141-145”; IR v_ : 3470; 3030; 1715; 1640 cm-i, NMR S ppm: la2 (3H, s); 1.36 (3H, s); 1.68 (3H, d, 
J = 1~5,C-1~~,);2~16(1H,s,C-~);~07(2H,s,C-20H,);4~22(1H,s,01F);5~17(1H,d, J = l.SI-Ix, 
c-15-H). 

A part of crystals 16, dissolved in EtOH, was catalytically hydrogenated. The reaction product was 
recrystallized from EtOH 2 times to give pure colourless dihydro compound, which was identified with 
authentic sample by IR (KBr) and mixture melting point determination. 

Further elution with same solvent (40 ml) yielded diol 17 (92 mg), which was recrystallixed from EtsO- 
hexane 3 times to give colourless crystals, m.p. 155%156.5”; IR v,, : 3350; 1048; 1031; 815 cm-‘, NMR 
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6,,: 1.06 (3H, s); 1.17 (3H, s); 1.72 (3H, d, J = 1.5, C-W-CH,): 3.93 (lH, m, C-&--m; 4.02 (2H, s, C-20 
&);S.ll(lH,q,J = 1~5H~C-15-~.(Found:C,7~66;H,10~59.C,,H,~02requiTes:C,78~89;H,10~59”/,). 

A art of these crystals was hydrogenated on PtO, in EtOH. Dihydrocompound, recrystallized from 
Me0 

\ 

. was proved to be identical with the authentic specimen by IR IKBr) and mixture melting point 
deter ination. 

Funher eluate with CHCl,-acetone (97 : 3) (80 ml) gave 7-hemikeral-boll8 (85 mg), which was crystallized 
with hexane and recrystallized from CHCls-hexane to afford colourless crystals, m.p. 1675-168” ; IR v,, : 
3450; 3310; 1640 (broad); 813 cm-‘. Colourless needles obtained by crystallization and recrystallization 
from CHCl,-hexane showed m.p. 229-234” and IR v_ : 3500; 3360; 1660; 820 cm-‘. The IR spectrum in 
CHCL, of both crystals were identical; IR v, c”c’3: 3590; 3430; 1603, 1060 cm-‘; NMR S,,: 1.00 (3H, s); 
1.06 (3H, s); 1.68 (3H, d, J = 1.5, C-16-C&); 240 (lH, broad s, O&&); 298 (lH, s, Osf); 3.80 (lH, d, 
J = 45, C-6LF); 3.90 (2H, s, C-20 &); 599 (lH, q, J = 1.5 Hz, C-15-a. (Found: C, 75.25; H, 9.51. 
C,,I&,O, requires : C, 7543 ; H, 950”/,). 

Dibydro compound of 18, colourless needles with m.p. 215-217”, was identified with the authentic sample. 
Filtrate from recrystallization of dioll7 was chromatographed on SiO, (7 g) column (1.3 x 19 cm) using 

CHCIa for elution to give unknown crystals, which were estimated to be ‘I-ketod-hemiketal, accompanied 
by a small amount of 17. Recrystallization of the former from Et,O-hexane yielded colourless needles, 
m.p. 143-151” ; IR v,, : 3500; 3030; 1718; 1642 cm-‘. 

(b) Unsaturated lactone ester 5 (947 mg, 2.815 mmole) was dissolved in dry Et,0 (70 ml) and the soln was 
dropwise added to a soln of Na (342 mg, 1.32 eq) in NH, (150 ml) and dry Et,0 (70 ml) over a period of 
1.5 hr in an atmosphere of N, at - 75”. The mixture was stirred for an additional 2 hr under the same 
conditions. Decomposition of excess Na and usual treatment of the reaction mixture gave a neutral fraction 
(740 mg)), which was crystallized from CHCls-hexane to give 6-hemiketal-7-ol 19 (276 mg, 30% yield). 
Recrfstallization from Et,0 and acetone yielded pure colourless needles, m.p. 1785-180” ; IR v, : 3420; 
3260 c 3030 cm- I, NMR a,,,,, : 1.10 (3H, s); 1.28 (3H, s); 1.72 (3H, s); 2.29 (IH, broad s, OlI); 3.25 (lH, s, 
Oai)i 3.34 (lH, s, C-7--@; 3.88 (2H, AB-type, J = 9 Hz, C-20 Hz); 5.59 (lH, m, C-15-m. (Found: C, 
7534; H, 973. C,,H,,O, requires: C, 75.43; H, 9.50%). Chromatography of the residue of 19 on SiOz 
(10 g] using CHCl,-acetone (95 : 5) gave a fraction (170 mg) mainly of 6-hemiketal-7-0119 and 7-hemiketal- 
6-01 18 (178 mg, 20% yield). 

(c) A soln of 5 (1.380 g, 3.99 mmole) in dry Et,0 (70 ml) was dropwise added under stirring into a soln 
of N@ (477 mg, 1.3 es) in NH, (200 ml) and dry Et,0 (80 ml) over a period of 1 hr in a N, atmosphere 
(-79”). After stirring for 2 hr, a usual treatment of the reaction mixture gave a crude product (1.11 g), 
which was chromatographed on SiO, (45 g) column (3 x 12.5 cm) using CHCl,-acetone (95 :5) for elution 
to yield diol fraction (202 mg) and 7-hemiketaWo1 18 (675 mg, 498% yield). 

(d)lCompound 5 (l-818 g) was dissolved in dry Et,0 (90 ml) and the soln was dropwise added into a soln 
of Nb (628 mg, 1.3 eq) in NH, (200 ml) and dry Et,0 (70 ml) over a period of 1 hr at -75”. After a usual 
treattnent of the reaction mixture, the neutral fraction (1.56 g) was refluxed with 0.05 N-NaOH for 2 hr. 
The Groduct (1.8 g) was chromatographed on SiO, (40 g), and eluted with CHCl,-acetone (95 : 5) and CHCl,- 
acetdne (90: 10) to give 18 (500 mg), a mixture (24 mg) of 18 and 20 and trio1 20 (18 mg), which was recrys- 
tallizbd from acetone-hexane and was identified with an authentic sample. 

(e)lAcidic fraction collected from above reactions was methylated with CH,N, to give ester (320 mg) which 
was ehromatographed on SiO, (15 g). Elution with CHCl, (100 ml) afforded the starting material 5 (240 
mg), which was purified by recrystallization from MeOH and identified with the authentic sample by IR 
comfiarison. 

Acylbin condensatitin of 5 in the presence of trimethylsilykhloride 
(a)iSodium (310 mg) was added to dry toluene (30 ml) and the suspension was refluxed and crushed under 

vigoious stirring in N, atmosphere. After cooling to room temp, a soln of trimethylsilyl-chloride (500 mg) 
toluene (1 ml) was added, and 5 (490 mg, 1.41 mmole), dissolved in dry toluene (10 ml), was dropwise 
into the,soln during 10 min. The mixture was refluxed under N, for 13.5 hr. The ppt was fdtered, 
e filtrate was evaporated in oocuo to give crude product (267 mg). which showed at least 7 peaks on 

1.5%. @4 mm x @75 m oven temp 180”). Crude product (100 mg) was distilled under reduced 
distillate l(3 mg, 95-100.jO.9 mm Hg), distillate 2 (14 mg, 115”/@9 mm Hg), distillate 3 (22 mg, 
Hg) and the residue (62 mg). Distillates 1 and 2 were shown to be mixtures of several products 

R in which the signals due to trimethylsilyl ether were recognized between 6 o(M2 ppm. IR vz’j 
1248: 878: 842 cm-‘. 
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(b) Unsaturated lactone S (175 mg, 0.505 mmole) was treated with Na (46 mg, 1 es) in toluene (10 ml) in 
the presence of trimethylsilyl chloride (233 mg) for 7 hr in a same manner as above. The filtrate was evappr- 
ated in uacuo to give crude product, to which THF (10 ml) and 3.5% HCI (2 ml) was added, and the mixture 
was refluxed in N, atmosphere for 1 hr. Then, it was concentrated and H,O was added. Extraction with 
Et,0 2 times gave a crude product (144 mg), which was chromatographed on SiO, (6 g) column (1.8 x 5-5 
cm). Elution with CH,Cl, (20 ml) recovered the starting material S (8 mg). The eluate with CH,Cl,-acetone 
(99 : 1) (40 ml) was a mixture (47 mg) and the following eluate with CH,Cl,-acetone (95 : 5) was shown tb be 
18 (47 mg), which was crystallized from CHCl,-hexane and identified with the authentic specimen. The 
above mixture on TLC (CHCI, : acetone = 90: 10) gave a spot, whose R, was identical with that of diol. 
besides unidentified 3 spots. 

Distillate 2 (14 mg) contained no 18 on TLC. It was dissolved in a soln of THF (3 ml) and 3.5% HCl 
(@5 ml) and refluxed for 1.5 hr to give a single product which was identified with 18 on TLC (CHCl,: 
acetone = 9O:lO). 
lsommization of 6-hemiketal-7-01 19 into 7-h?iketal-6-oil8 

6-Hem&eta1 19 (20 mg) was dissolved in O*OlN methanolic NaOH and was left at room temp for 1 hr, 
but no reaction was observed on TLC (CHCl, :acetone = 90: 10). Then, the mixture was reffuxed for 30 
min, and concentrated in vacua after neutralization to give colourless needles (2 mg), m.p. 22%232”, which 
were shown to be identical with 18. The filtrate was extracted with Et,0 and the extract was treated as 
usual to give additional crystals 18 (8 mg). 

Acetate 22: ent-7~,2O-epoxy&,7a-dihydroxykaur-15-ene bmonoacetate 
7-Hem&eta118 (157 mg) was allowed to react with Ac,O-pyridine (1: 1) at room temp overnight. Addition 

of MeOH and evaporation gave a crude acetate (170 mg), which was chromatographed on SiO, (4 g) 
column (1.3 x 1Ocm) using CHCl, for elution to yieldacerate22(151 mg). It was recrystallized fromCHCl,- 
hexane 2 times to give colourless crystals 22, m.p. 154%155.5”; IR v,,,,, : 3550; 1727; 1240 cm-‘, NMR 
6 _: O-83 (3H, s); l-11 (3H, s); 1.72 (3H, d, J = 1.5, C-16-C&); 2.12 (3H, s); 3.42 (lH, s, Om; 3.93 (2H, s, 
C-20&): 5+09(1H,d, J = 5, C-6-a; 5.73 (lH,q, J = 1.5 Hz,C-15-a. (Found: C,73*42; H, 9~.C22Hs20~ 
requires : C, 73.30 ; H, 8.95%). 

Photo-sensitized oxygenation of 22. 
Acetate 22 (323 mg) and hematoporphyrin (11 mg) were dissolved in dry pyridine (12 ml) and oxygen 

was passed through the soln under irradiation with fluorescent tubes (20W x 4). After 98 hr, the mixture 
was concentrated in uacuo below 40” and a soln of KI (O-6& in EtOH (10 ml) and AcOH (0.3 ml) was added 
and kept at room temp overnight. After decomposition of iodine liberated with Na,S,O,aq followed by 
cbncentration in uacuo and addition of H,O, the soln was extracted with Et,0 (50 ml) and treated as usual 
to afIord a crude product (324 mg), which was crystallized from CHCls-hexane to give crystals 23 (170 mg). 
The filtrate was evaporated to give a residue (190 mg) which was chromatographed on SiO, (4 g) column 
(1.2 x 12 cm). Elution with CH,Cl,-acetone (95 : 5)(30 ml) gave a mixture (50 mg)(3 spots)and the following 
fraction (60 ml) afforded compound 23 (74 mg; total 244 mg, 71-5x), which was crystallized from CHCl,- 
hexane to give crystals, m.p. 187-189”; IR v,: 3450; 3220; 1732; 1662; 1238 cm-‘, vzJ: 3650; 3450; 
1723; 1662; 977;922;908 cm-‘,NMR6,,: @88 (3H, s); l-15 (3H, s); 2.16 (3H, s); 2.65 (lH, m); 3.33 (lH, 
m, Oa; 3.87,495 (each lH, AB-type, J = 10, C-20 &); 4.26 (lH, s. C-15-Y); 4.37 (lH, m, Om; 5-18 
(lH, d, J = 5 Hz, C-6-w; 513,524 (each lH, s, C-17 &). (Found : C, 70.33 ; H, 8.68. C,,H,,Os requires: 
C, 7018 ; H, 8.57%). 

Fractions eluted with Et,0 (10 ml) and acetone (10 ml) were collected and recrysta1lize.d from MeOH 
3 times to give colourless needles 24, m.p. 204-205-5”; IR v, : 3370; 1725; 1638 cm-‘, NMR S~~“‘dias: 
0.93 (3H, s); 1.08 (3H, s); 2.00 (3H, s); 4.03 (2H, s, C-20 &); 4.56 (2H, d, J = l-5, C-17 &); 5.63 (lH, d, 
J = 5 Hz, C-6-m; 6.67 (lH, m, C-15-m. a,, D’-.+D1o: 0.92 (3H, s); 1.08 (3H, s); 2.12 (3H, s); 403 (2H, 
s, C-2O&p54 (ZH, d, J = 1.5,G17&); 5.61 (lH,d, J = 5 Hz, C-6-a; 6*62(1H, m, C-15-m. (Found: 
C, 7040; H, 8.53. C,,H,,O, requires : C, 70.18 ; H, 8.57%). 

Acetylation of 23 
(a) Compound 23 (348 mg) and anhyd NaOAc (410 mg) were dissolved in a soln of Ac,O (20 ml) and 

CHCl, (40 ml) and refluxed for 22 hr. The reaction mixture was poured into cold H1O, then concentrated. 
Extraction with CHCl, gave a crude acetate (345 mg), which was chromatographed on SiO, (10 g) column 
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(1.8 x 2 cm) using CHCl, for elution to separate a mixture (33 mg) of triacetate and diacetate, from which 
crystalline diacetate 27 (9 mg) was obtained by recrystallization, crystalline. diacetate 27 (114 mg), and 
diace/tate mixture (24 mg). The following fraction with CHCls-acetone (95 : 5) resulted in the recovery of 
the $_arting material (136 mg), which was acetylated with a soln of Ac,O (10 ml) and CHCl, (10 ml) 
condining NaOAc (150 mg) for 10 hr to give crystalline 27 (60 mg) (total yield 47 %) and amorphous diacetate 
mixture (31 mg). The best yield of 27 in the same procedures was 48.1%. The 27 was recrystallized from 
CHCls-light petroleum to give colourless crystals, m.p. 189-190”; IR v_: 3550; 1738; 1650; 1246; 
902 cm-‘, v=‘~: 3530; 1732 cm-‘, NMR dppm: 0.83 (3H, s); 1.12 (3H, s); 1.99 (3H, s); 2.01 (3H, s); 3.72 
(lH, s, OlF); 3.83, 409 (each lH, AB type, J = 9.5, C-20 &; the higher-field doublet has a long range 
coupling with J = 2); 5.19 (lH, d, J = 3, C-15-a; 5.24 (lH, d, J = 5 Hz, C-6-a; 5.49 (2H, broad s, 
C-17’&). (Found: C, 68.67; H, 8.38. C,,H,,O, requires: C, 68.87; H, 8.19%). Diacetate mixture (13 mg), 
dissolved in a soln of AcGH (1 ml) and H,O (@5 ml), was warmed on a water bath for 4 hr. After addition 
of H,O, the soln was concentrated and extracted with Et,0 to yield crude product, which was chromato- 
graphed on SiO, to give crystalline diacetate 27 (5 mg). 

(b)l Acetylation of 23 with the following conditions afforded amorphous diacetate mixture. (i) The material 
was allowed to react with Ac,O and pyridine at ca 80” for 5 hr. (ii) The material (64 mg) and anhydrous 
NaOAc (61 mg) were dissolved in a soln of Ac,O (3 ml) and abs pyridine (5 ml) and heated for 1.1 hr on 
a @$ing water bath. (iii) The material (23 mg) was dissolved in a mixture of Ac,O (1 ml), pyridine (1 ml), 
and CHCl, (1 ml), and the soln was heated under reflux for 4-3 hr. (iv) The material (23 mg) was warmed 
together with a mixture of Ac,O (1 ml), pyridine (1 ml), and CHCI, (2 ml) for 5 hr.(v) The material (40 mg) 
was warmed togehter with a mixture of Ac,O (2 ml), NaOAc (45 mg) and CHCl, (1 ml) for 7.5 hr. 

(c) Monoacetate 23 (22 mg) was mixed with Ac,O (3 ml) and NaOAc (13 mg) and warmed for 8.5 hr 
to give a crude product, which was chromatographed on SiO, (1 g). Diacetate fraction (23 mg) isolated was 
recrystallized from CHCl,-hexane to give ct ystals 27 (12 mg). 

(d)l Monoacetate 23 (190 mg) was allowed to react with Ac,O (8 ml) in pyridine (7 ml) at 105-110” for 
2 hr. The reaction mixture was concentrated to give a crude product which contained about equal amount 
of two substances on TLC. The product was chromatographed on SiO, (4 g) column (1.6 x 5.5 cm) using 
CHQ, for elution to give triacetate fraction (145 mg) and diacetate fraction (57 mg), which showed double 
spots on TLC [Kieselgel GF,,, (Merck), plate 5 x 20 cm x 0.2 mm, CHCl,-acetone (95 : 5)]. The column- 
chromatography of triacetate fraction collected from the above procedures on SiO, using CHCI, for 
eluti n 2 times gave a one spot fraction (50 mg). but it was shown to be a mixture of triacetates by NMR ; 
IR v H cI3: 1750; 1724; 1663 cm-‘. 

(e)‘Monoacetate25(35 rn$ was acetylated with Ac,O (4 ml)-pyridine (1 ml) at ca. 80” for 1.5 hr. The crude 
prodpct (41 mg) was subjected to preparative TLC [Kieselgel GF,,, (Merck), plate 20 x 20 cm x 03 mm, 
CHCl,acetone (92:8)]. The diacetate bands were collected and eluted with CHCI,acetone to afford 
diacetate (30 mg), which was purified on silicic acid column. This diacetate, which showed a single spot 
with a little larger R, value than the above 27, was estimated to be 6,7-diacetate 25: ent-7p,2O-epoxy- 
6~7c+,15&trihydroxykaur-l6_ene 6,7-diacetate; IR v=‘~: 3550; 1763; 1738 cm-‘, NMR a*,,,,,; 0.88 
(3H, 6); 1.20 (3H, s); 2.00 (3H, s); 2.12 (3H, s); 2.81 (lH, s, OHJ; 3.88,4.16 (each lH, AB type, J = 9, C-20 
I&); 4.32 (lH, s C-15-&J); 5.16,524 (each lH, broad 2, C-17-Hz); 613 (lH, d, J = 5 Hz, C-6HJ 

Alcohol 26: ent-7~,2O-epoxy-~7a,l5~trihydroxykaur-l6-ene 
(a)1 A soln of triacetate fraction (50 mg) in Et,0 (10 ml) was dropwise added into a soln of LAH (145 mg, 

3.9 mmole) in Et,0 (9 ml) over a period of 20 min. The reaction mixture was refluxed for 1 hr and the usual 
treatment gave a crude product (30 mg), which was crystallized from Et,0 to give colourless crystals, m.p. 
172+181.5”, which were proved to be identical with 26 derived from procedure (b) by IR (KBr). 

(b)l Diacetate mixture and triacetate mixture were collected (70 mg) and were reduced with LAH (205 mg) 
in a similar manner as (a) to afford crystals (24 mg), which were recrystall&d from CHCls-Et,0 4 times to 
giveeolourlessneedles(X),m.p. 190-194.5”; IR v,: 3500; 3310;3060; 1663cm-‘,NMRS,,: 195 (3H,s); 
1.08 [3H, s); 3.844.00 (each lH, AB type, J = 9.5, C-20 &); 3.80 (lH, d, J = 4.5 Hz, C-6-m; 4.38 (lH, 
broa# s, C-15-m; 5.17 (2H, m, C-17 &); 5.45 (lH, broad s, ON. (Found: C, 7166; H, 9-15.C,,H,,O, 
requires : C, 71.82 ; H, 904%). 

Aceetylation ofalcohol 26. Alcohol 2.6 (22 mg) was acetylated with Ac,O-pyridine (equal volume) at room 
temg overnight. The acetate (27 mg) was chromatographed on SiO, (700 mg) column (0.8 x 3.5 cm). 
Elut+n with CH,Cl,-acetone (95 : 5) gave diacetate (5 mg) and monoacetate fraction (20 mg), which was 
recr$tallized from CH,Cl,-hexane and identified with 23 by IR (KBr, CHCI,). 



1020 E. FUIITA, T. FUIITA and H. KATAYAMA 

Lemieux-Johnson oxidation ofdiacetate 27 
(a) Diacetate 27 (62 mg) in THF (13 ml) and H,O (10 ml) was treated with a piece of OsO,. After 30 min, 

sodium metaperiodate (1 g) was added and left overnight. The soln was saturated with H,S, faltered and 
extracted with Et,0 to yield a crude product, which was chromatographed on SiO, (3 g) and eluted with 
CHCl, and CHCls-acetone (90: 10) to give colourless crystals (8 mg), m.p. 250-253”. They were identified 
by IR (KBr) with ketomonoocetate 32, which was obtained by ozonolysis of 27 (vide infia). 

(b) Diacetate 27 (11 mg) was dissolved in dioxan-H,O (3 : 1) (3 ml) and stirred for 30 min with a piece of 
0~0, until darkness of the soln was reached to maximum. Then, sodium metaperiodate (7 mg, 1.3 es) 
was slowly added and stirring was kept for 3 hr, when the second portion of periodate (8 mg) was added. 
After 16 hr at room temp, sodium metabisulphite was added and left for 10 min. Dilution with NaClaq 
and extraction with Et,0 gave a crude product (11 mg), which was chromatographed on SiOZ (800 mg). 
Elution with CHCl, gave a mixture (3 mg) containing the starting material and further elution gave alde- 
hyde W (1 mg), which was identified with an authentic sample (uide infia) by IR (CHCI,). Following fraction 
with CHCl,-acetone (50:50) gave glycol28 (4 mg) identified by IR(CHCla). 

0~0, oxidation of diacetate 27: glycol 28: ent-7~,2O-epoxy-6u_7a.15$.16~.17-pentahydroxvkaurane 6.17- 
diacetate 

Diacetate 27 (180 mg) was allowed to react with 0~0, (270 mg) in Et,0 (7 ml) and pyridine (0.8 ml) for 
19 hr at room temp, when Et,0 (3 ml) and pyridine (@3 ml) were added. Chloroform was added into the 
reaction mixture to dissolve the osmate precipitated, then the osmate was decomposed with H,S. The 
ppt was filtered, and evaporation of the filtrate gave a crude product (128 mg). The ppt was washed with 
MeOH, and evaporation of MeOH yielded further crude product (107 mg). The product (235 mg) was 
chromatographed on SiOZ (1 g) using CHCls-acetone (80:20) for elution to give glycol28 (124 mg, 60% 
yield); IR ~2~~ : 3380; 1730 cm-‘, NMR a,,,,,, : @86 (3H, s); 1.12 (3H, s); 2.10 (3H, s); 2.11 (3H, s); 360 
(lH, d, J = 1.5, C-15-m; 3.80; 3.98 (each lH, AB type, J = 10.5, C-20 &: the higher field signal has a 
long range coupling with J = 1); 4.18 (2H, s, C-17 &it); 5.07 (lH, d, J = 5 Hz, C-6-m. 

Cleavage of glycol 28 with sodium metaperiodate: aldehyde 29: ent-7~,20-epoxy-6u,7a,l7-trihydroxy-l5, 
lCsecokaurane-15.lddione 6,17-diacetate 

Glycol28 (111 mg), dissolved in MeOH (6 ml) containing a few drops of H,O, was treated with sodium 
metaperiodate (500 mg) for 47 hr at room temp, during which time a small amount of NaIO, was added 
2 times. The soln was diluted with H,O and extracted with Et,0 to give crystals (80 mg). During extraction. 
crystals (28 mg) were separated between two phases. Crystals collected were recrystallized from CHCl,- 
Et,0 to give pure carbonyl compound W (81 mg), colourless needles with m.p. 152-153”; IR v,: 3570; 

’ 3260; 2740; 1724; 1620; 1254; 1244 cm- , v, cHcl3: 3550; 3030; 2740; 1728 cm-‘,NMR S,,: 0.79 (3H, s); 
1.09 (3H, s); 1.85 (lH, m, Oli, fH,O; H,O of crystallisation); 2M) (3H, s); 2.12 (3H, s); 3.63 (lH, s, Oy); 
3.79,4.02 (each lH, AB type, J = 10, C-20 Hz); 4.67 (2H, s, C-17 &); 5.00 (lH, d, J = 5 Hz, C-6-y); 
957 (lH, s, CHO); mass spectrum: M+ m/e 450. (Found: C, 62.47; H, 7.75. C,,H,,Os*1/2 H,O requires: 
C. 62.72 : H, 7.67%). 

Triacetate 30: ent-7B~O-epoxy-6a,7a,l5B,16B,17-pentahydroxykaur~e 6,7,17-triacetate 
Glycol 28 (39 mg) was acetylated with Ac,O (0.5 ml) and pyridine (0.5 ml) at room temp for 2 days. 

Addition of EtOH and evaporation gave an acetate mixture (2 spots), which was chromatographed on 
SiO, (10 g) column (0.8 x 7 cm) using CHCl,-acetone (90: 10) for elution to give triacetate 30 (20 mg); 
IR vcz3: 3520; 1770; 1736 cm-‘, NMR a,,,,,: 0.88 (3H, s); 1.19 (3H, s); 243 (6H, s, 2 x AC); 2.10 (3H, s); 
3.67 (2H, s, C-15-H and OH: treatment with D,O gave lH, d, J = 1.5, C-15-m; 3.71 (lH, m, Oa; 
3.82,4.09 (each lH, AB type., J = 10, C-20 &); 4.20 (2H, s, C-17 HI); 6.03 (lH, d, J = 4 Hz, C-6-y). 

Attempted mesylation of monoacetate 23. Monoacetate 23 (32 mg), dissolved in dry pyridine (2 ml), was 
cooled with ice-H,O, and methanesulphonyl chloride (250 mg) was added. The mixture was stirred for 
3 hr at room temp and was poured into NaClaq containing crushed ice. Extraction with CHCI, resulted 
in the recovery of the starting material. More vigorous conditions, warming at 80” for 20 min after keeping 
for 2 days at room temp, gave a crude product containing many compounds on TLC. 

Ozonolysis of diacetate 27 : ketodiacetate 31 and ketomonoacetate 32 
An equivalent amount of ozonized 0, (@785 mg O,/min) was passed through a soln of 27 (140 mg) in 

dry EtOAc (40 ml) at - 75”. The resultant ozonide was catalytically decomposed with neutral pre-reduced 
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Pd-C in EtOH overnight. Removal of the catalyst gave a crude product (136 mg), which was chromato- 
graphed on SiO, (4 g) column (1.2 x 10 cm). Elution with CH,Cl,-acetone (95: 5) (15 ml) yielded a mixture 
(14mg), then the following fractions(35 ml)gave ketodiacetate31(77 mg ; 55% yield), which was recrystallized 
3 timqs from CHCl,-hexane to afford colourless triangular crystals, m.p. 201-204” ; IR v, : 3550; 3430; 
1752;il738; cm-‘, vzal: 3530; 1752; 1738 cm-‘, NMR &,,,,: 085 (3H, s); 1.12 (3H, s); 1.68 (lH, OH, 
l/2 H,O: H,O of crystallization); 200 (3H, s); PO7 (3H, s); 3.83 (lH, s, ON; 387,409 (each lH, AB type, 
J = 10, C-20&); 4.78 (lH, d, J = 2, C-15+&); 5.10 (lH, d, J = 6 Hz, C-6-m. (Found: C, 65.50; H, 7.47. 
C,,Hs,O, requires: C, 65.69; H, 767%). 

Elution with CH,CI,-acetone (90: 10) (10 ml) gave a mixture of 31 and 32, and the following fraction 
(30 ml) yielded monoacetate 32 (6 mg), which was recrystallized from acetone to give colourless crystals, 
m.p.250-253”(dec);IRv, :3420;3250; 1750; 1740; 1231 cm-‘,~~~‘~:3450; 1749; 1728cm-‘,NMR&,: 
0.87 (3H, s); 1.14 (3H, s); 2.14 (3H, s); 3.80 (lH, d, J = 2, C-15-m; 390,4*08 (each lH, AB type, J = 10, 
C-20 &); 4.10 (lH, d, J = 2, C-lS%Ga; 436 (lH, s, C-7--011); 5-16 (lH, d, J = 5.5 Hz, C-6&; 
mass spectrum M+ m/e 378 (C,,H,,O,). 

Acatylation of ketomonoacetate 32. Monoacetate 32 (16 mg) and NaOAc (100 mg), dissolved in Ac,O 
(1 ml) and CHCl, (1 ml), were retluxed for 8 hr. The soln was added into NaClaq and extracted with CH,CI, 
to give crude diacetate (12 mg), which was chromatographed on SiOz (300 mg). Elution with CH,CI,- 
acetone (95 : 5) gave diacetate (5 mg), which was comparatively identified with 31 by IR (KBr) and TLC. 

Trmsformation of31 to 32 with HCI. Diacetate 31(19 mg) in,CHCI, (1 ml) was kept with catalytic amount 
of cone HCl at room temp for 2 days. The soln was diluted with NaClaq and extracted with CHCl, to 
yield a crude product (10 mg), which was chromatographed on SiOz to give ketomonoacetate 32 (6 mg). 
The IR (KBr) and TLC were completely identical with those of the authentic sample. 

Hydrogenolysis ofketodiacetate 31. Diacetate 31(42 mg, 0.1 mmole), dissolved in dry dioxan (5 ml), was 
added under vigorous stirring over a period of 5 min at -65” (bath temp) to a soln of Ca (118 mg, 2.94 
mmole) in NH, (30 ml). 

Then, the reaction mixture was left at room temp for 1 hr under vigorous stirring. Excess Ca was decom- 
posed by addition ofNH,CI, then NH, was removed by a stream ofN,. Addition of H,Oand extraction with 
Et,0 gave a crystalline product (24 mg), which was recrystallized from EtOH and acetone to give colourless 
crystals, m.p. 256260” (12 mg, 37% yield). The crystals were shown to be identical with the authentic 
specimen 3 (m.p. 255-260”) by mixture melting point determination and comparison of IR (KBr) spectra. 
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