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Abstract-On the basis of chemical evidence, the stereostructure 7 is proposed for ageratriol, a 
germacranic sesquiterpene isolated from Achiffea ugerotum L. 

In a previous paper we reported the determination of 
the structure of ageratriol la,’ a germacranic ses- 
quiterpene from Achilfea ugeratum. Agerol 2* was 
subsequently isolated from the same plant and its 
absolute configuration determined. 

We wish now to report the determination of the 
absolute configuration of the four asymmetric 
centres of la. The configurations of the C atoms 7 
and 9 are of particuiar relevance in checking the 
hypothesis’ that ageratriol is biosynthesized from 
the (+ )-germacrene A,’ agerol 2 being an inter- 
mediate. 

The key derivative in the determination of the 
configurations of the centres C-7 and C-9 was 
dihydroageratriol9-methylether 31, for the dimethy- 
lester 8 of 2-methoxy+isopropyIadipic acid, opti- 
cally active,’ was obtained from its degradation 
(Scheme A). 
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The dihydro-derivative 3b was obtained in good 
yield only by reduction of tripivaloyl-ageratriol lc. 
which shows a great steric hindrance on the C4 and 
C-10 double bonds. The dihydro-ageratriol 3a, ob- 

CTo whom enquiries should be addressed. 
tithe preparation of the four stereoisomers of 8 is the 

subject of a for&coming publication. 

tained by alkaline saponification, was converted by 
means of transacetalisation with 2,2-dimethoxy- 
propane into a cyclic acetal to which structure Sa 
was assigned on the basis of the following transfor- 
mations (Scheme A). Acetal 5e reacted with acetic 
anhydride in pyridine to form an acetyl 
derivative Sb from which, by means of trans- 
acetalisation with ethylene glycol, a 
monoacetyl-dihydroageratriol 3e was obtained. 
When this compound was treated with propionyl 
chloride, a monoacetyl-dipropionyl-derivative 3f 
was obtained, which, by partial catalytic reduction, 
afforded the tetrahydro-compound &I. The latter 
substance has the same chemico-physical properties 
as when it was derived by dipropionylation of 5- 
acetyl-tetrahydro-ageratriol 4c, previously de- 
scribed,’ and after selective hydrolysis of the allylic 
ester groups gave 4~. It is then proved beyond doubt 
that the OH groups in C-l and C-9 take part in the 
formation of the acetonide. 

Treatment of 3e with equimolecular quantities of 
acetic anhydride in pyridine yielded, after 
chromatographic purification, a diacetyf derivative 
to which, on the basis of the following 
transformations the structure of 1 ,S-diacetyl- 
dihyrroageratriol 3g was assigned. 

Treatment of 3g with CH2NrBFJ. Et,0 afforded 
the diacetyl monomethylether 31 and, after saponifi- 
cation, the monomethylether 3 I. When 31 was 
oxidized with KMnO,-NaIO+’ a mixture of acid 
compounds was obtained, from which the optically 
active 2-methoxy+isopropyI-adipic acid as methy- 
fester 8, [u IF - 53-2” (c 5, MeOH), was isolated. Its 
NMR spectrum (CDCX,) is identical to that of the 
enantiomers 2R-4S and 2S-4R of 8 obtained? from 
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(-I-)- and ( -)-carvone and is different from that of 
the enantiomers 2S-4S and 2R -4R. In particular, the 
isopropyl methyls of the first pair of enantiomers 
appear equivalent, giving rise to a single doublet at 
0.87 S (J 6.7 Hz); in the second pair, these methyls 
are not equivalent, giving rise to two doublets 0.88 
(J 6.7 Hz) and 0.91 S (J 6.7 Hz)). The NMR analysis 
and the specific optical rotation value of ester 8 
obtained from ageratriol prove that both asymmetric 
centres C-7 and C-9of la have the S configuration. 

The key product in the determination of the 
configuration of C-l is dihydroageratriol l- 
methylether 3p from the oxidation of which one of 
the enantiomers of 2-methoxy-glutaric acid’ was to 
be obtained (Scheme B). 
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*In the NMR spectrum (C,D,N) the position of the signal 
corresponding to the MeO- group is characteristic of each 
individual OMe derivative, being 3.20 for S-methoxy- 3d. 
3-34 for I-methoxy- 3p and 3.47 for 9-methoxy-compound 
31. 
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Treatment of dihydroageratriol 3a with 
equimolecular quantities of acetic anhydride in 
pyridine aff orded a mixture of acetates from which a 
monoacetate that did. not coincide with S-acetyl- 
dihydro-ageratriol3e was obtained. To this product 
the structure of I-acetyl-dihydro-ageratriol 3h was 
tentatively assigned, considering that acetylation of 
3e proceeded preferably on the OH group in C-l 
rather than on that in C-9 (see Scheme A). 

R 
H 
AC 
Me 

Reaction of 3h with dihydropyrane yielded the 
di(tetrahydro)pyranyl derivative 3m in good yield. 
After alkaline hydrolysis, 3m afforded dihy- 
droageratriol-5,9-di-(tetrahydro)pyranyl-ether 3n. 
Methylation of the free OH group 30 and acid 
hydrolysis produced the monomethyiether 3p. The 
position of the OMe group at C-l was confirmed by 
the fact that the properties of 3p are different from 
those of the 9-methoxy derivative 31, described 
above, and of the Smethoxy derivative 3d, obtained 
by methylation of the cyclic acetal Sa and subse- 
quent transacetalisation.* 

When the compound 3p was ozonised and the 
ozonide decomposed with H10,,6 a mixture of acids 
was obtained which, after esterification with CHINS, 
was separated by silica-gel chromatography. The 
dimethyl ester 9 of 2-methoxy-glutaric acid, opti- 
cally active, was thus isolated. Its specific optical 
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rotation, [a J? + 36.2” (c 0.4 CHCh), coincided with 
that of the ester obtained from R-gIutamic acid; 
therefore the C-l conf&uration of ageratriol is R. 

Many reactions attempted in order to determine 
the configuration of C-5 did not produce any signifi- 
cant results. We therefore resorted to the method of 
asymmetric esterification (‘partial decoupling’) de- 
scribed by Horeau and othe#’ and based upon the 
Cram-Prelog rute of asymmetric synthesis. 

Ageratriol 1,9-dimethylether Id, which is neces- 
sary for such a determination, was obtained follow- 
ing the sequence of reactions reported in Scheme C, 

SC- G. 

Ageratriol la was transformed, by the method 
described for dihydroageratriol 3a into the corres- 
ponding acetonide &I and subsequently into the 
acetyl derivative 6b. After ttansacetalisation with 
ethylene glycol, the monoacetyiageratriol let‘ 
was methytated to form S-acetylageratriol 1,9- 
dimethyiether If. Subsequent alkaline saponifica- 
tion produced ageratriol 1 ,g-dimethylether Id. 

Working under the conditions described by 
Horeau forgenipine: S-f + ~phenylbuty~~ acid was 
recovered (optical yield 27%); the contiguration of 
the C atom 5 in ageratriol is therefore R. 

In view of the possibility’ that, in molecules of 
sufficient complexity, not only the hindrance due to 
the substituents at n but also that due to other parts 
of the molecule may contribute to the asymmetric 
esterificatiou, the determination of the configuration 
of C-5 was repeated on the C-4 saturated derivative 
4f (Scheme D), for which a modification of the 
molecular conformation might be suggested. S-( + )- 
phenylbutyric acid was again recovered (optical 
yield l&t%), thus confirming the previous assign- 
ment. 

As a further check, Horeau’s method was also 
applied to determinations of the configurations of 
C atoms 1 and 9. Working with ageratriol I.5di- 
methyl&her Ig and ageratriol ~,~dimethyleth~ lp, 
obtained in accordance with the Scheme C, the 
conclusions reached proved to agree with the chemi- 
cal determinations reported earlier; configurations 
were S (opt. yield 29*4% for C-9 and R (opt. 
yield 12-S%) for C-l. 

Yfhe position of the acetyl group was conIlrmed by 
transforming compound lo into 5-acetyl-diiydroageratrioi 
SC (already described) by means of partial reduction, 

The stereochemistry of ageratriol, as it appears 
from the determinations of asymmetric centres 
reported in this paper, is therefore that represented 
in 7. The C-7 and C-9 ~o~~ation~ are identical to 
those of corresponding C atoms of agerol 2, 
supporting the hypothesis’ that ageratriol may be the 
product of further biological oxidation of 2. 

EXPEXUMENTAL 
Mps were determined on a T&tog block and are uncor- 
rected. JR spectra were determined with a Perkin Elmer 
257 instrument. NMR spectra were measured on a Jeol 
instrument at 6Q MHz. with TMS as internal standard, 
chemical shifts have been recorded in S values. OpticaJ 
rotations were measured in MeOH solns on a Perkin Elmer 
141 instrument. 

Tripivofoyl-ugerotrioiol (1~). A soln of ageratriol(2 g) in 
pyridine (8 mf) was treated with pivaloyl chloride (4.8 ml) 
and aliowed to stand 3 h at room temp, then hexane (60 ml) 
was added. The ppt was fittered off and the fihrate 
evaporated in uacuo. The residue was dissolved in CHCI, 
and washed with NaHCU, aq and l&O. Removal of the 
solvent gave a viscous oil which was purified by column 
chromatography (silica-gel) and final distitlation (3-S n), 
b.p, 18dkl’/O~k5 mm, it-solidifies on standing. JR fnujo$: 
f720, 1150 cm-‘; NMR (CD&t,): 1.12-I-25 (27H, CH,-C); 
1.71 (s, 3H, CH~-C=); 4.7-5~7 /3H, m, H-C-O); 4.81 f2H, 
br. s, CH&‘); f-4 (2H, br. s, CR&); 5.58 (tH, s, 
H-C=C,: 5.7 GH, s, H-C-=0. (Found: C 71- 17: H 9-69. 
C&H&, requires: d 71.39; W 915%. 

~~ydroag~~t~oJ @a). A soin of lc (2g) in n-hexane 
(lSOm1) was hydrogenated with PtO, catalyst at atmos- 
pheric pressure. until the ratio dihydro- 
tetmhydroderivative was ca 4f1, the progress of the 
reaction being monitored by GLC (NPGS 3% on 
chromosorb W, temp 21Y’). Usual work up gave a crude 
product which was treated with LAN in Et@, then 
acetylated (AC&-Py). After hydrolysis with 0.1 N KOH- 
95% MeOH ( 140 ml) at room temp for 1 h, chromatography 
over silica gel separated 4e’ and 38 m.p. 200-201”. Ia)2 
-9.2” (c 2); IR (nujol): 33OOcm-‘; NMR (C,D$N): 0,77 
(3H, d (I 6.7). CH,-C); 0.8 (3H. d (J 67 Hz), CH,-C); 
4.2-4g (3H, m, H-C-O); 5.2 (tH, s, CH&); 5.57 and 5-91 
(1H each, s, H-C<). (Found: C, 70.59; H 10.17. C,,H,O, 
requires: C, 70.83; H, 10*30%). 

~~ydroux~ra~tioJ acdonide fW. Z,Z-dimeth- 
oxypropane (2.2 ml) was added with stirring to a 
soln of 3a (4.5 g) in acetone (300 ml), contaking 20 mg of 
p-tohienesulfonic acid. The mixture was stirred for 10 h at 
room remp, then filtrated over alumina (act III). Evapora- 
tion of the solvent, followed by chromatographic purifica- 
tion over alumina, afforded an oily product (4 gf which was 
homogeneous in TLC. The pure compound was unstable 
on standing; IR (film): 3400 cm-‘; NMR (CDCI,): 0.9 f6H, d 
fJ6Hz),CHrC);1~43(6H,s,CH,~~);4~O(IH,dd,(J3~7 
and 10.8 Hz), H-C-O); 4-6-5.2 (2H, m, H-C-(3): 4.8 (2H, 
br. s, CH&) and 5.04 (2H, br. s, CH&). (Found: C, 73.68; 
H, 10-M. C,,H& requires: C, 73.42; H, 10.29%). 

S-AcetyJ-dihydroag&utrJoJ acetonide (Sb). A sofn of 5a 
050 m& in pyridine CO.8 mR and AC& (0.6 ml) was allowed 
to s&d for‘2 h at room temp. After’ evapdmtion under 
reduced pressure, the residue, homogeneous in TLC, was 
distilled to yield acolourless oil (260 mg), b.p. I SO”JO. I mm, 
IR (fiimf: 1730, 1250cm-*. (Found: C, 71.23; H, 9.66. 
C,H,,O, requires: C, 71.39: H, 9.5%). 
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EAcetyZ-dihydrougeratriol (3e). Ethylene glycol(O.5 g) 
and p-toluenesulfonic acid (5 mg) were added to a soln of 
Sb (500 mg) in CHCI, (2 ml). The mixture was allowed to 
stand for 15 h, then evaporated to give a residue which, 
after chromatography over silica gel, was crystallized 
(350 mg) from acetone-diisopropylther, m.p. 1 IO-1 11”. 
icr l’,” + lo” (c 21: IR tnuioll: 3260 cm-‘: NMR (&D$N): Og5 _~ 
(6H, d(J 6 Hz); .CH;-Cj; i-03 (3H, s; CH,Coo)f 4L4-4.9 
(2H, m, H-C-O); 5.3 (IH, m, H-C-O): 5-32 (2H, br. s, 
CH&); 5.58 and S-9 (IH each, s, H-&C). (Found: C, 
68.81; H, 9.43. CnHuO, requires: C, 68.89; H. 9.52%). 

1,9-Dipropionyl-5-acetyf-dihydro~geratriol(3f). A soln 
of 3e (195 mg) in pyridine (1 ml) was treated with propionyl 
chloride (0.5 ml) and allowed to stand for 4 hat room temp. 
then hexane (15 ml) added, The ppt was filtered off and the 
filtrate evaporated in uacuo. Usual work up gave a 
colourless oil, which WAS purified by distillation (179 mg), 
b.p. 155-t 57”/0*02 mm (it solidifies on standing); IR(nujo1): 
1730. 1240, 1180 cm-‘: NMR (CD&): O&1.35 (12H. 
CH,-C); 2.6 (3H, s, CH,COO); 4&57(3H, m, H-c-0); 
5.36 (2H, s, CHK); f-52 and 562 (IN each, s, H-C=C). 
(Found: C, 6746; H. 897. CI,H,Os requires: C, 67.62 H, 
8gg%). 

Compound (4d) from (31). Dehydroderivative 1(168 
mg) in hexane (30 ml) was hydrogenated (PtO, catalyst) at 
room temp and pressure, the progress of the reaction being 
monitored by GLC. Usual work up gave a product which 
was purified by chromatography over silica gel, b.p. 
167-168”/0~3 mm, (151 mg). [a]: -30.4” (c 3); IR (film): 
1728, 1240, 1190 cm-‘; NMR (CDCl,): 0.75-1.25 (15H, 
CH,C); 2.02 (3H, s, CH,CGO); 2.34 and 2.38 (2H each, q. 
CH,-CH,O); 492 (lH, m, H-C-G); 51-57 (ZH, m, 
H-C-G); 5.45 and 5.58 (IH each, s, HC=C). (Found: C, 
6746: H. 9.11. C&I,O, reauires: C. 67.29: H, 9.33%). 

Hydrolysis of (4d) 4d (146 mg) was treated with 0el.N 
KOH- 95% MeGH (10 ml) for 1 h at room temp. Neutral- 
ization and solvent removal under reduced pressure 
afforded a viscous residue which was chromatographed 
over silica gel. The C,HEacetone (6:4) eluate yielded a 
pure crystalline (acetone) compound 4c (52 mg), mp. 164” 
(164” in admixture with 5-acetyl-tetrahydroageratriol (m.p. 
165”) from triacetyl-tetrahydroageratriol), [a]: -58.9” (c 
I). IR (nujol): 3360,3300,1730,1240 cm .‘. NMR (C,D,N): 
O&-1.1 (9H, CH,-C); 2.15 (3H, s, CH,COO); 4.5-5-S (3H, 
m, H-C-O); S-81 (2H, s, CHX). 

Compound (4d) from 5-acetyl-tetrahydroageratrioi 
(4~)’ Using the conditions employed for 3e, the acetyl 
derivative 4c (200 mg), obtained from 4b,’ was propiony- 
lated to give a colourless oil, which was purified by 
distillation(lt30 mg),b.p. 169-170”/0.3 mm. [a]: -3l”(c 3). 
The IR and NMR spectra were identical with those of the 
compound obtained by hydrogenation of 31. 

1,5-Diacetyf-dihydroagerutioi (3gl. To a soln of 3e 
(2.6 a) in uyridine (9 ml), cooled to 0”. Ac,O (0.9 ml) was 
added over a period of 2 h. The mixture was allowed to 
stand for 15 h at room temp. then worked up. Chromatog- 
raphy over silica gel of the crude product (2.8g) gave 3b, 
3g, and 3e. 3g (1.3 g) was purified by distillation, b.p. 
168-170”/0.1 mm. [a]? +49.4” (c 2); IR (film): 3440, 1720, 
1240 cm-‘; NMR (CIXZI,): 0.86 (3H, d (J 6.7 Hz), CH,C); 
0.93 (3H, d (J 6.7 Hz), CH,C); 2-O (3H, s, CHfGG); 2.07 
(3H. s. CHEOO); 3.% (lH, m, H-C-G): 5-O-55 (2H, m, 
H-C-Cl): 5.3 (2H, s, CH+C); 551 and 576 (1H each, s, 

*It was shown experimentally that, under these reaction 
conditions, 2-methoxy+isopropyladipic acid is partially 
transformed to 3-isopropylglutaric acid. 

H-C-C). (Found: C, 6764; H, 8.77. &H,O, requires: C, 
67.43; H, 8.94%). 

1,54iacetylageratriol 9-methylether (U). ‘A soln of 3g 
(I.38 g) in CHCh (5 ml) was treated with an excess of 
CHtNl in Et20 in the presence of BF, . EtZO. The product 
was isolated by chromatography over silica gel, b.p. 
129-13OVO.2 mm (1.23 g); IR (film): 1730.1235 cm-‘; NMR 
(CDCI,): 0.85 (3H, d (J 6.6 Hz), CH,-C); 0.91 (3H, d 
(J 6.7 Hz), CH,-C); 1.98 (3H, s, CH,CGG); 2.04 (3H, s, 
CH,CClG); 3.14 (3H, s, CH,-G); 3.35 (1H. m, H-C-G); 
5.0-5.6 (2H, m, H-C-G). 5.34 (ZH, 556and 564 (1H each, 
s, H-C=C). (Found: C, 68.33; H, 9.01. CmH,*O, requires: C, 
68.15; H, 9.1S%). 

Dihydroagerattioi 9-mettrykther (31). 31 (1.21 g) was 
hydrolysed with 0.1 N KOH-95% MeOH (80 ml), at room 
temp for 90’. The soln was evaporated under vacuum and 
the residue crystallized from acetone-diisopropyl ether, 
mp. 12s126*, (953 mg). [a]: -476” (c l-6); IR (nujol): 
3300 cm-‘; NMR (C,D,N): 0.77 (3H, d (J 6.7 Hz), CH,-C); 
0.85 (3H, d (J 6.7 Hz), CH,-C); 3.47 (3H, s, CH,O); 3.87 
(lH,m,H-C-G);4~4(2H,m,H-C-G);5~25(2H,s,CH,=; 
5.6 and 566 (1H each, s, H-C<). (Found: C, 7166; H, 
10.45. Cr6HZe0, requires: C, 7160; H, 10.52%). 

&id&we cleaoage of (31). NaIO, (lo-25 g) dissolved in 
HZ0 (49 ml) was added dropwise to a soln of 31(910 mg) in 
acetone (39 ml). NaHCO, (3.5g) was then added. The 
stirred soln was cooled in an ice bath to 5” and then K.MnO, 
(O-354 g) in H1O (136 ml) was added simultaneously with 
acetone (13.6ml) at 5-10” over a 30’ period under N,. 
Stirring was continued for 4 h at 5”. then for 12 h at room 
temp, at which time the blue-violet reaction media was 
decanted from the residue, which was further extracted 
twice with HZ0 (IO ml). The aqueous phases were com- 
bined. washed with Et,0 and acidified. then NaHSO, was 
added. Extraction with Et,0 in a soxhlet apparatus and 
evaporation afforded a light yellow oil (640 mg) which, 
after methylation with CH2N, in E&O, was chromatog- 
raphed over silica gel. In addition to the methyl esters of 
succinic (110 mg) and 3-isopropylglutaric* (125 mg) acid, 
the methyl ester s’ of 2S-methoxy_4R-isopropyladipic 
acid (125 mg) was thus isolated, bp. 169-170”/16 mm; [a]: 
-53.2”(c 5% IR (film): 1735 cm-‘; NMR (CDCI,): O-87 (6H, 
d (J 6.7 Hz). CH,-Ck 3.38 (3H. s. CH,-O): 368 (3H, s. 
CH,OCO); ‘3.77 -(3H, S, da&O); -3.7-4.0 (Hi, .rn, 
H-C-O). 

1-Acetyl-dihydroageratriol (3h). Ac10 (l-1 ml) was 
added dropwise (5 h) under constant stirring to a soln of 39 
(l-5 g) in dry pyridine (4.8 ml), cooled to 0”. The mixture 
was allowed to stand for 24 h at r.t., then evaporated in 
UDCKO to give a pale yellow oil (1.7 E), which was 
chromatographed over silica gel. In addition to triacetyl- 
and diacetyl-dihydroageratriols (200 and 625 mg, respec- 
tively), 3h (505 mg) was thus isolated, b.p. 
15&155’/0Wt mm. ia]: +39*8’ (c 1.5); IR (film): 3380, 
1710, 1250cm-‘; NMR (C,D,N): 0.82 (3H. d (J 6.7 Hz), 
CH,-C); 0.9 (3H, d (J 6.7 Hz), CH,-C); 1.83 (3H, s, 
CHEGG); 4-24-7 (2H, m. H-C-G); 530 (2H. m, CHiC): 
5*62,6-03 (1H each, s, H-C=C); 5.5-60 (lH, m, H-C-C& 
(Found: C. 68.94: H 9.38. C,,H-0. reauires: C. 68.89: H. 
4.52%). 

Dihydroageratriol I-methylether (3~). A soln of 3h 
(900 mg). dihydropyrane (l-5 ml) and p-toluenesulfonic 
acid (2 mg) in CHEI, (5 ml) was altowed to stand for 2 h, 
then filtered over alumina. The filtrate was evaporated in 
wacuo to give 3m as an yellow oil, which was homogeneous 
in TLC and unstable on keeping. IR (film): 1728.1235 cm-‘. 
This compound (1.1 g) was treated with0.1 N KOH- 95% 
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MeOH (SOml) at r.t. for 1 h. The solvent was removed 
under reduced pressure and the oily residue taken up in 
Et20 (SO ml). After filtration over alumina, the solvent was 
evaporated to give a colourless oil, 3n (980 mg), homogene- 
ous in TLC. IR (film): 3440 cm-‘. A soln of 3n (950 mg) in 
E&O (IS ml) containing 2 drops of BF, . E&O was treated at 
0” with an Et*0 soln of CHNt, concentrated in eucuo, and 
the product (890mg) isolated by chromatography over 
alumina. A homogeneous (TLC), oily material was ob- 
tained which proved unstable on distillation. IR: no OH 
group. A soln of this product 30 (838 mg) in CH,OH-HZ0 
(5 : 1) (25 ml) containing a few mg of p -toluenesulfonic acid 
was allowed to stand for 48 h at r.t., then concentrated in 
uacuo and extracted with CHEI,. Chromatography (silica 
gel) of the CHXI, extractable material (720 mg) gave the 
pure 3p (320 mg), which was crystallized from isopropyl 
ether, (290 mg), m.p. 137-80. [a$? +66O (c 1); IR (nujol): 
3360, 3420cm-‘; NMR (C,D,N): O-8 (3H, d (J 6,7 Hz), 
CH3-C); 0.87 (3H. d (J 6.7 Hz), CH,-C); 3.34 (3H, s, 
CH,-O); 39-4.6 (3H, m, H-C-O); 5.2 (ZH, br. s, CHA); 
5.45 and 592 (1H each, s, H-GC). (Found: C, 71.63; H, 
10.46. C,+H,O, requires: C, 7160; H, 10.52%). 

Dihydroogerafrfol 5-methylether (3d). A soln of Sa 
(600 mg) in Et,0 was treated with an Et20 soln of CH,N, in 
the presence of a few drops of BF, . Et,O, concentrated, 
and the product SC purified by chromatography over 
alumina (act II). The acetonide group was then split off 
under the same conditions as for Sb. The product was 
ourified bv distillation (273 ma). b.n. 160-162YO.08 mm. IR 
(him): 33SO cm-‘; NMR (C,I&):‘O~77 (3H, d (J 6.7 Hz), 
CH,-C); 0.82 (3H, d (J 6.7 Hz), CH,-C); 3.2 (3H, s, 
CH,-0); 3.65 (1 H, dd (J 9.7 and S.2 Hz), H-C-O); 4-4-4.9 
(2H, m, H-C-O); 5.13, 5.30, 5.52 and 588 (1H each, s, 
H-C=C). (Found: C, 71.73; H. 1040. C,&I,Ol requires: C, 
7160; H, lo-S2%). 

Uzonolysis of dihydroageratrfol 1-methylether 
(3~). The 3p (250 mg) in CH,CI, (10 ml) was cooled with 
an acetone-solid CO, freezing mixture (-70”) and a slow 
stream of ozonized O1 was passed through. The blue 
mixture was then treated for 24 h at room temp. under 
constant stirring, with HIO,’ (2 g) in HZ0 (1Sml). 
CH,C12 was removed under reduced pressure and the 
remaining soln alkalinized with 0.1 N NaOH before being 
extracted with Et,0 (3 x20 ml). The Et20 layers were 
combined and evaporated to give a yellow residue (60 mg). 
The aqueous layer was acidified with dil H$IO, and 
extracted again with Et,0 (4 x 20 ml). The extracts were 
combined, the solvent distilled off and the residue (90 mg) 
esterified with CH,N,. Chromatoaraohv over silica uel 
gave9, (314mg). which was purifiedb~di&lation (25 n;r>, 
b.p. 120115 mm, [a )$‘+ 36.2’ (c 0.4 CHCI,)“; IR (film): 
1730 cm-‘; NMR (CCL): 1.7-2.6 (4H, m, CH&H,); 3.32 
(3H, s, CH,-O); 3.62 (3H, s, CH,OCO); 3.7 (3H, s, 
CHKJCO); 36-3.9 (lH, m, H-C-C). 

Tetrahydroagerutrioi 1,9&nethyZether (4J). The ace- 
tate 4e (8oomg) was treated with alkali in the manner 
described for 3m. The mixture afforded U, which was then 
purified by chromatography (silica gel) and distillation 
(650 mg), b.p. WO-2’10.4 mm; IR (film): 3420 cm-‘; NMR 
(CDCI,): O-85.0.9, l-0 (3H each, d (J 6.7 Hz), CH,-C): 3-22 
(3H, s, CHSO); 3.31 (3H, s, CH,O); 3-O-3.9 (3H, m, 
H-C-O): S-31 (1H. s. HC_C): 5.42 (1H. s. H-C=C). 
(Found; C, 71.90; H; 11.~51. C,&&OJ requires: C. 71.78; H 
1 I .34%)* 

5-Acetyl-ageratriof (1~). Ageratriol (4g) was treated Agerottioi S-methylerher (lh). NaH (80% oily disper- 
with 2.2-dimethoxypropane (2 ml) under the same condi- sion) (1.2 g) was added at intervals, over a period of 1 h, to 
tions as for 3a. Filtration on alumina, followed by a soln of 6a (2.5 g) in dry THF (100 ml), under constant 
evaporation in vucuo of the solvent, afforded the oily 6a stirring. Me1 (IS g) was then added dropwise and stirring 
(3.8g), which was homogeneous (T’LC) and unstable on continued overnight at 40’. The mixture was then filtered 
keeping. IR (film): 3450 cm-‘; NMR (CDCI,): 1.45 (6H, s. 
CH&-C); 1.73 (3H,s,CH,-C=); 398(1H, d&J, +-Jar 1S 

over alumina and the liltrate concentrated in uacuo, diluted 
with HZ0 (100 ml) and extracted with Et,0 (5 x 30 ml). The 

Hz), H-C-O): 4-77 (2H. br. s. CH,C): 4.86 (2H. br. s. 
C&C); S-1 (2H, br.‘s, CHK), 4.7iS.2 (2H, rn; H&O): 

Et,0 layers were combined, dried (Na,SO.) and evapo- 
rated under reduced pressure to give a pale yellow oil, 

The acetonide 6s (930 mg) was acetylated in the manner which was rapidly chromatographed over silica gel. The 6e 
described for Sa. The crude acetate 6h was chromatog- (2.3 g) was thus obtained, as an oil homogeneous in TLC. 
raphed over alumina and a homogeneous (TLC) compound NMR (CDC!,): I.45 (6H, s, CH,C-O); l-74 (3H, s, 
was obtained (67Omg). which could not be distilled. IR CH,-C=); 3*16 (3H, s, CH,O); 3.38 (IH, dd (J,u + Jex I5 

(film): 1730, 124Ocm-‘; NMR (CDCI,): I.45 (6H. s, 
CHrC-0): I.73 (3H. s, CH,C=): 2.02 (3H. s. CHCOO): 
4.g5.3 (&I, m,‘CH&: 4.6S.3 (3H; ml H-C~). 6h 
(640 mg) was hydrolysed in the manner described for Sb. 
Chromatography over silica gel afforded a pure acetate 
(415 mg). [a5 +47-s” (c 2); IR (film): 3400, 1730, 
1240 cm-‘; NMR (CDCl& I68 (3H, s, CH,-G); l-97 (3H. 
s, CH,COO); 39-4.3 (2H, m. H-C-O); 4.7 (2H, s, 
CH&); 4.7-52 (IH, m, H-C-O); 5.16, 5-21, 5~3.3, 5.47 
(1H each, s, H-C=C). (Found: C, 6948; H, 8.76. C,,H,O, 
requires: C, 69.36; H, 890%). 

S-Acetyl-ageratrlol 19-dimefhylether (lf). Treatment 
of le (380 mg) with CH,N> in Et@ in the presence of BF.,. 
E&O, followed by chromatography over silica gel, afforded 
an oily compound If, (310 mg), which was purified by 
distillation, b.p. ISO-15Y10.2 mm. [rx]g +4.2” (c 2); JR 
(film): 1730,1240cm-‘; NMR(CDC1,): 1.7 (3H,s,CH,-C=); 
198 (3H, s, CH,COO); 3.22 (3H, s, CH,-0); 3.33 (3H, s, 
CHrO); 3.4-3.9 (2H, m, H-C-O); 468 (ZH, s, CH&; 
48-5.2 IlH. m. H-C-O): 5.25 (2H. s. CH+C): 5.36. 5.49 
(1H each, s,.H-&C). (&und: e, 7&i9; Hi 9.43. C&,0, 
requires: C, 70.77; H, 9‘38%). 

Ageratriol Wdimethyfether (la). Using the same con- 
ditions as for 3m, the acetate lf (290 mg) was submitted to 
alkaline hydrolysis, to afford the oily Id (230 mg), which 
was purified by chromatography over silicagel and distilla- 
tion, b.u. 135-1379/O-2 mm. [a]? -1 IS” (c 2); IR (film): 
3400 cn?; NMR(CDCI,): 1.7 (3H, s, CH,-C=); 3*22(3H, s, 
CH,O): 3.33 (3H. s. CH,O): 34-4-l (3H. m. H-C-O): 4.67 - _. 
(2H, s, CH+C); S-13 (ZH, s, CH& 536(iH, s, H-&C); 
5.5 (IH, s, H-CC). (Found: C, 72-74; H, 9.89. C,,HZaO, 
requires: C, 72.82; H, 10@6%). 

5-Acetyl-tetmhydroagerutriol I ,Bdimethylether (4e). 
A soln of 4e (305 mg) in Et,0 (5 ml) containing some 
BR . Et*0 was treated with excess CH,N, in Et,0 soln and 
concentrated. The product, isolated by chromatography 
over silica gel, was distilled to give a colourless oil 
(261 mg), b.p. 15O-2”/1 mm. [u]g -33.4”(c 1.5); JR (film): 
1730, 1245cm-‘; NMR (CDCI~): 084 (9H, d (J 6.7 Hz), 
CH,-C); 2.01 (3H, s. CHCOO); 3.24, 3.32 (3H each, s, 
CH,O); 3.52 (lH, br. 1, H-C-O); 3.8 (lH, 1, H-C-O); 4-7 
(IH, br. t, H-C-O); 5.31 and 5.43 (1H each, s, H-CC). 
(Found: C. 6997; H, 10.34. C,,HwO. requires: C.69.90; H, 
10.50%). 




