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Abstract—Two new sesquiterpene ketones, vulgarone A and B, were isolated from the essential oil of Chrysan-

Mmmmmmmﬂhﬁbmdonmdhwmmma
chrysanthenone and verbenone, and oa the chemical intercouversion.

Chrysanthemum vuigare (L.) Bernh. (Tanacetum vulgare contains one more isoprene unit than chrysanthenone,

L.) is a medicinal plant widely distributed in Europe,
Siberia and N. America. Although the essential oil of the
piant has been investigated by a number of workers,'
the previous reports deal mainly with the monoterpene
constituents and hardly with the sesquiterpenes.®” The
present  author investigated the  sesquiterpene
constituents of the plant to isolate two novel ketones
mmdvulmoneAandB whose structures and ab-
were determined as SB,y-un-
ummed ketone (1) and a,8-unsaturated ketone (2),
respectively. Since the IR, '"H NMR and **C NMR spectra
of the two ketones are similar to those of chrysan-
thenone (5) and verbenone (16), the structural studies
have been directed to detailed comparisons of the spec-
troscopic propertics, together with some chemical reac-
tions of these compounds. In addition, vulgarone B (2)
was synthesized by allylic methylene oxidation of a-
bmmcnemd\mlsaroneA(l)wuwcwedbypho-
tochemical transformation of vulgarone B (2). The
prmmauﬂmdemibesthedeuﬂed;pecu'dandchem-
evndenceforthe;xoposedmucun'es Parts of this
paper htve been published in preliminary com-
munications **

The essential oil was separated by a combination of
fractional distillation and successive colomn and tic over
silica gel to isolate vulgarone A and B, respectively in
yields of 7.6 and 11.9%, together with (~)-chrysan-
thenone (5) which was a main component (18.9%).

Structure of vuigarone A. Vulgarone A was isolated as
an oily substance, [alo®™ + 113.7° (c 095, CHCL). The
mobcuhriomnlamdemmmedascuﬂaom*
218.1653) in high resofution mass spectrometry, and the
IR and '"H NMR spectra revealed the presence of the
following functional groups: three tertiary Me's (8 0.93,
1.01 and 1.18, each 3H, 3), a trisubstituted double bond
bearing & Me (vo.c 3040, 1650 and 830 cm™; 8 1.78, 3H,
t, J=20Hz and 8 5.58, 1H, m), a CO group (rc.o
1780 cm™"), an allylic methine (& 2.38, 1H, br.s, Wh/2,
7.0Hz), and two methines adjacent to the CO group (3
262, 1H,dd, J=70and 1.0Hz; 8 2.78, 1H, ddd, I = 7.0,
2.5 and 1.5 Hz). The IR sbsorption of a CO group (veo
1780 cm™") indicated the ketone group to be 4-membered
one,” and the UV spectrum showed a maximum due to
n->»* transition at 292 nm (e = 88) which is attributable
to & B,y-unsaturated ketom“’l‘huevakmwmin
agreement with those (voo 1780cm™"; Amex 295nm,
€= 144) of chrysanthenone (5). Althou.hvulmneA

such a close resemblance in the functional groups,
suggested that the ketone would contain a partial struc-
ture of chrysanthenone (8). The structural similarity be-
tween vuigarone A and was supported
by comparison of the '*C NMR spectra of both ketones,
which are listed in Table 1 together with that of a-
pinene. The C atoms of C-4 and C-10, which were
assigned respectively to the methylene and Me carbons
in both chrysanthenone (5) and a-pinene, were replaced
by methine and methylene carbons in vulgarone A. The
remaining carbons of main skeletons showed a good
coincidence in the chemical shifts and peak multiplicity
between vulgarone A (1) and chrysanthenone (8). This
fact indicated that the additional isoprene unit consisting
of two methylenes and one gem-dimethyl was to be
inserted between C-4 and C-10 in the molecule of chry-
, santhenone (5). Thus, the gross structure of vulgarone A
mdeplctedbyfomulal This structure was reason-
ably explained by the characteristic fragment ions of the
mass spectrum at m/e 190.1744 (C.Hx, M-CO, 18%),
119.0863 (CoH,;, M-CO-CsH,;;, 100%) and 106.0780
{CaHio, M-CO-C¢H1a, 50%), the generation of which is
respectively consistent with the elimination of a CO
group from the molecular jon and the successive
ruptures of the C+~Cis and Ci0-Cy1, 0r the Co=Cys and
Ce~Cio bonds, Itmahosmortedbythearomnﬁc
solvent-induced 'H NMR spectra as shown in Table 2.
Furthermore, decoupling experiments supported the
proposed structure of the molecule.

When the olefinic proton st 8 5.58 was irradiated, the
tripiet of the olefinic Me at 8 1.78 was transformed into a
doublet (J=2.0Hz), the broad singlet of the allylic
methine at & 2.38 into a slightly narrow singlet (Wh/2,
5.5 Hz), and the double doublet at 8 2.62 and the double
quartet (ddd) at § 2.78 of both a-methines to the CO
group respectively into a sharp doublet (J = 7.0Hz) and a
double doublet J=7.0 and 2.5 Hz); irradiation of the
allylic methine proton at 8 2.38 caused the triplet of the
olefinic Me at 8 1.78 to change into a doublet (J=
2.0 Hz). In addition, double irradiation of the olefinic Me
(1.78) and the middle between the double doublet (2.62)
and double quartet (ddd, 2.78) caused the multiplet of the
olefinic proton (5.58) to become a doublet (J = 2.5 Hz);
double irradiation of the olefinic Me (1.78) and allylic
methine (2.38) reformed the multiplet (5.58) into a singlet
(Whi2, 2.0 Hz), and that of the olefinic proton (5.58) and
the allylic methine (2.38) reformed the triplet (1.78) into a
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Table 1. *C NMR spectra® of vulgarone A (1) and B (2), chrysanthenone (5), 4-0x0-a-ylangene (9), verbenone (14)

and a-pinene (11)
compound 1 5 2 9 10 u®
c-1 68.6 (d) 67,9 48 . 50.6 (@ 46.6 (@) 9.6 (Q) 47.2 (@
c-2 139.7 (s)  138.7 (s8)  172.4 (s)  169.2 (s)  169.8 (s)  144.4 (s)
c-3 121.4 (@)  118.4 (&)  122.5 (d)  122.1 (4)  121.0 ()  116.1 (d)
c-4 55.6 (d) 33.0 (£)  204.7 (s)  202.7 (s)  203.2 (s) 31.5 (t)
c-s 65.1 (d) 62.6 (d) 66.8 () 64.1 () 57.5 (d) 40.9 (d)
(848+21.7)°

c-6 37.1 (s) - 30.1 (s) 55.1 (s) 56.6 (s) 53.7 (s) 38.1 (=)
c-7 205.7 (8)  205.8 (s) 58.0 (d) 56.2 (d) 40.6 (t) 31.3 (t)
c-8 23.5 (@ 23.0 (q) 22.9 (@ 20.3 (q) 21.9 (q) 20.9 (@)
c-9 27.7 (q) 27.3 (q) 2.7 (@) 23.8 (q) 23.4 (@) 22.9 (@)
c-10 33.2 (¢) 14.7 (@) 38.6 (t) 36.6 (t) 26.5 (q) 26.5 (q)
c-11 21.5 (t) 21.4 (t) 22.1 (¢)
c-12 42.2 (t) 4.6 (¢) 4.9 (Q)
c-13 35.2 (s) 33.8 (s) 31.9 ()
c-14 26.1 (¢ 27.3 @9  19.4 (@¢

4 ¢

c-15 30.4 (q) 27.8 (@¢  19.6 (q)

%ghifts (8) in ppm relative to TMS. mltibuoiuoi are given in parentheses by the off-~
resonance 18 decoupled spectra. brhe numbering system follows the same as verbenone (10).
©psmgchetone_ gobydrocarbon ;. ro¢ 22, Ypggignment may be interchanged.

Table 2. 'H NMR spectrs (8 hm)dmA(mm(ﬂ.dmmﬁcmw

compound 1* 58
cCl, - cc1 - ccl, - CCl -
8(. 04 ) Al )® A g4 ) a( )
CCI‘ CSDG CGDG cG’G 6 CCI‘ cSDG 06,6 c6r6 06!6
H-1 ad 2.62 2.53 +0.09 2.54 +0.08
B=-3 m 5.58 5.43 +0.15 5.67 -0.09 m=m 5.30 5.00 +0.30 5.34 -0.04
H-4 Dbr(s) 2.38 2.31 +0.07 2.21 +40.17
H-5 aad 2.78  2.78 0.00 2.71 +40.07
B-8 t 1.78 1.50 +0.28 1.80 =-0.02 gq 1.70 1.41 +0.29 1.73 -0.03
H-9 s 1.18 1.02 +0.16 1.19 -0.01 s 1.20 1.00 +0.20 1.22 -0.02
H-10 s 1l.18 0.91 +0.27 1.28 =-0.10
1.25 1.10 . 1.30
B-11 m [} I !
1.65 1.40 1.70
H-12
HE-14 {l 0.93 0.69 +0.24 0.99 -0.06
H-15 s 1.01 0.82 +0.19 1.08 -0.07

a - -7, =1, =2, =2,
Couplings (Hs) of 1: 31'3 1.0;3 J1'5 7.0 JS,S 1.5) 33"-3"5 2.5 JJ,G-Jl,B 2.0;

S: J3'8-J"8-2.0.

boe. ref. 23.

singlet. The decoupling cxpetnnonmlxevealudthatln the and cis-verbenol™ which contain the framework of a-
molecule of the ketone cross-ring (J, s = 7.0 Hz), allylic pinene as well as chrysanthenone, and this result
(J1s= 1.0 and J;5=2.0 Hz), vicinal (¥ =Jos=2.5 Hz), suppomthem()vhchboldsm-dmethylson
homoallylic (Jos=2.0Hz) and M arrangement (Jos= C-13. Additionally, the further support of the structure
1.5Hz) couplings are present and H-4 shows no ad- obtained by preparation of the derivatives, epoxide and
ditional couplings to other protons. Such a conpﬁgs alcobol.

system has been reported on molecule of verbenone, Vulgarone A was treated with m-chloroperbenzoic
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*Structores of (5), (6) and (7) are shown in a series of antipodes in the present work.
Fig L.

acid to give only an epoxide (3), CisH20;, m.p. 105.5-
106.5°, and was reduced with LAH to afford only an
alcohol (4), CisHa0, m.p. 50.5-52.0° (3,S-dinitroben-
zoate, m.p. 142.5-143.5%), respectively in quantitative
yields as well as the case of chrysanthenone. The 'H
NMR spectra of both derivatives and the solvent effects
on chemical shifts of the alcohol (4) closely resemble
those of chrysanthenone epoxide (6) and cis-chrysan-
thenol (7). In particular, as seen in Table 3, the signals of
the Me group (H-9) and the secondary carbinyl proton
(H-7), which are in 1,3-diaxial positions, were almost
superimposable with corresponding ones of cis-chrysan-
thenol (7) in both CCl; and CsDsN. These chemical and
spectral data showed that the configuration of the epox-
ide ring of 3 is the same as chrysanthenone epoxide (6)'
with respect to the CO group and one of the OH groups
of 4 as cis-chrysanthenol (7) with respect to the bridge-
head Me group. The formation of these derivatives can

e *

be reasonably explained by considering that the reactions
occurred under the steric hindrance of the bridged
n.\e:?yylemnndthemmonam,mpec-
tively.

Vulgarone A showed a positive Cotton effect ((¢laor +
6490, [¢)2910, [¢12rs — 3680, a = 101.7, ¢ 0.23 in isooctane)
on the ORD curve. This fact indicated that the 8,y-
W&Mnm&mﬂuﬁcmd&
symetric in the molecule as that of (+)-
chryunthemna([&]mwm, [#LeeD, [¢)rrs—8030, a =
170.3, ¢ 0.18 in isooctane).”’ Accordingly, the absolute
configuration of vulgarone A is depicted by stereostruc-
ture 1. The final confirmation of this structure was

obtained by photochemical transformation of vulgarone
B as will be shown later.

Structure of vuigarone B. Vulgarone B (2), m.p. 35.5-
36.0°; [aln™ + 63.4° (¢ 1.10, CHCls); semicarbazone (m.p.

Table 3. 'H NMR spectra (3 in ppm) of the alcobol (4) and cis-chrysanthenol (7), and the solvent induced-shifts

compound ¢ M

ccl, CgDGN A(ﬁ:;s;) ce1, CgDeN A(Ei;;u)
B-1 aa 1.92 2.18 -0.26
H-3 n 5.42 5.51 -0.08 m 5.13 5.18 -0.05
B4 m 2.08 2.18 -0.10
8-5 aaa 2.26 2.52 -0.26
B-7 s 3.80 4.18 -0.39 s 3.86 4.19 -0.33
H-8 t 1.70 1.69 +0.01 q 1.63 1.61 +0.02
B-9 s 1.50 1.86 -0.36 s 1.52 1.84 -0.32
B-10 s 0.88 0.98 -0.10
a—n} - 1;10 1.20
12 1.70 1.80
H-14 s 0.93 0.91
H-15 s 0.95 o.96

®Couplings (Hz) of &: J) =7.0; J; ;=1

0; JS,IO-J‘,S-J‘,IO-2°0'

Irradiation at 5.42 —» 1,70 (d, J=2.0), 1.92 (@, J=7.0), 2.26 (44, J=7.0, 2.0}

PA(CDCL;-CoD N} ¢ see ref. 24.
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Table 4. 'H NMR spectra (3 in ppm) of vulgarone B (2) and verbenone (10)

compound 2* 10°
ccl,- cCl, -
cedg (56047 c.d, a(SC7)
6% lc.o} 6% “lcnd
H-1 dd  2.12  40.3¢  ddd 1.92  +0.40
H-3  sext 5.74 -0.13  sext 5.66  -0.08
H-5 ad  2.80 -0.17  4ad 2.59  -0.12
dal.76  +0.23
-7 s 2,02 -0.03 {499 532139 +0.35
E-8 4 1.52  +0.46 d 1.5  +0.46
H-9 s 0.86  +0.10 s 0.86  +0.14
H-10 s 1.17  +40.33
1.10
H-11 m I
1.50
H-12
H-14 s 0.71
B-15 s 0.76

a - -
Couplings (Hz) of 2: J1'5 6.51 "1,3-"3,5"’3,8 1.5.
b'rhe couplings are almost the same as those in ref. 13.

221.0-221.5%), was analyzed to be C;sHzO (M* 218.1684)
in high resolution mass spectrometry and elemental
analysis. The exhibited the UV (Apax 252 0m,
€= 8050) and IR (vcc 3030, 1680 and 1620cm™") ab-
sorption band attributable to an a,8-unsaturated ketone
group, and also the 'H NMR spectrum showed the
presence of the following functional groups: three terti-
ary Me's (8 0.91, 0.94 and 0.96, each 3H, s), an isolated
methine (3 2.06, 1H, sharp 3), a pair of mutually coupled
methines (8 2.46 and 2.63, each 1H, dd, J=6.5 and
1.5 Hz) and a B-methyl-a,8-unsaturated ketone group (8
198, 3H, d, J=1.5Hz and & 5.61, 1H, sext, J = 1.5 Hz).
The above spectral data suggested that it contains a part
structure of verbenone (10) or a closely related system as
well as mustakone.' The partial structure of vulgarone B

was obtained by comparison of the '"H NMR spectra and
the aromatic solvent effects with those of verbenone
(16)" as shown in Table 4: signals of a pair of double
doublets (H-1 and H-5), and a Me (H-8) and a proton
(H-3) on a double bond showed a good

mutually in the magnitude of the induced shifts. Besides
irradiation of the olefinic Me
sextet of the olefinic proton
(J = 1.5 Hz). Reversely, irradiation
at 8 5.61 changed the doublet of
into a singlet and simultaneocusly a pair
blets due to the two methines (2.46 and 2.63) into a
of doublets with a large 4-bond mutual coupling (J =
6.5 Hz) between H-1 and H-5, while a sharp singlet at 8
2,06, which showed no change on the irradiation, was

Table 5. 'H NMR spectra (8 in ppm) of the alcohol (8) and cis-verbenol (13)

CDCl

3 50
" (13)® (8) {13)
B-1 2.04 (dd) 1.96 (dad) 2.07 1.91
B-3 5.33 (m) 5.36 (m) 5.60 5.59
H-4 4.38 (m) 4.44 (m) 4.72 4.73
H-5 2.37 (ddd) 2,28 (d4d) 2.53 2.41
- a 1.30 (4) e 1.33
B=7 {g 2.44 (aga) (g 2.01
H-8 1.73 (&) 1.72 1.74 1.70
H-9 1.06 (s) 1.08 1.33 1.32
{
B-10 1.35 (s) 1.34
H-14 {o.ss (s) - 0.81 -
B-15 0.89 (s) - 0.89 -

%All the couplings were confirmed by decoupling experiments: "1 5-6.03
’

J1,3-J3,8-J4,8-1'5’ J3,4-J4,5-3'0 Hs.

b
The couplings are almost the same as those in ref. 13,
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assigned to H-7 proton since only the a-configuration
mdeadihednlmdeotca.”wuhbothﬂ-landﬂ-s

Vulgarone B was reduced with LAH to give only a
secondary alcobol (8), CisHaO, m.p. 48.5-50.0° (3,5
dinitrobenzoate, m.p. 205.0-206.0°), which had a close
ruembhnoetoci:verbenol"mmoatdthepnhoftbe
'H NMR spectra, especially, the one taken in CsDsN as
shown in Table . The newly formed carbinyl proton at 8
4.38 (1H, m) in CDCls, on irradiation of the olefinic Me at
8 1.73; chmdmtoatnplet(]tlionz)nmﬁmd

When the >C NMR spectrum of vulgarone B was
compared with that of 4-0x0-a-ylangene (9) and that of
verbenone (16), good correspondence was recognized as
seen in Table 1, except that the two methines (C-7 and
C-lmdwnmmdywbya
methylene and a Me in verbenone and the
methylene (C-12) and quartanary carbon (C-13) by two
methines in 4-0xo-a-ylangene (9). Based on this evi-
dence, vulgarone B was considered to be a tricyclic
structure (2), with an additional isoprene unit between
C-7 and C-10 of the framework of verbenone (18), that is,
the structure is 4-oxo-a-longipinene.

Thus, the direct conversion of a-longipinene into
viigarone B was achieved for the final confirmation of
. the structure. (+)-a-Longipinene,” [a]p™ +30.8°, was
subjected to allylic methylene oxidation with chromium
trioxide-pyridine complex'” and a a,8-unsaturated
ketone, C,sH20 (M* 218.1688); [aln™+71.2* (c 1.20,
CHCL); UV Apax 252nm (€ = 7750), was obtained in a
yield of 39%. The ketone was identical with vulgarone B
mIR.'HNMRspectnmdlmxedm.p The optical
rotation and CD curve of the synthesized ketone
([ +999, ¢ 0.107 in dioxane) also coincided with
those of vulgarone B. Hence, the structure and the
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absolute configuration of vulgarone B are as shown in
formula 2.

Transformation of vulgarone B to viigarone A. It has
been reported that verbenone (10) was transformed into
chymthem(sml}mn'%nmamalkyi
bonding in photochemical reaction.*’ Since vulgarone B
(2) and A (1) were respectively characterized to be
analogous to verbenone (10) and- chrysanthenone (5) as
mentioned above, it was decided to convert vulgarone B
into vulgarone A. Vulgarone B(2) was irradiated in
isooctane with a mercury arc lamp for 1.5 hr to give a
B,y-unsaturated cyclobutanone derivative, C,sHx0
(roo 1780cm™); [alp™ +132.0° (¢ 2.70, CHCLy); UV
Amax 292nm (e = 101), in a good yield, whose identity
with vulgarone A was confirmed by IR, 'H NMR, MS
and ORD spectra. The structure of vulgarone A was also
established as the novel skeletal tricyclic sesquiterpene
ketooe (1).

Vuigarone A (1) and B (2), which are higher analogs of
chrysanthenone (5) and verbenone (16) by one isoprene
unit, may be biogenetically synthesized using a-
longipinene as a possible precursor in the plant.

EXPERTMENTAL

M.ps and b.ps are uncorrected. UV spectrs were recorded in
EtOH on a Hitachi 124 spectrometer and IR spectra in CClyon a
Hitacki EPI-G3 spectrometer. 'H NMR spectra were recorded on
a Hitachi R-22 (90 MHz) spectrometer nsing TMS a3 an internal
standard, unless otherwise mentioned, in CCl; and ’C NMR
spectra on a JEOL-FX-60 spectrometer operating at 15.10 MHz
in CDCl. Conventional mass spectra were obtained on a Hitachi
RMS-4 spectrometer and exact mass measurements on a Hitachi
RMU-TL spectrometer. CD and ORD curves were measured on a
JASCO ORD/UV-S spectrometes, equipped with the CD
attachmeat. Analytical TLC was performed on silica gel G (E.
Merck, No. 7731) and preparative TLC on silica gel PFyq, (E.
Merck, No. 7747) by using two kinds of thickness, 0.25 and
0.50 mm, respectively. Column y depended on
silica gel 60 (E. Merck, No. 7734) or alumina (E. Merck, No.
lm.mivityn-m),owmmiedo\nm separation
column (3 mm x2m) packed with 3% PEG-20M or SE-30 on
Chromosorb AW (60-80 mesh).

Collection of the essential oll. Chrysanthemum vulgare for the
present investigation has been transplaned from the Marburg
botanical garden of West Germany to the experimental garden of
Hiroshima University in 1935, The aerial part of the plant was
collected in July 1975 prior to the eflorescence. After being dried
in the shade for one day, the material (20.0kg) was steam
distilled to obtain the essential ofl (17.9g) together with ether
exmhomtheduﬂbdmomhyamnywldofom
[a)p® - 1.035°, np® 1.4619, d* 0.9370.

Isolation of ulnmnA (1), oulgarone B (2) and chrysan-
thenone (5). The essential ofl (10.03) was fractionated through a
small size spinning band distillation colvma (6X 50 cm) under
redoced pressure until low-boiling fraction (b.p. 40-70°/2 Torr,
5.5 5) was distilled out.

The low-boiling fraction was over a silica gel
column using s-bexane-AcOEt (v/v, 5:1) to afford a large
amount of as a colorless oil. C,oH,/0 (M* 150),
{a}p® - 55.2° (¢ 1.50, CHCly). The IR and 'H NMR spectra were
superimposable on the authentic spectra. '

The remaining high-boiling fraction (4.0g), which contained
new ketones, was eluted over a silica gel column using petrolenm
ether-ether (viv, 3:1). MMMMMW
one major spot on tic, was further purified by chromatography
over silica gel using »-hexane-CHCI, (v/v, 1:1) and vulgarone A
was obtained as a coloriess ol in a homogeneous state for gic.
IR » 3040, 1780, 1650, 1390, 1385, 1370 and 830 cm™'; 'BNMR
soc Table 2; MS mje 218.1653 (M*, 15%, C;sH2O
218.1668), 203 (2), 190 (20), 175 (13), 161 (5), 148 (1), 147 (1), l35
(6), 134 (M), 133 (12), 121 (25), 120 (39), 119 (100), 108 (25), 107
(32), 106 (50) and 105 (48).
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1395, 1375, 1365 and $40cm™;
CD (c 0.107, dioxane) [#lynD, [#hes + 396, [#las + 399, {hg+
853, [#13 + 786, [W]sap + 906, [#lyae + 692, [#lsss + B4, [#1aes +413,
{015 0; MS m/e 218.1684 (M*, 59%, C,sH21O requires: 218.1669),
203 (30), 190 (6), 185 (6), 175 (33), 162 (26), 161 (42), 149 (36), 148
(100), 147 (78), 136 (26), 135 (56), 133 (33), 123 (21), 122 (31), 121
“@n, 119 (33). 110 m), 108 (41), 108 (38), 107 (33) and 105 (46).
(Found: C, 82.22; H, 10.20. C;;HxO requires: C, 82.51; H,
10.16%). Seuiwbm (Found: C, 69.48; H, 9.16; N, 15.26.

CHxN5O requires: C, 69.78; H, 9.15; N, 15.26%).
de&r«::mammwwh
CH,CL (10mi) ashyd Na,CO; in suspeasion (40 mg), a soln of
acid (100mg) in CH,CL (Sml) was added
&opbyd:wn(!'dmiuﬁmh.mmm after being diluted
with CHC); (20 ml), was washed with 5% NaOH aad water, dried
over Na;SO, and coacentrated ix vacwo to afford & crystalline
substance, which was purified by a short column of newtral
slumins using CHCl, to yield vulgarone A epoxide (3) as color-
less needles (42mg), m.p. 105.5-106.5°, {aln™—-94.2° (c, 0.52,
CHCly): IR » 3000, 1795, 1390, 1380, 1370, 1140 and 850 co~'; 'H
NMR & 099, 1.11 and 1.18 (each 3H, s, three tertiary Ma’s), 1.44
(3H, 1, epoxide Me), 1.50-2.00 (6H, m, three methylenes), 2.08
(1H, br.s, Wh{2, 4.0Hz, H4), 252 (1H, ddd, J; 5 =6.5; Js=2.0;
J3s= 15 Hz, H-5), 2.71 (1H, d.J._,-G.Sllz. H-1), 3.01 (1K, br.s,,
Wh/2, 3.0Hz, epoxide methine), decowpling experiments: 8
301»2.52(«,1-65anduuz)mz.os(d,x-zouz),m»
301 (s) and 2.08 (s); MS m/e 234.1613 (M*, &%, C ;H 0,
requires: 234.1619), 219 (7), 206 (6), 190 (23), 175 (15), 163 (D), 151
(8), 149 (10), 147 (25), 145 (12), 137 (44), 135 (22), 133 (18), 123
(1N, 121 (40), 120 (35), 119 (91), 109 (29), 108 (32), 107 (69), 106
(100) and 105 (59). (Found: C, 77.05; H, 9.49. C,sHx,0; requires:

C, 76.88; H, 9.46%).

Reduction of vulgarone A. To a suspension of LAH (120 mg) in
dry cther (23 ml) was added an ethereal soln of the ketooe
(54 mg/S ml) under stirring, and the mixture was further stirred at
room temp. for 3br. After the excess reagent was decomposed
by sdding water (2ml) slowly, the organic layer was separated
from the agueous layer and washed successively with 2% H,S0,,
a sat NaHCOyq and water. The solz was dried over Na,SO, and
conceatrated is vacxo to yield a crystalline compound, which
was purified by a short column of silica pel wsing CHCL-29%
MeOH to afford an alcobol (4) as coloriess crystals (47 mg), m.p.
50.5-520°, [alp™ +45.9° (¢ 1.80, CHCL): IR » 3520, 3350, 3030,
1645, 1390, 1375 and 1040 cm™"; 'H NMR see Table 3; MS m/e
220.1819 (M, 4%, C1sHxO requires: 220.1825), 205 (4), 203 (3),
202 (3), 191 (3), 187 (4), 177 (3), 175 (3), 163 (3), 161 (5), 149 (6),
147 {6), 145 (8), 135 (15), 133 (10), 131 (11), 121 (16), 119 (20), 117
(17), 118 (16), 109 (18), 107 (41), 105 (33), 103 (11) and 41 (100).
3,5-Dinitrobenzoate (Found: C, 6388; H, 630; N, 677.
CHaN, Oy requires: C, 63.75; H, 6.32; N, 6.76%).

RduabnofWB.Tanduﬂ(wwh
dry ether (2Sml) was added an ethereal soln of the ketone
(57 mg/S ml) under stirring, and the mixtore was further stirred at
momtanp for 3br. mmmmnmhm

vn?rone A to give 8 as coloriess crystals, m.p
43.5—50.0' [a}o® —9.5° (¢ 1.80, CHCly): IR » 3510, 3350, ms
1650, 1395, 1380, 1365, 1050, 1035, 1019 and 1000 cm™; ‘Bm
sec Table 5. MS mie 220.1840 (M*, 39%, CysHyO requires:
220.1826), 205 (11), 203 (6), 202 (8), 191 (4), 187 ), 177 (12), 161
(5), 159 (16), 149 (24), 145 (14), 135 (34), 133 (20), 131 (24), 123
(27), 121 (41), 119 (25), 117 (15), 109 (47), 107 (40), 105 (35) and 41
(100). 3,5-Dinitrobenzoate (Found: C, 63.94; H, 6.43; N, 681,
CxHaeN:Og requires: C, 63.75; H, 6.32; N, 6.76%).

Syniheris of ouigarone B by aliylic methylene oxidation of
a-longipinens. To 2 soln of (+)-¢-hmhm (120mg; [ak®+
30.8° (c 4.30, CHCL))® in CH,CL, (20 ml) was added a sturry of
CrOy-{pyridine), compiex (3.0 g)** in CH,Cl, (7 mi) under mechani-
cal stirring, and the mixture was further stirred for 12 hr. After the
CH;Cl, soln was separated, the remaining turry material was re-
peatedly extracted with two 20 mi of ether. The combined soin of

Y. Ucmo

mmmw»mcxﬂbmmwmm
tional ether (100 mi). The resulted soln was washed successively
with a sat NaHCO»aq (3% 20 ml), 5% HCI (3 x 20 ml), and again
5% NaHCO:q (20 ml) and dried over Na,SO,. Evaporation of
the solvest i vacuo gave a yellow oily substance, which was
chromatographed on a short colomn of sifics el psing n-bexane
amcuc:,wmmamwwuu
a,f-unsatorated ketone (50 mg) as needles, m.p. 35.5°,
[elo®~-71.2° (¢ 1.20, CHCL): CD (c 0.108, dioxane) [#]yn O,
[#laas +416, [Phss +450, [#ha+933, [Phas+ 899, [Plne+799,
[#ls1e+ 806, [#lae+450, [0lrs O; MS mie 218.16895 (W*, 39%,
CysHxO requires: 218.1669), 203 (24), 190 (5), 185 (6), 175 (29), 162
(21), 161 (36), 149 (27), 148 (31), 147 (70), 135 (47), 133 (36), 13
(15), 122 (33), 121 (46), 119 (40), 109 (40), 108 (37), 107 (35), 105
(52) and 41 (100). The IR aad 'H NMR spectra of this ketome
Mmmdwmmn
Transformation of vulgarone B to vaigarone A. A win of
vulgarone B (74 mg) in isooctane (50 mi), which was flushed with
Nj; for 1 br before irradiation, was irradisted with a high pressore
wwymh&le&W)hammh
1.5 bhr without seasitizer, until the characteristic UV
of vuigsrone B disappeared from the mixture. After a small
amount of polymeric substances was filtered off, the fitraie was
concentrated in vecxo to give a yellow oll, which was chroma-
tographed on a short column of neutral alamina using petroleum
cther-ether (viv, 5:1) to aford an B.y-umsatorated ketooe
(59 mg) as an oily substance in a homogeaeons state for gic. ORD
(¢ 0.20, isooctane ) [$ly 8720, (11 0, [$Lirs + 4700, a = 134.2;
MS mje 218.1688 (M*, 17%, C;sH 20 requires: 218.1669), 203 (3),
190 (18), 175 (8), 161 (3), 148 (6), 147 (12), 138 (7), 133 (8), 121
(24), 120 (30), 119 (100), 108 (28), 107 (21), 106 (30) and 103 (39).
The IR and 'H NMR spectra coincided with those of aaturally

5

Chrymtllﬂau epaxide (6), [aly™-93.7° (¢ 2.40, CHCly): IR
» 1790, 1385, 1375, 1180 and 850 cm™'; '"H NMR & 1.13 and 1.0
{each 3H, s, gem-dimethyls), 1.38 (3H, s, epoxide Me), 2.20-2.40
(3H, m, a proton to CO and methyleae), 2.69 (1H, ddd, I =70,
2.5 and 2.5 Hz, a proton to CO, H-$), 3.06 (1H, tr.t.q»ndc
methine); MS mje 1660991 (M*, 12%, C,H requires:
166.0992), 151 (3), 138 (3), 123 (7), 122 (21), 108 (12), 107 (100) and
105 (14).

cis-Chrysanthenol (T}, [alp® + 40.8° {c 2.60, CHCL): IR (neat)
» 3300, 3020, 1650, 1388, 1365, 1175, 1070, loahnd‘mcn" 'H
NMR see Table 3; MS m/e 1521211 (M*, 35%, C14H (0 requires:
152.1220), 137 (23), 135 (11), 123 (21), 121 (50), 120 (12), 119 (29),
108 (72), 108 (16), 107 {58), 105 (23) and 81 (100).

Oxidation a-’mwm-a“ylm‘ {(+)-a-Yiangeoe
(250 mg; [aln® + 56.0° (¢ I.SB.CHCl,)) wuoxidiudwnhClO,-
(pyridine); complex as in the case of a-longipinene to
(+)-0xo-a-ylangene (9) as an oily substance (110mg), [aln”
90.6° (¢ 1.17, CHCL): IR » 3045, 1680, 1630, 1390, 1380 and
845cm™!; 'H NMR 8 0.89 (6H, d, J =6.0Hz, isopropyl Me's),
093 (3H, 3, bridgehead Me), 1.40-1.90 (6H, m, three methylenes),
198 (3H, d, J = 1.5 Hz, olefinic Me), 2.12 (1H, dd, J=7.0 and
1.5 Hz, H-1), 2.40 (14, dd, J = 7.0 and 1.5 Hz, H-5), 2.53 (1H, s,
H-ND, 564 (1H, sext, J=15Hz, olefinic proton); MS m/¢
218.1690 (M, 56%, C1sHx0 requires: 218.1669), 203 (32), 190 (7),
189 (12), 185 (5), 175 (71), 161 (41), 159 (16), 157 (25), 149 (29), 148
(75), 147 (100), 145 (20), 135 (43), 134 (24), 133 (7D), 131 (21), 123
(24), 122 (74), 121 (41), 120 (21), 119 (53), 117 (26), 115 (27), 110
(36), 109 (35), 108 (32), 107 (36), 106 (25) and 105 (85).
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