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CONSTITUENTS OF GENUS PETASITES-IV’ 

BAKKENOLIDE-A, A SESQUITERPENE OF NOVEL CARBON SKELETON 
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Ah&act-A group of a new type of sesquiterpene, named bakkenolide_A, B, C, D, and E was isolated from 
the buds of Permires juponicus (Sieb. et Zucc.) Maxim. subsp. giganteus (Fr. S&m.) Kitam. (Japanese 
name, Akita-buki). They have a novel spiro-y-lactone grouping. The structure and stereochemistry 
including absolute configuration was established for bakkenolide-A (B-A) (1) on the basis of chemical 
degradations (Chart I, 2) and physical measurements. The C,,dicarboxylic acid (5). a main degradation 
product of B-A during potassium permanganate oxidation, was instrumental in determination of the 
full structure. The absolute configuration was based on the transformation of B-A to the known perhydro- 
indanone derivative (12). 

THE antitussive and peptic properties of buds of the genus Petasites have been known 
in Japan and groups2 have reported the isolation of sesquiterpenes with the eremo- 
philane skeleton from Petusites juponicus. Novotny et cd3 also have reported many 
studies on the components of European Petasites. We were interested in the medicinal 
properties and the bitter principle of Petasites juponicus (Sieb. et Zucc.) Maxim. 
subsp. giganteus (Fr. Schm.) Kitam., the distribution of which is limited to the northern 
part of Japan. During the investigation of the components of the buds, we isolated 
new sesquiterpene lactones which were named bakkenolide-A, B, C, D, and E after 
the local name “Bakke” for the bud of this plant. The present paper discusses the 
complete structure including the stereochemistry of Bakkenolide-A. t 

Bakkenolide-A (l), m.p. 80-81”, C15HZZ02 (M+ 234, mol wt. 234*33), has IR 
absorption at 3070,1767,1666 and 899 cm- ’ and has only weak end absorption in the 
UV spectrum. The spectral data indicated the presence of an unconjugated terminal 
methylene group and a y-lactone grouping. This deduction was verified by an 
observation which led to the partial structure la. B-A is insoluble in cold but soluble 
in hot aqueous alkali to form a sodium salt which regenerates B-A on acidification. 
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l To whom all correspondence should be addressed. 
t A part of this work has been published in part I of this series as a short communication, see Ref. I. 
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FIG. 1 100 MC. NMR spectrum of bakkenolide-A(1) in deutcriobenzene 

The NMR spectrum of R-A in deuteriobenzene (Fig 1) shows the signals of four 
protons at 4.24-8 ppm [GHr,,*t and 6H,,, = 4.21, 6H,,, and 6H,,,, = 4.78 and 
450, J (12a-12b) = 134, J(12a-13a) = J(Kk13b) = J(12b-13a) = J(12b13b)) = 
ca. 21, J(13a-13b) = ca. 05, which indicated the partial structure lb or lc. 

R-A consumed one mole equivalent of hydrogen on catalytic reduction with 
Pd-C in ethanol to afford a mixture of stereoisomeric dihydroderivatives (2) 
C,,H,O,. The IR spectrum of the mixture indicated a strong y-lactone band at 
1768 cm- ‘. The NMR spectrum of the predominant isomer in deuteriochloroform 
(Fig. 2) shows two secondary Me groups at 1.05 ppm (doublet, J = 7-O) and 0.82 ppm 
(doublet, J = 6-O), (2a or 2b) grouping [6H,,, and HIZb at 4.26 and 3.79 ppm, 
J(12a-12b) = 8.8, J(12a-11) = 6.1, 5(12b-11) = 4.51, and a multiplet (Hi,) at 
2.29 ppm. The latter signal became a clear 1: 3 : 3 : 1 quartet when both H 1 2a and H 1 2b 
were irradiated at the same time (Fig. 2 0). This triple resonance experiment indicated 
absence of a proton on the carbon next to Cir. Strong irradiation of Hi, at 6 2.29 
resulted in decouplings of the new secondary Me doublet at 1% ppm to singlet 
(Fig 2 0) as well as both Hi, and HIZb to a pair of doublets. These observations 
indicated that the dihydro derivative has the partial structure 2a, and not 2h, particu- 
larly in view of the chemical shifts of H 1 ?a and Hi *,,. 

CH, CH, 

2a 2b 

*In the case of a signal due to two protons on the same carbon if the correct assignment could not be 
given, then the suffiues a and b were used. These suffixes, therefore, have not any structural meaning. 

t The numbering was given after consideration of the biosynthesis of the carbon skeleton which may 
be derived from the eremophilane skeleton in tbe plant. See part III of this series. 

# The symbol n refers a carbon bearing no hydrogen. 
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4.0 3.0 2.0 1.0 pp 

FIG. 2 100 MC NMR spectrum of a mixture of dihydrobakkenolidc-A (2) stereoisomers at C1, in 
deuteriocbloroform 

The nature of the lactone grouping was made evident by reduction of EA with 
LAH. The product was a crystalline diol(3) CiSH,,O,, m.p. 81-82” (IR band at 3280 
cm-‘, formation of a diacetate 4). The NMR spectrum (Fig. 3) of 3 in deuterio- 
chloroform exhibits a diffuse singlet at 6 3-00 (two OH), an AR-type quartet centered 
at 6 3.37. The new quartet could be assigned to the two hydrogens of the Cs methylene. 
.I’his splitting (Jab = 10.5) was due to geminal coupling and hence showed that C, 
has no proton. The spectral data also confirmed the partial structure 2a for 2 and 
la for EA. 

Thus it was concluded that B-A is a Spiro-y-lactone* (C-ring)? having a terminal 

-.- 
:.o 

_...I. _~o_--L~ 
4.0 3.0 1.0 Ppm 

FIG. 3 100 MC NMR spectrum of&A diol(3) in deuteriochloroform 

l The Spiro-y-lactone such as B-A is not common in a sesquiterpene &tone. This is the first example 
as far as we know. K. Naya et al. have also reported that bakkenolde+A, B and D were isolated from 
Petusites japoniafs Maxim.* 

t The 6 and Smembered rings in turns are d&bed as A- and B-ring. Set structure 1. 
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methylene on the ring. In conjunction with the molecular formula, the presence of 
only one double bond and a lactone determines that B-A is tricyclic. The structure 
of the remainder (B, C-ring) of B-A was determined as follows. 

Oxidation of B-A or the dio13 with potassium permanganate in aqueous alkaline 
solution afforded a mixture of several degradation products, the main product of 
which was Ci idicarboxylic acid (5) C1 iH,sO,. This dicarboxylic acid readily gave 
an acid anhydride (6) when heated in acetic anhydride, the IR spectrum of which 
showed bands at 1803 and 1760 cm- ’ characteristic of an anhydride of a six or larger 
membered ring. The nature of the carboxyl groups was deduced from observation 
of the rate of ester exchange (conversion of <O&H, to -CO&D,) of the di- 
methyl ester (7) which was obtained by treatment of the dicarboxylic acid with diazo- 
methane. The dimethyl ester was dissolved in methanol-d, containing sodium 
methoxided, (ca. 4.2% wt of sodium in methanol-d,) and the rate in decrease of the 
Me signals was checked by NMR. Although the two ester Me signals have the same 
chemical shift, the signal area (6H, relative to tertiary Me, 3H) was reduced to half 
(3H) at room temperature but was not reduced to less than half after standing for 
27 hr at room temperature and for another 17 hr at 53-55”. 

This experiment demonstrated that only one of the two carbomethoxy groups in 
7 is tertiary. Consideration of the presence of a tertiary Me group and its chemical 
shift (l-23 ppm) led to the partial structure 5a to the dicarboxylic acid (another 
carboxyl group should not bond to Cl0 or C,). 

FIG. 4 100 MC NMR spectrum of C, ,-dicarboxylic acid in deuteriobenzene 

The NMR spectrum of 5 in deuteriobenzene (Fig 4) shows, in addition to a tertiary 
Me group (singlet at 6 l-23) and a secondary Me group (doublet at 6 082, J = 6.5), 
a group of signals which is characteristic of an ABC-pattern where the C-proton 
(2.45 ppm) is further coupled to two additional protons [cf. Fig. 4, and structure !Ih 
H,,(A) and H&B) at 2.93 and 2.17 ppm, H 10(C) at 2-45 ppm ; J(9a-9b) = 16.5, 
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J(9a-10) = 9.5, J(9b-10) = 2.3, J(lO-la) = J(lO-lb) = ca 31. These signals clearly 
indicated the presence of the sequence -CH-CH,-COOH. The chemical shifts 

of Hg and Hio, the magnitude of J(9a-9b),5 the presence of the partial structure Sa, 

C”, 
I 

HOOC--CI-Ca 

k 10 

Sa . Sb 

the facility with which the two carboxyl groups formed an anhydride and the an- 
hydride ring larger than a 5-membered ring, as well as coupling of HI0 to only two 
protons except H,, and H9,,, all confirmed the presence of partial structure 5b. 
Moreover, considering the presence of only one additional secondary Me group 
and the absence of any olehnic protons, the C,,dica.rboxylic acid (5) must be a 
saturated cyclohexane derivative. The position of the secondary Me group, and hence 
full structure of 5 was based on the following multiple resonance. (i) Irradiation of the 
secondary Me group at 6 @82 caused the broad multiplet signal (HJ underlying the 
H,, signal to show as a doublet of doublet centered at 2.17 ppm, whereas (ii) irradia- 
tion near 1.30 ppm (H,, and H3J changed this H4 signal to a broad quartet again 
centered at near 2.2 ppm, and (iii) simultaneous irradiation at both 080 and 1.33 ppm 
converted the signal at 6 2.17 to a broad singlet.* These decoupling experiments, 

2 
B-Al 

LAH RO 

- P 3 
RO 

/ 4 R=H 
R = AC 

6 5 7 

l The broadness of the quartet and singlet in the last two cases was attributed to incomplete decoupling 
of the apparently broad multiplets at near 1.30 ppm due to the C,-protons. 
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particularly those of (i), are best explained in terms of a I)-CH(CH&-CH,- 
grouping which immediately led to proposal of structure 5 for the carboxylic acid 
and of 6 for the anhydride, and hence A-ring of B-A was presented as ld. 

c 

Id 

The Nh4R spectrum of R-A shows four sharp peaks at 168,1*83,1*92 and 207 ppm. 
The following spin tickling experiments indicated that these four peaks consist of 
an AR type quartet isolated from other spin systems. Weak irradiation of one of them 
at 1.68 ppm (Fig 5 (iJ) made the peak at 1.92 ppm decrease in height and split to a 
doublet and made the peak at 247 ppm increase in height but not change the splitting. 
Similar irradiation of the peak at 1.83 ppm (Fig 5 0) made the former (6 l-92) 
increase in height and split to a doublet and made the latter (6 297) decrease in height 
and split to a doublet. Therefore, B-A has -Hz+ grouping in R-ring. All 

* 
23 2.0 185 ppn. 

FIQ. 5 Spin tickling of Bakkcnolide-A 

derivatives of B-A retaining B-ring also show the AR type quartet (Table 1). There 
is only one possible combination of part structures la, Id and Ill_cH,-+ grouping 
and the full structure of B-A is therefore 1. The stereochemistry was established as 
follows. 

The NMR spe-ctrum of B-A shows $ignals at 14-25 ppm due to three protons 
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:OH 

m/e 
l:X=CH, 111 

2:x = <“, 
3 

1,3 

The relative configuration at C, was based on a consideration of anisotropy 
effects of lactone carbonyl and exocyclic methylene double bond to tertiary Me 
group (Table 2). The chemical shift of the Me group in deuteriochloroform solution 
was little a&ted when the double bond was saturated or oxidized to carbonyl. On 

. the other hand the characteristic upfield displacement (O-1 ppm) was observed when 

TABLE 2. THE CHEMICAL sms OF C,-Me IN CDCI, 

B-A (1) 
0.98 

Dihydro 5A (2) Nor-ketone (8) B-A diol (3) 
0.96 049 0.87 

the lactone carbonyl was removed by reduction to dial 3. These findings suggested 
that the CO group and the tertiary Me group are on the same side of the molecule 
in B-A. Absolute con~~mtion and stereochemistry at all centers excepting C, 
were established by conversion of B-A to the perhydroindanone derivative (12) 
of known structure and stereochemistry. The treatment of E-A with osmium tetroxide 
and sodium periodate in dioxan afforded a degradation product, 13-nor-12-0x0- 
bakkenolide A (nor-ketone) (8), Ci4HZ003, whose IR spectrum shows that the exo- 
cyclic methylene was converted to ketone (disappearance of IR bands at 3070,1666 
and 899 cm-’ originally present in B-A) and the NMR spectrum shows the Ciz 
methylene protons at 460 ppm as a singlet. This nor-ketone was oxidized with sodium 
hypobromide to Cl jdicarboxylic acid (9), which was identified after it was converted 
to its dimethyl ester (lo), &Hz404, which has strong absorption at 1737 cm-‘. 
Inspection of its NMR spectrum provided clear proof that the dimethyl ester retains 
the Bring, i.e. a pair of doublets characteristic of C, methylene protons was shown at 
246 and 1.76 ppm (.J = 14.5 c/s) (Table 1). Treatment of 9 with lead tetra-acetate and 
pyridine’ followed by hydrolysis of the resulting diacetate (11) with methanolic 
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I NaOBr 

HOOC 
dimethylester - 

pb(OAc). 

HOOC PyridiIlC 

10 11 
OH- \ m 2,4-dinitrophenylhydro - 

/ 

I3 H I2 

potassium hydroxide gave a ketone (12) as a colorless liquid, whose IR spectrum 
shows a strong 5-membered CO band at 1743 cm- I. The 2+dinitrophenylhydrazone 
of 12 was identical with that obtained from fukinone (13)’ by comparison of their IR 
spectrum and raps. The full structure of B-A including absolute configuration was 
eventually established as 1. 

EXPERIMENTAL 

Mps were taken with a Thomas Hoover Capillary Melting Point Apparatus and are uncorrected. 
The IR spectra were measured with Hitachi-EPI-S2 model equipped with rock-salt prisms, while measure- 
ment of solution was carried out by a Hitachi-EPI-GZ grating spectrometer. The NMR spectra were 
measured with a Varian A-60 (60 MC.) and a Varian HA-100 (100 MC.) spectrometers equipped with spin 
decouplers. The chemical shifts are expressed in ppm using TM8 as an internal reference The mass spectra 
were recorded with a Hitachi Model RMU-6D spectrometer. 

Isolation oj bakkenolides. Fresh buds (25 Kg) of the plant were crushed and soaked in hot MeOH, and 
the soln (54 L) containing large amount of water was concentrated and extracted with benzene. The benzene 
soln was concentrated in uucuo to &ford a dark greenish viscous liquid (12.5 g), which was submitted to 
steam distillation. BakkenolidbA (70 g) was obtained immediately from the distillate as leaflets. ABcr 
B-A was filtered off, the filtrate was extracted with ether and the extracts were processed in the usual 
manner to afford a neutral liquid (15.2 g), which was distilled and the fraction (lOO-lW2 mmHg) was 
chromatographed over silica gel to give another crop of B-A (3 g). 

The residue after steam distillation was taken up again with benzene, the benzene soluble part (62 g) was 
chromatographed over alumina with pet ether, benzene, benzene-ether, and MeOH as cluents. Bakkenolide- 
B (3.5 g), -D (@2 g) and -C (0.8 g) were obtained in turn from the benzene, benzencether, and MeOH 
eluents respectively. After B-B and B-C were isolated by filtration, the combined residues were again 
chromatographed over silica gel. Elution with benzene-ether gave bakkenolide-E (O-8 g). 

BakkenolidbA C,sH,,O, leaflets from n-pentanc ,=;0 

-B C,,H,oO, needles from EtOH 101-102 

-C C,oH,sOs needles from ether 166-167” 

-D C,,H,sO,8 needles from MeOH 20~2060’ 

-E CstH,oO6 needles from MeDH 168-169” 

l In some cases different mps, i.e. 189-190” and 201-202”, were recorded, which could be due to poly- 
morphism. 
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laya was qarated, the combined aqueous layer was extracted with ether to remove neutral materials. 
The resulting aqueous layer was acidified to pH ca. 2 with 4N HCl and then extracted with ether 4 times 
(50 ml and 30 ml x 3). TM extracts were washed with water, dried over MgSO, and evaporated to give a 
white solid (213 mg), which was divided into a n-pentane soluble part and insoluble part (93 mg). The 
former gave the C,,dicarboxylic acid (156 mg), which was recrystalhzd from water to afford colorless 
needles, m.p. 140-1415”. Trituration of a part of the latta with cyclohexane to obtain crystals resulted in 
decomposition and gaseous evolution. Treatment of another part of this with ethereal diaxomethane gave a 
colorless liquid which was identified as C&karboxylic acid dimethylestcr (10) by VPC. 

Acid anhydride (6). In a sealed tube a soln of5 (23 ms) in Ac,O (01 ml) was heated at 140-160” for 15 hr. 
After the solvent was evaporated, the resulting colorless liquid was kept 61 vucao until the cdour of Ac,O 
disappeared. The crude acid anhydride (21 mg) contained ca 14% of starting material (NMR evidence); 
v,(liquid) 2940, 1803 and 1760 (anhydride), 1034, 995 and 953 cm-‘. NMR data (CC& containing ca. 
5% benzene; 100 MC/S): a d (J = 7.2) at @92 (Cd--Me), a s at 1.22 (&--Me), a d of d (J = 184 and 5.4) 
at 2.53 (HI, H,,), a d of d (J = 184 and 6.2) at 2.79 (lH, HP.), and m at near 2.22. (C.-H) and near l-937 

(C,,-H). 
Dimethylester (7) ofC, ,-dicurboxylic acid. A soln of crude S (175 mg) in ether was treated with ethereal 

diaxomcthane under ice-cooling. The soln was washed successively with Na,CO,aq and water, and then 
dried. Evaporation of the solvent gave 7 as a colourkas liquid (161 mg). A portion (141 ma) of this was 
chromatographed on 4 g silica gel in benxenecyclohcxane (3 : 2). Fractions containing the desired product 
were pooled and concentrated giving 117 mg of 7, which was distilled at 1.5 mmHg and 91” (bath temp). 
(Found:~64~49;~9~19.C,,H,,O,rtquircs:C,64~44;~9~15~~M’wasmcasurcdatm/e~2(C,,H,,O, 
requires 242); v, (liquid); 2950,1746 (ester), 1438,1241, 1169 and 1101 cm-i. 

Ester exchange (COOCH, to COOCD,). The dimethylester 7 (20 mg) was dissolved in MeOHd, 
(@32 ml) and the NMR spectrum was measured. To this sohr in the NMR tube was added a soln of 
McONad, in MeOHd. Cprepared by addition of Na (19 mg) to MeOHd, (019 ml)] at room temp 
(22-26”). The first run of the NMR measurement started after 10 min. Inspection of the spectrum indicated 
when the exchange was complete. After standing for 27 hr at room temp and the solvent was distilled off 
under N, at 90” (bath temp), new MeOHd, (about Bl ml) was added. After this operation was repeated 
thrice and followed by standing for 17 hr at 53-55”, the NMR was measured. The spectrum of this run 
revealed that no perceptibk change in the ratio of COOCH, to COOCD, had occmred and any exchange 

of the active methylene protons to deuteriums at a-position of the carbomethoxy group was not observed 
(3H, 1.7-26 ppm) but the shape of the spectrum in this region was affected. 

13-Nor-12-o~b&fcenolide-A (8). To a soln of 1 (446 mg) in a mixture of dioxan (36 ml), water (8 ml) 
and AcOH (4 ml) was added 2 ml osmium tetroxide soln [prepared from osmium tetroxide (254 mg, 
1 mmol), dioxan (10 ml) and water (3 ml)] and sodium periodide (160 g) during 15 min. ARer the mixture 
was stirred at room temp for 20 hr, it was diluted with water. The ethereal extract of the mixture was washed 
successively with Na,CO,aq and water and then dried and concentrated. The crude product (460 mg) 
was recrystallized twia from n-pentane to give a pure sampk (368 mg, prisms), mp. 106-5-107”. (Found: 
C. 7109; H, 8.63. C,,H,,Oa requires: C, 71.16; 8.53%). M+ was measured at m/e 236 (C,,H,,O, requires 
236) ; v, (KBr) 2930,1794, and 1747 (y-lactone and ketone), 1278,1052 and 1135 cm- i. NMR data (CDCl, ; 
100 MC/S): ad (J = 68) at 080 (C,-Me), a s at W9 (&---Me), a pair of d (J = 13.7) at l-76 (H,,J and 2.10 
(H&, and a s at 460 (2H, H ,2. and H,,s). This compound sublimated at 91” (bath temp) under 1.8 mmHg. 

During another run [241 tug of 1 was used], the crude product was purified by chromatography on 
neutral alumina to afford a colorless liquid (14; 59 mg) as well as 8 (119 mgj Thir liquid had IR absorp- 
tion (liquid) at 345o(OH), 2960, 1716 (C=O), 1464, 1076 and 965 cm-‘. Acetylation of 14 (68 mg) in the 
usual way gave a mixture (64 mg) of two acetates (from NMR analysis) as colorless liquid These acetates 
are presumably stereoisomers at C, of ketoacetate (1s). Afkr chromatography on silica gel, the IR, NMR, 
and mass spectra of the mixture of the two stereoisomers were measured. M+ was not detectable but 
MCH,COOH was at m/e 192 (C,,H,,O requires 192); v_(liquid) 2920, 1750 (acetate), 1728 (C=O), 
1467, 1378, 1234 (acetate), 1041, and 840 cm-i. NMR data (CCl,; 60 MC/S): C,-Me (d, J = 5.5 at @78 

l Irradiation at 2.22 caused collapse of the doublet of C.-Me to singlet 
t Irradiation at 1.93 collapsed two pairs of doublets of doublet of Hp. and Hpb to a pair of doublets 

(J = 18.4). 
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and 075), Cs-Me (s at @88 and 086), H, (m at near 292), H,, and H,,, (s at 4.51X and CH,COO- 
(s at 245). 

C,,-Dicmboxylic acid (9j To a soh of 8 (100 mg) in dioxan (17 ml) was addai dropwi4t a sodium hypo- 
bromide soln Cprepared from NaOH (2.2 g), water (17 ml) and Br, (312 mg)] for 35 mitt under ice-cooling 
and stirring. After 15 min. the is-cooling was removed and the stirring was continued for 14 hr at room 
temp. Small amount of NaHSO, was added to the reaction mixture, which was concentrated under re- 
duced press on a water bath (90”). It was then acidified with dil Ha and again extracted four times with 
ether. The crude acid (94 mg) was obtained from the fti etha extracts as a semi-solid, a portion of which 
was aterified with ethereal diazomethane. The resulting crude ester contained about 90”/, of a main 
product accompanies by five components (by VPC analysisj This dimethyl ester was chromatographed 
on silica gel to give a pure sample (10). (Found: C, 67.41; H, 901. C,,H2*0, requires: C, 67.13; H, 992%). 
M+ 236 (C1sH2401 requires 236); Y -(liquid) 2950.2920, 1737 (ester), 1437, 1252 (ester), and 1157cm-*. 
NMR data (CCl.; 60 MC/S): a d (J = 5.1) at 0.77 (C,-Me), a s at 0.88 (&-Me), a pair of ds (J = 14.5) 
at l-76 (H,,,) and 246 (H,3, a m at 1.624 (3Hj and a s at 365 (6H, two methyk of esters). 

Diucetate (11). The crude 9 (126 mg) was dissolved in dry benzene (1 ml) and pyridine (114 mg). To the 
soIn was added lead tetraacetate (337 mg). AAer the vigorous evolution of CO, ceased, the mixture was 
heated under reflur When the mixture became paste, it was dissolved by addition of dry benzene (twice, 
each 1 ml). After 45 min additional lead tetraacetate (192 mg) was added and the relluxing was continued 
for another 3.5 hr. The mixture was then cooled and diluted with ether. After the inorganic ppt was filtered 
off. the filtrate was extracted thrice with ether. The combined extracts were washed successively with diI 
HCI. NaHCO, and water and then dried and concentrated to afford a colorless liquid (80 mg). This 
product was not purified and the IR spectrum was measured; v&liquid) 2910, 1860, 1754 and 1738 
(acetate), 1464.1374 1241 (acetate), 1190 and 1005 cm-‘. 

cis-3a+Dimethylhexuhydroindanone-2 (12). The crude diacetate obtained as described above was 
hydrolysed with % KOHaq in aqueous MeOH (5 ml) at room temp. Extraction with ether followed by 
the usual work up afforded a yellowish liquid (44 mg); -(liquid) 2920, 2860, 1743 (C+O), 1464, 1408, 
1380, 1203, 1121 cm-‘. 

The optical rotatory dispersion in Me-OH showed a strong negative cotton effect having two troughs 
at 325 mp and 313 mp but the. correct magnitude of the rotation was not determined because the sample 
was not pure. This product yielded a 2,4_dinitrophenyIhydne without purifiition. 

2,4-DinitrophenyIhydrcuone of 12 und ident@cotion The perhydroindanone derivative (12) gave a 2,4- 
dinitrophenylhydrazone, which was purilied by successive chromatography on alumina and silica gel. 
Elutions in both cases with benzene gave orange colored crystals as prisms. This 2,4dinitrophenylhydra- 
zone was identical with that derived from fukinone (13) by comparison of IR spectrum and mixed m.p. 
(1425-144”), (m.p. of our sample was 142.>144.2”), v, (KBr) 3300 and 3080 (NH), 2910, 1623 (phenyl), 
1591, 1505, 1417, 1339. 1301, 1136,1068,912,832, and 744 cm-‘. 

Ac~owledgernents-The authors are indebted to Professor K. Naya of Kwansei Gakuin University for a 
sample [2,4-DNP of 12 derived from fukinone]. Dr. M. C. Woods of Japan Varian Associate, stationed 
at Tohoku University, for decoupling experiments, and Dr. Funamizu for mass measurements. One of the 
authors (N.A.) thanks Professor R. Oncda of Akita University for encouragement. 

REFERENCES 

’ Part III of this series, K. Shirahata, N. Abe. T. Kato and Y. Kitahara, Bull. Chem. Sot. Jopan 41, 1732 
(1968). Part II; N. Abe, R. Onoda, K. Shirahata, T. Kato, M. C. Woods, Y. Kitahara, K. Ro and T. 
Kurihara, Tetrahedron Letters No. 16,1993 (1968j and Part I; N. Abe, R. Onoda, K. Shirahata, T. Kato, 
M. C. Woods and Y. Kitahara, Ibid. No. 3, 369 (1968). 

a ’ T. Kurihara. K. Ro. H. Takeda and H. Ito, Ann Report, Tohoku Coil. Phurm. 13. 75 (1966); (Chem. 
Abstr. 69.95997.W (1968)). 
b K. Naya and Y. Takagi, Tetrahedron Letters No. 5,629 (1968). 
’ K. Naya, I. Takagi, Y. Kawaguchi, Y. Asada, Y. Hirose and N. Shinod4 Tetrahedron 24,5871(1968). 

3 L. Novotn)i, J. Jixba, V. Heraut, F. sorm, H. L. Zalkow and C Djerassi, Ibid. 19, 1101 (1963j and other 
refs therein; L. Novotnf, V. Herout and F. sorm, Tetrahedron Letters 697 (l%l), and see also, Coil. 
Czech. Chem Commun. 27, 1393. 1400, 1879, 2462, 2711 (1962); Ibid. 29, 1922,2182,2189 (1964); Ibid. 
31, 371 (1966). 



Constituents of genus Petu.Gte+IV 3191 

l K. Naya, I. Takagi, M. Hayashi, S Nakamura, hi. Kobayashi and S. Katsumura, Gem. & Jnd. 318 (lP68). 
’ R. C Cookson, T. A. Crabb, J. J. Frankd and J. Hudcc, Tetrahedron SuppI No. 7,355 (1967). 
6 J. J. Tufaricllo and W. J. Kissd, Tetr&ehn Letters, No. 49,6145 (1966). 
’ Ref. 2c. 


