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iZssTR%cT.-The known compound isohelenalin (1) was isolated from Helen ium 
microcephalum and the previously reported structure confirmed on the basis of physico- 
chemical da ta  and chemical transformation. In  addition, a new antileukemic 
sesquiterpene lactone, isohelenol (2), was isolated and i ts  structure elucidated. 

Search for ample supplies of helenalin for use in determining the relationship 
between structure and antitumor activity among sesquiterpene lactones led to the 
investigation of the plant Helenium microcephalum. This plant previously was 
reported to contain helenalin (4) in good yeields (1). Investigation of the minor 
constituents of this plant has led to  the isolation of several nely antitumor sesqui- 
terpene lactones, microhelenins -A, -B, -C, microlenin and microlenin acetate3 
(2-5). In  this paper, the isolation and structure elucidation of two more minor 
constituents, isohelenalin (1) and isohelenol ( 2 ) ,  are reported. 

Isohelenalin was isolated by column chromatography of the chloroform extract 
of the whole, dried plant. The same substance ivas previously isolated from the 
same plant by Buchi and Rosenthal (6). The structure assigned to  this com- 
pound (5 )  was later modified by Hew and his associates, who synthesized iso- 
helenalin by catalytic isomerization of helenalin (7). In both cases, little physical 
data ([cy]D, mp, ir, and uv) was reported. Our work confirms the assignment of 
structure 1 for isohelenalin as reported by Herz and associates (7). 

Isohelenalin (1) showed the presence of a cyclopentenone ring (ir bands at  
1700, 1575 cm and 'H-nmr doublet of doublets a t  6 7.72 and 6.20), a secondary 
methyl ('H-nmr doublet a t  6 1.36), and an angular methyl (IH-nmr singlet at  6 1.02) 
group-typical of helenalin-type sesquiterpene lactones. I n  addition, the lH-nmr 
showed the presence of a narrowly split vinyl methyl group at  6 1.96. The physical 
data suggested that isohelenalin was an isomer of helenalin with the double bond 
in conjugation with the y-lactone endocyclic instead of exocyclic as in helenalin (4). 

First, 
isohelenalin was oxidized by pyridinium chlorochromate to give 6, which was 
identical to  the compound synthesized by oxidation of helenalin. This confirmed 
that isohelenalin had the same stereochemistry as helenalin at  C-1, C-5, C-8, and 
C-10. That left only the stereochemistry a t  C-6 to be assigned; this was ac- 
complished by use of a S O E  'H-nmr experiment. Irradiation of the signal for the 
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The stereochemistry of isohelenalin was assigned by two experiments. 

282 



MAY-JUS 19'791 SIJIS ET AL.  : .ISTITUJIOR AGEXTS 

I 
!! I 

1 2, R = H  
3, R =COCK, 

2s3 

6 7 

angular methyl group (6 0.84) of 2,3 dihydroisohelenalin ( 7 ) ,  obtained by catalytic 
hydrogenation of 1 with platinum oxide in ethanol, resulted in an 8% increase in 
the signal for H-6. Thus, H-6 is @, which means the hydroxyl group at C-6 is 
ct as in helenalin. 

Isohelenol (2) was isolated from the more polar fractions of the plant extract. 
The 'H-nmr spectrum was very similar to that of isohelenalin (table 1). It showed 
the characteristic doublet of doublets a t  6 i.i-1 and 6 6.20 for the olefinic protons 
of the cyclopentenone, as n-ell as the secondary and angular methyls at  6 1.36 and 
6 1.02, respectively. Acetylation of isohelenol with acetic anhydride-pyridine gave 
a diacetate (3) ('H-nmr showed two acetyl methyls at 6 2.10 and 1.96) which indi- 
cated isohelenol was a diol. The l3C-nmr spectrum was comparable to those of 
helenalin and the helenalin portion of microlenin (5). In  addition, it showed the 
presence of the endocyclic double bond (singlet peaks at 6 166.80 and 129.26). 
This evidence led to the assignment of the plane structure of isohelenol devoid of 
stereochemistry. 

The stereochemistry of isohelenol was assigned on the basis of a SOE 'H-nmr 
experiment. Irradiation of the angular methyl group at C-3 resulted in increases 
in the signals for the 11-CH2 (9.4%) and the multiplet for H-10 and H-9,,b (15.4Yc). 
Drieding models of the possible structures of isohelenol gave only one structure 8 
which fits this physical data. In  addition, the similarities in the 'H-nmr spectra 
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of isohelenalin and isohelenol, coupled v-ith the biogenetic implications suggested 
by the co-occurrence of isohelenol (2) and isohelenalin (1) as well as helenalin 
(4)) supported the assignment of the structure of isohelenol as 2. 

Isohelenol was tested for iiz e i zo  antitumor activity against P388 lymphocytic 
leukemia. Further 
studies on the structure-activity relationships and mechanism of action among 
the isohelenol-related sesquiterpene lactones are currently in progress (9). 

A T C value of 133% Ti-ac seen at  a dose of 12.5 mg/kg.4 

Isohelenalin 
I 

Assignment , 

8 

Isohelenol 

H-1 , 3.28 (m) 3.45 (m) 
H-2 ~ i.74 (dd. 2 0, 6.0) 
H-3 6 20 (dd, 3.0, 6.0) , 6.20 (dd, 3.0, 6.0) 
H-6 5.18 (br s) 
H-8 5 38 (m) 
CH3-5 1 0 2  (s) 
CH3-10 1.36 (d, 6.0) 

7.72 (dd, 2 0, 6 0) 

I 

&Values are in par t s  per million, multiplicities are indicated by 
the usual symbols: s, singlet; d ,  doublet; m, multiplet whose center is 
given. Numbers in parenthesis are coupling constants in hertz. 

EXPERIAIEXTALS 
PL.MT M,raTERI.%L,-The Helei i i im microcephaluvt (Cowzpos i fae)  used was from a collection 

made in June 19i2 in Burleson County, Texas, by Professor John J .  Sperry of Texas d 8: 11 
University. A voucher specimen (J. J.  Sperry, S o .  4020) is available for inspection a t  the 
Herbarium of the Department of Botany, University of North Carolina a t  Chapel Hill. 

41n e i i o  activity was assayed by standard Sa t iona l  Cancer Insti tute procedures described 
by literature 8. 

Wel t ing  points vere  determined on a Thomas-Hoover melting point apparatus and are 
uncorrected. Infrared spectra (ir)  were recorded on a Perkin-Elmer 257 grating spectrophoto- 
meter. "-nuclear magnetic resonance ('H-nmr) spectra were recorded on a 1-arian XL-100 
spectrometer and are given in parts per million (6) downfield from an internal tetramethylsilane 
(TRH) standard.  13C-nmr spectra were recorded on a Jeolco FX-100 spectrometer functioning 
a t  25.20 N H z .  The abbreviations s, d, t ,  q ,  and ni refer to  singlet, doublet, triplet, quar te t ,  
and multiplet, respectively. RIass spectra were determined on an A.E.I. &IS-902 instrument 
a t  i 0  e T  using a direct inlet system. The  a h b r e v i a t i o n X t  refers to the molecular ion. Silica 
gel for column chromatography refers t o  IIerck silica gel GO (70-230 mesh). Silica gel for 
preparative thin layer chromatography (ptlc) refers t o  Analtech silica gel G (1000 microns). 
Compounds were visualized by ultraviolet light, iodine vapor, or  b j  spraying with 1% &(SO4)*- 
10% HzS04 solution fo l lomd by heating. 

T I C  values 2125% are considered significant. 
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PRELIMISARI ExTRacTI0s.-The ground air-dried whole plant (7 kg) was exhaustively 

extracted n-ith chloroform and evaporated in i~acuo  t o  give a crude oil. This oil was dissolved 
in methanol-water (2:l)  and extracted several times with hexane. The aqueous layer x-as 
concentrated and then extracted several times p-ith chloroform. The  chloroform layers q-ere 
combined, dried over anhydrous sodium sulfate, and then evaporated in i~aczm t o  give 181 g of 
a dark brown gum. 

ISOL-JTIOS OF ISOHELES.~LIS ( 1 )  .~SD ISOHELEKOL (2).-The crude chloroform extract was 
chromatographed on silica gel (10 s T O  em) and eluted with benzene-chloroform, chloroform, 
chloroform-ethyl acetate, and acetone. Isohelenalin (1, 130 mg) was isolated from the chloro- 
form-ethl-l acetate (9:l)  fractions. The  acetone fractions were combined and rechromato- 
graphed cln silica gel in chloroform, chloroform-ethj-1 acetate (20:1), and chloroform-methanol 
150:l) t o  give 0.B g of crude isohelenol. This gum was purified further by ptlc (chloroform- 
methanol, 8:l)  to  give 100 mg of crystalline isohelenol (2). 

IFOHELES- LIS (l).-Isohelenalin had nip 222-224" (chloroform-benzene) [Lit .  6 reported 
mp 200-2G2': Lit .  7 reported nip 268-270' (acetone-ether);. The i r  spectrum (CHC1,) of 1 
showed bands a t  3300-3600 (OH), l T i O  (lactone), 1700 and 1575 (cyclopentenonej em-'. I t s  
'H-nmr (CDClj) spectrum exhibited signals a t  6 7.72 ( l H ,  dd,  J=2.0,  6.0 Hz,  H-2), 6.20 f lH,  
dd,  J=3.0,  6.0 Hz, H-3)> 5.30 ( l H ,  m,  H-8), 5.08 i lH,  br .  s, H-Gj, 3.28 ( l H ,  m ,  H-11, 1.96 f3H, 
d,  J=2.0 Hz, CH8-l l ) ,  1.36 i3H, d ,  J=G.O Hz, CHZ-lO)! and 1.02 (3H, s ,  CH,-5). The mass 
spectrum shon-ed 11- a t  ni e 262. 

IFOHELESOL i2).-Isohelenol had mp 190-192'. I t s  i r  (CHC13) show-ed bands a t  3400 fOH) ,  
lT5O (lactone), lTO5 and 1580 (el-clopentenone) cni-l. The 1H-nmr (CDC1,) exhibited signals 
a t  6 7.74 ' lH,  dd ,  /=2.0,  6.0 Hz, H-21, 6.20 i l H ,  dd,  /=3 .0 ,  6.0 Hz) ,  5.38 i lH,  m,  H-8), 5.18 
!1H: br. s. H-61, 4.4G 12H! br .  s ,  CHZ-ll), 3.45 i lH,  m,  H-I) ,  1.36 f3H: d ,  J=G.OHz, CHS-10) and 
1.02 t3H, s, CHZ-5). Its '3C-nnir spectrum (pyridine) exhibited peaks a t  6 210.97 is,  C - f ) ,  
173.14 i s ,  C-12), 166.80 js, C-T), 105.03 id,  C-21, 131.31 id, C-3), 129.2G (s,  C-111, 77.74 id,  
C-8,, 65.93 ( d ,  C:-G): 55.41 fs>-$-5), 53.88 ( t ,  C-131, 19.54 (d: C- l ) ,  39.78 i t ,  C-gj, 26.68 td, 
C-IO), 21.22 (q,  C-l4j and 18.15 fq, C-15). The mass spectrum showed AI+ a t  n7:e  278.1157 
iSC:SHliOj requires 278.1153). 

.~CETYL.ITIOS OF IsoHELEsoL.-Acetylation of isohelenol (2, 10 mg) with acetic anh?-dride 
(0.5 nil) and pyridine (1 ml)  a t  room temperature for 18 hours followed bj- the usual work-up 
and ptlc (chloroform-acetone, 5: l )  gave 5 mg of diacetyl isohelenol (3) .  The mass spectrum 
of 3 showed lI+ a t  ~7 l e  362.1368 (ClsH?,O; requires 362.1364). Its 1H-nmr iCDCl;) exhibited 
peaks a t  i8 7.70 i lH,  dd ,  J=2.0,  6.0 Hz, H-21, 6.24 i lH,  dd,  J=3.0,  6.0 Hz, H-31, 6.21 t l H ,  br .  
s, H-G), 5.15 ( l H ,  ni, H-8), 5.05 (2H, AB q, J=13.0 Hz,  ll-CHZ), 3.1 i lH,  ni, H-lI> 2.10 and 
1.96 iboth 3H, s, OCOCHB), 1.38 (3H, d ,  J=G.O Hz,  CHi-10) and 1.10 OH, s, CHj-5). 

OZIDATIOS 01' 1soHELEsaLIs.-Pyridiniilm chloruchromate (50 mg) was added Kith stirring 
t o  isohelenalin (1, 10 mg) in 10 nil of ice-cold anhydrous methylene chloride. After 10 minutes 
the solution was allowed t o  warm t o  room temperature and stirred overnight. The  solution 
was then diluted with chloroform, m s h e d  with water, dried over anhydrous sodium sulfate, 
and the solvent evaporated in z'uczm. The residual oil was chromatographed on silica gel 
column (chloroform-ethyl acetate, 9:1), followed by ptlc (chloroform-ethyl acetate, 1 : l )  to  
give a compound which was recrrstallized from chloroform-ether t o  vield 6 mg of 6: mp 162- 
163": ir (CHCl,): 1750, lTl5 and"1680 em1-: 'H-nmr (CDC1,): 6 7.56 I l H ,  dd,  J=2.0,  6.0 Hz, 
13-21, 6.1G [ l H ,  dd ,  J=3.0,  6.0 Hz,  II-3), 5.22 ( lH,  m, H-8), 3.00 ( l H ,  br. d ,  J = 1 2  Hz,  H- l ) ,  
2.15 13-H, br. s ,  CH$-l l ) ,  1.48 (3,H, s ,  CH;-5) and 1.44 (3H, d ,  J=G.O Hz,  CH3-IO). The  mass 
spectrum of 6 showed hI+ at  ni, e 260. 

OXIDATIOS OF HELES.iLIS.-Pyridinium chlorochromate (100 mg) was added with stirring 
t o  50 mg of helenalin 14) in 50 ml of ice-cold anhydrous methylene chloride. h f te r  10 minutes 
the solution was allowed t o  warm to room temperature and stirred overnight. The reaction 
was worked up a s  above. The oil was purified as above to  give 13 mg of a crystalline product 
i6, mp 161-163') nh ich  was identical by t lc and ir ,  nnir and mass spectra t o  tha t  obtained from 
the oxidation of isohelenalin (1).  

REDECTIOS OF IsoHELEs.ILIs.-Platinllni oxide 13 nig) was added to  9 mg of isohelenalin 
rl I in 10 nil of ethanol. The  solution m-as stirred under hydrogen gas for 6 hours, the catalj-st 
filtered out and i he solvent removed. The residue --as recrystallized from chloroform-ether 
to  give 8 mg of i as colorless needles: nip 206-208' (L i t .  G reported mp 2127.  I t s  i r  spectrum 
(CHC1;) showed hydroxvl (3400 cni-lj and carbon\-1 (1730 cni-l) peaks. The 'H-nmr ICDCl,) 
showed signals at  6 5.15 i l H ,  m, H-S), 4.S8 flH! h i .  P ,  H-G), 1.89 (311,. br. s, CH:-11), 1.19 i3H, 
d ,  J=G.O Hz. CHs-lOr and 0.84 OH, s, CHZ-5). The mass spectrum showed AI+ at  217 e 264. 
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