
EXPERIENTIA 
Vol.  29 - Fasc .  6 P a g .  6 4 5 - 7 8 0  1 5 . 6 .  1973 

S P E C I A L I A  
Les au t eu r s  son t  seuls responsab les  des opinions  expr im6es  dans  ces br~ves  communica t ions .  - Ffir  die K u r z m i t t e i l u n g e n  
is t  ausschl iess t ich der  A u t o r  v e r a n t w o r t l i c h .  - Pe r  le b rev i  comunicaz ion i  ~ r e sponsab i l e  solo l ' au to re .  - The  edi tors  
do n o t  ho ld  t hemse lves  respons ib le  for t he  op in ions  expressed  in t he  a u t h o r s '  br ief  repor ts .  - 0TBeTCTBeHH0CTb aa 

K0p0TKBe coo6meHHa HeC6T HCKJItOqHTeJIbH0 aBT0p. -- E1 responsab le  de los in formes  reducidos,  estA el au tor .  

( + ) - a - S e l i n e n e ,  a n d  E n a n t i o m e r i c  E u d e s m a n e  f r o m  Chiloscyphus polyanthus ( L . )  C o r d a  ~ 

R e c e n t l y  a n u m b e r  of l ive rwor t s  (Hepat icae)  h a v e  been  
shown  to  e l abo ra t e  u n u s u a l  sesqu i te rpenes  in  h i g h  yield.  
A m o n g  these  h a v e  been  severa l  r ep r e s en t a t i ve s  of nove l  
ske le tons ;  e.g. b a z z a n e n e  ~, myl io l  a, a n d  t he  b a r b a t e n e s  4. 
A n o t h e r  f ea tu re  is t he  occurrence  of p rev ious ly  u n k n o w n  
e n a n t i o m e r s  of sesqu i te rpenes  c o m m o n  in  h igher  p l a n t s  5. 

I n  l igh t  of these  i n t e r e s t i ng  f indings ,  we have ,  in  
co l l abo ra t ion  w i t h  Dr. S. HONECK 6, b e g u n  a s y s t e m a t i c  
e x a m i n a t i o n  of t h e  sesqu i te rpene  c o n s t i t u e n t s  of t h e  
vola t i le  ex t r ac t s  of l iverwor ts .  One of t he  f i rs t  s amples  
s tud ied  was t h e  s t eam-d is t i l l ed  e the r  e x t r a c t  of Chiloscy- 
phus  polyanthus  (L.) Corda  p r e p a r e d  b y  Dr. HIJNECK, in 
p a r t  due  to  a r e p o r t  of t he  i so la t ion  of ch i loscyphone  f rom 
th i s  species. Chi loscyphone  has  been  ass igned  s t r u c t u r e  I 
on t he  bas is  of O R D  a n d  N M R  s tudies  9 

Mater ials  and methods. The  p l a n t  sample  was col lected 
b y  Dr. S. HUNECK ( I n s t i t u t  Ifir B iochemie  der  P f l anzen  
der  D.A.W.,  "vVeinberg) in Sachsen.  E t h e r  e x t r a c t i o n  of 
t h e  g r o u n d  a i r -dr ied  m a t e r i a l  af forded a 0.77% yield of 
essent ia l  oil a f te r  s t e a m  dis t i l la t ion .  T he  c o m p o n e n t s  of 
t h e  oil were p a r t i a l l y  s e p a r a t e d  b y  c h r o m a t o g r a p h y  on  
AgNOa-A120 a us ing  a cyc lohexane -benzene  g rad ien t .  The  
c o l u m n  c h r o m a t o g r a p h i c  a n d  s u b s e q u e n t  p r e p a r a t i v e  gas 
c h r o m a t o g r a p h i c  pur i f i ca t ions  were m o n i t o r e d  b y  ana ly t -  
ical  GC 10 on  two  s t a t i o n a r y  phases  Ap iezon-L  (ApL) and  
C a r b o w a x  20M (C-20M). T he  i so la ted  c o m p o u n d s  were 
e x a m i n e d  b y  t he  usua l  spec t ra l  m e t h o d s :  N M R  (60 a n d  
100 MHz,  ~ = 0.0 for  TMS),  op t ica l  r o t a t o r y  d ispers ion  
(ORD) (c, 0.2 pen tane ) ,  I R  (film), a n d  CD (1-10 m M  
pen tane ) .  Samples  for CD d e t e r m i n a t i o n  are  f i l tered 
t h r o u g h  A120 a (Woelm, a c t i v i t y  I, basic)  us ing  p e n t a n e  
j u s t  before  use. 

Compar i son  samples  of e-se l inene were o b t a i n e d  f rom 
2 sources:  commerc i a l  oil of sweet  f lag (Acorus calamus) 
a n d  t he  olef in m i x t u r e  r e su l t ing  f rom s t i r r ing  9 m l  of 

Table I. Retention indices t0 of C hiloscyphus polyanthus sesquiterpenes 

peak No. Oil (%) ApL 0 190 ~ 0 155 ~ C-20M 0 150 ~ 

2 4 1424 1407 
6 7 1479.5 1454 1613 
9 5 1518 1498 1700.5 

11 16 1535.5 1503 1690.5 
14 48 1559 1536.5 1751.5 
/~-barbatene 1534.5 1502.5 1689.5 
~-selinene (II) 1557.5 1535 1753 
5,10-epi-selinene (III) 1581 

fl-selinene ([~]D = + 32 ~ f rom celery seed oil) w i t h  3 ml  of 
formic acid for 36 h. I n  each  case, AgNOa-A120 a ch rom-  
a t o g r a p h y  gave  f rac t ions  enr iched  in e-selinene.  F ina l  
pu r i f i ca t ion  was effected b y  p r e p a r a t i v e  gas c h r o m a t o -  
g raphy .  A compar i son  sample  of 5, 10-epi-a-sel inene ~ was 
t he  gif t  of Dr.  KLEIN. 

Results  and discussion. The  h y d r o c a r b o n  po r t i on  of t he  
essent ia l  oil showed a t  leas t  20 sesqu i t e rpene  c o m p o n e n t s  
on  gas c h r o m a t o g r a p h y .  Of these,  5 were p r e sen t  in  
s ign i f ican t  amoun t s .  The  r e t e n t i o n  d a t a  for these  a n d  
some a u t h e n t i c  samples  are co l lec ted  in Tab le  I. 

T h u s  far, on ly  t he  c o m p o u n d s  respons ib le  for peaks  Nos. 
6, 11, and  14 h a v e  been  i so la ted  in pu re  s ta te .  C o m p o n e n t  
No. 11 was conf i rmed  as f l -ba rba tene  ~" i r o m  the  cor respon-  
dence  of t he  NMR-,  IR- ,  a n d  CD-spec t ra  4. C o m p o n e n t  
No. 6 is a nove l  t r icycl ic  sesqui te rpene .  The  N M R -  
s p e c t r u m  E5.02 (1-vinyl-H),  2.03 (3 al lyl ic-H),  a n d  
0.85-1.06 p p m  (4 CHa signals)l  was d i f fe ren t  f rom those  
of t he  k n o w n  subs t ances  o the rwise  f i t t i ng  t h e  spec t rum.  

C o m p o n e n t  No. 14 was t e n t a t i v e l y  ident i f ied  as a- 
se l inene b y  d i rec t  N M R -  a n d  GC-compar i son  of t he  dienes 
and  t h e i r  h y d r o g e n a t i o n  produc ts .  H o w e v e r  a compar i son  
of t he  obse rved  r o t a t i o n  d a t a  w i t h  t h a t  of a u t h e n t i c  
~-sel inene samples  was h a m p e r e d  b y  t he  low a n d  un-  
r ep roduc ib le  r o t a t i o n  va lues  o b t a i n e d  for d i f fe ren t  
a u t h e n t i c  e-sel inene samples .  This,  t o g e t h e r  w i t h  t he  

1 This work has been supported, in part, by a National Institutes of 
Health grant No. GM-18143. 
S. HAYASHI and A. MATSOO, Experientia 25, 1139 (1969). - A. 
MATSUO, Tetrahedron 27, 2757 (1971). 

3 V. BENESOVA, ]P. SEDMERA, V. HEROUT and F. SOR•, Tetrahedron 
Left. 7977, 2679. 

4 N. H. ANDERSEN, C. R. COSTIN, C. M. KRAMER, Y. OHTA and S. 
HUNECK, Phytoehemistry, submitted for publieation. 

5 Frullania dilatata produces an enantiomeric santor/in-related 
lactone~; Scapania species produce (--)-Iongifolene 8. 

6 S. HUNECK, Institut ffir Biochemie der Plfanzen der Akademie der 
Wissenschaften der DDR, Halle/Saale (DDR). 

7 H. I(NOCHE, G. OURISSON, G. W. PEROLD, J.  FOUSSEREAU and 
J. MALEVlLLE, Science 766, 239 (1969). 

8 S. HUNECK and E. KLEIN, Phytochem. 6, 383 (1967). 
9 S. HAYASHI, A. MATSUO and T. MATSUURA, Tetrahedron Lett. 

7969, 1599; A. MATSUO and S. HAYASHI, 7970, 1289. -- A. MATSUO, 
Tetrahedron 28, 1203 (1972). 

10 N. H. ANDERSEN and M. S. FALCONE, J. Chromatog. 44, 52 (1969). 
it E. KLEIN and W. ROJAN, Tetrahedron Lett. 7970, 279. 
12 fl-Barbatene, a novel tricyclic sesquiterpene common to liverworts 

that is presently under investigation, was first found in Barbilo- 
phozia species 4, and has now been found in Scapania undulata and 
Bazzania trilobata (N. H. ANDERSEN and S. HUNECK, Phytoehem- 
istry 12, in press), see note a 
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Table II. Spectral data for various ~-selinenes 
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NMR data (d) ORD 

c~-selinene 

from/~-selinene 

from A c o r u s  calamus 

Ch. polyanthus No. 14 

5, l O-epi-~-selinene 

10-CHa =C-CH 3 =C-H [a]n [~]a00 Trend 

0.793 1.57 4.67 --16 ~ --71 ~ --ve 
1.71 5.28 

0.807 1.58 4.66 +6 ~ --60 ~ --ve 
1.73 5.26 

0.80 1.57 4.65 +7.8 ~ +74 ~ +ve 
1.72 5.25 

0.84 1.58 4.84 +2.1 ~ ? 
1.72 5.26 

repor t  t h a t  lO-epi-selinenes afford eudesmane  on hydro-  
genat ion  13, appa ren t l y  via ep imer iza t ion  at  C-7 pr ior  to 
reduct ion,  suggested t h a t  c o m p o n e n t  No. 14 is 5, lO-epi-e- 
selinene (III) or the  enan t iomer  of ~-selinene (IV). In  
order  to  allow a def ini t ive  ass ignment  we obta ined  
au then t ic  5, lO-epi-e-selinene 11 for direct  comparison.  The 
N M R  spect ra l  character is t ics  and ro ta t ion  da t a  are 
collected in Table  II.  The epimeric  selinenes p roved  to  be 

d is t inguishable  by  NMR-spec t roscopy ,  lending fur ther  
suppor t  for assigning s t ruc ture  IV to  the  sel inene f rom 
Chiloscyphus. 

The only  acceptable  proof  of enan t iomer ic  re la t ionship  
is chi ropt ica l  spec t ra  t h a t  d isplay  ref lect ion s y m m e t r y  
abou t  zero. Clearly the  ORD data ,  par t i cu la r ly  in the  
v ic in i ty  of the  sodium D-line do not  allow such a conclusion. 
Over the  pas t  5 years,  we have  encounte red  m a n y  cases 
of th is  sort  in sesqui te rpene  s t ruc ture  elucidation,  i.e. 
cases in which  minor  impur i t ies  ( <  3%) drast ical ly  alter  
IeJD values. For  th is  reason we now rely on circular 
d ichro ism in the  240-185 n m  energy  span  for charac ter -  
izing chiral  olefins f rom na tu ra l  sources 14. 

The CD-spect ra  of the  selinenes encountered  in th is  
s t u d y  are reproduced  in the  Figure.  The two ~-selinene 
(II) samples  gave ident ical  t races  wi th in  exper imenta l  
error, even th rough  t h e y  had  I~D values of opposi te  sign. 
The enant iomer ic  na tu re  of e-selinene f rom the  l iverwor t  
oil (IV) is es tabl ished beyond  doub t  by  its CD spect rum.  
In  th is  case the  2 co t ton  effects observed are due to  the  
A a olefinic bond15; t he  signs are de te rmined  by  the  skew 
sense of r ing A 16. I t  is wor th  no t ing  t h a t  the  CD-spec t rum 
of t he  epimeric  selinene (III) is d i s t inc t ly  different ,  
ref lect ing conformat iona l  t r ansmiss ion  of the  s t ra in  
associa ted wi th  the  axial  i sopropenyl  group at  C-7. 

PP- 

(+) - nerolidyl / V 

(-) -germacrene-A 

X = I  

190 210 240nm 

CD-spectra of authentic ~-selinene (II), ~-selinene ex Chiloscypl~us 
polyanthus (IV), and authentic 5, lO-epi-o:-selinene (III). 

13 H. SULSER, J. R. SCHERER and K. L. STEVENS, J. org. Chem. 36, 
2422 (1971). 

14 N. H.  ANDiERSEN, C. R. COSTIN, D. D. SXZRDAL and D. P. SVEDBERG, 
J. Am. chem. Soc., 95, 2049 (1973). 

la The spectra are not drastically altered by selective hydrogenation 
of the isopropenyl double bond. 

16 See ref. 14 for a discussion of the relationship between local sym- 
metry and CD sign for olefinic bonds. 
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Selinene IV is the first enantiomeric selinene isolated 
from a plant  source ~7, and the third case of liverworts 
yielding previously unknown enantiomers of sesquiter- 
penes common in higher plants 5. This contrasts to the 
nearly universal presence of 7fi-isopropyl groups in higher 
plant  products is. Further studies of the more primitive 
plants should thus reveal the phylogeny of vascular 
plants and the point in evolution at which this excep- 
tional consistency in absolute configuration is developed. 

17 ( )-Germacrene-A and some related selinenes have however been 
isolated from marine invertebrates: A. J. WEINHEI~ER, W. W. 
YOUNGBLOOD, P. H. WASHECHECK, T. K. 13. KARTS and L. S. 
CIERESZKO, Tetrahedron Lett. 7970, 497. 

is N. H. ANDERSEn, Phytoehemistry 9, 145 (1970). 
10 N. H. A~DERSEN and D. D. SYRDAL, Tetrahedron Lett. 7972, 

2455. See ref. ~s and also N. H. ANDERSEN and D. D. 8YRDAL, 
Tetrahedron Lett. 7970, 2277. 

Assuming the applicability of the framework of bio- 
genetic conjecture for higher plants 19 (as seems likely due 
to the general similarities between liverwort and e.g. 
conifer sesquiterpene oils) the following can be proposed: 
Clearly intermediate V cannot yield cadalane structure I, 
the structure proposed for chiloscyphone, suggesting the 
need for further studies on the configuration of that  
substance. 

Zusammen/assung. Nachweis des optischen Isomeren 
eines Sesquiterpens im Lebermoos Chiloscyphus poly- 
anthus mit (+)-e-Selinen als Hauptanteit.  

N. H. ANDERSEN, B- SHUNK and 
C. R, COSTIN 

Department o] Chemistry BG-70, University o[ 
Washington, Seattle (Washington 98795, USA), 
7 November 7972. 

Synthesis  of Chromanones  from 5-Hydroxy-2 ,2 -Dimethy lchroman and a, /5-Unsaturated Acids 

The acid-catalysed condensation of polyphenols with 
e, fl-unsaturate d acids is a valuable synthetic method for 
the preparation of 4-chromanonesl, 2. During studies 
aimed at the synthesis of rotenoids, we investigated the 
reaction of 5-hydroxy-2, 2-dimethylchroman 3 with e, fl- 
unsaturated acids in the presence of Friedel-Craft 
catalysts. 5-Hydroxy-2,2-dimethylchroman (1) reacted 
with crotonic acid (2) in the presence of zinc chloride to 
yield a mixture of two products, 9,10-dihydro-2, 8, 8- 
trimethyl-8H-[1]pyrano[2,3-h]chroman-4-one (4) and 9, 
10-dihydro-4, 8, 8-trimethyl-St-I- [1]pyrano [2, 3-hl chroman- 
2-one (5) separated by column chromatography. Reaction 
of the phenol 1 with ~, fi-dimethylacrylic acid (3) afforded 
only the chroman-4-one compound 9, 10-dihydro-2, 2, 8, 
8-tetramethyl-SH-[1]pyrano[2, 3-h]chroman-4-one (6). 

.0% 
! 

0 

0 

Zn CL 2 , 

Distinction between 2-chromanones and 4-chromanones 
can be made by IR. The carbonyl frequency falls in the 
range of 1760-1740 cm -1 (lactone) for 2-chromanones, 
while lower frequencies arise in the 4-chromanones by 
the effect of conjugation (1680-1650 cm-1). The NMR- 
spectra showed sharp signals for each gem-dimethyl 
group in 4, 5 and 6. The methylene and methine protons of 
the chromanon ring appeared as an ABX pattern for 
compound 4 and as an ABC pattern for compound 5. 
One of the aromatic protons of 4 and 6 exhibited a large 
deshielding effect of ~ 0.8 ppm by the anisotropy of the 
carbonyl function. The most prominent peak in the mass 
spectrum of 5 arose from a retro-Diels-Alder reaction with 

hydrogen shift in the pyrano ring (m/e 191). Another 
retro-Diels-Alder fragmentation occurred in the chrom- 
anon ring affording an ion (m/e 204) of moderately large 
relative intensity, followed by another retro-Diels-Alder 
fragmentation (m/e 149 and 148). The minor pathway 
involved loss from M+ of a methyl radical and the con- 
secutive expulsions of methyl radicals and CO or vice 
versa from the ion m/e 204. 

Compound 4: vm~x (KBr) 1675 (CO); 1600, 1440 and 
815 cm -1 (aromatic) d (CC14) 1.31 (3H, s, CH3); 1.32 
(3H, s, CH3) ; 1.49 (3H, d, J 6.0 cps, CHa) ; 1.75 (2H, t, 
J 7.2 cps, CH2); 2.45 (1H, dxd, J 14 cps, J 7 cps, C H); 
2.61 (2H, t, J 7.2 cps, Ct-I2); 4.3-4.6 (1H, m, CH); 6.34 
(1H, d, J 9 cps, Ar-H); 7.56 (1H, d, J 9 cps, Ar-H). m/e 
246(68) 231(10) 191(100) 149(45) 148(15). 

Compound 5: vma~ (KBr) 1760 (CO); 1620, 1440, 830 
(aromatic) d (CCI~) 1.29 (3H, d, J 6 cps, CH3); 1.32 
(6H, s, 2xCHa) ; 1.76 (2H, t, J 7 cps, CH2) ; 2.3-2.6 
(2H, m, CH2); 2.76 (2H, t, J 7 cps, CH2); 2.9-3.1 (1H, m, 
CH); 6.42 (1H, d, J 8.1 cps, At-It);  6.82 (1H, d, J 8.1 cps, 
At-H); role 246(51) 231(50) 204(22 ) 191(100) 190(30) 
175(25) 161(23) 149(75) 148(19). 

Compound 6: vm~z (KBr) 1675 (CO); 1595, 1580, 
815 cm-* (aromatic) 6 (CC14) 1.33 (6H, s, 2xCHa) ; 1.44 
(6H, s, 2 xCHa); 1.76 (217I, t, J 6.1 cps, CH2) ; 2.52 (2H, s, 
CH2); 2.59 (2H, t, J 6.1 cps, CH2); 6.30 (1H, d, J 9 cps, 
At-H); 7.52 (1H, d, J 9 cps, Ar-H); m/e 260(100) 245(85) 
204(30) 189(34) 176(24) 149(64). 

Zusammen[assung. Die Synthese yon 2- und 4-Chroma- 
nonen aus 5-Hydroxy-2, 2-dimethylchroman und Croton- 
s~ure oder fl, fl-Dimethylacryls/iure wird beschrieben. 

R .  V]~RI-II~ a n d  N .  S C H A M P  

State University of Ghent, Faculty o] Agricultural Sci'ences, 
Laboratory o[ Organic Chemistry, B-9000 Ghent (Belgium), 
72 January 7973. 
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