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Summary. A sex phe romone  p roduced  by  male cabbage looper moths ,  Trichoplusia ni (Hiibner), has  been isolated f rom 
the  geni tal  scent  brushes  and ident i f ied as 2-phenyle thanol .  I t  is shown conclusively to elicit specific behavioura l  
responses  in the  female (such as wing v ibra t ion  and  abdomina l  elevation),  as de te rmined  by  a novel  behavioura l  
l abora to ry  bioassay.  This is t aken  as fu r the r  evidence t h a t  the  male phe romone  of T. ni  acts  as a sexual  s t i nmlan t  
(aphrodisiac) pr ior  to  mat ing .  2 -Pheny le thano l  represents  the  first  ident i f ica t ion of a geni ta l  scent  b rush  phe romone  
in t he  family  Noctuidae ,  and of a male  p h e r o m o n e  in t h e  subfami ly  Plusi inae.  

The cabbage  looper, Trichoplusia ni (Hiibner), is a 
serious pes t  of cruciferous crops. In  common  w i t h  nu-  
merous  species of the  fami ly  Noctuidae ,  the  adul t  male 
possesses glands a t t a ched  to the  8th abdomina l  segment  
which  are associa ted wi th  tu f t s  of hair  4, ~. These geni tal  
hairpencils ,  which are ex t ruded  and  fanned  out  by  the  
male as ' scent  brushes '  dur ing courtship ,  have  long been 
suspected  to d i s semina te  volati le phe romones  sexual ly  
s t imula t ing  to the  female 6-~. 

SHOREY 9 was unable  to d e m o n s t r a t e  phe romona l  sti- 
mula t ion  of the  female T. m by  the  male in the  labora-  
tory,  a l though Go'froZE and SHOREY ~~ recent ly  repor ted  
t h a t  exposure  of the  male ' s  hairpenci ls  nex t  to the  female 
dur ing  cour t sh ip  causes her  to v ib ra te  her  wings. GRANTn, ~2 
d e m o n s t r a t e d  electrophysiological ly  (by e lec t roan tenno-  
grams) t h a t  a subs tance  on the  male hairpenci ls  was de- 
t ec ted  by  the  an t ennae  of b o t h  male  and female T. hi. 
However ,  a l though  e l ec t roan t ennograms  can be used to  
show t h a t  male (or female) phe romones  are perce ived 
per iphera l ly  by  the  an t enna l  r ecep tor  cells of an insect,  
there  is no a l t e rna t ive  to  using a behaviora l  assay to 
es tabl ish  sexual  s t imula t ion  ~a. This  repor t  provides  ad- 
di t ional  evidence t h a t  the  hairpenci ls  of the  male cabbage  
looper m o t h  produce  a volat i le  secret ion which elicits 
over t  sexual  behav ior  in the  female, and es tabl ishes  its 
ident i ty .  

Labora to ry - rea red  cabbage  loopers ~ were sexed in the  
pupa l  stage,  and the  male  and  female  pupae  were k e p t  in 
separa te  collapsible meta l  cages (26 .9X26 .3•  cm) 
placed in ad j acen t  rooms.  2 or 3 days  following emergence,  
adul t  males were r emoved  f rom the  cage, the  t ip  of the  
a b d o m e n  was squeezed gen t ly  to expose the  scent  brushes,  
and the  brushes  wi th  the  8th abdomina l  segment  were 
cl ipped into spect ra l  grade p e n t a n e  and ground in a 
mor tar .  F=itered ex t r ac t  f rom 250 males was freed of sol- 
ven t  a t  ~5 ~lm pressure  to give 1.5 g of pale yellow oil t h a t  
was dissolved in hexane  and  s to red  at  -10~  unti l  bin- 
assayed.  All e lectrophysiological  and  behavioura l  bin- 
assay tes ts  were conduc ted  be tween  midn igh t  and 03.00 h 
(op t imum for mating) in a da rk  room wi th  a single l ight  
source in t he  form of a K o d a k  l amp  wi th  a red Safel ight  
f i l ter  (Wra t t en  series 1)is. The e l ec t roan tennogram tes ts  
were carried out  as descr ibed previous ly  by  ADLER is,t7 
and  GRANT et  aI. ~s. Nerve  impulses  f rom single phe ro -  

mone receptors  of the  female T. s i  were recorded ei ther  
by  t u n g s t e n  electrodes (tip d i ame te r  <0 .5  ~m) inser ted  
a t  the  sensil lum base, or by  KAISSLIN~'S me t h o d  ~9 of 
recording f rom the  opened sensil lum t ip via a capil lary 
electrode.  All b ioassays  were pe r fo rmed  w i t h  insects  a t  
least  48 h old. 

A t  16.30 h tile K o d a k  lamp was  tu rned  on in the  bin- 
assay room and  p ropped  up aga ins t  the  cage conta in ing  
virgin female m o t h s  ; it  remained  in th is  posi t ion th rough-  
out  the  t e s t  period. Li t t le  f l ight ac t iv i ty  was no ted  in the  
cage be tween  midn igh t  and 03.00 h;  the  insects  t ended  to 
cling by  the i r  legs to the  cage sides or roof, thus  exposing 
the  tarsi  outs ide the  cage. The t es t  co mp o u n d  was pre-  
sented  to  the  female by  means  of a b rush  fashioned by  
gluing a shor t  piece of mul t ip le - s t r and  s t r ing to one end 
of a Mulco san i ta ry  ha rdwood  appl ica tor  handle ;  a f ter  
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the  glue ha rdened  the  s t r ing was t r i m m e d  to a length  of 
12 mm.  A 10-[xl sample  of a hexane  solut ion of the  tes t  
mater ia l  was placed on the  appl ica tor  b rush  t ip,  and this  
was then  used to gen t ly  s t roke the  tarsi  of the  female 
looper. Behavioura l  s t imula t ion  b y  an act ive compound  
was evidenced wi th in  2-7 sec by  wing f lu t ter  and  elevat ion 
of the  t ip  of the  abdomen .  Cessation of tarsa l  s t roking 
t r iggered an end to  wing f lut ter ,  and the  a b d o m e n  
gradual ly  assumed its no rmal  posit ion.  In  no case did a 

ElectrophysiologieaI and behavioural responses of female T. ni to 
2-phenylethanol. 

Receptor 
Dosage ~ EAG amplitude" responses Behavioural 
([zg) (mV) (Imp/sec) o response a 

0 (Control) ~ 0.9 3.4(15) 0 
0.0001 0.75 - 0 
0.001 1.0 2.5(6) 0 
0.01 0.9 6.1(18) 0 
0.1 1.4 13.9{20) + 
1.0 2.0 36.3(17) + +  

10.0 1.9 59.5(8) + + + 
100.0 2.0 71.0(2) + + + 

"The designated amount of 2-phenylethanol was presented as a 
solution in 10 ~1 of pure hexane and the solvent was allowed to eva- 
porate, b5 recordings were made at each dose. ~ number of 
nerve impulses within 1 see of stimulation for 4 receptor cells of 
female Sensilla trichodea. Brackets indicate number of recordings. 
d4 virgin females were tested for sexual response (replicated 5 times). 
0 indicates none responded, + indicates 2 responded, + + indicates 
3 responded, and + + + indicates all responded. ~ cartridge, 
or applicator brush treated only with hexane, respectively. 
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Electroantennograms (EAGs) from female T. ~r antennae exposed 
to crude male hairpencil extract and to serial dilutions (in 10 ~zl of 
hexane) of the pure pheromone (2-phenylethanol). A) control (blank 
cartridge); B) 0.2 male equivalent of hairpeneil extract; C-I) 2- pbe- 
nylethanoI at 0.0001, 0.001.0.01, 0.1, 1, 10 and 100 ~xg, respectively; 
J) calibration. 

female show wing f lu t t e r  and abdomina l  e levat ion  when  
s t roking was done wi th  a t ip  t r ea t ed  only  wi th  hexane  
alone or un t r ea t ed  or w i th  o ther  (inactive) t e s t  compounds .  

The crude male ex t r ac t  (1.5 g) was ch ro ma t o g rap h ed  
on a co lumn (3 • 33 cm) of silicic acid (Bio-Sil HA;  Bio- 
Rad  Labs. ,  R ichmond ,  Calif.) and  e luted successively 
wi th  hexane -e thy l  e the r  (90: 10, 75 : 25 and  1 : 1), and  e thy l  
ether .  S t rong e l ec t roan tennograms  (EAGs) were ob ta ined  
wi th  10 ~xg of the  mater ia l  e luted only  wi th  hexane-e thy l  
e ther  (1: 1); the  E A G  responses  were 1.1-1.5 and  0.6-1.0 
mV f rom females and  males,  respect ively .  The act ive 
eluate con ta ined  4 mg  of colorless l iquid wi th  a floral 
odor;  gas c h r o m a t o g r a p h y  on a nonpola r  co lumn (5% 
SE-30 on base-washed  Chromosorb  G; 0.32 cm X 2.4 m;  
125~ gas flow 15 ml/min) and a polar  co lumn (5% Car- 
bowax  20M T P A  on base-washed  Chromosorb  G; 0.32 cm 
• 1.2 m;  128~ gas flow 20 ml/min) showed it to be a 

pure  co mp o u n d  wi th  r e t en t ion  t imes  of 7.5 and 9.0 min,  
respect ively.  A s t rong behavioura l  response  was ob ta ined  
f rom female loopers wi th  one male equiva len t  (16 vg) 
of th is  compound.  

A mass  spec t rum of the  phe romone  ob ta ined  wi th  a 
LKB-9000 gas c h r o m a t o g r a p h - m a s s  spec t rome te r  utiliz- 
ing 0.75% S]~-30 as the  s t a t i ona ry  phase  a t  85~ had  a 
molecular  ion at  m/e 122 and showed the  following peaks 
(mass and percen tage  he igh t  given):  91 (100), 92 (63), 
122 (33), 65 (14), 39 (6), 51 (5), 93 (5), 77 (5), 104 (2.5). 
This is the  typ ica l  d i s in tegra t ion  p a t t e r n  of 2-phenyl- 
ethanol ,  the  base peak  (m/e) of 91 cor responding  to  
C6H~CH2 + (loss of CH2OH )2~ The isomeric alcohol, 1- 
phenyle thanol ,  exhib i t s  a to ta l ly  di f ferent  spec t rum wi th  
a base peak  at  m/e 107. IR-  and  NMR-spec t r a  were in 
comple te  ag reemen t  wi th  t he  ass ignment  of 2-phenyl-  
e thanol ,  all spec t ra  being ident ical  w i th  those  of an 
au then t i c  commerc ia l  sample.  Au then t i c  2-phenyle thanol  
elicited e lec t roan tennograms ,  single cell responses,  and 
sexual  exci ta t ion  (Table) in female cabbage  loopers in 
comple te  con fo rmi ty  wi th  those  of the  na tu ra l  phero-  
mone.  

The discovery t h a t  the  male  cabbage  looper m o t h  
produces  2-phenyle thanol  is no t  surprizing,  since this 
co mp o u n d  has  previous ly  been  ident i f ied in males of 
Mamestra con/igurata Walker  21, M .  persicariae (L.) 22, and 
Polia nebulosa (Hufnagel)22, all member s  of the  family 
Noctuidae,  b u t  f rom the  scent  b rush  organs of t he  2nd 
s terni te .  This is the  f i rs t  t ime the  co mp o u n d  has been 
shown conclusively to  elicit p recopu la to ry  behavioura l  
responses  in any  insect  species. A l though  GOTHILF and 
SttOREY 10 were unable  to de te rmine  the  role of the  
male scent  in the  ma t i n g  sequence of T. Hi, the  possibi l i ty 
still remains  t h a t  2 -phenyle thanol  funct ions  as an aphro-  
disiac by  modify ing  the  t e n d e n c y  of the  female to  accept  
the  male ; th is  possibi l i ty  is under  invest igat ion.  2-Phenyl-  
e thanol  represents  the  first  ident i f ica t ion  of a geni tal  scent  
b rush  phe romone  in the  Noctuidae,  and  the  f irs t  male 
phe romone  ident i f ied in the  subfami ly  Plusiinae. 

Behavioura l  b iossay tes ts  conduc ted  wi th  serial di- 
lut ions of 2 -phenyle thanol  on female loopers (Table) 
showed t h a t  the  m i n i m u m  a m o u n t  needed  to cause a 
s t rong  sexual  response  was 1 ~xg; a weak  response was 
ob ta ined  wi th  0.1 ~g. A t  tile 0.1 ~g level, weak bu t  signif- 
icant  a n t e n n o g r a m  and single cell responses  were ob- 
t a ined  (Table). This is in good ag reemen t  wi th  the  re- 
por t ed  rise, a t  0.1 ~g, of the  E A G  dose-response curves 

20 j.  H. BEYNON, R . i .  SAUNDERS and A. E. WILLIAMS, The Mass 
Spectra o/ Organic Molecules (Elsevier, New York 1968), p. 157. 
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32 R. T. AeLIN and M. C. BIRCH, Experientia 26, 1193 (1970). 
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for a r o m a t i c  male  p h e r o m o n e s  in o the r  noc tu id  species ~s. 
The  fac t  t h a t  a n  ave rage  16 ~g of 2 - p h e n y l e t h a n o l  was  
isola ted f rom each  male  m o t h  is a s t rong  ind i ca t i on  t h a t  
the  p h e r o m o n e  is s to red  in t he  b o d y  of T. n i  in  u n c o m -  
b ined  form. I n  M. con/igurata, i t  is s tored  as t he  hexos ide  
and  re leased in pure  form, as needed,  b y  enzymic  h y d r o -  
lysis. 

I n  record ings  f rom single o l fac to ry  recep tors  of t he  
a n t e n n a  of female  T. ni c o n d u c t e d  b y  one of us  (E.P.) ,  
ce r t a in  cells i n n e r v a t i n g  sensory  ha i r s  (Sensil la  t r i chodea)  
specifically r e sponded  to  b o t h  2 - p h e n y l e t h a n o l  and  male  
scen t  b r u s h  ex t rac t .  W i t h i n  t he  same t y p e  of sensi l lum, 
o the r  r ecep to r  cells r e sponded  m a x i m a l l y  to  the  corres-  
p o n d i n g  a ldehyde ,  p h e n y l a c e t a l d e h y d e .  This  c o m p o n d  
has  long been  k n o w n  23, 24 as a s t rong  d i s tance  a t t r a c t a n t  
for the  female  (and to  a lesser degree, t he  male) c abbage  
looper, a n d  was in i t i a l ly  cons idered  b y  us as t he  p r i m e  
c a n d i d a t e  s t r u c t u r e  for t he  ma le  phe romone .  However ,  
no t race  of p h e n y l a c e t a l d e h y d e  could be de tec ted  in t he  
scent  b r u s h  ex t rac t ,  a n d  in our  b e h a v i o u r a l  b ioassay  th i s  
c o m p o u n d  was to t a l l y  i nac t ive  a t  all doses. Deta i led  re- 
por t s  will be g iven  elsewhere on  t he  responses  of single 

p h e r o m o n e  r ecep to r  cells of t he  female  T. hi, and  on t he  
chemica l  specif ic i ty  of 2 - p h e n y l e t h a n o l  d e t e r m i n e d  b y  t he  
nove l  l a b o r a t o r y  b e h a v i o u r a l  b ioassay  descr ibed here.  

H E N D R I C K S  a n d  SIrlAVER 25 h a v e  r ecen t l y  shown  t h a t  
an  un iden t i f i ed  p h e r o m o n e  re leased f rom the  ha i rpenc i l s  
of a n o t h e r  noc tu id ,  t he  male  Heliothis virescens (F,), p r io r  
to  ma t ing ,  suppresses  t he  emiss ion of sex p h e r o m o n e  b y  
the  female  insect .  Should  th i s  be  t rue  of 2 - p h e n y l e t h a n o l  
for T. hi, i t  m i g h t  conce ivab ly  be used in con t ro l l ing  th i s  
pes t  t h r o u g h  m a t i n g  suppress ion .  This  i n t e re s t ing  possi-  
b i l i ty  is p r e s e n t l y  u n d e r  i nves t i ga t i on  ~6. 
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J u n g e r m a n o o l ,  a N e w  L a b d a n e  Dio l  f r o m  the  L i v e r w o r t ,  Jungermannia torticalyx S t e p h .  1 
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Summary. A new d i t e rpeno id  n a m e d  j u n g e r m a n o o l  was  isola ted f rom Jungermannia torticMyx a n d  t h e  s t r u c t u r e  was  
found  to  be l abda-8  (17), 14-dien-9, 13-diol b y  chemica l  a n d  spect roscopica l  me thods .  

F r o m  the  l iverwor t ,  Jungermannia torticalyx Steph. ,  
we i so la ted  a new d i t e rpene  diol (I) n a m e d  j n n g e r m a n o o l  
t oge the r  w i t h  ( - ) -manoo l  3, whose  s t r u c t u r e  was de te r -  
m ined  to  be  r ep re sen t ed  b y  fo rmula  I. 

16 

/ (I) ", (li) ",\ / ~  . 

# '~ OH " 

i 7 \ ~ k )  
CH_CH2_C_ OH 3 ~ v 

Ov) 

(vii) 

] u n g e r m a n o o l  (I), C201~840~ (M + 306); m p  124-125~ 
[~]D -49-3~ was i so la ted  f rom a h e x a n e  e x t r a c t  of t he  
p l a n t  b y  e lu t ion  c h r o m a t o g r a p h y .  The  I R-  and  P M R -  
spec t ra  4 r e sembled  closely those  of m a n o o l  in  t he  whole  
p a t t e r n .  T h e y  e x h i b i t e d  t h e  p resence  of 4 t e r t i a r y  m e t h y l s  
(v 1390, 1380, 1370 cm-1;  d 0.81, 0.90, 1.00, 1.21, each  

3H, s), 1 v iny l  and  1 e x o m e t h y l e n e  (v 3090, 1640, 987, 
917, 880 cm-1;  6 4.97, 1H, d.d, J =10 .0 ,  J - 2 . 5 ;  ~3 5.15, 
1H, d.d, J - 1 5 . 0 ,  J = 2 . 5 ;  6 5.90, 1H, d.d,  J - 1 5 . 0 ,  J =  
10.0; d 4.52, 4.79, each  1H, br.s) as well  as 2 t e r t i a r y  
h y d r o x y l  groups  (v 3640, 3610, 3470 cm-1).  I t s  s a t u r a t e d  
t e t r a h y d r o  d e r i v a t i v e  ( I I I ) ,  C20HasO~ (M+ 310); m p  
69-70~ [C~D --26.9~ v 3630, 3610, 3450 cm -1, wh ich  was 
o b t a i n e d  b y  ca ta ly t i c  h y d r o g e n a t i o n  of the  diol over  
P r o  2 in AcOH,  a f te r  be ing  d e h y d r a t e d  w i t h  SOC12 in 
pyr id ine ,  was s u b m i t t e d  to ca t a ly t i c  h y d r o g e n a t i o n  over  
PtO2 in A c O H  to give l a b d a n e  (IV), 5 C20Has (M+ 278); 
[~]D -6 '7~  wh ich  was ident i f ied  b y  the  coincidence of t he  
IR-,  P M R -  a n d  MS-spec t ra  w i t h  those  of an  a u t h e n t i c  
sample  p r e p a r e d  f rom manool .  In  add i t ion ,  when  t he  
diol (I) was  oxidized w i t h  K M n O  4 in acetone,  a b i snor  
c o m p o u n d  (V), C~sH3002 (M+ 278); m p  64-65~ [~1D --55.0~ 
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