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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. 
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] 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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The CMR characteristics of jungermanool 

Carbon Chemical shift Multiplicity 

] 31.9 ~ t 
2 18.8 t 
3 32.7 ~ t 
4 38.6 s 
5 48.6 d 
6 27.5 t 
7 36.2 t 
8 148.2 s 
9 77.3 s 

10 43.6 s 
11 28.9 t 
12 41.2 t 
13 73.4 s 
14 145.4 d 
15 111.4 t 
16 28.0 q 
17 106.5 t 
18 24.4 q 
19 17.8 q 
20 17.8 q 

May be interchanged. 
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GUPTA, J. c]lein. 80C. 1962, 1961. 
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3640, 3550, 17t5 cm-1;  ~ 0.87, 0.93, 1.01, 2.02, each 3H, 
s; (5 4.43, 4.78, each 1H, s, due to loss of t he  v inyl  group 
was ob ta ined  as well as in tile case of manool  ( I I ~ V I ) 6 .  
However ,  c o m p o u n d  V was charac te r ized  as a keto-  
alcohol wi th  a t e r t i a ry  h y d ro x y l  group, while the  oxida t ion  
p roduc t  f rom manool  was a ke tone  (VI), ClsHa00 (M + 
262); [~i)] -31"4~ v 1715 cm -1. These facts revealed 
jungermanool  as a der iva t ive  of manool  wi th  an addi t ion-  
al t e r t i a ry  h y d ro x y l  group. To de te rmine  the  posi t ion of 
the  remain ing  hydroxy l  group,  the  keto-alcohol  was 
fu r ther  t r e a t ed  w i t h  SOC12 in pyr id ine  to give a diene 
(VII), C~sH2sO (M + 260); [~]D +41"3~ v 1715, 1644, 
880 crn-1; d 0.90, 1.06, 1.06, 2,03, each 3H, s; d 2.72, 
2I-I, d, J = 3 . 8 ;  d 4.55, 4.88, each 1H, br.s;  d 5.41, 1H, t, 

isooct. J =  3.8, which  showed a UV-absorp t ion  band,  2 ~  
213 nm (e 7150), a t t r ibu tab le  to  a con juga ted  diene 
system,  bisexocyclic  to a cyc lohexane  r ing 7. The for- 
ma t ion  of th is  con juga ted  diene sys tem is reasonably  
expla ined by  locat ing the  addi t iona l  t e r t i a ry  hydroxy l  
group on C-9 of the  l abdane  carbon skeleton. The gross 
s t ruc ture  of jungermanool  is thus  de te rmined  to be 
labda-8 (17), 14-dien-9, 13-diol (I). 

This  s t ruc tu re  was suppor t ed  by  the  fact  t h a t  in 
measur ing  P M R - s p e c t r a  of jungermanool  and manool  
wi th  appl ica t ion  of the  shif t  reagent ,  Eu(dpm) a, the  
exomethy lene  pro tons  of jungermanool ,  which are close 
to the  C-9 h y d ro x y l  group in the  proposed s t ructure ,  
showed the  mos t  r emarkab le  var ia t ion  be tween  the  
signal shifts  of the  cor responding  pro tons  of bo th  alcohols. 
A fur ther  s u p p o r t  was also ob ta ined  by  the  single fre- 
quency  offset  resonance  laC-NMR-spect rum (Table)S, 9 
which  consists  of 5 singlets  (1 olefinic carbon:  148.2; 
2 carbinyl  carbons  : 73.4, 77.3 ; 2 fully subs t i tu ted  carbons  : 
38.6, 43.6) ; 2 double ts  (1 olefinic : 145.4, I meth ine  carbon:  
48.6); 9 t r ip le ts  (2 olefinie: 106.5, 111.4; 7 usual me thy l -  
enes: 18.8, 27.5, 28.9, 31.9, 32.7, 36.2, 41.2) and 4 me t h y l  
qua r t e t s  (17.8, 17.8, 24.4, 28.0). 

Synthe t i c  S i m u l a t i o n  of N o n r i b o s o m a l  Pept ide  B i o s y n t h e s i s .  A Dual  Role  of A lky l th io l  Es t er s  in 
Pept ide  S y n t h e s i s  
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Summary. Coupling of pep t ide  alkyl thiol  esters  w i th  amino acid der iva t ives  in t he  presence  of pivalic  acid or 2-hydroxy-  
pyr id ine  proceeds  w i thou t  racemizat ion.  A dual  role of a lkyl thiol  esters  as p ro tec t ive  and  react ive  funct ions  in pep t ide  
synthes is  was well p roved .  

Recen t  s tudies  on nonr ibosomal  pep t ide  biosynthesis1,  
represen ted  b y  gramicid in  S and  tyrocidi l ie  biosynthesis ,  
have  revealed t h a t  e -amino acids are ac t iva ted  wi th  
A T P  to  give mixed  anhydr ides  (step 1) which  are t r ans -  
fo rmed into a lkyl thiol  esters  (step 2), followed by  the  
pep t ide  bond  fo rmat ion  (step 3) : 

DEPC) or d iphenyl  phosphoraz ida t e  4 (NaPO(OPh)e  , 
DPPA)  in combina t ion  wi th  t r i e t h y l ami n e<  This thiol  
ester  fo rmat ion  react ion will be regarded as s teps i and  2 
in equa t ion  I because the  in te rmed ia tes  will possibly be 
mixed  phosphor ic  carboxyl ic  anhydr ides  4. We now wish 
to repor t  real izat ion of t he  l abora to ry  analogy for s tep  3 

t " "  
OR" R"SH R ' ' )  NH 

R"  RCOsH ---> RCO2P 4 ~ RCOSR" 1,- RCON(R,,,, (1) 
~1 --OR' 

1 O 2 3 

We have  a l ready  repor ted  2 a general  m e t h o d  for 
p repa r ing  thiol  es ters  f rom carboxyl ic  acids and thiols 
using d ie thyl  phosphorocyan ida t e  3 (NCPO(OEt)  2, 

1 F. LIPMANN, Acc. chem. Res. 6, 361 (1973), and references therein. 
2 S. YAMADA, Y. YOKOYA~A and T. SmOlRI, J. org. Chem. 39, 3302 
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849, 855, 859 (1974). 
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Soc. 97, 7174 (1975). 


