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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. 

7 A. iF. BLOMQmST and D. T. LONGONE, .~. Am. chem. Soc. 79, 
3916 (1957). W. J. BAir, u'g, R. L. HUDSON and C.-W. LIAO, J. 
Am. chem. Soc. 80, 4358 (1958). D. H. R. BARTON and G. J. 
GUPTA, J. c]lein. 80C. 1962, 1961. 

s The ~aC-NMR-spectrum was obtained in CDCI a solution on JEOL 
JNM-FX60 FT spectrometer at the condition of pulse repetition 
2 see, accumulation 300 times and frequency range 4 KHz. 

9 S.-O. ALMgVlST, C. R. ENZELL and F. W. WEHXLI, Acta chem. 
scan& B 29, 695 (1975). B. L. BUCKWALTER, 1. R. I3URFITT, A. a. 
NAGEL, I~. ~'ENKERT and F. NXF, Helv. chim. Acta 58, 1567 
(1975). 

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). 
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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 

(1974). 
a S. YAMAt?A, Y. NASA[ arid T. S~IomI, Tetrahedron Lett. 1973, 

1595. 
4 T. SHIOIRI, K. NINOI~IVA and S. YAMADA, J. Am. chem. Soc. 94, 

6203 (1972). - T. SHIOIRI and S. YAMADA, Chem. Pharm. Bull. 22, 
849, 855, 859 (1974). 

5 S. YAMADA, N. IKOTA, T. SHIOIRI and S. TACHIBANA, J. Ain. chem. 
Soc. 97, 7174 (1975). 
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in nonr ibosomal  pep t ide  biosynthesis% promizing pract ic-  
al value of alkylthiol  esters  in pep t ide  synthes is  7. 

In  order  to de tec t  the  possible occurrence of racemiza-  
l ion dur ing coupling of a lkyl th iol  esters wi th  amino 
functions,  we inves t iga ted  the  supersensi t ive  YOUNG 
tes t*  involving the  synthes is  of Bz -Leu-Gly -OEt"  f rom 
BZ-L-Leu-SEt  and H-GIy-OEt .  Lit t le,  if any, racemiza-  
t ion was observed  dur ing  the  coupling. The reac t ion  
proceeds  smoo th ly  when  pivalic acid or 2 -hydroxypyr i -  
dine is p resen t  as a b i func t iona l  ca ta lys t  1~ resembl ing  
nonr ibosomaI  pep~cide b iosynthes is .  Prefer red  so lvents  
are pyridine,  d ime thy l fo rmamide ,  and benzene.  A typica l  
procedure  is as follows. A mix tu re  of BZ-L-Leu-SEt  ~ 
(0.279 g, 1 mM),  H-Gly -OEt .HC1  (0.167 g, 1.2 raM), 
pivalic  acid (0.10 g, i mM), and  t r i e thy lamine  (0.17 g, 
1.7 mM) in pyr id ine  (2 ml) was s t i r red a t  20 ~ for 21 h. 
Benzene-e thy l  ace ta t e  (1:1, 50 ml) was added  to  t he  
reac t ion  mixture ,  which  was  worked up wi th  aqueous 
acid (5% HC1 or 5% citr ic acid) and  sa tu ra t ed  aqueous 
N a H C O  3 and  dried. The evapo ra t ed  residue was purif ied 
by  a silica gel co lumn c h r o m a t o g r a p h y  wi th  n -hexane  
and e thy l  ace ta te  (9:1-+1:1) to  give Bz-Leu-Gly-OEt  
(0.249 g, 89%), m p  158-162 ~ , [ct]~)~ ~ (c = 2.9, 
E tOH) ,  cor responding  to  96% L-isomer u.  W h e n  no 
b i func t iona l  ca ta lys t  was p re sen t  under  similar react ion 
condit ions,  Bz -Leu-Gly -OEt  was ob ta ined  in poor yield 
w i th  the  recovery  of mos t  of the  s t a r t ing  BZ-L-Leu-SEt.  
F u r t h e r m o r e  none of Bz -Leu -Gly -OEt  was p roduced  
w h e n  ]3z-L-Leu-OMe was used in place of Bz-L-Leu-S]!t ,  
p rov ing  the  funct ional  specif ic i ty  in the  method .  

A dual  role of a lkyl thiol  esters  as p ro tec t ive  and 
react ive  functions12 was examined  on the  IZUMIYA 
racemiza t ion  t e s t  13 which  involves  coupling of Boc-Gly- 
L-Ala-SEt  wi th  I-t-L-Leu-OBu~. Z-L-Ala-OH was con- 
densed  wi th  e thane th io l  using D E P C  2 in the  presence of 
t r i e thy lamine  in d i m e t h y l f o r m a m i d e  to give Z-L-Ala- 
SEt ,  mp  42-43 ~ [c~1~)~ ~ (c = 2.0, CHC13), in 94% 
yield. Deblocking w i t h  h y d r o g e n  b romide  in acetic acid 
af forded H - L - A l a - S E t . H B r  in 96% yield, which  was 
coupled wi th  Boc-Gly-OH b y  means  of D P P A  and 
t r i e thy lamine  in d imethy l fo rmamide~ ,  s to yield Boc- 
Gly-L-Ala-SEt,  mp  76-79 ~ [~)~176 (c~2.2 ,  E tOH) ,  
in 82% yield. Condensa t ion  of t he  thiol  ester  wi th  H- 
L-Leu-OBut (2 equiv) in the  presence  of pivalic acid in 
pyr id ine  or d i m e t h y K o r m a m i d e  a t  20 ~ for 21 h as in the  
YOUN~ tes t  gave tnoc-Gly-L-Ala-L-Leu-OBut in 90% 
yield, which  was t r ea t ed  w i t h  t r i f luoroacet ic  acid to  
furnish H-Gly-L-Ala-L-Leu-OH. No peak  of H-Gly-D- 
Ala-L-Leu-OH was de tec ted  by  the  amino acid analyzer  ~a, 
reveal ing t h a t  the  coupl ing of the  pep t ide  alkyl thiol  
ester  wi th  the  amino acid es ter  in the  presence  of the  
b i func t iona l  ca ta lys t  proceeds  wi thou t  any  racemizat ion.  

Addi t iona l  evidence of u t i l i ty  of a lkyl thiol  es ters  was 
ob ta ined  by  the  p repa ra t ion  of BOC-L-Trp-L-Leu-L-Asp- 
L-Phe-NH 2 bear ing the  same gastr ic  acid secre tory  act iv-  
i ty  as t h a t  of d iagnost ical ly  useful t e t r agas t r in  Boc- 
L-Trp-L-Met-L-Asp-L-Phe-NH 214. Boc-L-Asp(OBzl)-SEt ,  
q u an t i t a t i v e l y  ob ta ined  f rom ]3OC-L-Asp(OBzl)-OH and 
e thane th io l  using e i ther  D E P C  or D P P A  m e t h o d  2, was 
deblocked wi th  2.3 N HCl-e thyl  ace ta t e  to give H-L- 
Asp(OBzl)-SEt .HC1.  Stepwise addi t ion  of BOC-L-Leu- 
O H . H  20 and  Boc-L-Trp-OH using D E P C  a, 5 as a coupling 
r eagen t  and 2.3 N HCl-e thyl  ace ta te  as a depro tec t ing  
reagen t  afforded Boe-L-Trp-L-Leu-L-Asp(OBzl)~SEt,  mp 
117-119 ~ , ~c~]~)6-48.9 ~ (c 0.97, E tOH) ,  in 46% yield 
f rom BOC-L-Asp(OBzl)-SEt. Coupling of the  t r ipep t ide  
der iva t ive  wi th  H-L-Phe -NH 2 in d i m e t h y l f o r m a m i d e  in 
the  presence of pivalic acid as a ca ta lys t  gave Boc-L- 
Trp-L-Leu-L-Asp(OBzl)-L-Phe-NH~ in 47% yield. Hy-  
drogenolysis  over  5% Pd-C afforded BOC-L-Trp-L-Leu- 
L-Asp-L-Phe-NH215, mp  215-219 ~ (dec), E ~ - 4 2  ~ ( c =  
0.18, DMF). Ine r tness  of the  /3-benzyl es ter  group of Asp 
t o w ard  the  coupling react ion exhibi t s  the  funct ional  
specif i ty  of t he  process.  

The syn the t i c  s imula t ion  of nonr ibosomal  pep t ide  
b iosynthes i s  t hus  h ighl ights  a dual  role of alkylthioi  
es ters  as bo th  p ro tec t ive  and react ive  funct ions  in pept ide  
synthesis ,  which  m a y  promise  the  added  var ia t ion  in 
l abora to ry  s t r a t egy  for the  pep t ide  synthesis .  

6 Biosynthesis of hippuric acid also proceeds according to eq. 1; 
E. E. CONN aud P. K. ST~J.~'IPF, Outlines O/ Biochemistry (John 
Wiley and Sons, Inc., New York, N.Y. 1972), chapter 3.9. 
On previous attempts concerning aminolysis of thiol esters, see 
T. C. BRmCE, Organic Sul/ur Compounds (Ed. N. lZHARASCH; 
Pergamon Press, New York a~ad London 1961), vol. 1, chapter 35. - 
T. C. BRUICE and S. J. BENKOVlC, Bioorganic Mechanism (W. A. 
Benjamin, New York and Amsterdam 1966), vol. 1, chapter 3. 

s M. W. WILLIArXS and G. T. YOVNG, J. Cheln. Soc. 7963, 881. 
9 Symbols and abbreviations m-e in accordance with rules approved 

by IUPAC-IUB commission on biochemical nomenclature, Pure 
appl. Chem. dO, 315 (1974). 

10 N. NA1r Bull. Chem. Soc. japan 42, 1071, 1078 (1969), and 
references therein. 

n Lit Smp 156.5-157 ~ ~ct~) ~ -- 34 ~ (c = 3.1, EtOH). 
12 Recently a dual role of tert-butylthiol ester as protective and re- 

active functions was reported in the lactone formatioi? of the ma- 
crolide antibiotics; S. MASAMUNE, l-I. YAMAMOTO, S. KAMATA and 
A. FUX~ZAWA, J. Am. chem. Soc. 97, 3513 (1975); S. 1KASA~nNE, 
S. KAMAT* and W. SCroLLING, J. Am. chem. Soc. 97, 3515 (1975). 

~3 N. IZ~JMIYA, M. MURAOKA and[ H. AOVAaI, Bull. chem. Soc. Japan, 
dd, 3391 (1971). 

i4 K. I-IIGAKI, T. DANNO and M. MIYOSI-II, Pharmacometrics 8, 147 
(1974), and references therein. 

15 G. W. KENNER, J. J. MENDIVE and R. C. SHIEPPARD, ~[. chem. 
Soc. (C) 7968, 761; mp 217 '~, [ ~ 2  _ 46.5 ~ (c = 0.35, DMF). 

The S truc ture  of D u r a n t o s i d e  IV Te traace ta te  

Y. H. K u o  1 and T. KIJBOTA 

Faculty of Science, Osaka City University, Sugimoto-cho, Sumiyoshi-Ku, Osaka (Japan), 2 February 1976. 

Summary. Duran tos ide  IV t e t r a a c e t a t e  was isolated f rom Duranta repens Linn  and  ident i f ied by  phys ica l  and chemical  
evidence.  

Material and methods. We have  isolated several  b i t t e r  
principles f rom the  e thanol  ex t r ac t ive  of the  leaves of 
Duranta repens Linn,  and  one componen t ,  duran tos ide  
IV  t e t r aace ta t e ,  was purif ied by  acetylat ion.  

Results and discussion. Duran tos ide  IV t e t r aace t a t e  
1 forms colorless needles, m.p.  215-217 ~ (~)D-47.9 ~ 
C36H~Ol~,~max 220.5, 225 and 284 nm.  The  U V - s p e c t r u m  
(2~m,~ 225 nm) and the  N M R - s p e c t r u m  (zcDcl~ 2.71, s, 


