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Synthesis and Structure of Fungisporin 

In 1952 SUMIKI and MIYAO' reported on Fungisporin, 
a cyclooctapeptide isolated from spores of several species 
of Penicillium and Aspergillus as a crystalline sublimate 
by destructive distillation. Acid and alkaline hydrolysis 
yielded I)L-valine and DL-phenylalanine in equimolar 
amounts. From the absence of terminal groups, the IR- 
spectrum, the solubility characteristics and the molecular 
weight of 980, determined by isothermic distillation in 
triflu0ro acetic acid, MI,zAo2, ~ was able to propose the 
empirical formula cyclo-(Phe-Val)4. Sequence studies and 
enzymatic experiments on peptide fragments, obtained 
by partial hydrolysis of fungisporin showed that  the 
formula would most probably be cyclo-(B-Val-L-Val-D- 
Phe-L-Phe-) 2 ~. 

For the synthesis of this compound the tetrapeptide 
Z-L-Phe-D-Val-L-Val-D-Phe-OtBu V was prepared via the 
stepwise elongation methocl using the N-Hydroxysuc- 
cinimidesters of the corresponding Z-Aminoacids (reac- 
t ion  scheme). 

Treatment  of V with trifluoroacetic acid yielded the 
acid VI, which was transformed into the activated ester 
VII  with di-(p-nitrophenyl) sulfite 5. After the removal 
of the benzyloxycarbonyl group with HBr/acetic acid the 
resulting tetrapeptide p-nitrophenylester v i i i  was sub- 
mit ted to cyclization under high dilution in pyridin% 

From the residue obtained after evaporation of the solvent 
a crystalline, highly insoluble compound could be isolated 
by sublimation. The data obtained were in good agree- 
ment with the ones published for natural  fungisporin 
with the exception of the molecular weight, which was 
found to be 482 by mass spectrometry. This is half the 
value found for natural fungisporin by the isothermic 
distillation method. A redetermination of the molecular 
weight of the natural compound7 by mass spectrometry 
reveiled, however, also a molecular weight of 482. Fungi- 
sporin is therefore a cyclotetrapeptide and identical with 
cyclo- (L-Phe-D-Val-L-Val-D-Phe-). 

Zusammen/assung. Die Struktur yon Fungisporin, eines 
Zyklopeptides aus Sporen verschiedener Spezies von 
Penicillium und Aspergillus-Arten, wird durch Synthese 
und Vergleich mit  dem Naturprodukt  als die eines Zyklo- 
tetrapeptides, cyclo- (L-Phe-D-Val-L-Val-D-Phe-), bewiesen. 

R. O. STUD]~R 

Chemical Research Department, 
F. Ho//mann-La Roche and Co. AG, 
CH-4002 Basel (Switzerland), 18 June 1969: 
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Y. SUMIKI and K. M1YAO, J. agric. Chem. Soc. Japan  26, 27 
(1952). 
IZ. MIYAO, Bull. agrie, chem. Soc. Japan 19, 86 (1955). 
K. MIYAO, Bull. agric, chem. Soc. Japan  24, 23 (1960). 

4 Abbreviations: Amino-acids and peptides are abbreviated as 
recommended by the committee on Nomenclature which reported 
at  the 5th European Peptide Symposium, Oxford, 1962, Pro- 
ceeding (Ed. G. T. YOUNO, Pergamon Press, 1963). In addition: 
Z = benzyloxycarbonyl; OtBu = ter t iary butylester;  ONSu = 
N-hydroxysuccinimidester; OPhNO 2 = p-nitrophenylester. 

a B. ISELISI and R. SCrtWYZER, Helv. chim. Acta 43, 1760 (1960). 
6 R. SCHWYZER and P. SIEB~R, Helv. chim. Acta dO, 624 (1957). 

We kindly thank Dr. K. MIYAO for supplying us with a sufficient 
amount of natural  fungisporin for this comparison. 

T w o  New Groups of Selective Stimulants of Adrener~ic fl-Receptors 

Sympathomimetic agents acting on the adrenergic 
fl-receptors are widely used in the t reatment  of bronchial 
asthma. Since both bronchodilatation and excitation of 
cardiac muscle are mediated by stimulation of the 
adrenergic fl-receptors, bronchodilatation is often accom- 
panied by tachycardia and palpitations. However, recent 
observations by LANDS et al. z-3 indicate that  the adren- 
ergic fl-receptors in the heart are different from those in 
the lung. 

We have synthetized and tested pharmacologically a 
series of compounds of the following general formula: 

HO 
\ 

/ OH 
HO 

where R is a branched alkyl group or cy.cloalkyl group, 
equal to t-butyl, t-pentyl, t-hexyl, cyclopropyl, cyclobutyl, 
cyclopentyl and cyclohexyl. The compounds were tested 
for bronchospasmolytic effect in vitro on the isolated 

guinea-pig trachea and the effect on heart muscle on the 
right guinea-pig auricle (spontaneously beating). The 
effect on the tracheal muscles and on the heart muscle 
did not run parallel within the alkyl and the cycloalkyl 
series as can be seen from Figures 1 and 2. in  the alkyl 
series maximal effect on the tracheal muscles was ob- 
tained for R ~ t-butyl, With all effect corresponding to 
0.8 that  of (--)-adrenaline. For R = t-pentyl and t-hexyl 
the effect on the trachea decreased. The effect on the 
right guinea-pig auricle was most pronounced for IR = 
isopropyl (0.4 • (--)-adrenaline): With increasing size of 
the substituent, the effect on this preparation decreased. 

1 A. M. LANDS, G. E. GROBLEWSKI and T. G. BROWN JR., Arch. i n t  
Pharmacodyn. 161, 68 (1966). 

2 A. M. LANDS, F. P. LUDUENA and H. J. Buzzo, Life Sei. 6, 2241 
(1967). 
A. M. LANDS, A. ARNOLD, J. P. McAuLIFF, F. P. LUDUENA and 
T. G. BROWN JR., Nature 21d, 597 (1967). 
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The results  f rom this  series show t h a t  a t -bu ty l  group 
on the  n i t rogen a t o m  gives m a x i m a l  effect  on the  t rachea l  
muscles and  the  mos t  favourable  dissociat ion be tween  
the  effect  on the  t r achea l  muscles and  on t h e  hea r t  
muscle.  

In  the  cycloalkyl  series max ima l  effect  on the  guinea- 
pig t r achea  was  ob ta ined  for IR = cyclobutyl .  The effect  
of th is  c o m p o u n d  was abou t  0.8 t h a t  of ( --)-adrenal ine.  
In  compar ison  wi th  (--)-adrenal ine,  t he  cyc lopropyl  
c o m p o u n d  was more  effect ive on the  auricle (0.19 • 
(--)-adrenaline)  t h a n  on the  t r achea  (0.06 • ( - - ) -adrena-  
line). For  t he  cyc lobuty l  and  cye lopen ty l  compounds  the  
condi t ion  was the  opposi te .  These compounds  were, like 
the  t -butyl  and  t -penty l  compounds  in t he  alkyl  series, 
in compar ison  wi th  (--)-adrenaline,  more  act ive on the  
t r achea  t h a n  on the  auricle. The effect  of the  cyclohexyl  
compound  was very  weak. 
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Fig. 1. Effect on isolated guinea-pig trachea and right guinea-pig 
auricle (spontaneously beating) of compounds of the general formula : 

HO CH 3 

/ I 
HO OH CH 8 

(R' = -CH a = terbutaline). White bars, effect on the trachea; black 
bars, effect on the auricle. 
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Fig. 2. Effect on isolated guinea-pig trachea and right guinea-pig 
auricle (spontaneously beating) of compounds of the general formula : 

HO 
\ 

r 
HO OH 

White bars, effect on the trachea; black bars, effect on the auricle. 

The resul ts  ob ta ined  clearly d e m o n s t r a t e  a difference 
in the  re la t ion be tween  the  effect  on the  isolated guinea- 
pig t r achea  and  r ight  auricle for a n u m b e r  of s y m p a t h o -  
mimet i c  agents .  Such a selective effect  has  also been  
repor ted  for ano the r  class of adrenergic  fl-receptor s t imu-  
lants  by  HARTLEY et  al. ~ and BRITTAIN et al. 5. 

One of t he  compounds  6 in the  alkyl  series 1-(3, 5-di- 
hydroxypheny l ) -2 - ( t -bu ty lamino) -e thano l  su lpha te  (ter- 
bu ta l ine  sulphate ,  Prop.  I .N.N.)  showed such promis ing  
proper t ies  in the  p re l iminary  tes t s  t h a t  i t  was selected for 
fu r ther  studies.  I t s  re la t ive  b ronchospasmoly t i c  ac t iv i ty  
in d i f ferent  t e s t  s i tua t ions  is given in t he  Table.  In  vi tro,  
when  t e s t ed  on the  isolated guinea-pig t rachea ,  t he  effect  
of the  racemic  co mp o u n d  was s l ight ly less t h a n  t h a t  of 
( - - ) -adrenal ine  and  twice t h a t  of orciprenaline.  I soprena-  
line was 17 t imes  more  p o t e n t  t h a n  te rbuta l ine .  In  the  
in vivo s tudies  t he  re la t ion be tween  the  d i f ferent  com- 
pounds  var ied  according to the  rou te  of admin i s t r a t i on  
and  t echn ique  used. Af ter  oral admin i s t r a t i on  to  con- 
scious guinea-pigs (h is tamine aerosol), t e rbu ta l ine  was 
3 t imes  more  act ive  t h a n  b o t h  orciprenal ine  and  iso- 
prenal ine .  The dura t ion  of ac t ion was  longer t h a n  t h a t  
of i s o p r e n a l i n e  and  orciprenal ine.  The  cardiovascular  
effects of t e rbu ta l ine  are charac ter i s t ic  of those  of a 
fi-receptor s t imula t ing  agent :  depressor  effect  on the  
ar ter ial  mean  pressure,  increase in pu lse  pressure  and 
hea r t  rate .  The effect  on per iphera l  res is tance  assessed 
by  perfus ion of the  lower a b d o m e n  of the  cat  a t  cons t an t  
flow, was 1/20 t h a t  of isoprenal ine  and of the  order  of 
t h a t  of orciprenal ine.  At  equieffect ive b ronchospasmo-  
lyric doses t he  c i rcula tory  effects in b o t h  cats  ' and dogs 
were less t h a n  those  for orciprenal ine  and  isoprenaline.  

The acute  tox ic i ty  in mice of the  co mp o u n d  is low and  
i t  has  no cent ra l  s t imula t ing  effect.  

Af ter  oraI admin i s t r a t i on  to dogs, abou t  75% of the  
dose was found  in t he  urine wi th in  48 h af ter  t he  admin-  
is t ra t ion.  

The resul ts  ob ta ined  f rom the  pharmacolog ica l  s tudies  
indicate  t h a t  t e rbu ta l ine  is a p o t e n t  b ronchospasmoly t i c  
agent  wi th  an effect  p r e d o m i n a n t l y  on the  t rachea l  and 
bronchia l  muscles.  I t  has  an act ion of long dura t ion  and  
is act ive af ter  oral  admin i s t ra t ion .  Full  results  will be 
publ i shed  in detai l  later.  

Relative bronchospasmolytie effect of terbutaline, orciprenaline and 
isoprenaline in various test situations 

Test Route of Relative effect 
admiuis- Ter- Orci- Iso- 
tration butaline prenaline prenaline 

Guinea-pig trachea 
Anaesthetized guinea-pig i.v. 
(Konzett and R6ssler) 
Anaesthetized cat i.v. 
(Konzett and RSssler) 
Anaesthetized dog 
(Konzett and RSssler) 
Conscious guinea-pig 
(Histamine aerosol) 
Conscious guinea-pig 
(Histamine aerosol) 

1.0 0.5 17 
1.0 0.5 6 . 7  

1.0 0.4 1.7 

i.v. 1.0 0.7 4.8 

i.p. 1.0 0.3 2.0 

oral 1.0 0.3 0.3 

4 D. HARTLEY, D. JACK, L. H. C. LUNTS and A. C. RITCHIE, Nature 
219, 861 (1968). 

5 R. T. BRITTAIN, J. B. FARMER, D. JACK, L, E. IV[ARTIN and 
W. T. SIMPSON, Nature 219, 862 (1968). 

6 j~. I. g. WETTERLIN and L. A. SVENSSON, Belgium patent No. 
704,932. 
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Zusammenfassung. Verzweigte  und zyklische N-Alkyl-  
der iva te  aus 1-(3, 5-Dihydroxypheny!) -2-amino/ i thanol  
wurden  hergeste l l t  und pharmakologisch  gepriift .  Die 
Verb indungen  sind adrenerge /%rezeptorst imulierende 
Subs tanzen  mi t  ausgesprochenem Effek tun te rsch ied  in 
ihrer  Wi rkung  auf Herz  und t3ronchie. Von den unter-  
suchten Verb indungen  zeigte 1-(3 ,5-Dihydroxyphenyl) -  
2-(t-butylamino)-~ithanol (Terbutalin) besonders g u t e  
pharmakologische  Eigenschaf ten.  Terbuta l in  ist  po ten te r  

als Orciprenalin,  ha t  ausserdem eine Wirkung  yon 1/in- 
gerer Dauer  als Isoprenal in  und Orciprenal in sowie eine 
h6here selekt ive Wirkung  als diese beiden Verbindullgen.  

j .  BI~RGMAN, H. PERSSON 
and K. WETTERLIN 

Research Laboratories o/ A B Draco, 
S-221 07 Lund (Sweden), 22 May 7969. 

The X-Ray  Analys is  of T o l y p o m y c i n o n e  T r i - m - b r o m o b e n z o a t e  

Tolypomyc in  Y (I)1, C4aH54N204 ' is a new ant ib io t ic  
which has been isolated f rom the  cul ture  b ro th  of 
Strepto~r tolypophorus 2. Mild acid hydrolysis  of I 
afforded a yel low naphthoquinone ,  to lypomyc inone  a, 
CaTH43NO~a, and a water-soluble  aminosugar ,  tolypos-  
amine  I, C6HlaNO 2. The  s t ructure  of t o lypomyc in  Y and 
to lypomyc inone  have  been proposed by  KISHI et  al. ~-3 
f rom the  s t ructures  of thei r  degrada t ion  products  and 
thei r  spectroscopic data.  I n  order to confirm these struc- 
tures and to establish thei r  s tereochemical  configurat ions 
and conformations,  the  X- ray  analysis was under taken.  
A va r i e ty  of h e a v y - a t o m  der iva t ives  of t o lypomyc in  Y 
and to lypomyc inone  was prepared,  bu t  a p re l iminary  
s tudy  indica ted  t h a t  the  to lypomyc inone  t r i -m-bromo-  
benzoate  (II), CssH52016NBra, was the  most  promis ing 
for the  X- ray  analysis.  Smal l  yel low crystals  of I I  
mp 201-203 ~ (decomp.), recrystal l ized f rom all e thyl  
ace ta te  solution, were s table enough to make  cer ta in  
a m o u n t  of da t a  collection possible. 

Weissenberg pt \otographs obta ined  witt l  CuK~ radia-  
t ion  (Z = 1.5418 A) showed t h a t  the  crys ta l  is or tho-  
rhombic  wi th  the  unit-cel l  parameters ,  a = 20.51, b = 
25.60, and c = 11.80 A. Sys temat ic  ext inct ions  of hOO 
when h is odd, OkO when k is odd and 001 when i is 
odd, lead unique ly  to the  space group 1)4 (P21212~). The 
calculated dens i ty  of the  crystal ,  assuming one molecule 
in an  a symmet r i c  unit,  is 1.35 g cm -a as compared  wi th  
the  measured  va lue  of 1.38 g cm -8 (the f loa ta t ion  method) .  

Ref texion intensi t ies  were measured  visual ly  f rom 
mul t ip lef i lm in tegra t ing  Weissenberg photographs  which 
were recorded at  room tempera ture ,  ro ta t ing  around the  
c axis (11 layers, specimens of 0 .08•  m m  cross- 
section) and the  a axis (5 layers, 0.05 • 0.20 m m  cross- 
section).. The  crystals  were fair ly small  and were of low 
ref lect ing power.  Absorp t ion  correct ions are small  and 
were not  applied, nor  were the  ex t inc t ion  corrections. 
I n  all, 3262 independen t  s t ruc ture  factors were der ived 
f rom the  in tens i ty  measurement .  

The  three-d imensional  sharpened peak  Pa t te r son  func- 
t ion was computed  wi th  an over-al l  t empera tu re  factor  
of 5.5 X2. In i t ia l  co-ordinates  of 2 b romine  a toms (0.28, 
0.18, 0.84) and (0.50, 0.02, 0.32), were deduced f rom the  
3 Harke r  sections and vec tor  maps.  Bu t  the  co-ordinates  
of the  th i rd  b romine  atom, t empera tu re  factor  of which 
was la ter  revea led  to be ve ry  large, were no t  determined.  
Each  of the  locations of the  2 b romine  a toms was then  
used to compu te  a separa te  four  t e r m  m i n i m u m  funct ion 
superposit ion. 2 three-dimensional  Four ier  syntheses were 
also eva lua ted  a t  this  s tage wi th  phase angles calculated 
f rom the  co-ordinates of one b romine  a t o m  (Br(1)) and 
f rom those of 2 bromine  a toms (Br(1) and Br(2)), respec- 
t ively.  By  careful examina t ion  of these maps,  50 peaks 
were chosen as a tomic  positions. Ins tead  of calculat ing 
a rough electron dens i ty  d is t r ibu t ion  wi th  phase angles 

based on these 50 atoms,  least-squares t r e a t m e n t  was 
applied to t h e m  in order  to ascer ta in  the  existence of 
a toms by  thei r  t empe ra tu r e  factors 4-s. Some a toms 
whose t empera tu re  factors d iverged in this  t r e a t m e n t  were 
discarded. Then  the  electron dens i ty  synthesis  was com- 
pu ted  wi th  phase angles based on the  remaining  atoms.  
Fu r the r  e lucidat ion of the  s t ructure  was cont inued by  
our usual  me thod  4-5, t h a t  is, an a l te rna t ive  appl ica t ion 
of least-squares t r ea tmen t s  and Four ier  syntheses.  2 ben- 
zene rings of t i le b romobenzoa te  were clearly seen a t  an 
early stage, and the  naph thoqu inone  ring a t  the  nex t  
stage. Other  par ts  of the  molecule  were visual ized step 
by  step as the  analysis proceeds on. F r o m  the  m a p  
obta ined  by  the  electron dens i ty  synthesis  wi th  an 
R-va lue  of 27.7%, 78 a toms of t i le whole molecule  and 
20 o ther  peaks were seen. The  l a t t e r  20 peaks were 
revealed to be spurious by  the  succeeding least-squares 
t r ea tment ,  and the  present  s t ruc ture  was der ived wi thou t  
any  uncer ta in ty .  The  chemical  ident i t ies  of all the  con- 
s t i tuen t  a toms were de te rmined  by  the  considerat ion of 
the  t empera tu re  factors in the  least-squares ref inement ,  
the  peak  values  of electron density,  bond lengths and 
angles, toge ther  wi th  the  chemical  evidence.  The  a tomic  
co-ordinates and the  t empera tu re  factors  were refined 
through 6 cycles of least-squares calculations,  Final ly,  
the  R=value decreased to 0.172. 

The  final  a tomic  co-ordinates  and t empera tu re  factors 
are l isted in the  Table.  The  s t ructure  (II) of to lypomyci -  
none t r i -m-bromobenzoa te  is now considered to be 
established unambiguously .  The  a tomic  co-ordinates  of 
the  table  devia te  by  a m a x i m u m  of 0.2 A from acceptable  
values for the  formula  (II). 

As the  nex t  step, the  absolute  conf igura t ion  of the  
molecule was de termined  by  means  of BIJVOET'S anoma-  
lous dispersion me thod  6. Values of A/" and A/'" for 
b romine  a toms were t aken  f rom the  ' In ternat iOnal  
Tables '  7. 

1 T. KISHI, S. I-IARADA, M. ASAI, M. MUROI and K. MIzu~o, Tetra- 
hedron Letters 2, 97 (1969). 

2 T. KISHI, H. YAMANA, M. MUROI, S. HARADA, M. ASAI and K. MI- 
zlJNo, J. Antibiot., Tokyo, in press (1969). 

3 T. KISHI, M. AsAI, M. MuRoI, S. I-IARADA, ]~. MIZlJTA, S. TERAO, 
T. MIKI arid K. MIzuNo, Tetrahedron Letters 2, 91 (1969). 

a y. TOMIIE, A. FURUSAKI, N. SAKABE, M. NISHIKAWA, K. KA- 
MIYA, H. MATSUDA and I. NITTA, presented at 7th hternat. Cong. 
arid Syrup. Crystallography, Moscow, U.S.S.R., July, 1966; Aeta 
Cryst. 21, A131 (1966). 

5 M. NISHIKAWA, g.  KAMIYA, M. TOMITA, Y. OKAMOTO, W. ~I- 
KUCHI, I~. OSAKI arid K. GoTo, J. chem. Soc. B, 652 (1968). 

s j .  M. BIJVOET and A. F. PEERDEMAN, Acta Cryst. 9, 1012 (1956). 
7 International Tables ]or X-ray Crystallography (Kynoch Press, 

Birmingham 1962), vol. III. 


