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Fiir  dieses Gas behielt ]3LACK den bereits bekannten 
Namen der ((fixen Luf t ,  (¢fixed aira) bei. 

BLACK war sich der geschichtlichen Bedeutung des 
exakten Nachweises eines gasf6rmigen Stoffes durchaus 
bewusst, wie aus der riickblickenden Bet rachtung in 
seinen Vorlesungen ~ber die Grundlehren  der Chemic  her- 
vorgeht. Diese ,Lectures)> wurden 1799 yon seinem 
jiingeren Freund JOHN ROBISON (1739--1805) aUS dem 
Nachlass BLACKS herausgegeben. Ers t  aus diesem post- 
humen Werk erhielt die inzwischen v611ig ver~nderte  
wissenschaftliche Welt  offizielle Kenntnis  yon physio- 
logischen Versuchen, in denen BLACK 1757 gezeigt hat te ,  
dass das yon ihm entwickelte Gas (,aIlen Tieren t6dlich 
ist, welche es durch den Mund und die Nasenl6cher ein- 
atmen~. J a  er erkannte  sogar, dass die durch das Atmen  
eingetretene Ver~nderung der Luft  darin besteht, ~dass 
ein Teil derselben in Iixe L u f t ,  umgewandel t  wird. Den 
Beweis fiir die Rieht igkei t  dieser Lehre erbrachte er 
kurz darauf in einem ~usserst interessanten Massen- 
experiment:  In  eine Dach6ffnung einer yon 1500 Men- 
schen besetzten Kirche in Glasgow brachte er Lappen, 
die mit  einer LSsung yon ~kaustischem IvIineralalkali, 
getriinkt waren. Durch die ausgeatmete Luft  der grossen 
Menschenmenge wurde nun diese L6sung, wie ROmSON 
berichtet, in mildes Alkali verwandelt .  Auch die Ent -  
stehung der Kohlens~ure bei der G~rung wurde ge- 
priift. 

Es scheint uns, dass diese ersten, bisher kaum allge- 
mein bekannten sp/iteren Untersuchungen im Hinblick 
auf die weitere Entwicklung yon ausserordentlich gros- 
ser Bedeutung sind. Sic stellen nicht nur die Anf~inge der 
sogenannten pneumatischen Chemic dar, sondern die 
An/ i inge  chemischer Exper imen ta l ]orschung  in  der B io -  
logic. Als erste physiologische W e n d u n g  i n  der Chemic  
bilden sie eine Vorstufe ftir das/ ihnlich gerichtete Lebens- 
werk des Franzosen LAVOISIER, dessen Irfiheste Versuehe 
dem schott ischen Arzt  sicher Wesentliches verdanken.  
Unmit te lbaren  Einfluss gewannen BLACKS Arbeiten ant  
den schottischen Chirurgen DAVID 1V[ACBRIDE (1726 bis 
1778), der dessert Methodik verfeinerte und sic zum 
Nachweis der Kohlens~ure im Blut  (1764) heranzog, 
eine nur wenig bekannte Tatsache unter  vielen, welche 
die auch in der wissenschaftlichen Medizin eingetretene 
Neuorientierung illustriert. Aus diesem Grunde und weft 
yon BLACK bis zu LAVOISIER die Ket te  genialer pneu- 
matisch-physiologischer Exper imente  nieht  mehr  ab- 
reissen sollte, ha t  die Abhandlung des Jahres  1756 ver-  
dient, der Vergessenheit  entrissen zu werden. 

H. BuEss 

Mediz in i sah-His tor i sches  I n s t i t u t  der Universi t i i t  Basel ,  
den 20. A u g u s t  7955. 

S u m m a r y  

Reference is made to a treatise published in 1756 by 
JOSEPH BLACK (1728--1799), which was the first work to 
contain conclusive evidence of a gas bound to solid 
bodies; and in this connection the historical significance 
of the earliest studies on carbon dioxide is emphasised. 
Attent ion is drawn in part icular  to a subject  about  
which little has hi therto been known, i.e., the use which 
BLACK and his contemporaries (notably DAVID MAC- 
BRIDE) made of this discovery by applying i t  to animal 
and human physiology. 

S T U D I O R U M  P R O G R E S S U S  

S y n t h e s i s  of  a P o l y p e p t i d e  w i t h  A C T H - l i k e  

S t r u c t u r e  

By R. A. BOISSONNAS, St. GUTTMANN, J.-P. WALLER, 
and P.-A. JAQUENOUD* 

The s t ructure  of the main component  of hog ACTH 
has recent ly been elucidated by  BELL et al. 1 and by 
WHITE and LANDMANN 2, I t  is a l inear polypeptide 
composed of th i r ty-n ine  amino acids residues: seryl- 
tyrosyl-seryl-methionyl-glutamyl-hist idyl-phenylalanyl-  
a rg inyl - t ryptophanyl  - glycyl-  lysyl - prolyl - valyl  - glycyl- 
lysyl-  lysyl - arginyl - arginy 1- prolyl - va lyl  - IysyI - valyl - 
tyrosyl-prolyl-aspartyl-glycyl-alanyl-glutamyl-aspartyl-  
g lutaminyl  (or glutamyl)-leucyl-alanyl-glutamyl-alan- 
yl-phenylalanyl-  prolyl - leucyl-  g lu tamyl -  phenylalanine. 
HOFMANN and J6HL 3 have confirmed by synthesis the 
sequence of the first five N-terminal  amino acids of this 
structure.  

LI et al. 4 have  found tha t  sheep ACTFI is structurally 
closely related to hog ACTH, the only differences being 
located in the carboxyl  moie ty  of the molecule. 

Large f ragments  can be enzymat ica l ly  or chemically 
split from the carboxyl  end of the ACTH molecules 
wi thout  loss of the biological act ivi ty .  On the other  hand 
split t ing of peptides bonds a t  the  amino end of the 
molecule is followed by complete inact ivat ion.  The bio- 
logically act ive par t  of the molecule is therefore located 
in the amino moiety,  which presents the same sequence 
of amino acids for the diverse ACTH molecules hitherto 
investigated.  

We have  recent ly reproduced the sequence of the first 
twen ty  N-terminal  amino acids of this common moiety 
of the ACTH molecules by achieving the synthesis of an 
icosapeptide:  seryl- tyrosyl-  seryl - meth ionyI-  g lu tamyl-  
hist idyl - phenylalanyl  - arginyl - t ryp tophany l  - glycyl - 
lysyl-  prolyl-  valyl  - glycyl-  lysyl- lysyl - arginyl - arginyl - 
prolyl-valine methyl  ester. This icosapeptide ester is by 
four amino acids residues shorter than  the smallest 
biologically act ive f ragment  hi ther to  obtained by de- 
gradat ion of an ACTH molecule. Assayed by  the method 
of SAFFRAN and SCHALLY 5, our synthet ic  product  ex- 
hibited a positive, though limited, ACTH activi ty 
(2-3 UI/mg) .  The possibility of a certain amount  of 
racemizat ion at  some steps of the synthesis cannot  be 
excluded. We give below a prel iminary repor t  on this 
synthesis. 

CBO-arginine ~ was condensed by  dicyclohexylcarbo- 
diimide (DCCI) ~ with arginine methyl  ester dibrom- 
hydra te  (V) in d imethylformamide (DMF) to CBO 

* Laboratory of Organic and Pharmaceutical Chemistry, Uni- 
versity of Geneva and Department of Pharmaceutical Chemistry, 
Sandoz Ltd., Basle. July 21, 1956. 

i p. H. BELL etal., J. Amer. chem. Soc. 76, 5565 (1954); 77, 3419 
(1955). 

2 W. F. WHITE and W. A. LANDMANZ% J. Amer. chem. Soc. 76, 
4193 (1954); 77, 771, 1711 (1955). 

a K. HOFMANN and A. J6HL, J. Amer. chem. Soc. 77, 2914 (1955). 
a C. H. Lx et al., Nature 176, 687 (1955). 
s M. SAFFRAN and A. V. SC~ALLV, Endocrinology 56, 523 (1955). 
s All starting amino acids were of the L-form. 

J. C. SHEEttAN and G. P. HEss, J. Amer. chem. Soc. 77, 1067 
(1955). 
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arginyl-arginine methyl  ester d ib romhydra t e  (VII  ; 58 % 
yield. Rf~,! 0.30 s. Analysis  calculated for C~H~60~NsBr~: 
N 17-50; Br 24.96. Found :  N 17.00; Br 25.40). This was 
saponified to CBO-a rg iny l - a rg in ine  d ib romhydra t e  
(VII I ;  98% yield. R/~ 0.09. Analysis  ca lcula ted for 
C~0H~O~NsBr~: N 17.89. Found :  N 16.75) and condensed 
by  DCCI and t r ibu ty lamine  (TBA) in D M F  with prolyl-  ~- 
valine methy l  ester b romhydra t e  (IV), ob ta ined  b y  
HBr/ace t ic  acid scission of CBO-prolyl-val ine me thy l  
ester ~ (III) ,  to CBO-arginyl-arginyl-prolyl -val ine  methyl  ~ '  
ester d ib romhydra te  ( IX;  57% yield. Analysis  ca lcula ted 
for CatHs~O~N10Br~: N 16.74; Br 19.10. Found :  N 16.81; 
Br 19-98), which was cleaved by  HBr/ace t ic  acid in to  
arginyl -arginyl -prolyl -val ine  methy l  ester t r ib romhy-  
dra te  (X; 74% yield. R[~i 0.47. /~]A 0.52. Analysis  
calculated for C~aH~O~N~oBr~: Br 30-63. F o u n d :  Br  
30.25). ~_~- 

Di-CBO-lysine m was conver ted by  th ionylchlor ide  and 
methanol  to e-CBO-lysine me thy l  ester  ch lorhydra te  x° 
(XI ;  72% yield), which was condensed with t r i ty l -  
glycine ~ ~ by  the mixed anhydr ide  method  in t e t r ahydro -  
furane (THF) to t r i tyl-glycyl-~-CBO-lysine me thy l  ester 
( X I I I ;  85% yield.  M.p. dec. 75 °. R]~t 0.79. Analysis  
calculated for CssH~O~N~: N 7.08. Found :  N 6.91), which 
was saponified to t r i ty l -g lycyl -  e-CBO-lysine (XIV;  85 % 
yield. M.p. 110% R[~ 0-41. Analysis  calculated for 
C~H~O~N~ : N 7.25. Found  : 7.05). This was condensed b y  
DCCI in T H F  with e-CBO-lysine methyl  ester to t r i ty l -  
glycyl-e-CBO-lysyl-s-CBO-lysine methyl  ester (XV. R/~, 
0.85. Analysis  ca lcula ted for C~0H~OsN~; N 8.18. Found  ~_ 
N 8.03), which was saponified to t r i ty l -g lycyl-e-CBO- 
lysyl-s-CBO-lysine (XVI;  79% overal l  yield,  M.p. 80 °. 
R/'A 0"60. Analysis  calculated for Ca~H**OsN~; C 69.89; ~ ~, 
H 6.58; N 8.32; equivalent  weight  842. Found :  C 69.67; "-~ 
H 6.98; N 8.25; equiva lent  weight  840). 

The l a t t e r  t r ipep t ide  was condensed by  DCCI in D M F  
with the  t e t r apep t ide  X to t r i ty l -g lycyl-e-CBO-lysyl-e-  
CBO-lysyl-arginyl-arginyl-prolyl -val ine  methyl  ester di- 
b romhydra t e  (XVII ;  45% yield.  M.p. dec. 150 ° .R/~ 0.64. 
Analysis  ca lcula ted for C~aH0~O12N~Br~: N 13.77;  Br  ~- 
10.47.  Found :  N 13.77;  Br  10.31), which was cleaved 
b y  hot  acetic acid to g lycyl -  e -CBO-lysy l -e -CBO-lysy l -  
a rg iny l -  a rg iny l -p ro ly l -va l ine  methyl  ester monoace ta te  
d ib romydra t e  (98% yield. M.p.dec. 133 °. R[I~ 0.65. Ana-  
lysis calculated for C~Hs~Ox~N~Bra: N 15.61. Found :  N 
15.61) and t rea ted  with  H B r  to ob ta in  the  t r ib romhy-  
dra te  ( X V I I I ;  92% yield. Analysis  ca lcula ted for C~z- ~_ 
Hs6OI~N~sBrz: N 15.39; ]3r 17.55; - -OCHz 2.27. Found :  
N 14.95; Br 17.31; --OCH~ 2.22). 

The above  t r i ty l -g lycyl -s -CBO-lys ine  (XIV) was .~ 
condensed b y  DCCI in T H F  wi th  prolyl -val ine  methy l  
ester b romhydra t e  (IV) to t r i ty l -g lycyl -e-CBO-lysyl -  
prolyl-val ine  methy l  ester ( X I X ;  93% yield. M.p.dec. 
65 °. Rf~ 0.75. Analysis  calculated for C~H~O~N~: N 8.87. " ~  
Found :  N 8.50), which was saponified to t r i ty l -g lycyl - s -  
CBO-lysyl-prolyl-val ine  (XX;  80% yield. M.p. 100% 
R/'A 0.65. Analysis  ca lcula ted for C,~H~O~Ns: C 69.65; 
H 6-89; O 14.43; N 9.03; equiva lent  weight  776. F o u n d :  
C 70.62; H 6.91; O 13.91; N 8.74; equivalent  weight  769). 
The l a t t e r  was condensed with  the  hep t apep t ide  X V I I I  
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b y  DCCI and TBA in DMF to t r i ty l -g!ycyl-e-CBO- 
lysy l -  pro ly l -  valyl  - g lycyl-  e- CBO - lysy t -  e -CBO-  lysy l -  
arginyl-argin yl-prolyl-val ine methyl  ester d ib romhydra t e  
( X X I ;  49% yield. ~{.p. dec. 150 °. R[~ 0.62. Analys is  
calculated for CgsHx3eOlsN20Br~ : N 13.71. Found  : N 13.72). 
Successive t rea tments  by  hot  acetic acid, IRA-410 and 
three equivalents of HC1 gave glycyl-e-CBO-lysyl-prolyl-  
valyl-glycyl-e-CBO- lysyl - , -CBO - l y s y l - a r g i n y l -  arginyl-  
prolyl-val ine methyl  ester  t r i ch lo rhydra te  ( X X I I ;  82% 
yield. M.p. dec. 175 °. RfA 0-68. Analysis  ca lcula ted  ~or 
C~gH123018N~oC13: C 54.30; I-I 7.10; O 16-48; N 16.03; C1 
6-09. Found :  C 54-25; H 7-03; O 17.13; N 15-47; C1 6.18). 

CBO-arginine and  t r y p t o p h a n e  methyl  ester chlor- 
hydra te  were condensed by  DCCI in D M F  to CBO- 
a rg iny l - t ryp tophane  methyl  ester ch lorhydra te  (XXIV;  
84 % yield. Rfii 0.55. Analysis  calculated for C26H3aO~NnC1 : 
N 15.42; C1 6.51. Found :  N 15.20; C1 6.47), which was 
conver ted by  HBr/ace t ie  acid (free of bromine and of 
aldehyde) to a rg iny l - t ryp tophane  methyl  ester  d ibrom-  
h yd r a t e  (XXV;  91% yield.  M.p. dec. 240 °. R]~ 0.55. 
AnaIysis ca lcula ted for C~sH~sO~N~Br,: N 15.67; Br 29.80. 
F o u n d :  N 15.64; Br 29.60). 

CBO-hist idyl-azide ~e (XXVII )  was reac ted  with  
phenyla lanine  methy l  ester (XXVI)  to  CBO-hist idyl-  
phenyla lanine  methy l  ester ( X X V I I I ;  82% yield. M.p. 
108 °. R]~I 0.75. Analysis  ca lcula ted for C,~H2nO~N~: N 
12.44. Found  : N 12.60), which was cleaved by  HBr/ace t ie  
acid to the  d ib romhydra t e  ( X X I X ;  98% yield. M.p. 
140 °. R[r,I 0.75. Analysis  ca lcula ted for C~eH~,O~N,Br~: 
Br 33.42. F o u n d :  Br  34.0) and t r i t y l a t ed  to  d i t r i ty l -  
h i s t idy l -phenyla lan ine  methyl  ester ( X X X ;  91% yield.  
M.p. 70 °. AnMysis ca lcula ted for C~,H, sOeN,: N 6-99. 
F o u n d :  N 6-93). This was saponif ied to d i t r i ty l -h is t idy l -  
phenyla lanine  ( X X X I ;  90% yield. M.p. 120 °. R[~ 0.37. 
Analysis  calculated for C~.~H~nOaN,: N 7.12. Found :  
N 7.11), which was condensed with  the  d ipept ide  X X V  
by  DCCI and TBA in D M F  to d i t r i ty l -h i s t idy l -phenyl -  
a lany l -a rg iny l - t ryp t0Phane  methyl  ester b romhydra t e  
( X X X I I ;  89% yield. M.p. 185 °. Rfi~ 0.67. Analysis  cal- 
culated for C~xHv~O~Na0Br: N 11.44. Found :  N 11,56). 
This was  saponified to  d i t r i ty t -h i s t idy t -phenyla lanyl -  
a rg iny l - t ryp tophane  ( X X X I I I ;  88% yield. M.p. 228 °. 
R]'~I 0.48. Analysis  calculated for C~0HnsO~N~0: N 12-40. 
Found :  I2.13). The l a t t e r  was condensed with the  ende- 
capept ide X X I I  by  DCCI in DI~IF to d i t r i ty l -h is t idy l -  
phenylalanyl  - a rg iny l - t ryp tophany l -g lycy l -  e-CBO-lysyl- 
prolyl-valyl-glycyl-e  - CBO - lysy l -  e- CBO - lysyl  - arginyl  - 
a r g i n y l - p r o l y l - v a l i n e  methyl  ester t r i ch lorhydra te  
( X X X I V ;  73%-y ie ld .  M.p. 200% R]~ 0-65. Analysis  
calculated for C~,~Hls~O~Na0Cl~: C 62.59; H 6.66; C1-3.72. 
F o u n d :  C 61-25; H 6-48; CI 2.96). T r e a t m e n t  wi th  ho t  
acetic acid followed b y  HCt gave h is t idyl -phenytManyl-  
a rg inyI - t ryp tophany l -  g lycy l - e -CBO- ly sy l -p ro ly l -va ly l -  
glycyl-e-Ct30-lysyl-  e-CBO-lysyl-arginyl-  arginyl  - prolyl-  

val ine methy l  ester  pen tach lo rhydra t e  ( X X X V ;  89% 
yield. M.p. dec. 220% Rfi, 0-65. Analysis  ca lcula ted for 
CmH1630~,Na0CI~: C 54.45; H 6.72; O 14.38; N 17-17. 
Found :  C 52-88; I-t 6.80; O 13.92; N 17-44). 

Ph ta ly l -meth ion ine  was condensed b y  DCCI with  the 
t r i e thy lammonium sal t  of ~-benzyl-glutamic  acid to 
ph ta ly l -meth i0nyl -y-benzyl -g lu tamic  acid (XXXVII I ) ,  
which was cleaved b y  one equiva len t  of hydrazine  into 
methionyl-~,-benzyl-glutamic acid monohydra te  which 
was purif ied b y  pa r t i t ion  ch roma tog raphy  ( X X X I X ;  
26% over  all yield.  R/~ 0-63. Analysis  calculated for 
CITH~OeNuS: N 7-26. Found :  N 7-31). 

CBO-tyrosine was condensed wi th  serine methy l  ester 
b y  DCCI in chloroform to CBO-tyrosyl-ser ine methyl  
ester ( X L I I ;  70% yield. M.p. 151 °. R/~ 0.90. Analysis 
calculated for C2tH~aO~N~ : N 6.73. Found :  N 6.69), which 
was cleaved by  HBr/ace t ic  acid to tyrosyl-ser ine methyl  
ester b romhydra t e  ( X L I I I ;  98% yield). This was con- 
densed with  CBO-serine b y  DCCI and T B A  in DMF to 
CBO-seryt- tyrosyI-serine methy l  ester  (XLV; 75 % yield. 
M.p. 165 °. R].~l 0.95. Analysis  calculated for C24H~OgN~: 
N 8.34. Found :  N 8.32), which was conver ted  into the 
hydraz ide  (XLVI ;  68% yield.  M.p .  230 °. Analysis  cal- 
culated for C23H29OsNs: C 54.86; H 5.81; O 25.42; N 
13.91. Found :  C 55,36; H 6.63; O 24.22; N 14.48). The 
corresponding azide was reacted in D M F  with the  tri- 
e thy lammonium salt  of the  d ipept ide  X X X I X  to CBO- 
seryl-  t y rosy l -  seryl-  meth ionyl -  y-benzyl -  g lu tamic  acid 
( X L V I I I ;  65% yield.  M.p. dec. 150 °. Af ter  scission by 
H B r  in a mix ture  of acetic acid and methyl-e thyl -  
th ioether l3:  -~[ra 0"60 ~4. Analysis  ca lcula ted for 
C40H49OlaN~S: N 8.34; equiva lent  weight  840. Found:  
N 8-33; equiva lent  weight 816). This was condensed with 
the pen tadecapep t ide  X X X V  b y  DCCI and TBA in 
D1V[F to CBO:seryl- tyrosyl-seryl-methionyl-~-benzyl-  
g l u t a m y l - h i s t i d y l - p h e n y l a l a n y l -  a rg inyl -  t ryp tophany l -  
glycyl-  e-CBO-lysyl - prolyl  - valyl - glycyl-~- CBO - lysyl-e- 
CBO-lysyl-arginyl-arginyl-prolyl -val ine  methy l  ester 
t r i cb lorhydra te  ( X L I X ;  77% yield.  M.p. dec. 200 °. 
Analysis  calculated for C~s1H~08Oa4NasSC13: N 15.34. 
Found :  N 15-72. The hydro lysa te  presents  a correct 
chromatographic  correlat ion with a syn the t ic  mixture 
of amino acids). The pro tec t ing  groups of this  icosa- 
pep t ide  were cleaved by  H B r  in a mix ture  of acetic acid 
and methy l -e thy l - th ioe ther  18. Af ter  evapora t ion  in 
vacuo the residue was dissolved in water .  The icosapep- 
t ide prec ip i ta tes  t rom its aqueous solut ion a t  p H  above 6. 

Zusammen/assung 

Es wird i iber  die Synthese  eines Icosapept ides ,  das 
aus den zwanzig ersten Aminosfiuren des N-Endes  eines 
ACTH Molekiils aufgebaut  ist,  ber ichtet .  Das synthet i-  
sche P roduk t  bes i tz t  eine schwache ACTH-Wirkung.  

13 R. W. HOLLEY and E. SONDHEIMER, J° Amer. chem. Soc. 76, 
13~ (1954). 

13 To fix the benzyl bromide produced. 
14 In sec:butanol: 3% ammonia it appears between glutamie acid 

and lysine. C]. footnote 3. 


