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obligater Vermit t ler  des Aul3enklimas. Um welter die 
M6glichkeit unserer augenscheinlich nicht unumg/ing- 
lichen Inhalat ionshypothese anzufechten, wird man 
wohl die M6glichkeit der Suspension in der Luft  sterin- 
haltiger Mikrok6rper t ierisehen oder pflanzlichen Ur- 
sprungs ausschliel3en miissen, und das lassen wir ja  
dahingestellt.  Jedenfalls  haben wir diese Hypothese nur 
etwas mehr  in den Vordergrund gerfickt, weft s i eneu  ist, 
w~hrend die kurz angedeutete  aliment/ire Hypothese  
wohl seit Jahrzehnten  als bewiesen gilt. 

3. Andere Strahlenbezirke aul3er dem UV fassen wir 
deshalb nicht  ins Auge, weft uns kein guter  Grund be- 
kannt  ist, ihnen eine krampfausldsende and  Btut-Ca"-  
senkende Wirkung zuzuschreiben, die dagegen fiir das 
UV unter  gewissen Umst/ inden klinisch und experi- 
mentell bewiesen ist. 

4. Aus indirekten Griinden wird seit Jahren  yon den 
besten Kennern der Krankhei t  angenommen - und es 
ist in letzter  Zeit direkt, and auf verschiedene XVeise, 
yon I-IARNAPP 1 und yon SARrOR~ ~ festgestellt  worden - ,  
dab sich die vegetat ive  St6rung der Spasmophilie nicht 
ohne eine betr/ichtliche Senkung des Blur-Ca" mani- 
festiert. Deswegen hielten wit  es ffir lohnender, diesen 
gesicherten Ring der langen pathogenetischen Ket te  in 
den Vordergrund zu stellen, um uns im Wirrwarr  der 
allgemeinen 1Keteoropathologie nicht zu verirren, wo 
ja die diberzeugende und allseitig befriedigende Ldsung ~ 
noch ausbleibt. 

Aus den angeftihrten Griinden ha l ten  wit  unsere 
Arbeitshypothese, nach weleher die meteorologischen 
VorgAnge insofern die Spasmophilie beeinflussen, Ms 
sin das UV des Tageslichts und dessea mit te lbare  mxd 
unmit te lbare  Wirkung auf das Blut-Ca" pr/tdisponierter 
Organismen /indern, als nicht widerlegt. Wir  sehliel3en 
deswegen die Mdglichkeit einer direkten Beeinftussung 
der Krankhei t  durch andere mehr oder minder  komplexe 
meteorologische Vorg/inge aber nicht ausdriicklich aus. 

E. SARTORI und 1%{. BOLLETTI 

Clinica Pediatr ica dell 'UniversitS, di Padova,  den 
13. Dezember  1948. 

S u m m a r y  

With reference to a communica t ion  of W. MdRI- 
KOI~ER (Exper. 5, 86 [1949]) concerning some remarks 
on our own communicat ion about  the relation between 
U.V. light and spasmophilic convulsions (Exper. 4, 279 
[1948]) we point out  t ha t : - -  

(1) Our est imations concern not only the radiation of 
the sun, as M(SRIKOFER erroneously assumes, bu t  also 
the radiat ion of the sky. 

(2) The indoor climate is not  necessarily a mediator  
between the open-air cl imate and the organism; our 
hypothesis of inhalat ion of ac t iva ted  substances is not  
the only possible explanation, however the a l imentary  
mediation of U.V. light is still quite  accepted. 

(3) A causal relation between the meteorological 
element and convulsions is not derived from the 
numerical relation, but  from clinical and experimental  
knowledge, which is discussed; and never is the relation 
said to be necessarily a direct one. 

(4) Our invest igat ion is a statistical and clinical, not 
an exper imental  one. This may be performed by others. 

I HARNApP, Klin. Wsehr. 2, 1731 (1988). 
2 E. SARTORI, Atti XVIII Congr. Ital. Pediatr. o, 810 (1947). 

Chemistry of Ajmaline 
Rauwolfine of Van Itallie and Steenhauer 1 

Editorial Remark;- The [oltowing "Disputandum" is ~tot a 
brie[ report i~ the generally accepted sense. The paper deals with 
a subiect which might be interesting both to Chemists and Bio- 
logists and/or this reason the editors have allotted to it more than 
the usual space. 

Ajmaline has been isolated from the roots of RauwoI / ia  
serpentina BFmTH. and the general properties ascribed to 
i t  by  VAN ITALLIE and STEENIrlAUER ~ and by S. SID- 
DIQUI and R. H. StDDIQUI 3 have been noted in the case 
of our material .  The composit ion,  C~0H~802N~, has been 
confirmed. 

Irunclion o / t h e  nitrogen atoms 

The base has strychnidine-like reactions and contains 
N(a) directly a t tached to an aromatic  nucleus wi th  a free 
and react ive para-posi t ion,  I t  affords a methyl  orange 
on coupling with  diazobenzenesulfonic acid and the 
indicator behaviour of this substance resembles closely 
tha t  of sulphobenzo-azo-strychnidine.  The base obtained 
on reduction of the azo-der ivat ive has the colour 
reactions expected of a p-aminodialkylanil ine derivat ive.  
The colour reactions with nitric acid and with ferric chlo- 
ride further exemplify this point  and by the action of 
nitrous acid on the base in dilute hydrochloric acid, an 
orange yellow p-nitroso-ajmaline hydrochloride is pro- 
duced; the free nitroso-base gives green solutions in 
neutral  organic solvents. N(a) is undoubtedly ter t iary  
and bears a methyl  group (see below). 

N(b) is the basic nitrogen a tom and, contrary to the 
view of SIDmQCI (loc. cir.) it is also tert iary.  

Ajmal ine methiodide 4 crystall ized from aqueous 
methanol  and dried a t  100°C in  cacao, had m. p. 229 ° 
(Found:  C, 53-9, 53-7, 53.9; I-I, 6.2, 6-2, 6.4; I, 26.7, 
26.8. C2iH,90~N2I requires C, 53-9; H, 6-2; I, 27.1%). 
This is a quarternary salt  convert ible  into ajmatine 
methohydroxide,  m . p .  124 ° from aqueous methanol  
(Found in mater ia l  dried a t  100°: C, 70-6; H, 8-4. 
C21HaoO3N2 requires C, 70.4; H,  8-~%). R. H. SID- 
~)IQUI s found, in a single analysis t ha t  could not  be 
repeated for lack of mater ia l :  C, 74-9; H, 8-85%. The 
erroneous conclusion was drawn tha t  the substance was 
methylajmaline,  C2tH~sOztgv 

A solution of a jmaline methochloride was obtained by 
action of precipi tated silver chloride on the methiodide 
in aqueous methanolic  solution. This salt was then 
found to couple normally with diazobenzenesulfonic 
acid to a methyl  orange exhibit ing the characterist ic 
indicator properties. There is therefore no doubt  but  
tha t  N(b) is the basic centre and, furthermore,  ajmaline 
is a di-tert-base which, like strychnidine and te t rahydro-  
strychnine, forms salts with one equivalent  of acid when 
in contact  with alcohol or water.  

Funct ion  o / the  oxygen atoms 

Contrary to the above-ment ioned view R . H .  SID- 
DtQoI 6 has described a benzoyl der ivat ive  which is 

1 Cf. also KARRER-FEsTSCI~R~t~T, April 1949. 
2 L. VAN ITALLIE and A.J. STEENt[AUER, Arch. Pharm. °70, 313 

(193:2). 
a S. SmDIQUI and R. H. SmDIQUI, J. Ind. Chem. Soc. 8, 667 

(1931); 9, 539 (1932); 12, 37 (1935). - R. H. SIODIQm, Inaug. Diss. 
Aligarh, 1934. 

Cf. S. SmDIQm aad R. H. SIDDIQUI, 1OC. Cir., WhO only give MeN 
a~atysis; 2 MeN were found. 

R. H. SIDDIQVl, ]naug. Diss., Aligarh, t934. 
a R. H. SmmQm, Inaug. Diss., Aligarh, 1934. 
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feebly basic, and hence considered to be a N-benzoyl 
der ivat ive and also a N-nitroso-derivative.  The lat ter  
appears to be a nitr i te  or an O-nitroso-derivative and 
will be further studied. The former has been reexamined. 
I t  is an O-benzoyla]maline, m. p. 219 ° after crystallization 
from ether or aqueous methanol  (Found in mater ial  
dried at 100 ° in vacuo: C, 74-9, 74-9; H, 7.0, 7.1. 
C27HaoOaN2 requires C, 75-3; H, 7.0%). The hydro- 
chloride, from alcohol-ether, blackened at  267 ° (Found 
after drying at  120°invacuo: C, 69-4; t-I, 6 -5. C~THaO~N~CI 
requires C, 69.4; H, 6.6%). 

Ajmaline forms, however, a diacetyI-derivative when 
it  is heated with acetic anhydride. The base, crystallized 
from ether-l ight petroleum (b. p. 40-60°}, had m. p. 132 ° 
(Found in mater ial  dried at  100 ° in vacuo: C, 70-2, 70-2; 
H, 7.4, 7.3; Ac, 22.5. C24Ha004Nz requires C, 70.2; H, 
7-3; 2 Ac, 21.0%). 

I t  is shown below tha t  ajmaline is an aldehyde, or 
contains a sugar-like, cyclic, acetal group equivalent  to 
an aldehyde. I t  is therefore probable tha t  this diacetate 
is an enol-acetate plus alcohol acetate,  containing 

) C = C H O A c  and ?COAc.  I f  it were an alkylidene 

/ O A c  
\ 

diacetate, - - C H  , there would still be @C(OH) 

\OAc 
/ - 

available, and a triacetate should have been formed. 

H. W. THOMPSON 1 kindly examined the infra red 
absorption spectrum and reported the presence of 
hydroxyl  but  no carbonyl group. However,  we have 
noted tha t  ajmaline readily reduces an ammoniacal  
silver solution and accordingly suspected a la tent  
aldehyde group to be present in the molecule. Following 
this up it was found tha t  ajmaline yields an oxime. 

The oxime hydrochloride, dried at 100 ° in vacuo over 
phosphoric anhydride, loses 4 .1% and then melts with 
frothing at  218 ° (C~0H27021ga, HC1, 21t~O requires 
1 H20, 4.3 %) (Found in dried material :  C, 60.4; H, 7.5; 
N, 10.4. C20i.i2?O2Na, HCI, H,O requires C, 60.6; H, 7.6; 
N, 10.6 %), The free oxime (unsharp m. p.) was dried at  
100 ° in vacuo (Found:  C, 70.6; H, 7-8; lg, 12-1. 
C20H2~O,Na requires C, 70-4; H, 7-9; N, 12-3%). At  this 
stage it  was noted tha t  a jmal ine gives a posi t ive 
"A'NGELI-I~IM INI reaction. 

R .  ~]'. C H A K R A V A R T I  a n d  R .  ] ~ . O B I N S O N  2 h a v e  investig- 
ated an oxidat ion product  of neostrychnine, oxodihydro- 
allostrychnine, which was considered to be a basic 
aldehyde. This substance combines characterist ically 
wi th  sulfur dioxide to  a sulfonic acid betaine 

( - - -SOa- ,~NH+) .  Ajmaline forms a similar compound 
This, crystall ized from aqueous methanol,  had m . p .  
225 ° when modera te ly  quickly heated (Found:  C, 57.4; 
H, 7.1; S, 7-1, 7-2; loss a t  100 ° in vacuo, 22-9. 
C20H2602N2, SO2, 2 H 2 0  requires C, 57-6; H, 7.0; 
S, 7.5; SO2+2 H~O, 23.4%). 

Catalytic hydrogenation o[ a]maline 

I t  has been independently observed in our two labo- 
ratories tha t  ajmaline affords a hexahydro-der ivat ive  
which crystallizes from aqueous alcohol and has m. p. 
150 ° (Found in material  dried at 100 ° in vacuo C, 72-1, 
71.9; H, 9.5, 9 "4. C20H32OaN ~ requires C, 72.2; H, 9.6 %). 

1 H. W. THOMPSON, Physical Chemical Laboratory, Oxford 
University, 

R, N. CHAKRAVARTI and R. ROBINSON, Nature 160, 18 (1947); 
paper read to Organic Chem. Sect. Int. Congress of Chem., July 1947 ; 
flfll account in press. 

This base does not  exhibit  the nitric acid and ferric 
reactions of ajmaline but  it still couples with diazotized 
sulfanilic acid to a methyl  orange. Fission at N(b) was 
possible, but  the base appears to be tert iary.  We now 
believe tha t  this seemingly homogeneous substance is 
nevertheless a nfixture and we are engaged in further 
experiments  with different catalysts. There is little 
doubt  tha t  ajmaline contains at least one double bond. 
Nevertheless the dibromide of SIDmQUI ~ is probably a 
bromo-hydrobromide.  

Degradation o/a]maHne 
(A) Distillation over soda-lime.--The bases in the 

distillate were dissolved in dilute hydrochloric acid and 
in this way one of them was eventual ly  obtained as a 
hydrochloride crystallizing in very  pale yellow needles. 
The solutions showed a strong violet fluorescence. The 
corresponding base crystall ized from aqueous methanol, 
water, or ether, in glistening needles; plates from 
acetone, m. p. 102 °. The fluorescence was reminiscent of 
harman, m. p. 238 °, but  the m. p. was very low for this 
series. However,  IYER and ROBINSON 2 found tha t  Ind- 
N-methylharmine  has m . p .  124-5 ° (dry) whereas 
harmine has m. p. 259 °. Analysis showed tha t  the base, 
m. p. 102 °, actual ly contains 1 MeN and 1 MeC. Hence 
it  was very probably Ind-N-methylharman (I). This was 
proved to be the case by synthesis. 

Harman  (from tryptophan)  in liquid ammonia  was 
t reated successively with potassamide and methyl 
iodide s . The product  was identified by m . p .  102 ° , 
undepressed mixed m. p., and comparison of properties, 
with the degradation product  from ajmaline (Found in 
material  dried over phosphoric anhydride in vacuo; 
C, 79,4; H, 6.1.; Me(N), 7.1; Me(C), 7-6. C~3H~2N 2 re- 

0/ quires C, 79.6; It, 6-1; 1 Me, 7-6/o). 

1 I 
~ N M e  

(I) 

The neutral  moiety  of the degradation products 
contained substances possessing indolaceous odour and 
carbazole was recognized by colour reactions, fluores- 
cence in U,V. light, and by absorption spectrum; it was 
not  isolated in substance. 

(B) Distillation o[ a]maline over zinc dust .~ The 
distil late was separated into basic and neutral  fractions 
and from the former tnd-N-methylharman, m . p .  102 °, 
was isolated. The neutral  fraction contained carbazole, 
chromatographical ly  separated and finally crystallized 
from light petroleum (b. p. 40-60°). The substance had 
in. p. 236 ° alone or mixed with an authent ic  specimen 
and it showed the colour reactions and U.V. spectrum of 
carbazole. Approximate ly  equal amounts  of the two 
isolated degradation products  were obtained.  

Discussion.--On the basis of the results described and 
a consideration of the chemist ry  of yohimbine and 
strychnine, possible consti tut ions for ajmaline are II  
and I I I .  

The formula (II) is closely related to strychnine and 
arises biogenetically by N(a) methylat ion and reduction 
of an indolenine, thus blocking the formation of the 

1 R. H. SIDDIQUI, Inaug. DiNs. Aligarh, 1934. 
V.V.S.  I'¢ER and R. ROBINSON, J. Chem. Soc. 1637 (1934). 

a A device used by A. M. STEPHEN and R. ROBINSON in the syn- 
thesis of vomipyrine, cf, Nature 162, 167 (1948). 
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N(a) piperidone ring of s t rychnine as in WOODWARD'~; 1 
mechanism. On this basis, the Ind-N-methy lharman  is 
formed by  a migrat ion of a type which is common 

/ 
( -  CRR 1 -  C H ~ > - - C R = C R I - - ) ,  especiaIIy when an aro- 

matic system is produced. Carbazole from (II)ar ises by 

C H z - - C H , ,  

'x  / C H - - N  Cm 
? \ \ /< 
CH~ CH2 CH,, 

~ / \  /CH N NM~ CH--C NMe\/ \ 
~/ H CH CH. 

CH z CH 

(I-IO)CH--O--CIt 2 < H a ? :  

(It) cH 
I 
CH~ 

(III) 

-CH 

CHo 

t 
"X,-CH 0 

(OH) 

dehydrogenation of an open hexane chain to an aromatic 
nucleus. The formula (III) gives Ind-N-methy lha rman  

x R. B. WOOD'~VARD, Nature lag, 155 (1948). 

without migration, bu t  carbazole Iormation is much 
more difficult to explain than  with (II). Fur thermore  
(II) contains a blocked hydro-indote s t ructure  and 
hydro-indoles which can theoretically be dehydrogen- 
ated to an indole derivative as in (III) have not  been 
found in Nature. For  these reasons we adopt (II) as a 
working hypothesis, fully recognizing the many specu- 
lative features which demand further investigation. We 
are actively engaged in following up the research on 
ajmaline and its congeners. 

(Miss) D. MUI<tlERJI, R. ROBINSON, and E. SCHLITTLER 

Dyson Perrins Laboratory,  South Parks Road, Oxford, 
and Chemical -Research Laboratory,  Ciba, Basle, 
Oxford and Basle, December 23, 1948. 

Zusammen]assuug 

Die funktionellen Gruppen des Indolalkaloids Ajmalin 
(Rauwolfin) werden aufgekl&rt und die Base wird mit  
Natronkalk  und mit  Zinkstaub destitliert. Die Abbau- 
resultate lassen vermuten,  dal3 es sich beim Ajmalin 
um einen K6rper handelt ,  der Strukturelemente  des 
Strychnins enthAlt. Als weniger wahrscheinliche Alter- 
nat ive wird eine St ruktur  vorgeschlagen, die der 
Yohimbinformel nahesteht.  

N o u v e a u x  l i v r e s  - B u c h b e s p r e c h u n g e n  - R e c e n s i o n i  - R e v i e w s  

F a r m a c o l o g i a  y s u s  a p l i c a c i o n e s  terapguticas 
Por CARLOS GUTIERREZ-I~ORIEGA 

(Editora 1Vf6dica Peruana,  Lima/Peril ,  1946) (515 pAg.) 

Das gut ausgestattete Buch stellt  einen nenen  und  
interessanten Versuch dar, das alte Problem des phar-  
makologischen Lehrbuchs zu 16sen. Der Verfasser ist 
sich der Tatsache bewugt,  daB moderne Pharmakologie 
in ihren Problemstel lungen weit fiber die Therapie, oft 
sogar fiber die gesamte Medizin hinausgreift.  Er  be- 
schr~.nkt sich daher mit  voller Absicht auf die Gebiete, 
die sowohl fiir den Pharmakologen, als auch fiir den 
therapeutisch t~tigen Arzt yon Interesse sind. In  
strenger Verfolgung dieses Prinzips wird die Toxikologie 
als pharmakologisches Teilgebiet nu r  insoweit bespro- 
chen, als sic sich mi t  therapeutischen Problemen iiber- 
schneider. Die Stoffeinteitung, die immer Diskussionen 
bei der Besprechung yon Lehrbiichern verursacht,  ist 
dem Verfasser bemerkenswert  gut  gelungen. In  zwei 
Hauptgruppen,  die den arzneitherapeutischen Zielen 
folgen, werden die wichdgsten Stoffklassen eingeordnet : 

Die erste umfaBt die als organotrop bezeichneten 
Medikamente. Hierher geh6ren alle Pharmaka,  die einen 
Hauptangr i f fspunkt  in Organen, Geweben oder diffe- 
renzierten Zellen des menschlichen Organismus haben 
und  zu dessen Beeinflussung verabreicht werden. Die 
experimentelle Scite dieser Gruppe entspricht  also der 
klassischen Pharmakologie, dem groBen Tierexperi- 
ment,  das mi t  dem Ziel der ~Virkungsaufkl/irung am 
differenzierten Organismus angestellt  wird. Therapeu- 
tisch deckt sich der Inha l t  dieses Teiles mi t  der Arznei- 
therapie ohne Chemotherapie, ist also in vielen F~llen 
symptomatische Therapie. 

In  der zweiten Hauptgruppe wird die Chenlotherapie 
bakterieller und anderer Infekt ionen vom experimen- 
tellen und klinischen S tandpunkt  aus betrachtet .  Sic 
behandel t  also die Beeinflussung yon Fremdorganismen 
im menschlichen I~Srper. Hier sind die a ls / i t io t rop be- 
zeichneten Arzneimittel  zusammengefal3t, deren Wir- 
kungen auf Organsysteme des V¢irtes nu t  dann  abge- 
handelt  werden, wenn sic die Therapie beeintrAchtigen. 

Die angegebene Eintei lung scheint dem Referenter~, 
solange die in der Pathologic iibliche Trennung in all- 
gemeine und spezielle Behandlung des Gegenstandes 
nieht  durchgeftihrt ist, die zurzeit beste fiir ~rzte  und  
Studenten zu sein. Sic richtet sich nach dem therapeu- 
tischen Handeln und spricht daher den Kliniker und 
den Arzt in der Praxis unmi t te lbar  an. Das Streben, 
Ubersicht zu vermitteln,  geht auch im einzelnen aus der 
Darstellung hervor. So wird bei den zentralen Er-  
regungsmitteln nicht  ]eder Stoff fiir sich, sondern die 
anaIeptische Wirkung in den Vordergrund gestellt, wobei 
die Besonderheiten der einzetneu Medikamente nicht  
vergessen werden. Einzelne Abweichungen yon dem 
Prinzip, die Wirkung im Licht, die Stoffe im Schatten 
zu lassen, machen das Buch nur  interessanter. Wenn  
etwa im Kapitel  ~Lokalanltsthesie~, das Kokain auBer- 
gewShnlich breit  dargestellt wird, wird man dies im 
Heimat land  der Koka nur  verstehen und  als dariiber 
weniger orientierter Leser begriigen k6nnen. Ftir den 
Arzt in Europa ist das Buch besonders yon Bedeutung. 
weil es die internationMe Literatur,  auch die deutsche, 
weitgehend beriicksichtigt. Amerikanische Arbeiten sind 
bis 1945 verarbeitet .  An wichtigen Stelten sind diese 
Arbeiten zitiert. Das sachliche Abw~igen der einzelnen 
Befunde ist ein Verdienst des in den Weltsprachen sehr 


