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We find (C)Me 5-78, 6-37%; active H, 0.62% [2(C)Me 
requires 7.7 and 2 H requires 0.52 %]. 

The I .R. absorption spectrum includes bands at 2.82, 
3.00 and 3.28 /~ (OH and NH), 5.86 /~ and 5.94 # (ester 
or ketone carbonyl  group conjugated with a double 
bond), 6 .14/ ,  (asymmetrical ly subst i tuted double bond) 
and 13.50 /z (o-disubstituted b~nzene nucleus). This 
evidence, together  with the U.V. is consistent with the 
presence of M e O ~ C - - C = C - - O - - ,  al though the ext ra  
conjugated earbonyl peak in the I .R. is an unusual 
feature. There is an " e x t r a "  carbon atom, probably 
corresponding .to a (C)Me, and the const i tut ion (V) is 
feasible ( R =  H, R ' = M e ,  or R =  Me, R ' =  H), this 
structure also showing the suggested ~ relation to 
mayumbine. 

n t ! 
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Akuammiline (C22H24041NT2) contains 1 0 M e  and no 
NMe *. I t  appears to contain two (C)Me groups (7.0%, 
theory, 7.9 %), and its U.V. spectrum is in the main like 
that of an indole, al though it  presents some slight 
variations. The first max imum at 2,200 A (loge, 4.25) is 
about 50 A shorter, and the second peak (~m~,, 2,400 A; 
loge, 3-54) is rather  broader than usual. The I .R. ab- 
sorption shows a broad and very  weak band at  2-9 /~ 
(OH or N'H or not  significant), bands at  5.76 p (C = O of 
unconjugated ester type), at  6 .16/ ,  (probably C = C but 
could be C = N), at 6.26/~ (more conjugated C = C), at 
13.29 p (o-disubstituted benzene, but  this is uncertain 
because bands at 12.90 and 13.21 /z are also observed). 

Akuammiline could be a keto-akuammigine or a 
hydroxydehydroakuammigine.  The modified indole 
spectrum suggests t ha t  a functional group is a t tached 
to the indole nucleus. The base gives a bright  crimson 
red OTTO reaction which is characteristic.  

Akuammicine (C19H,zO~N2) is said to contain 1 0 M e  
and no NMe ( but  v.in/ra). In  many ways it is sui generis 
with the remarkably  high ro ta tory  power Va~D -- 737-5 ° 
(in alcohol)2. I ts  OTTO reaction is an intense and persist- 
ent royal blue colour. 

The U.V. spectrum differs fundamental ly  from the 
spectra of the congeneric alkaloids. I t  is almost identical 
with tha t  given by echitamidine 3 (which also has a high 
rotatory power 4) and suggests considerable conjugation.  

Among strychnine derivatives,  benzylidenestrychnine 
exhibits a deep blue OTTO reaction, and high rota tory  
powers are observed with a number  of substances in the 
group which have double bonds in conjugation with the 
amide carbonyl. We may  be sure tha t  akuammicine 
contains the par t  s tructure - - N - - C O - - C = C ,  with an 
asymmetric centre vicinal  to an unsaturated group. 

(C)Me determinat ion gave Me 6.15, 6.6% (2(C)Me 
requires 9-68 %~. 

The I .R.  absorption spectrum has bands at 2-99 p 
(OH or more probably NH), 6.03 /~ (typical amide 
carbonyl, probably with further conjugation), 6 .24/ ,  

1 M. RAYMOND-HAMET, C. r. Acad. Sci. 233, 560 (1951). 
2 T.A. HENRY, J. Chem. Soc. 1932, 2759. 
s M. RAYMOND-HAMET, C. r. Acad. Sci. 233, 560 (1951). 
t j .A.  GooI)soI% J. Chem. Soc. 1932, 2626. 

(probably armoat ic  double bond), 13.39/z (o-disubsti- 
tu ted  b~nzene, supported by absence of bands at 12.3 
and 12.8 /~). 

In the case of echitamidine ~ about  half of the methyl  
was obtained as OMe (ZEISEL) and half as NM2 (HERZIG- 
MEYER), but  there is only one methyl  group, and hence 
the (O)Me is unusually hard to remove, or the (N)Me is 
unusually labile. We prefer the lat ter  hypothesis,  which 
was noted by GoonsoN as a possibility, b~cause COOMe 
cannot  b~ present in akuammicine and it is hard to 
accomodate  a methoxyl  group otherwise. 

M. F. MILLSON, R. I{OBINSON and A. F. THOMAS 

The Dysou Perrins Laboratory University o/ Ox/ord, 
December 77, 1952. 

Zusammen/assung 

Fiir das Alkaloid Ahuammin wird die neue Brut to-  
formel C2~H2604N2 aufgestellt  und durch Vergleich ver- 
schiedener UV.- und IR. -Spekt ren  und Reakt ionen das 
Vorliegen einer 5-Hydroxydihydroindol-Verbindung ab- 
geleitet. Die Zinkstaubdesti l lat ion liefert 3-~thyl- 
Pyridin und vermutl ich Skatol. Als Arb2itshypothese 
wird fiir Akuammin die Formel  (III) vorgeschlagen. 
Die UV.- und IR. -Spekt ren  und Reakt ionen von Pseudo- 
akuammigin,  Akuammigin,  Akuammil in  und Akuam- 
micin sind gleichfalls diskutiert .  

1 j .A. GOODSON, J. Chem. Soc. 1932, 2626. 

The Origin of Steric Hindrance in Cyclohexane 
Derivatives 

HASSEL 1 and PITZER 2 and coworkers have pointed out 
tha t  in the stable or " cha i r "  form of cyclohexane there 
are two types of bonds, so-called equatorial  (~ or e) and 
polar (e or p) bonds. On the basis of this concept, BAR- 
TON a has been able to make impor tan t  and far-reaching 
predictions on the react iv i ty  of subst i tuted cyclohexanes 
and natural  products containing cyclohexane rings. One 
of these predictions is concerned with the relative ease 
of esterification of hydroxyl  groups and ease of hydroly-  
sis of ester groups in polar and equatorial  positions. 
Hydroxy l  groups are esterified more easily and ester 
groups hydrolyzed more easily when in the equatorial 
than  when in the polar position, due to the greater  steric 
hindrance in the latter.  The reason for this might  be 
twofold. I t  is possible that  an ester group in the polar 
position of a subst i tuted cyclohexane has to s tay in this 
position during hydrolysis and tha t  the resulting 
crowded transition state (crowded due to steric inter- 
ference of non-adjacent  polar substituents) accounts 
for the relat ively slow rate (reaction path  A). On the 
other hand, i t  is also possible tha t  prior to reaction the 
molecule is forced into a different conformation in which 
the ester group is now in the equatorial  position (and 
some other, more bulky group in the polar position), and 
tha t  the slower rate is due to the ex t ra  energy required 
to bring about  the conformat ional  t ransformation 
(reaction path  B). 

1 O. HASSEL et al., Aeta Chem. Scand. 1, 149, 929 (1947), and 
earlier papers. 

2 C. W. BECKETT, K. S. PITZER, and R. SP[rZER, J. Amcr. Chem. 
Soc. 69, 2488 (1947). 

3 D. H. R. BARTON, Exper. 6, 316 (1950). 
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Group 

Menthol (I) 
Isomenthol (II) 
Neoisomenthol (III) 
Neomenthol (IV) 

Stable Conformation Conformation with OH-Group equatorial 

OH i-Pr R* Me OH M e  

e 

P 
. . . p 

e 

i-Pr R* 

e 1 
e 2 
p 3 (IIIa) 
p 4 (LVa) 

* R Expected order of reactivity. 

F o r t u n a t e l y  d a t a  are a l r eady  in the  l i t e ra tu re  to  p e r m i t  
one to d is t inguish  be tween  these  two  possibil i t ies.  

~i -R~% PathS,,. ?-R;e) 
COR(p) H(p) 

READ and GRUBB 1 have  measu red  the  r e l a t ive  ra tes  
of es ter i f ica t ion  of the  men tho l s  w i t h  p -n i t robenzoy l  
chlor ide by  c o m p e t i t i v e  r eac t ion  in pyr id ine  a t  25°C 
and  found t h e m  to  be 16.5 for m e n t h o l  (I), 12-3 for iso- 
m e n t h o l  (II), 3.1 for neoisomenthol  ( I I I )  and  1.0 for 
n e o m e n t h o l  (IV). 

Me(p/ L-Pc (p) 

~eli_pr_~4 ~---~ mlbrr--v ---, (8)HO Mete:, 
OH{e) 

(/) ( ~ )  (~rg  

Me(p) i-Pr cp~ (e)i-I~ OH(p} Me(el L " _ 

(xr) (.x) (~<9 "~'P' 

P r e s u m a b l y ,  t he  s table  con fo rma t ions  of these  molecules  
are  such t h a t  t he  mos t  b u l k y  group  tisopropyl) occupies  
an equa to r i a l  posi t ion 2, as shown in the  Tab le  a t  t he  top.  

BARTON 3 has  a l r eady  po in t ed  ou t  t h a t  c o m p o u n d s  
h a v i n g  the  h y d r o x y l  group in the  equa to r i a l  pos i t ion in 
the i r  mos t  s table  con fo rma t ions  are es ter i f ied fas ter  
t h a n  those  h a v i n g  i t  in t he  po la r  posi t ion.  Thus  (I) and  
(II) are ester i f ied fas ter  t h a n  (III)  and (IV). (II), which has 
a non reac t i ve  subs t i t uen t  in the  polar  posi t ion reac ts  more  
s l o M y  t h a n  (I) which  has  on ly  equa to r i a l  subs t i tuen ts .  
However ,  if  neoisomenthol  and  n e o m e n t h o l  r eac t ed  in 
the i r  s table  c o n f o r m a t i o n s - - ( I I I )  and  ( IV) - -one  wou ld  
expec t  (IV) to  be es ter i f ied more  r ap id ly  t h a n  ( I I I ) .  I n  
(III)  the re  is severe  c rowding  of the  po la r  h y d r o x y l  
group by  t h e n o n a d j a c e n t  po la r  m e t h y l  g roup  while  in 
(IV) the  c rowding  is m u c h  less severe.  Y e t  n e o m e n t h o l  
(IV) is es ter i f ied on ly  a t  one- th i rd  the  ra te  of neoiso- 
m e n t h o l  ( I I I ) .  This  is reasonable  on ly  if the  molecules  
are  c o n v e r t e d  to  the  less s table  c o n f o r m a t i o n s - ( I I I a )  

1 j .  READ and W. J. GRUBB, J. Chem. Soc. 1934, 1779. 
2 W. HO:KEL el al., Arm. Chem. 533. 128 (1937). 
3 D. H. R. BARTON, Exper. 6, 316 (1950). 

and  ( IVa) - -p r io r  to es ter i f ica t ion .  In  these  conforma-  
t i o n s - - ( I I I a )  and  ( IVa ) - - t he  h y d r o x y l  g roup  is in the 
less c rowded  equa to r i a l  pos i t ion  and  there fore  more 
eas i ly  accessible to  t he  es te r i fy ing  reagent .  The  change 
f rom (IV) to  (IVa) will  be less facile t h a n  t h a t  f rom (III) 
to ( I I Ia) ,  since in the  fo rmer  two alkyl  groups  (methyl  
and isopropyl)  h a v e  to  be forced in to  t he  c rowded  polar  
posi t ions,  in t he  l a t t e r  on ly  one (isopropyl). Therefore ,  
m a k i n g  the  reasonable  a s sumpt ion  t h a t  ( I I Ia)  and  (IVa) 
are  of the  same  order  of r eac t iv i ty ,  ( I I I )  should  be 
ester if ied more  r ead i ly  t h a n  (IV), which  is in accordance  
wi th  t he  e x p e r i m e n t a l  facts .  

A s imi lar  w a y  of look ing  a t  t he  facts  is to  say  t h a t  at  
r o o m  t e m p e r a t u r e  ( I I I )  is in equ i l i b r ium wi th  a small  
a m o u n t  of ( I I Ia )  [and (IV) wi th  (IVa)]. Since ( I I Ia)  is 
es ter i f ied more  read i ly  t h a n  ( I I I ) ,  more  (III )  is con t inu-  
ous ly  c o n v e r t e d  to  ( I I Ia)  un t i l  al l  has  r eac t ed  in tha t  
form. Energe t i ca l ly ,  th  e two  p ic tures  are equ iva len t .  

OH OH 
. H  H ( / ~ / ~  C o. 

H H 
(or e-isomers) (or 5 isomers) 

(V) (VI) 

On the  basis of this  i n t e r p r e t a t i o n  one wou ld  predic t  
t h a t  cyc lohexano l s  bea r ing  a polar  h y d r o x y l  g roup  in 
a rigid system which  c a n n o t  change  con fo rma t ion  so as 
t o  place the  h y d r o x y l  g roup  in the  equa to r i a l  posi t ion 
should  show m u c h  g rea te r  di f ference in es ter i f ica t ion 
and  saponi f ica t ion  ra tes  (compared  wi th  the i r  ep imers  
wi th  equa to r i a l  h y d r o x y l  groups) t h a n  the  more  mobi le  
molecules  discussed above .  Such r igid molecules  are  the 
trans-decalols (V) and  trans-hydrindanols  (VI) as well 
as the  s teroid  alcohols.  Q u a n t i t a t i v e  d a t a  f rom the 
s te ro id  field are no t  avai lable ,  b u t  q u a l i t a t i v e  obser- 
va t ions  i po in t  to a large di f ference in ease of esterifi-  
ca t ion  and  hydro lys i s  be tween  epimers .  T h e  decalols, 

Compound 

trans-c~-decalol, Isomer I (VIIa) 
trans-c~-decalol, Isomer I I  (VIIb) 
trans-fl-decalol, Isomer 1 
trans-fl-decalol, Isomer II  
cis-o-methylcyclohexanol 
trans-o-methylcyclohexanol 
cis-e-decalol, Isomer I (VIIIa) 
cis-e-decalol, Isomer I I  (VIIIb) 

k 60 ° 

0.0382 
0.725 
0.470 
3"25 
0.0199 
0.0352 
0.438 
1.201 

IIIM 

19"0 

6.91 

1-77 

2-75 

1 L. F. FIESER, Expcr. 6, 312 (1950). 
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on the other hand, have been studied by H0CKEL and 
co-workers I. Their  results on the ra te  constants for 
hydrolysis of the decalyl phthalates  in water  at 60°C 
bear out the prediction tha t  the difference between 
epimers in the trans-series are larger than in cyclohexane 
(see Table at  the bo t tom of page 92). 

The difference in hydrolysis rate between the epimeric 
trans-~-decalyl phthalates  (VII a, b) would probably 
be even greater, were it  not  for steric interference of the 
peri-hydrogen atom with the ester-group where the 
latter is in the equatorial  position. I t  is probably this 
interference of the peri-hydrogen atom which accounts 
for the sizable difference in saponification rates of the 
epimeric cis-~-decalyl phthalates  (VIII  a, b) despite the 
fact that  both epimers in this series have the ester- 
group in the equatorial  position. 

R~e) 

) ~ H(p, ~ \ R ( e )  

(vii) Will  a) Win b) 
/COOH /COOH 

(a) R 1 = o-C~H~. R = o- -C6H4~ 
~COO--, R 2= H • COO-- 

,COOH 
(b) R t = H,R~ ~ o~CoH~( 

/ 
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Zusammen/assung 

Aus der Veresterungsgeschwindigkeit  der stereoiso- 
meren Menthole mi t  p-Nitrobenzoylchlorid l~isst sich 
schliessen, dass diese Molekfile in derjenigen Konstel la-  
tion reagieren, in welcher die Oxygruppe eine ~iqua- 
toriale Stellung einnimmt.  In starren Molekfilen (wie die 
trans-Dekalole), bei denen die Ve~schiebung einer Oxy- 
oder Estergrnppe yon der polaren in die ~iquatoriale 
Stellung nicht  m6glich ist, finder man besonders grosse 
Untersehiede in der Verseifungsgeschwindigkeit von 
epimeren Estern.  Der Unterschied in der Verseifungs- 
geschwindigkeit yon Estern der epimeren cis-ct-Dekalole, 
die beide die Oxygruppe in der ~iquatorialen Stellung 
haben, liisst sich durch verschiedene sterische Hinderung 
durch eins der Wasserstoffatome in der peri-Stellung 
erkl~ren. 

1 W. Hf3CKEL et al., Ann. Chem. 533, 128 (1937). 

W e i t e r e  U n t e r s u c h u n g e n  f i b e r  B a k t e r i e n -  

c h e m o t a x i n e  

In Arbei ten fiber chemotakt ische Stoffe aus patho- 
genen Bakterien 1 konnte gezeigt werden, dass eine ganze 
Reihe yon Bakterien,  auf t ierischem Plasmanlihrboden 
gehalten, Stoffe produzieren, die durch sterile Fi l t ra t ion 

abtrennbar  in vitro starke chemotakt ische Wirkung auf 
Leukozyten ausiiben. Bei der Untersuchung gonado- 
troper Frakt ionen  aus sterilem Schwangernharn x ist es 
uns gelungen, ebenfalls Stoffe nachzuweisen, die eine 
stark anlockende Wirkung auf Leukozyten in vitro aus- 
fiben. Beide Stoffe haben zudem gemeinsam die Eigen- 
schaft, dass sie thermostabi l  und nicht ul trafi l tr ierbar 
sind. 

Zur weiteren Analyse der Na tur  solcher Chemotaxine 
untersuchten wir eine Reihe bedingt apathogener Keime. 
Die in Bouillon mit  Ei w~hrend 72 h gezfichteten Bak- 
terien wurden 3mal mit  Tyrode gewaschen und in frfiher 
beschriebener Weise auf den Plasmaniihrboden neben 
die Leukozytenkul turen geimpft. Nach 24 h Bebrfiten 
ergibt sich bei geeignetem Bakter ienabstand ein Hin- 
wandern der Leukozyten zur Bakter ienkul tur  (Tab. I, 
Kol. 1, Chemotaktische Wirkung lebender Bakterien). 

Die gewaschenen Bakterien wurden dutch Hitze abge- 
t6tet ,  zentrifugiert  und das Sediment  mit  einer ~se ne- 
ben die Leukozytenkul tur  gebracht  (Tab. I, Kol. 2, 
Chemotakt ische Wirkung gewaschener, abget6teter  Bak- 
terien). Werden gewisse chemotakt ische Substanzen in 
LSsung gebracht,  den Leukozytenkul turen tiberschich- 
tet,  so findet an Stelle der gerichteten Auswanderungs- 
f6rderung eine allgemeine VergrSsserung des Auswan- 
derungsareals start,  was damit  gezeigt werden konnte, 
dass die gewaschenen, abget6teten Bakterien in Tyrode 
aufgenommen wurden;  eine Auswanderungsf6rderung 
konnte fiberall dort  nachgewiesen werden, wo auch mit  
abget6te ten Bakterien eine Chemotaxis nachweisbar war 
(Tab. I, Kol. 3, Auswanderungswirkung gewaschener, 
hitzesteril isierter Bakterien). Weiterhin wurde der 
Bouillonniihrboden auf Anwesenheit  yon auswan- 
derungsf6rdernden Substanzen untersucht.  Mit 24 h alten 
Bakter ienkul turen  wurden Niihrb6den beimpft,  72 h 
bebrfitet  und zentrifugiert.  Die iiberstehende Bouillon 
wurde abpipet t ier t  und im Dampi topf  sterilisiert (Tab. I, 
Kol. 4, Auswanderungswirkung yon Kulturl6sungen). 

Aus diesen Versuchen geht hervor, dass die meisten 
der untersuchten Bakterien auf tierischen NAhrboden 
proliferierend eine chemotaktische Wirkung ausfiben. 
Unter  den auf Bouillon kult ivier ten gewaschenen und 
abget6teten Keimen sind es jedoch mit  Ausnahme von 
Diphtheric die gramnegativen,  die thermostabile Chemo- 
taxine enthalten.  Diese thermostabi len Chemotaxine 
aus gramnegat iven Keimen f6rdern in wAssriger L6sung 
die Auswanderung, und es konnten in nennenswertem 
Ausmass nur in bakterienfreien Kulturl6sungen gram- 
negat iver  Keime Stoffe gefunden werden, die Wirksam- 
keit  besitzen. 

In unsern chemischen Laboratorien wurden yon 
BENZ aus den 72 h mit  Proteus vulg. 0X19 bebri i teten 
und steril fi l trierten Bouillons verschiedene Ffillungen 
gemacht.  Diese wurden entspreehend den zu ihrer Her-  
stellung ben6tigten Bouil lonmengen verdfinnt  und an 
der Leukozytenkul tur  mit  der Wirkung des urspriing- 
lichen Fil trates verglichen. Tabelle I I  zeigt die Wirkung 
der verschiedenen F~llungen auf das Auswanderungs-  
areal der Leukozyten.  

Alle diese Fiillungen sind hi tzebestgndig und nicht  
dialysierbar. Bei ]Rohfiillungen kSnnen durch wegdialy- 
sieren niedermolekularer  Stoffe besser wirksame Pr~ipa- 
rate erzielt werden. 

Aus diesen Versuchen 1Xsst sich ableiten, dass sowohl 
gramposit ive wie auch gramnegat ive Keime auf tieri- 
schem N/ihrboden lebend in kurzer Zeit Chemotaxine 
produzieren. In Bouillon gezfichtet, enthal ten  und bilden 

1 R. MEIER, Helv. ehim. Acta 24, 134 E (1941). I R. METIER und B. SCHXR, Exper. 7, 308 (1951). 


