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The old idea that meso-inositol could be formed by cyclization of D-glucose gained 
considerable strength by the determination of the configuration of meso-inositol I" by 
GERDA DANGSCHAT, which later was confirmed by TH. POSTE~NAK. Similar circum- 
stances could be demonstrated in the field of cyclic plant acids, for instance Quinic Acid 
and Shikimic Acid. We were able to prove their constitution I and their planar con- 
figuration 3. 

In I93 ? we succeeded 4 by the degradation of shikimic acid into 2-desoxygluconic 
acid, IX s in demonstrating the same configuration for carbon atoms 3, 4 and 5 of 
shiki'm!c acid as is found for carbon atoms 3, 4 'and 5 of D-glucose. 

An analogous relationship between quinic acid6~ which is more commonly found 
in the plant kingdom, and D-glucose, seemed very probable at that time. This phy- 
siologically important relationship could be established with certainty by transforming 
quinic acid into shikimic acid. In this communication we describe the successful trans- 
formation of derivatives of quinic~acid into those of shikimic acid T. 

The use of the acetone compounds of quinic acid, which in previous work with 
these substances had proven highly satisfactory, met with unexpected difficulties. We 
therefore employed the formaldehyde derivatives which are described in the preceding 
paper s , after having determined that the methylene group blocked the hydroxyls of 
carbon atoms 4 and5 of the quinic acid as did the acetone. 

We used a-toluene sulphonyl derivatives of  quinic acid and found that the formation 
of a double bond. by the splitting off of the toluene sulphonic acid by alkali only pro- 
gressed smoothly'after conversion to the nitrile, thus considerably weakening the stabi-~ 
lizinglinfluence of/the carboxyl group. By pro!onged~treatment of the 3-acetyl-4,5-formal 
quinic amide, P with excess of p-toluene sulphonyl chloride and pyfidine we performed 
three reactions in one operation: toluene sulphonylation of the amide, nitrilization of 
the amide, and finally the splitting off of  the toluene sulphonyl group from the nitrile, 
with the result that the nitrile of the expected 3-acetyl-4,5-methylene shikimic acid, II, 
could'be~is0tated. This could be converted by  mear/s of alkali into the methylene deriv- 
ative of ~shikimic ~a~id~i tI110 whiclJ was transformed into fr~c shikimic acid, V, in aciti 
solutiom The identification of shikimic acid was made by  melting points# n£ixed melting 
points, and optical determinations. 
Re/etches p. ~o3/go 4. 
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This shows conclusively that  quinic acid bears the same steric relationship to 
D-glucose as that  which has already been demonstrated for shikimic acid n. 

Furthermore, since the structural connection between quinic acid, IV, ~ shikimic 
acid, V, ~ gallic acid, VI, is obvious, it seems to us that in this chemical relationship 
we have an indication that  many hydroaromatic and aromatic plant products are 
actually formed biologically from carbohydrates. In addition, it might be mentioned 
that  our transformation in vitro of quinic acid to citric acid, VII, by means of periodic 
acid 12 has perhaps its biological counterpart in the work of BUTKEWITSCH 13 who suc- 
ceeded in establishing a connection between the fermentability of quinic acid and the 
formation of citric acid in the life of bacteria and fungi. 
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SUPPLEMENT 

Our experiments described in this paper on the transformation of quinic acid into 
shikirnic acid by  splitting out water clearly show how strongly the carboxyl of the 
quinic acid influences its tertiary hydroxyl  in the a position, and probably also the 
remainder of the molecule. 

Re/eremes p. ao3/~o4. 
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Our previous papers on the oxidation of quinic acid, shikimic acid and dihydro- 
shikimic acid by means of periodic acid have made available a series of 1.5-dialdehydes, 
which, depending on their origin, possess either a free or blocked hydroxyl and carboxyl 
group, or a carboxyl group alone. The possession of these aldehydes led us to an alkaloid 
synthesis, along the lines of the lobelanine synthesis of SCHSPF xi. The condensation, 
however, was successful only after the elimination of the electro-negative groups and 
the choice of a 1.5-dialdehyde which no longer contained any hydroxyl groups and only 
a carboxyl group in the form of its nitrile. This was the dialdehyde, XI, which is obtained 
by treating the nitrile of the dihydro-shikimic acid with 2 molecules of periodic acid ~, s, xz. 
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Experimentally the synthesis was carried out in the following way: Triacetyl 
dihydro-shikimic acid amide, was transformed into the corresponding nitrile X, by 
heating with acetic anhydride: The nitrile was de-acetylated with a minimum amount 
of sodium methylate according to ZEMPL~N, and the free nitrile was transformed into 
the dialdehyde, XI, by the action of 2 molecules of periodic acid. The dialdehyde was 
not isolated, but was condensed directly in aqueous solution with 2 molecules of benzoyl 
acetic acid ester and 1 molecule of monomethylamine at a PH of 4. 

The 3-cyano-lobelanine, XII, was isolated in a yield of 30% (calculated on the 
amount of triacetyl dihydro-shikimic acid nitrile), and showed the usual precipitation 
reaction of alkaloids, e.g. with perchloric acid, picric acid and picrolonic acid. It crystal- 
lized in long shining silklike needles similar to those of caffein, and showed a melting 
point of 1430 . 

EXPERIMENTAL 

Preparation o/ the acetyl-mahylene-shihimic acid nitrile /tom monavayl-methylene-quinic acid amide 
5 g monacetyl-methylene-quinic acid ~ were shaken with xo g ( 2 ~  molecules) p-toluene sul- 

phonyl  chloride in x5 nil dry  pyridine for a short  t ime unt i l  dissolved. The brown coloured solution 
was kept  for seven days a t  37 °. The solution was then diluted with 20 ml of water, and  an  oily sub- 
stance separated. I t  was allowed to s tand with occasional shaking for x5 minutes a t  room tempera-  
ture in order to  destroy any  unused toluene sulphonyl chloride. The solution was then  ext rac ted  
twice with a large volume of chloroform. The united chloroform fractions were next  shaken up wi th  
sinai! portions of dilute sulphuric acid unt i l  all the pyridine was neutralized, and no more acid was 
used up. The solution was washed with a little water and then  dried with sodium sulphate.  The mix-  
ture was next  filtered and the  filtrate was evaporated in the  vacuum of a water  pump to remove al l  
solvent. The light-brown oil (4.5 g) remaining was distilled under  high vacuum. A light yellow oil 
(2.3-2.8 g, i.e., 54-55~o of the theoretical yield) distilled over a t  o.2 mm and a ba th  t empera tu re  
of 15o-I65% I t  had  a boiling point  of I28 °. After a second distillation it  was almost colourless, b u t  
had a slight odour of toluene sulphonic acid and a minimum content  of sulphur. 

Preparation o/unsaturated nitrile /tom monacetyl-isopropylidenequinic avid amide is 
Reaction and  processing follow exactly as described for the  corresponding metllylene compound. 
4-3 g (i.e., 77% of the  theoretical yield) unsaturated acetyl-isopropylidene nitrile were obtained 

from 6.5 g monacetyl-isopropylidene-quinic acid amide. The compound had  a l ight  yellow colour 
and a boiling point  of I25°/O. I5 m m .  

Re/erences p. ~o3[ao 4. 
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A sample  twice redist i l led was  used  for ana lys i s :  

5.068 m g  gave  11.195 m g C 0  t a n d  2.860 m g  H , O ;  
3 .169  m g  gave  o . i 5 i  ml  N 2 (26 ° and  741 mm) .  
Cx2H150,N (237.1): Calc. C 60. 7 H 6. 4 N 5.9 

F o u n d C 6 o . 8  H 6 .  3 N 5 . 4  

Hydrolysis o/acetyl-methylene-shikimic acid nitrile to methylene-shil,;mic acid 

3.3 g dist i l led ace ty l -me thy lene - sh ik imic  acid ni t r i le  were boiled for two a n d  a ha l f  hou r s  w i th  
45 ml  N s o d i u m  h y d r o x i d e  (about  3 molecules) .  A condense r  was  a t t a c h e d  to t ake  off t he  wa te r  
v a p o u r s  a n d  t h e  a m m o n i a .  W a t e r  was  added  to t he  dis t i l la t ion flask du r ing  boi l ing so  t h a t  t he  v o l u m e  
w a s  no t  r educed  below one-ha l f  t he  original .  T he  condensa t e  was  c a u g h t  in a n  ice-cooled receiver  
a n d  a t  t h e  end  of t h e  t ime  t he  a m m o n i a  could be de t e rmi ned  a lmos t  quan t i t a t i ve ly .  No fo rma ldehyde  
was  found  in t h e  dis t i l la te  even  af te r  acid hydrolys is .  T he  reac t ion  l iquid,  which  was  coloured da rk  
brown,  was  cooled a n d  t he  alkali  was  neu t ra l ized  by  add i t ion  of 41 ml  N su lphur ic  acid a n d  4 ml  
N hydrochlor ic  acid.  The  weak  acet ic  acid solut ion was  reduced  to d rynes s  in t he  bes t  v a c u u m  ob-  
t a inab le  by  a wa te r  p u m p ,  du r ing  which  t i me  t h e  b a t h  t e m p e r a t u r e  was  no t  a l lowed to  rise above  35 °. 
T h e  res idue  was  e x t r a c t e d  t h o r o u g h l y  severa l  t i mes  wi th  e thy l  ace ta te ,  a n d  t he  un i t ed  fil tered ex t rac -  
t i ons  were e v a p o r a t e d  u n d e r  reduced  pressure .  I f  c rys ta l s  are a t  h a n d  for inocula t ion ,  t he  yellow 
Syrup r ema in ing  will begin  to  crysta l l ize  on inocula t ing .  3 3 - 3 8 %  of t he  theore t ica l  yield of c rys ta l -  
lized m e t h y l e n e - s h i k i m i c  acid was ob ta ined  f rom t he  concen t r a t ed  e thy l  a ce t a t e  solut ion,  b u t  t hese  
cr) ,s tals  still  h a d  a yel low colour. Us i ng  a n i m a l  charcoal ,  a recrys taUiza t ion  f rom e thy l  ace t a t e  was  
m a d e  for fu r the r  purif icat ion.  

The  subs t ance ,  well  crys ta l l ized in r hombi c  pla tes ,  had  a m.p .  of 138 ° a n d  showed no  depress ion 
of t he  me l t i ng  po in t  on add i t ion  of an  equa l  q u a n t i t y  of  a p r epa ra t i on  m a d e  f rom sh ik imic  acid.  The  
p r epa ra t i on  twice recrysta l l ized gave  in a q u e o u s  so lu t ion  t h e  following ro ta t ion :  

[a]~ ° = - - 8 8 . 7  °t~ (I d m  tube ,  c = 2.17, alD 9 = ~ I . 9 3 ° ) .  

F u r t h e r  q u a n t i t i e s  of t he  acid could be ob ta ined  f rom the  mo the r l i quo r  of  t h e  isolated m e t h y l e n e -  
sh ik imic  ac id  in t he  following m a n n e r :  T he  me t hy l ene - sh ik imie  acid m e t h y l  e s t e r  was  f o r m e d  by  
es ter i f ica t ion w i t h d i a z o m e t h a n e  a n d  was  dist i l led u n d e r  a h igh  v a c u u m . a t  a b a t h  t e m p e r a t u r e  of  
170-19 o°. I t  was  t h e n  kep t  for two to th ree  days  a t  37 ° t oge the r  wi th  pyr id ine  and  to luene  su lphony l  
chloride.  T h e  to luene  su l phony l -me t hy l ene - sh i k i mi c  acid es ter  (m.p. and  m.p .  of t he  m i x t u r e  118-119 °) 
c rys ta l l ized  ou t  readi ly  on  g r adua l  add i t ion  of wa te r  a n d  t r i tu ra t ion .  T h i s  isolated q u a n t i t y  corres-  
p o n d s  to  a f u r t h e r  I 5 - 2 o %  of t he  theoret ical  yield of  me thy l ene - sh ik imic  acid, so t h a t  t oge the r  
a b 6 u t  5 2 %  Of t h e  ac id  ob ta ined  f rom t h e  ni t r i le  can  be defini tely identif ied as a de r iva t ive  of t he  
sh ik imic  acid.  The  methy lene- ' sh ik imic  acid is easi ly isolated a n d  identif ied b y p r e p a r i n g  i ts  to luene  
sulp,tmmyl-mgth~:l ester ,  w h i c h  read i ly  crystal l izes.  Th i s  process  is to be r e c o m m e n d e d ,  i f  no inocula-  
t ion  ci 'ys ta ls  of  the~free me t hy l ene - sh i k i mi c  acid are  a t  h a n d  or if difficulties appea r  d u r i n g  {he isola- 
t ion  of the '  free' acid.  Af te r  wash i ng  w i t h  5 o %  a l coho l  t he  es ter  is a t  once ob ta ined  i n  ~ae pu re  s ta te .  
For  ana lys i s  and  opt ica l  de te r r~ ina t ions  i t  h a s  to be  recrysta l l ized once more  f rom alcohol:  

5o71 m g  s u b s t a n c e  gave  lO.O9O m g  CO s a n d  2.35o rag H iO  
7921 m g  s u b s t a n c e  gave  517o m g  BaSO 4 
:C1¢H180?S (354.2): Calc. C 54.2 H 5.1 S 9.1 

F o u n d  C 5 4 . 2  H 5 . 2  $ 9 . o  
[ a ]  ~4o = 42.5 ° (in chloroform) TM (I d m  tube ,  c = 3.25, a ~  = - -1 .38°) .  

Hydrolysis o! the unsaturated acetyl-isopropylidene nitrile 

T h e  hydro lys i s  of  t he  u n s a t u r a t e d  i sopropyl idene  ni t r i le  c an  be  carr ied o u t  u n d e r  t he  s a m e  mi ld  
cond i t ions  as  t he  co r r e spond ing  m e t h y l e n e  c o m p o u n d .  I n  th is  react ion t h e  a m m o n i a  can  also be  
d e t e r m i n e d  nea r ly  ' quan t i t a t i ve l y  a f te r  a b o u t  two h o u r s  boi l ing wi th  di lu te  alkali .  F u r t h e r m o r e ,  i t  
w a s f o u n d  t h a t  2 5 %  of t h e  theore t ica l ly  poasible a m o u n t  of  ace tone  was  spl i t  off b y  t he  alkali .  T h e  
ace tone  could  be d e t e r m i n e d  in t he  dis t i l la te  b y  t i t r a t i on  wi th  a lkal ine  hypo iod i t e  so lu t ion  a n d  
ident i f ied as  t h e  p -n i t ro -  or  d in i t ropheny lhydrazone .  T he  f u r t h e r  process ing  paral le ls  t he  p rocedure  
used  for  t he  m e t h y l e n e  nitri le.  F r o m  t he  ace t ona t ed  compound ,  however ,  i t  was  n o t  poss ible  to isolate  
t h e  free a ce tona t ed  acid,  no r  to crys ta l l ize  a de r iva t ive  of t he  ace tona t ed  u n s a t u r a t e d  ester ,  wh i ch  
h a d  been  ob ta ined  b y  ester i f icat ion w i t h  d i a z o m e t h a n e  and  s u b s e q u e n t  dis t i l la t ion in  a h igh  v a c u u m .  
If, however ,  t h e  u n s a t u r a t e d  ester ,  of  wh ich  2 7 %  of t he  theore t ica l  yield was  ob ta ined  by  dist i l la t ion,  
is hyd ro ly sed  b y  acetic acid, a b o u t  4 -5% of t h e  theore t ica l  a m o u n t  (based  on t h e  a m o u n t  of  ni t r i le  
used)  is o b t a i n e d  in crys ta l l ized  fo rm 19 as  sh ik imic  acid m e t h y l  ester.  Af te r  two recrys ta l l i za t ions  
f rom e thy l  ace t a t e  a n d  ligroin, t h e  m.p .  was  I i 2 - i i 4  ° a n d  the re  was  no depress ion  of t h e  me l t i ng  
p o i n t  w h e n  t he  s u b s t a n c e  was  m i x e d  w i t h  equa l  a m o u n t s  of  a c o m p o u n d  p repa red  f rom sh ik imic  
acid for compar i son .  

Re/erences p. 2o3/2o 4. 
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SUMMARY 

The transformation of quinic acid into shikimic acid by means of the methylene derivatives 
of these acids has been described. Thus the configuration of the carbon atoms 3,4 and 5 of quinic 
acid has been shown to be the same as in shikimic acid, which had previously been configurationally 
related to D-glucose. 

3-cyano-lobelanine has been synthesized from dihydroshikimic acid nitrile, benzoyl acetic acid, 
and monomethyl amine under conditions sufficiently mild so that  they might exist in plant or animal 
organisms. 

R]~SUM~ 

Nous avons ddcrit la transformation de l'acide quinique en acide shikimique tt l'alde des ddrivds 
mdthyldniques de ces acides. Nous avons montrd ainsi que la configuration des atomes de carbone 
3, 4 et 5 dans l'acide quinique est la m6me que dans l'acide shikimique, dont la configuration avait 
dtd prdcddemment relide ~ celle du D-glucose. 

La 3-cyano-lobdlanine a dtd synthdtisde ~t partir du nitrile de racide dihydro-shikimique, de 
l'acide benzoylacdtique et de la monomdthylamine sous des conditions suffisamment douces pour 
exister dans rorganisme vdgdtal ou animal. 

ZUSAMMENFASSUNG 

Wir beschreiben die Umwandlung der Chinas~ure in die Shikimas~ure fiber die entsprechenden 
Methylenderivate. Es wurde also gezeigt, dass die Konfigurati0n der Kohlenstoffatome 3, 4 und 5 
in der Chinas~ure dieselbe ist wie in der Shikimas~ure, deren Konfiguration schon friiher auf die der 
D-Glucose zuriickgefiihrt wurde. 

3-Cyanolobelanin wurde aus Dihydroshikimis~ure-nitril, BenzoylessigsRure und Monomethyl- 
amin unter milden Bedingungen synthetisiert, wie sie auch im pflanzlichen oder tierischen Organismus 
vorkommen k6nnen. 
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is After acid hydrolysis following the prescription given in the "9th Communication on Quinic Acid 
and derivatives" free shikimic acid is obtained: 

its m.p. and m.p. of a 50% mixture 184-185°; [a] 19° = - -183  ° 
(in water, I dm tube, c ~ 1.23, a ~  ---- --2.25°).  

1, The small yield of crystallized substance suggests that  the acetyl-isopropylidene-shikimic acid 
nitrile contains, unlike the corresponding methylene compound, a considerable quanti ty of a 
1,2 unsaturated product. 

R e c e i v e d  J u n e  23rd ,  1949 


