
I'he problem of the spontaneous formation of optic~ 
~1 by any directing agency, still seems to arouse intere 
;eemed worth-while to communicate more generally so 
fis problem*, published in the Dutch language * durJ 
nain contents of the latter article are presented her, 

['he author contradicts the rather widespread view t 
raced by any dissymmetric agent, the probability 
:ontaining a considerable excess of one antipode of 
always be extremely low. This classical view has 
:ally laid upon the fact that  (in the gaseous phase or in 
, lower free energy in comparison with the active cor~ 
['his, of course, is not necessarily true in systems 
ite orientation with regard to each other (e.g. in syst 
ce layers). Here in principle free surface energy can ev 
plus of one of the antipodes, preferential to a racemi 
Furthermore, although in a system without any diss 
~bilities for the formation of an L- or D-structure an 
z that  both actually will be formed. By statistical fit 
e with dissymmetric molecules will give a definite 
;s of one antipode• We are challenged to find systems 
nsions, obeying the laws of probability, will by enlarge 

c o n t a i n i n g  m o l e c u l e s  w i t h  

'stems containing crystals or 
even make a system, containil 

racemlc mixture. 
dissymmetric agency the a pric 
are exactly equal, this does n 
fluctuations synthesis of a su 

definite, be it unmeasurably sma 
where phenomena in molecul 
ement result in a product wi 

le optical activity. Along these lines we think it possib 
[ have a much higher chance of becoming optically acti, 
aactive in course of time. 
tpersaturated solution of a racemic mixture with the follo~ 

s in separate L- and D-crystals; no racemic compound 
stallization of the L- and the D-compound is practically n 

solution shows racemisation, for example under the infl 

were performed for the  main par t  in the laboratory for Orga~ 
(Director Prof. Dr. F. K~GL). A few later experiments  were carri 

Lary Biochemistry, Utrecht  (Director Prof. Dr. L. SEEKLES) and 
istry, Universi ty of Leyden. 
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I. Crystallization results 
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interdependent. 
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results in a product of high optical purity (comp~ 
)le surface reaction at the end of this paper). 
Theoretically,  t h e s e  c o n s i d e r a t i o n s  d e m o n s t r a t e d  t h e  f 

1 " s p o n t a n e o u s  a s y m m e t r i c  s y n t h e s i s " .  I t  r e m a i n e d  il 

p r o c e s s e s  can  be  r ea l i zed  w i t h o u t  too  m u c h  difficul 

- a l ly l -an i l in ium iod ide  was  chosen .  I t  cou ld  be  e x p e  

) n i u m  iod ide  w i t h  an  a l ly l  g r o u p  as one  of t h e  s u b s t i t  

a u t o r a c e m i s a t i o n  in s o l v e n t s  l ike c h l o r o f o r m .  On t h e  

r a t e r  or  a lcohol  i t  s h o u l d  be poss ib le  t o  h a v e  t h e  

m r m o r e  a c c o r d i n g  to  l i t e r a t u r e  d a t a  a, 4 a so lu t i o n  in cl 

~edral c rys t a l s .  W e  were  able  to  con f i rm  t h e  o b s e r v a t  

d s  c o n t a i n  one  mo lecu l e  of c h l o r o f o r m  of c r y s t a l l i z a t  

)he f i rs t  r e su l t s ,  o b t a i n e d  b y  ca re fu l ly  sea l ing  samples  

on in c h l o r o f o r m  in glass  t ubes ,  w a r m i n g  t h e m  in ore 

i l  nuc le i  a n d  s t o r i n g  t h e m  in a q u i e t  d a r k  room,  we 

c r y s t a l l i z a t i o n  s t a r t e d  s u d d e n l y ,  a t  r o o m  t empera tu r~  

C a f t e r  s o m e  hours ,  r e s u l t i n g  in one  or  m o r e  n ice ly  d( 

a f ew  m o n t h s  s t a n d i n g  a t  r o o m  t e m p e r a t u r e  t h e  t u b  

no  or on ly  s l igh t  op t i ca l  a c t i v i t y .  T h e  

in m a n y  cases ,  c o r r e s p o n d i n g  to  (M)D for  t h e  ion - 

)ne of the first experiments may briefly be described by wa 
aturated (17. 5 %) solution of the quaternary iodide in chlc 

~ l e S  Ol  ~t b L I O l l g t y  b t l p e l b i i L U t i i L L  

o r d e r  to  d e s t r o y  a n y  a c c i d e n t  

were  g r a t i f y ing .  I n  m o s t  of t l  

) e r a t u r e  a f t e r  s o m e  d a y s  or  w e e k s ,  

d e v e l o p e d  w a t e r - c l e a r  c rys ta l  

t u b e s  were  o p e n e d .  T h e  m o t h  

c r y s t a l s  p r o v e d  to  be  h igh  

- -  63 ° (4% so lu t ion  in w a t e i  

way of illustration, i ml of a war 
:hloroform was carefully sealed in 

ng taken against contamination by dust, etc. After heating gent 
e tube was stored in a quiet dark room at 19 ° C. After two wee 
• However, after some more days of waiting a tiny crystal appear~ 
autiful clear crystal. Two months later the tube was opened. T] 
r laevorotatory (aD after dilution with 1-3 ml of chloroform : - -  o. 15 
ngly dextrorotatory solution; [aTD was 15 ° when dissolved in wat 
red solution in chloroform. 
aent the rotation of the mother liquor is measured not too lol 
1 high values are found indicating the non-ideality of our syste 
rather slowly at room temperature. In order to test this, a soluti( 
of chloroform was kept in the dark at room temperature. The valu 
° at the beginning, o.Io ° after 9 days, o.o4 ° after 34 days. The ra 

y'stals which liquate upon exposure to the air, is not sharply defin~ 
.~ content according to KOLTItOFF s gave 29.8 ± o. 4 °/o J; caleulat~ 

ome experiments, accomplished with the collaboration of Mrs. 
years ago, indicated as a possible source of complications the fa 
the salt will occasionally crystallize without containing chlorofon 

c r y s t a l  

cases  cr,  

at o ° 

After 
l i quors  s h o w e d  

ac t i ve  

One 
supersaturated 
clean glass tube, precautions bein 
in a waterbath for some time the 
crystallization had not yet set in. 
which rapidly grew out to a beautiful 
mother liquor proved to be faintly 
The crystal (62.1 mg) gave a stron 
(4 %) and 27 ° in a freshly prepared solu 

When in a similar experiment 
after the onset of crystallization 
due to the fact that  it racemises rather 
of 46 mg of active iodide in 5 ml 
found for its rotation were: o.25 ° 

* The melting point of the cry 
(75-80°). Titrations of the iodine 
for CIIHIsNJ.CHC13 : 3o.o % J. 

** We might here add that  some 
VAN DER P L A s - T E R  H E I D E  a f e w  
that  from concentrated solutions 
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i is r a re ;  c r y s t a l  g r o w t h ,  once s t a r t  
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ield was ~ i 4 5  mg of crystals. The fact tha t  the yield o f ,  
Lme whe the r  it consisted of a (rather large) excess of one of 
Lre (c), proves  t ha t  in the first case D-antipode had been newly 
'ial deposited in the cases where exclusively the one antipod 
conclusion. 

l 'his was a s t r ik ing  resul t  also because  p repa ra t ion  of 
s ta te  a long the  t r ad i t i ona l  l ines seemed to have  be( 

us diff iculty arose. In  a series of 14 expe r imen t s  conve 
) tat ing sys tem and  never  to a - -  sys tem!  The  way  i: 
pe r fo rmed  exc luded  the  presence of o rd ina ry  crystal  

e procedure ,  however ,  and  a careful  fi l tering th roug  
tgly s u p e r s a t u r a t e d  solut ions a rer  
allize. In  two exper iments ,  keeping  the solut ions at  o 
In these cases one can succeed in forcing c rys ta l l i za t  
1. Unde r  such condi t ions  there  is a fair  chance for c 
tes a t  a t ime.  Never the less  we also found cases in whi 
"e sys tem had  t a k e n  place.  Signif icant ly  enough here 
~d ending  up  wi th  an excess of L-ant ipode.  In  a serie 
ucts  were ob ta ined ;  I t ime  the  p roduc t  showed a ( 

= + o.2?), I t ime  clear  dex t ro ro t a t i on  ([a!D = + 
, = - -  3.0 and  - -  0.5). The reasonable  conclusion is tt 
:al l ization had  occurred  and  t h a t  for the  first t ime  th  
ed  of an opt ica l ly  ac t ive  subs tance  out  of inact ive  ma 

a l t m a t l o n  o y  l a s t i n g  s t rong  c o o n n  

crys ta l l i za t ion  of bo th  the  a 
which t rans i t ion  into an optical  

for the  first t ime  sys tems  a 
series of 7 exper iments ,  3 racetI 

doub t fu l  smal l  de x t ro ro t a t i  
0.7) and  twice l aevo ro t a t i  

t ha t  here  " r ea l l y "  spon taneo  
the  fo rmat ion  had  been  demc 
ma te r i a l  in a closed sys tem.  

marks on the mean ing  of the  principle out l ined,  omi t t i  
.e moment .  
is the  of ten men t ioned  quest ion of how the first optica] 

on ear th ,  especial ly  in l iving beings. An answer  to th is  dc 
nt  to  us:  one can have this  p rob lem coincide wi th  the  grc 
.' first l iving being and  assume tha t  the  first mater ia l ,  to  
nmetr ic  from the  beginning.  I f  one wants ,  however,  to fm 
Lie first opt ica l ly  ac t ive  substance,  t hen  the  above -men t ion  
~.sents i tself  as a much  less art if icial  poss ib i l i ty  than  oth( 
p to  now. Espec ia l ly  is this  the  case as pe rhaps  a shadow 
Is the  first appearance  of a living, o rdered  being is to 
h of a c rys ta l  in a l iquid.  

JONES ~ repor t  an (2VI)D of 16 ° only for the a m m o n i u m  ion in 1 
m a n y  crystallizations. 

t ipodes  
ac t ive  
pea red  
produc ts  

(E~]D 
([~]D 
crystallization 
s t r a t e d  

F ina l ly  a few shor t  r emarks  
p rac t i ca l  app l ica t ions  for the  

In  the  first place there  
ac t ive  subs tance  or ig ina ted  
not  seem to be so ve ry  urgent  
m y s t e r y  of the  origin of t i le 
defined as l iving, was d i s symmet r i c  
an idea  of the  fo rmat ion  of the  first c 
synthes is  of a s y m m e t r y  presents  
t h a t  have  been  discussed up 
the  en igma which sur rounds  
found  in the  acc iden ta l  b i r t h  

* M. B .  THOMAS AND I-L O.  
bromocamphorsu lphona te  af ter  
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~er than  one should expect  f rom literati 
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nolecules have  become v i r tua l ly  d i ssymmetr ic ,  cony 
ble by  tu rn ing  over.  If  now energet ic  re la t ions  are 
al  composed  of e i ther  L- or D-molecules of this  kin 
al composed  of a mix tu re  of L- and  D-ones, then  
a monolayer ,  analogous  to the  one descr ibed  above.  Tk 
s t ing of molecules hav ing  ident ica l  configurat ions,  t a k  
ua t ion  be tween  the  two alcohol  groups.  By oxidatio~ 
the wa te r  (e.g. by  pe rmangana te )  the  labile dissymrr 
leir  o r i en ta t ion  in the  two-d imens iona l  crys ta l l ine  
ring in an opt ica l ly  ac t ive  p roduc t  wi th  a classical  
a process,  which at  the  m o m e n t  does not  ye t  seem : 
le ry  much  resembles  the  a l r eady  men t ioned  crystalliz~ 
tilt to  the  a symmet r i c  syntheses ,  as occurs in na ture .  
t a t ion  of the  reac t ing  molecules  in or a t  a structur~ 
cific scheme, p lays  an i m p o r t a n t  role. 

;ome theoretical considerations and experimental results, whi 
literature 2, have been reported• These demonstrate the possibi 
:ically active material starting from an inactive, closed sys 

L'auteur admet la possibilit6 d'une g6n6ration spontande de 
~t6me Ierm6, en l'absence de tout agent asvm6trklue. O.ueklu 

i n  OOl:n processes m e  Oellnl 
s t ruc ture  which is bui l t  according 

which are rather difficultly accessiE 
possibility of the spontaneous generati~ 

~stem without interference of al 

mati6re optiquement active da~ 
gent asym6trique. Quelques considdrations thdoriques air 

ent cette possibilit6 ont 6t6 rapportdes 2. 

,~er bekannt gewordcne ~berlegungen und Experimente bericht¢ 
mntstehung yon optisch aktiver organischer Substanz aus inaktive 
Mossenen System ohne Zuhilfenahme irgendeines asymmetrisch~ 

VIII (1952) 337- 

• Acre, I i  (1953) 459. 
~8 (1941 ) 642; C.A.,  36 (1942 ) 579o- 

yse, 2rid ed., p. 245. 
s, J .  Chem. Soc., 89 (19o6) 28o. 
Rec. tray. chim., 56 (1937) 375. 

Rece ived  October  i o th ,  I9.~ 

a specific 

Some 
in the liten 
of optically 
directing, dissymmetric agency. 

g 'auteur  
un syst6me ferm6 
que des exp6riences qui d6montrent, 

Es wird fiber einige, wenig 
die die M6glichkeit geben zur Neuentsteh~ 
Ausgangsmaterial in einem geschlossenen 
Mittels 2. 
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