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In the present study the followins cis and trans stilbenes 

have been synthesized: stilbene, p-chlorostilbene, p-nitrostilbene, 

, all-trans azoxystilbene, cis-trans-ci~ azoxystilbene, p-aminostilbene, 

p-N-acetyl-aminostilbene. Decarboxylation of p-hydroxy-and p-acetoxy- 

1-carboxy stilbene have been studied and in all cases only the trans 

isomer has been obtained. 

The following cis stilbene deriva'tives have been prepared by ir- 

radiation of the trans derivatives: stilbene, p-hydroxystilbene, p- 

acetoxystilbene, p-aminostllbene, cis-trans-cis and all-c is azoxystilbene . 
The latter two compounds are extremely unetable and isomerize during 

purfflcation. The reaction rates, summarized 'below, have been obtained 

from experiments planned primaril'y to obtain optimum conditions for 

the preparation of new stilbene derivatives. 

Rates of trans-cis isomerization at 50° C have been obtained for: 

s tilbene k 1.8 . 10-~.sec -1 In benzene solution 

p-acetoxy .1 .2 in benzene 

p -hydroxy 2.0 in ethanol 

p-amino 9 8 in 50% ethanol-2 N HC1 - 
Rate constants for thermal, that is, cis-traris isomeri'zation have been 

evaluated for trans-cis-trans azoxystilbene. Its rate constant at 

O'C in lo$ benzene n-hexane ia 6.9 . lom5 sec-l. Therefore no pure 

trans-cis-trans azoxystilbene could be isolated. The thermal isomer- 
, 

ization of cis aminostilbene in 2 n hydrochloric acid-50% ethanol 

has been studled at 40 and 80'~. The ener(3y. of activation has been 

found to be 15.5 kcaljmole. At 50' the rate constant of cis-trans 



- 1 
isomerization is then k - 4.2. sec . From the rate constant 

k trims - cis 
for the reverse reaction an equilibrium constant of K 9 k cis - trans 
P 23 is calculated and thus trans aminostilbene as the cation can be 

.S 
isomerized under the infl-uence of ultra violet light to the extent 

of 96$, although the actual yield must undoubtedly be smaller due ,( 

to secondary reactions, The pK of cis and trans p-aminostilbene has 

been measured in 30% methanol citrate buffer. It is found that the 

two isomers have, within experimental error, identical pK values of 

4.10 at 25'~. Hammetts substituent constant is therefore of the 

order of f- = 0.06. Under certain conditions, it seems possible to 

diazotize cis aminostilbene to yield cis stllbene-diazonium salta. 

The spectra of both the cis and trans diazonium ion have been measur- 

ed as well as their couplin~ product with H-acid. There is good 

evidence that the reduction of cis stilbene-diazonium ion with hypo- 

phosphorous acid yields mainly cis stilbene. 

Systematic collation of the spectra of the monosubstituted stil- 

benes prepared, for both the cis clld trans isomer, have been made wid 

the results compared with analogs in the benzene series. 

h addltlun, 1~1l'~'a.red spectra havc been measured. The cis 

derivatives show a sharp characteristic absorption band at 915-920 

wave numbers. For the trans-derivatives a characteristic absorption 

band is found at 957-968 wave numbers. 

Introduction 

Stilbene is conventionally represented as a resonance hybrid 

of structures such as 1-111. In the lowest molecu1a.r energy level 



which i s  reached by abso'rption o f  l i g h t  from the  ground l e v e l ,  I t  

has  u s u a l l y  been supposed t h a t  i on ic  s t r u c t u r e s  (111) a re '  f a i r l y  

important .  In c l a s s i c a l  lmguage ,  t h i s  corresponds t o  an e l e c t r o n  

o s c i l l a t i n g  from one end of t h e  molecule t o  t h e  o t h e r ,  and hence 

be ing  r e spons ib l e  f o r  t h e  i n t e n s e  abso rp t ion .  In  p r i n c i p l e ,  . such 

a d e e c r i p t i o n  of  t h e  molecule 1s  q u i t e  proper;  b u t  i n  p r a c t i c e  i t  

s u f f e r s  from the  cons ide rab le  drawback t h a t  t h e r e  seems a t  p r e s e n t  

no s a t i s f a c t o r y  way of  c a l c u l a t i n g  t h e ' r e l a t i v e  weights of  t h e  v a r i o u s  

t ypes  of' 8 Lructures .  

Thus, i n  p-&inostilberle,  i n  a d d i t i o n  t o  t he  Kekule s t r u c t u r e s ,  

N, we expect  i o n i c  s t r u c t u r e s  such as (v )  and (vI ) ,  which a r e  s i m i l a r  

t o  I11 except  that t h e  charge on t h e  amino n i t rogen  can .  on ly  be ' p o s i t i v e .  

But t h e r e  i s  no a v a i l a b l e  e s t ima te  of  t h e  r e l a t i v e  weights  of  ( N ) ,  (v )  

. and (VL) though t h a t  of  ( v )  is  u s u a l l y  supposed , t o  exceed t h a t  of  (111) 

i n  the unsubs t i  t u t e d .  In  t h e  e x c i t e d  l e v e l ,  nothing i s  .known o f  t h e  

weights .  

\ / \ Q-=;Q = ~Qc-cQT 
1 NEKULE H FIRST EXCITED In 



1. 
Coulson and Jticobs ' h ~ v e  c i i i c u l t i t r d  t he  charge d i u t r  I bur t o n  u d  

bond orders  i n  still:erle, 4 - u m l n o s t l l b e r l e  and 4 ,b-hiui110st l l .bene 

f o r  both the  ground s ta te  find the exci ted  s t a t e .  Bond order .values 
a r e  indicated below: 
1.657 OC . , - 

1 .431  'W 

exc 6 ted s Lt~te 

I n  all these molecules, t h e  excl t a i l on  nppears to r e s i de  almost. en L 1 r e l y  

- i n  the c e n t r a l  e t,hy.lenic 1 lnk conver t i r ly  : - I n t o  1 - - .  This  

,appears al.most ~;uraf'fectetl by t he  preserlce of  orle o r  two p - t u u l r ~ o  : ,ub- 

8 ti Lue1it;s. 



I n . t h e  ground s t a t e  of s t i lbene  there  i s  very l i t t l e  quinoid 

character of the kind represented i n  (111), so it appears t h a t  

these par t icu la r  st,wctures w e  not very important. On exci ta t ion,  

there  is  ra ther  more quinoid character,  and i n  the amino coupounds 

the  qu$noid cl'laracter of the  subst i tu ted r ing  i s  grea te r  s t i l l .  

This indicates  the importance of s t ruc tures  such a s  (v) and (vI). 

The apparently grea t  importance of (VI) i n  the  excited s t a t e  

i s  uneqectecl, but  seems t o  be an' explanation of the  s h i f t s  i n  the  

u l t r a  v i o l e t  spectra  a s  outl ined i n  p a r t  V. 

Alternation of charge migration i n  4-aminostilbene is  shouwn 

i n  F i w e  1 . The electronic  exci ta t ion,  it appears, t o  some.ex- 

t e n t s  destroys these a l te ra t ions ,  though it increases the  averase 

charge migration. Quite apar t  from any other  considerations, t h i s  

would imply a grea te r  r e a c t i v i t y  i n  the excited s t a t e  than i n  the  

ground s t a t e .  Thus.the genera1,picture i s  t h a t  of an increased 

'asymmetery of charge resu l t ing  i n  reduced bonding md a grea te r  . 

proportion of e lect rons  f r e e  t o  i n i t i a t e  reactions,  pa r t i cu l a r ly  

wi th .  e lec t rophi l i c  reagents. 

Section I Svnthesis of Stilbene-Derivatiices 

General considerations: St i lbenes  are read i ly  prepared by cs. va r i e ty  

of methods. All these methods have been .reviewed adequately i n  E.H. 

Rodd's "chemistry of Carbon compounds" Vol. IIIB. The majori ty of 

these syntheses r e s u l t  i n  the  formation of the  t r ans  der ivat ive .  This 

may be because the  react ion yie lds  s terospecif ' ica l ly  the t r ans  compound 

and, o r  because the reac tiorl conditions favor the  -t;hennodynanicslly more 

s t ab l e  trans conqoulid. For the pinepa-aton of c i s  stilbener; t luee  methods 
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'I 
1 I - Ground state 
I I 
I I 
I I ---- Excited state 
; 'I 

ATOMS 
M U  - 17846 

Fig. 1. Charge distribution in the ground and excited states. 

The atoms a re  numbered for convenience along the chain consecutively 
from the NH group; thus, 5 and 6 a r e  the atoms of the central ethy- 
lenic link. '$he unit charge i s  e/1000. 



a r e  available,  nanely, a) the ca t a ly t i c  semi-hydrogenation of a 

diphenylacetylene, b)  decttrboxylatio~l of' a s t i lbened-carboxyl ic  

acid, and c )  irrailiatiori of a t rans  s t i lbene  with u l t r a v i o l e t  
r 

. l i g h t .  In  the majority of cases reported the  ca t a ly t i c  reduction 

.;? of a diphenylacetylene r e s u l t s  i n  the  f o m t i o n  of a mixture of 

1 :2  diphenylethane and s t i lbene  which i s  not e a s i l y  seperable. For 

t h i s  reason, method b )  and c )  were used throughout. 

1) C i s  and t rans  s t i lbene  

Trans s t i lbene.  ,4 pure sample of t h i s  colllpound was recrys ta l l i zed  

from chloroform and n-liexane and the  c r y s t a l s  vacuum dried.  The 

melting point  was 123'~. 

Preparation of phenylcinnamic acid.  40.5 ml f resh ly  purified benzaldehyde, 

54.6 g phenylacetic acid, 40 ml trimethylamine . g d  80 m l  ace t i c  an- 

: . . hydride were refluxed f o r  5 hours. ' Thk react ion mixture was then 
., . . 

steam d i s t i l l e d  and. the  remaining solut ion cooled, whereupon phenyl- 

cinnamic'acid c rys ta l l i zed .  The product was crgrstallized from acid- 

fded ethanol and then recrys ta l l i zed  from ethmol-water 3: 2.35.2 g 

of white c rys t a l s  were obtained. M.P. l*(oOc. U.V. spectrum i n  . 

4. ethanol)\ max 283 m . 4  f= 1.45. 10 , 1.8. spectrum i n  C H C l  
3 ' 

3 
Decarboxylation of phenylcinnamic acid.  23.0 g phenylcinnmic acid were - 
decarboxykated in140 ml quinone and 2 g copper chromite a t  210-220°c. 

After heating, the react ion mixture was poured i n t o  480 m l  10$ H C l  and 

extracted with e ther .  The e ther  ex t r ac t  was washed v i t h  100 ml 10% 
s 

~ o d i m  carbonate solution.qnd then with d i s t i l l e d  water. After dry- 

" .  ing, the  e ther  ex t rac t  , the s l i g h t l y  yellow o i l  was d i s t i l l e d  twice 
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a t  4 mm Hg. and the , co lo r l e s s  o i l  fu r ther  pur i f ied by c rys t a l l i z a t i on  

from n-hexane a t  dry-ice-acetone temperature. 8.2 g product were ob- 

tained.  In the u l t r a v i o l e t  an absorption maximum a t  278 mu is ob- 

4 served with an ext inct ion coef f ic ien t  E u 1.08 . 10 . 
2) p-Chlorostilbenes 

Trans p-chlorostilbene , ~ r a n s  p-chlorostilbene was prepared by the  

method of Meerwein, 64.0 g of p-chloroaniline w a s  dissolved i n  24C) 

m l  of 6 N hydrochloric acid, 300 g of i c e  was added and a solut ion 

of 35 2; sodium n i t r i t e  run i n  slowly with s t i r r i n g .  The temperature 

w a s  maintained a t  ' - 5  '~OC and the  d iazo t iza t ion  was complete i n  an 

hour/ One huradred and ten  g sodium-acetate and 20 3 couprous- 

chloride suspended i n  150 m l  water w a s  added t o  the  diazotized so l -  

u t ion  and 74 g cinnamic-acid i n  600 m l  acetolxe w a s  run i n  with s t i r r i n g .  

After  standing f o r  6 hours, the  solut ion .was s team-dist i l led and the 

res idue extracted with benzene. The benzene was shaken with 6 N -. 

ammonium hydroxide, dr ied,  and the  solvent d i s t i l l e d  o f f .  The res -  

idue was r ec rys t a l l i z ed  from ethnnol, a ce t i c  acid, ethanol, n- 

h e m e ,  and f i n a l l y  from ace t i c  acid .  The melting point  was 123.5- 

4 
a and 4 max 300 my f-= 3.10. 10 . Infrared spectrum was t a len  i n  carbon 

d i su l f ide .  

p-Chloro-1' -carboxy-stilbene. The piperidine-catalyzed condensation 

which ord inar i ly  gives the  decarboxylated condensation product gave, i n  

t h i s  case, the  carboxylic acid.  p-Chlorobenzaldehyde, 70 g and 68 g 

phenylacetic acid, together with 20 g piper idine Irere heated a t  160 '~  

f o r  6 hours. On coolin&, the mass was taken up i n  benzene and shaken 



Phenylcinnamic acid 

Spectrum of phenylcinnamic acid.in ethanol. 

1.00 

* 
I 

9 
rl, 

0.50 

- 

Spectrum in 
- 

1 1 

220 240 260 280 300 320 340 360 



Stilbene 

- trans 
-. - cis 

Spectra in 
ethanol 

Fig, 3. ultraviolet spectrum of cis and trans stilbene in ethanol. 



with 2 - N hydrochloric acid .  The acid was removed from the benzene 

layer  with 6 - N sodium-hydroxide. On ac id i f i ca t i on  of the.water layer,  

white c rys t a l s  of the acid formed. Recrysta l l izat ion from ethanol . 

and e<thanol-water mixture gave white c rys t a l s  of M.P. 200-201. U l t r a -  

4 
' v i o l e t  spectrum i n  ethanol :), m i  285 my t = 1.67. 10 (ethanol was 

, . ac id i f ied)  1; R. . . 

Cis-p-Chlorostilbene. One g of p-chloro-l-carboxys.tilbene was de- 

carboxylated with 0 .2  g copper chromite i n  10 m l  quinoline. The r e -  

act ion temperature was 225'~ and the  react ion time 5-8 min. The hot 

solution was poured Into  i c e  cold 3 N - H C 1  and extracted k i t h .  e ther .  

After washing of the  e the r  with sodium carbonate solution and water, 

and drying over magnesium-sulfate, 0.74 i: crude mater ia l  was obtained. 

The crude mater ia l  was dissolved i'n n-he-e, f i l t e r e d  from the un- 
. . 

disso'lved t rans  compound, and a f t e r  evaporation of the solvent, the 

o i l  d is t1 , l led st 1 .5  nm, 118-120' C . The d i s t i l l e d  o i l  w a s  r e -  

c rys ta l l i zed  from n-hexane (dry-ice acetone ba th) .  Ul t raviole t  spectrum 

4 Amax 283 my f =  1.10 . 10 , I. 2. spectrum. 

3) p-Rydroxys t i lbenes  

p-Hydroxy-l-carboxy~tilbene. p-Hydroxy-l-carboxystilbene was prepared 

4 
according t o  Zincke ; 0.5 mole sodium salt of phenylacetic acid;  0.32 

mole of p-hyciroxylsenzaldehyde, 0.75 mole of acetic-anhydride and 0.5 

ml pyridine were refluxed for  7 hours. The acetylat&d produc:t was 

separated with the addit ion of 150 ml of water. The separated o i l  



\ Spectrum in 
I ethanol 

Fig. 4. Ultraviolet spectrum of p-chloro- 1 -carboxystilbene in 
acidified ethanol. 



P.  I trans 

\ 11 cis 

Spectra in \ ethanol 

Fig. 5.  Ultraviolet spectrum of p-chlorostilbenes in ethanol. 



was heated with 2 N - sodium-hydroxide f o r  one hour, whereupon a 

yellow o i l  sepurated. The react ion mixture was then ac id i f ied  

and the  c rys t a l l i ne  mater ia l  extracted with 10$ sodium carbonate 

s o l ~ ~ t i o n .  The undissolved mater ia l  contains p-hydroxystilbene. 

After  f i l t r a t i o n ,  the f i l t r a t e  was ac id i f ied  and the c rys t a l l i ne  

mater ia l  r ec rys t a l l i z ed  from ethanol water. The M.P. of the acid  

was 223.5-224.5'~. Ul t raviole t  spectrum i n  ethanol shows a maximum 

a t  312 rnp = 1.95 . lo4; yie ld:  72$. 

trans-p-Hydroxystilbene. a) The material  which is  insoluble i n  sodium- 

bicarbonate was c rys t a l l i z ed  from ethanol t o  constant melt+ng point  of 

182-183'~. It shows twu absorption maxima a t  320 my f l: 2.75 . 10 4 
4 

and 305 mp f =  2.00 . 10 i n  etimnolic soLution. b)  Hydrolysis of 

t r ans  p-Ace'toxyszilbene. 20 mg t r ans  p-acetoxystilbene were d i s -  

solved i n  1 . 5  m l  py r id l~ i e  and 1 . 5  ml 0.1  N - sodium hydro:tide-solution 

a t  room temperature. Swcples were taker1 from the reactiorl mixture 

a f t e r  3,5, and 15  minutes arid a f t e r  18 hours. After evaporation of 

the  solvent i n  vacuum ,and a c i d l f y i ~ l s  .w:i,lh a few drops of 1 .0  N - 

hydrochloric acid, the  ~ s i d u e  was extracted : w i  L l i  t tker .  Epcctrsl  
'? 

data of the  ether ext.r~ict.  H ~ F ?  sllrniiarizeG i n  Table 1. 

Table 1 

. E300 
Amax l;.nnx WpL, sol-ven t - 

t r ans  p-acetoxystilbene 31.2 300 1.35 e tlier 

3 m i r i  hydrolysis 3 20 306 1.02 e ther  

1 5  min hydrolysis 320 ' 306 1.00 ether 

18 h r ~  3 20 306 1.00 e thcr  
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MU-  17851 

Fig. 6 .  ' Ultraviolet spectrum of p -hydroxy- 1 -carboxystilbene 
in ethanol. . 
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Fig. 7. Ultraviolet spectra of p-hydroxystilbenes in ethanol. 
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The rate of hydrolysis is given approximately by .the ratio ' 

of the optical densities at wavelength 300 and 320 mp. The data 

indicate that in 5 6  pyridine and 0.05 M - eodium hydroxide solution 
at room temperature, trans p-acetoxystilbene is quantitatively hy- 

. drolyzed in about 5 min. 

4) p-Acetoxystilbenes grams 

p-Acetoxy-1-carboxystilbene. Forty-one/p-hydmxy-benzaldehyde, 45.8 g 

. . 
phenylacetic-acid, 92 m l  t ' reeh ly  distilled acetic-anhydride.and 32.5 ml , 

triethylamine were refluxed for 7 hou-6. Acetic anhydride was destroyed 

by the addition of water whereupon a red oil separated. This oil was 

washed with water and dried. 31.7 g crys.tallLzeil. The ultraviolet 

,spectrum shows an a~sorptiorl maximum at 235 mp in ethanol. 
' I  i 

trans p-Acetoxystilbene. Trans-p-ucetoxystilbene was prepared from 

1.0 g trans p-hydroxystilbene, 11 m l  acetic anhydride and 0.5 g an- 

hydrous sodium acetate and the  mixture heated for 15 min. ' After . 
. I 

decomposition of excess ecet;ic unl~f i r ide  with water and crystalliza- 

tbn from ethanol-water, e tlulol arid benzene-n-heme, white crystals 

of M.P. 1 ~ - 1 4 9 ~ ~  were obtained. ' The ultraviolet spectrum shows 

two maxima in ether at 300 and 312 mp with extinction coefficierits 

4 4 ,of 2.85 . 10 and 2.55 . 10 . 
Decarboxylation of p-Acetoxy-1-carboxystilbene. Two g acid were heut- 

ed for 5 min in 10 m l  quinoline and 1 g copper chromite. The crude 

reaction mixture was fractionally crystallized from ether, 505, 15'5, 

5 %  and ether n-hexane. None of the fractions corltairied my cis 

p-acetoxyslilbene. In all of the scuples the I.R. band at 10.9 p 

was missing. 



cis-p-I~ydroxystilbene; decarboxylation of p-hydroxy-1-carboxystilbene. 

Decarboxylation was carried out in the usual way, using 0.2 g copper 

chroaite catalyst per g of acid. At 230'~ after 10 min no trace of 

cis p-hydroxyatilbene could he detected spectroscopically. It was . 

then decided to lower the reaction temperature. Experiments were 

0 
carried out at 120'-and 165 C with a concentration of catalyst of 

1.5 g / g  acid. After one hour at 165O~ leas than 7% of the acid was 

. decarboxylated. Decarboxylation at 220'~ for 10 min and carefbl 

fractionation of the decarboxylated products from an aluminum-oxide 

co.l_~irnn using n-hexane, lo$, 30$, 40$,50$, 70$ ether n-hexane mix- 

tures was unsuccessf'ul. Since isomerizativn ul: the labile cis p- 

hydroxystilbene miiht have occurred due .to the aluniinum oxide, a 

further decarboxylation experiment was carried out using.0.5 g cat- 

alyst/& acid and a reaction trmperature of 210~~. The ether extract 

was then fractionally crystallized from ether-n.-hexane and n-hexane 

at -2O0c. 30 m-3 compound from n-hexane solution were obtained which 

had an absorption maximum at 305 mp. This compound thus cunt.ai.ns about 

50% cis p-hydroxystilbene (as calculated from the ultraviolet spec l r u u )  . 
The over all yield is thus of the ordcr of 3% or less.(~ee a160 

Section 11) 
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Fig. 8. Ultraviolet spectra of p-acetyoxystilbene in ether. 



5) p-Nitrosti lbenes 

p-Nitro-1-carboxy-stilbene. ~ o h a s i u m  p-nitrophenylacetote, 31.5 8, 

28 8 of f r e sh ly  pur l f ied  benzaldehyde and 100 m l  a ce t i c  anhyclride were 
- 

l i . .  heated on a steam bath f o r  23 hours, The r e s u l t l w  red solut lon was 

poured in to  500 m l  of' water and warmed; a red o i l  separated and grad- a 

ua l ly  slolidifiect. It was dissolved i n  400 m l  0.8 N - sodium hydroxide 

and f i l t e r e d  hot. On ~ l c i d i f i c a t i o n  with hydrochloric acld,  a thick, 

white p r ec ip i t a t e  formed. The prec ip i t a t e  was.flltered aud crystU11iz~d 

from ethanol and ace t i c  acid. M.P. 227-228'~; the u l t r a v i a l a t  spectrum 

In ethanol shows an absorption m a x i m  a t  270 and an extfnotioxl co- 

4 efficLerltE = 2.0 . 10 , 
trans p-Nitrostilbene. t rans  p-Nitrosti lbene was available anil was 

r ec rys t a l l i z ed  from ethanol cu~d two times from acet ic  acid .  The yellow 

needles had u. M. P. of 157-15d0c. The u l t r a v i o l e t  ~pec t rum *how6 two 

xuxlma a t  349 up and 238 mp with ex.l;i;~ct;ion coef f ic ien ts  of 2.37 . 10 4 

4 
and 1.2 . 1 0  , respectively.  The infrared spectrum was measured i n  

carbon df su l f i de  a d  chloroform. 

Deca23ox~l.allon of 13-Ni tro-l-curtoxystilbene . Acconlfng t o  8 .  W. 

Al.f;er%iecwboxY1aBtion ot 223' C rcguirzs 15 This heating 

perloci proved to be fa- .Loo land, rind i n  sevornl experimerlts y ie lds  

of only 5$ c l s  p-ni t ros t i lbene were obka i c~2 .  

Decarboxylation of 1.5 4 i n  10 ml quinoline and 0.2 g copper cllromita 

a t  220% f o r  3-5 min y ie lds  76-68 5 crude. After chmmatodraphy on 

alumfnum oxide with n-hexane, a product with W.P. 60.5-62% was ob- 

ta ined i n  66% yield .  The \~ l t r av io l e . t  spectruin shows two maxim at 

4 326 and 240 mp with ext inct ion coef f ic ien ts  of 1.66 . 10 and 

4 L =  1.30 . 10 , respect ivelyO The infrared spectrum shows no ab- 

sorption a t  10.45, thus indicat ing a, reasonably pure c i s  compound. 



in ethanol 
.0.50 - 

I 

200 . 240 280 320 360 400 

Fig. 9.  Ultraviolet spectrum of p-nitro- 1 -carboxy-stilbene in 
ethanol. 



Nitrostilbene 

A (my) 
M U -  17855 

Fig, 10. Ultraviolet spectra of p-nitrostilbenes in ethanol. 



6) Azoxystilbenes ' 

Three pr inc ipa l  methods can be used t o  prepare azoxy compounds: 

' 

a) condensation of a n i t roso  compound with an  N-arylhydroxylamine, 

b) reduction of a n i t roa ry l  compound under a va r i e ty  of conditions, 

. and c )  oxidation of an azo compound with peracids. 

Preparation of azoxystilbenes according t o  method c )  would, i n  

.general ,  lead t o  epoxidation of the  ethylene bond i n  s t i lbene  al- 

though under specia l  condit ions it might be possible  t o  prepare 

azoxystilbene by t h i s  route. It has been reported t h a t  cis- 

azoxystllbene can be prepared by t h i s  route.  Method a )  requires  

the  preparation of both the n i t roso  as well a s  the  hydroxylamine. 

6 Drehfahl has not been able  to prepare 4-nitroso s t i lbene  nor 

stilbenyl-4-hydroxylamlne by a va r i e ty  of methods. A l l  trans 

and cis- t rans-cis  azoxystilbenes were therefore  prepared by r e -  

duction of the  corresponding n i t ro s t i l hene  with xmgnecium metal 

and ammonium chloride i n  methanol solut ion.  

all trans-Azoxystilbene. Two g of t rans  p-ni t ros t i lbene was dissolved 

i n  170 mJ. of hot methanol and 15  ml saturated aqueous ammonium chloride.  

Gradually, 4 8 of magnesium turnings were added while s t i r r i n g .  The 

react ion procee&ed w1thou.t acld.:tional heating. After ha l f  an hour, 

.a yellow p rec ip i t a t e  formed. S t i r r f n s  was continued f o r  one and 

one-half hours. After evaporation of 'the solvent, the  residue was 

. talten up i n  benzene and the  hot solut ion w a s  f i l t e r e d  from unreacted 

magnesium and magnesium chlor ide .  

Fract ional  crysta.1lization from benzene gave yellow needles; M.P. 

263-265'~ i n  36% yield .  A l l  trans-azoxystilbene is  s l i g h t l y  soluble 



i n  e ther ,  chloroform, carbon d i su l f idc ,  and methanol. 'Ul t raviole t  

4 
spectrum. i n  ckloroform, & max 400 m p E =  4.45 . 10 , max 285 mp ' . .. 

c is - t rans-c i s  Azoxystilbene. One g c l s  p-ni t ros t i lbene was d i s -  

solved' i n  40 ml of methanol anci 7 m l  saturates &noniwn chloride 
I .  

solut ion.  While s t i r r i n g ,  a to,-tal of 2 g of mqpesiiun turnings 
. . 

were added within two hours. 'The react ion .temperature was kept 
. . 

a t  0' C . After evaporation 'of  ;the .solpent," th& residue was taken . . . . . . .  

up i n  benzene without heating. : After f i l t r a t f o n  the  ' solut ion was 
. . .  

diluted with 10 volumes o f  'etro&eum . etker . . ~t -~o?c yel low c r y s t a l s  ' , 

. . .  . . . . 
. . .  

appear. Fract ional  cry= ' ta l l izat ion from' ethanol. y i e l d $  yellow c r y s t a l s  
. .  ' 

of  melting point  126-127°~. . . ' - u l t r a v i o l e t  aspectrum; ' X max 370, xnp 

4 I = 2.0 . 1 0  . In  t he  infrared spectrum no absorption a t  960 cm'l ' ' 

1s detectable  and'okly the typ ica l  band ut 919 cm'l is found. 

7) TheruaL s t a b i l i t y  of azoxyctilbenes 

Thermal s t a b i l i t y  of a l l - t r ans  azoxystilbene. Azoxystilbez~e was 

not pregared i n  the dark. In order t o  determine whether the pre- 

pared compound consisted 0 f . a  mixturc of a l l - t r a n s  and t r a m - c i s -  

t r ans  azoxystilbene, a s m p l e  was refluxed i n  benzene f o r  14.  hours 

i n  the  dark .  Under these conditions, any t rans-cis- t rans  azoxy- 

s t i l bene  should have been isomerized t o  the  a l l - t r a n s  rnodificatlon. 

No change i n  the  u l t r a v i o l e t  spectrum could be detected.  The azoxy- 

s t i lbene  of M. P. 263O~ is therefore  the a l l - t r k s  modification. 



Azoxysti l benes 

Fig. 1 1. Spectra of azoxystilbenes in chloroform. 



Thermal stability of cis-trans-cis azoxystilbene. As with the 

OC dl-trans modification, a sample was heated for 30 mine at 80 

in ethanol in the dark. 'UO change in the ultraviolet spectrum 

could be detected. The azoxystilbene of M.P. 126'~ is therefore 

the cis-trans-cis modification. A longer heatins period results 

in partial isomerization. When the compound is refluxed for 6.8  

hours in benzene the absorption max. shifted from 376 mp to 385 mp. 

The reaction has not been studied in detail. Assuming that no re- 

arrangement and only isomerization of the ethylenic double bond 

had occurred, a rough calculation would indicate that about 10-20s 

of the cis-trans -cis az6xystilbene had tr,een lsoillerized to k c  dl- 

trans modification. . . 

Thermal isorneraztion of trans-cis-trans azoxystilbene 

Fifty mg trans azoxystilbehe were irradiated for 48 hours in benzene, 

the solvent removed &d the residue digested in petroleum ether and 

centrifuged. After discarding the supernatant, the residue was 

digested in 10% benzene-petroleum in which trans azoxystilbene is . 
not very soluble. Ultraviolet.spectra were taken of this solution, 

the entire experiment being performed in the dark and at 0%. 

In Table 2 and Figure 12, chan~es iil spectra are shown for the 

thermal isomerizstion of trans-cis-trans azoxystilbene. 



Table 2 

Thermal isomerization of trans -cis-trans azoxystilbene 

Time A max 1 X min A max E haxl E h a x 2  EAmak2 
2 ,- 

fi A ~ i n  E bin E Xmax 1 

1 hr after irradiation 
was stopped 320 347 383 1.18 1.15 0.99 

12 hours 0% , 323 347 384 1.07 3.26 1.17 

32 hours OOC 

32 . hours OOC + 30 hrs. 25OC 326 347 385 1.07 1.27 1.19 

Both the first and second absorption mima show a bathochromic shift 
as isomerization proceeds; also the optical densities increase.' 



Thermal isomerization of trans-cis-trans 

azoxystilbene in the dark 

- 1 hr. after irrad. 
was stopped 

. . . . . . . 12 hrs. O°C 
-.- '32 hrs. O°C 

I \ \ . Concentration 
ca 1.5-10-~ 

Solvent . . 10% benzene 
0.1 90% pet ether 

\ 

Fig. 12. Thermal isomerization of t rans -cis-trans azoxystilbene 
in the dark. .'Solvent: 10% benzene, 90% petroleum ether. 



Calcula t ion  of the  r a t e  constant  ' for  thermal iso'merization of 

t r ans -c i s - t r ans  azoxyst i lbene:  

I f  the  percent  of c i s - t r a r l s -c i s  azoxystilberie i s  p lo t t ed  agains,t  

t he  o p t i c a l  d e n s i t y  f o r  pu~compounds ,  a  s t r a i g h t  l i n e  i s  obtained.  

The value decreases l i n e a r l y  from the i n l t i a l - v a l u e  t o  0 f o r  G$ c i s -  

t r ans -c i s .  This is represented ns l i n e  C-B i n  the  following diagram. 

Simi lar ly ,  the  percentage of the  t r a n s  compound can be p lo t t ed  a g a i n s t  

. the  o p t i c a l  d e n s i t y  ( l i n e  A-D) . For any f ixed pos i t ion ,  then, the  

' o p t i c a l  d e n s i t y  'of the  mixture i s  given by the  a lgebra ic  sum of the  

components. Line C-D then rep resen t s  the o p t i c a l  dens i ty  f0.r mix- 

t u r e s  'from @ t o '  1 0 6  a l l - t rans-azoxys  t i l b e n e  . The increase  A !'s 

thus 8 l i n e a r  m c t i o n  of the  percentage of  a l l - - t r ans  compound i n  

t h e  mixture. 

For cons tant ,  
concentrat ion 

t o t a l  

10Ooh trans 



Table 3 

Summary of Data for Vadous Wave Lengths 

m12 ' r e f e r s  t o  the increase i n  op t i ca l  densi ty  a f t e r  1 2  hours 

AE32 r e f e r s  t o  the  increase a f t e r  32 hours 

$ t rans  k i n  hrs7' 

0 .  ogo 



The rate constant for the first-order isomerization of cis-trans-cis 

. azoxystilbene to all-trans azoxystilbene is, therefore, 6.9 * 0.3 ; loe5 
-1 

sec at O'C, corresponding to a half -life of 1/2 = 167 * 4 min. In- 

, spection of Table 3 indicates that the rate constant does not vary. 

appreciably over the entire range of the spectrum. The first ab- 

sorption maximum at 320 mp must therefore be attributed to trane- 

cia-trans azoxystilbene and cannot be due to some impurity. - 

' 6) p 2 n  iriostflbenes 

Stilbenc and nitrobenzene are reduced catalytically ( ~ a n e ~  nickel, 

~alladiwn) at very different rates. However, the selective reduc.tion 
) 

of ni$roctilbenes urider the same conditions yields only kinodiphenyl ' 

ethane. ." Chemical reduction'. of aromatic nitro compounds in basic 

or ueu.Lral 1rcei1:lw call in generz'f. no't be carried out at room tern- 

erature . weYgandB reduced cis -4-ni trostilbene in water-ethanol 

. at' reflux .te~n~erdtui-e r ~ i  th ferrous sulfate and monia. He ob- 

tained ,a red oil in 7213 yield with a boillng point of 147-150~~ 

at 0.2 rnm 113. No spectral data were,reported. All efforts to 

. ,duplicate his work failed, since, under these conditions, isomer- 

ization of the cis compound occurs. 

' 

Chemical reduction. of cio'-p-nitrostilbene in glacial acetic 

acid with zinc metal can be carried out at room temperature in 

'(0% yield. Under these condi.tions, trans p-aminostilbene hydro- 

chl-oride is obtained in less than @. 



1 )  Reduction w l t h  f e r r o u s  su l f a t e  and ammonia: 
' 

Ten g p-ni t ros t i lbene was dissolved i n  hot ethanol snd added 

t o  rr solut ion of 110 g ferrous  s u l f a t e  heptal~ydrate, 165 m l  ethanol 

and 200 ml consentrated aqueous ammonia within one hour. The re- 

ac t ion  mixture was refluxed f o r  an addi t ional  hour. After d i s t i l l a -  

tion,. of nos t  of the  solvent, the  a lka l ine  solut ion w a s  extracted 

with e ther ,  and the m i n e  precipitated from the 'ether s o l l - ~ t i n n  with 

hydrogen chloride gas; 7 . 1  g t rans  aminostilbene hydrochloride was 

obtained. 

2) Reduction with zinc metal i n  ace t i c  acid:  

One g t rans  p-ni t roct i lbene was dissolved i n  100 ml g l a c i a l  

a ce t i c  acid  mid 4 g zinc dus t  added. While s t i r r i n g  vigorously, 

10 'ml concentrated hydroc h ior ic  acid were added during one 1 1 0 ~  

aL 1-oom tempcraturs. A f t e r  diJ.vt.inn with 180 nfl water, 0.8 g 

t r ans  'minostilbene-hydroctiloride d r y s t ~ l i z m  8% 0%. TIM 

crude mater ia l  w a s  r ec rys ta l l i zed  three  times from ethanol hydro- 

chlor ic  acid.  

The hydrochloride c r y s t a l l i z e s  i n  s i l ve ry  p l a t e s  which turn 

yellow when exposed t o  l i g h t  and a i r .  The u l t r a v i o l e t  spectrum i n  

505 ethanol-2 M hydrochloric acid shows two maxi& a t  303 mp and 



and 297 mp, with extinction coefficients of -5 a 2.60 . 10 4 

4 and 2.68 . 10 , respectively. 
Trans-p-aminostilbene 

The slightly yeilow hydrochloride was suspended in 1 M - 
hydrochloric acid and extracted with ether to remove impurities 

and the ether discarded. The suspension was then filtered and 

the silvery plateo dissolved in cold 0.1 M sodiu hydroxide and - 
Immediately extracted with ether. After drying the ether solution, 

the solvent was removed and the residue crystallized several 

times from benzene-n-pentane. M. P. 149-150  i it: 151'~; Weygund, 

loc . cit. ) . Since trans-p-aminostilbene is not stable in basic 
. . 

solution, the hydrochloride was dissolved in .10'3 M hydrochloric - 
acid-30% methanol. Thia tock solution was then added to 30$ 

methanol sodium hydroxide solution immediately prior to taking 

the ultraviolet spectrum. The pI1 of this solution was 11.2 at 25'~. ; 
the absorptfon spectrurn shows a single m a x b u m  at 324 mp and nn 

4 extinction coefficient of 3.14 . 10 . Spectra are shown in 

1) Reduction of cis-p-nitrostilbene using the ferrous eul- 
procedure as for the 

' fate ammonia/trans compound, proved to be unsq~cessflil. Several 

attempts were made and the spectrum of the crude ether extract, 



measured In 2 N - hydrochloric acid 50 $ ethanol, indicated that the 

cis p-aminostilbene had isomerized to the trans modification. 

Stroemer obtained a red oil which did not crystallize. When he 

dissolved the red oil in benzene, a trace of iodine iso~erization 

of the cis compound occurred within 30 min. at room temperature. 

He was also unable to prepare the cis-hydrochloride from ethanol 

and a small amount of concentrated hydrochloric acid. Instead, 

he isolated always the trans p-amfnostihbene -hydrochloride. In 

view of this'great instability of the cis p-amlnostilbene, it 

is surprising that vacuum distillation at a, tenperature of 147-150'~ 

8 and 0.01 mm Hg. should result in a pure cis aminostilbene (weygand ) . 

2).Reduction with zinc metal in glacial acetic acid. 

2.63 g cis p-nitrostilbene was dissolved in 100 m l  acetic 

acid arid 12 m l  concen.trated l~ydrochloric acid. 12 g zinc wac then 

added within allout 2 hourc, while stirring. The re~ction temperature 

was kept bdow 3 0 ' ~  and tl?e mixture kept at 5'~ over night. After 

evaporation of .the solvent at room temperature in the vacuum, the 

eofid was di~~olved in a cmall mount of U.25 n chilled hydroc~U0fic 

acid. The solution was quickly filtered from 55 of trans p- 

aminostilbene. Cis g-aminostilbene-hydrochloride did not crystallize 

from this solution nor did it crystallize from 5O$ ethanol 2 n hydro- 

chloric acid. It can be crystallized as the oxalate from ethanol- 

water as a white solid, and as the hydrochloric from 1 n hydrochloric 

acid. The solid cis aminostilbene hydrochloride isstable in the 

dark at OOC and no ismoreization could be detected within 3 months. 



, Spectra are shown in Figure 37 and are summm?ized below: 

;k max 299 mp F = 3.20' . lom5 m in 30$ methanol pH 11.58; € = 1.44 . 10 4 

1 max 279 q~ r =  3.20 . loo5 LU in 3074 methanol pH 2.10 E =  1.09 . 10 4 

9 )  Thermal Iaomerization of cis-p-Aminostilbene at 40'~ 

A saturated solution of trans p-aminostLlbene hydrochloride 

in 2 n hydrochloric acid, 50qd ethanol was irradiated for 1 hr. 

~ f t e r  dilution of 0.5 m l  to 10 lr9 with 2 n ~~1-50$ ethanol, the 

spectrum was '-mea8ured9 and by eolving simultaneous equations for 

two .wave-ldngths; the m6urit of ,trans aminostilbene calculated. 

Table 4 gives, in addition, the total calculated concentration of 

cis and trans g-aminostilbene, 

It is seen from the data that the assunrption is not Justified, 

8fuce a large trend, a factor of 2, 1s observed for the total con- 

centration, while the figures indicating the percentage of trans 

p-aminoetilbene show an even bigger trend. 



Table 4 

Total Calculated Concentration of cis and trans , 

p-aminostilbena 

C tot. 105 
$ trans 

320 an8 310 8.62 3.7 

320 anb 300 6.4 10. $ 

310 srnd 300 5-3 19 o8 

310 and 289 4.8 24.3 



It must therefore be concluded, that some unknown compound or 

. compounds, which absorb in the same region of the spectrum, 

wet be produced during irradiationo.' The freshly irradiated 

. solution, after dilution as indicated above, was then heated at 

40'~ in a vster-bath aad spectra taken at various time inter- 

vals, Figure P3 demonstratee the build-up of trans g-amino- 

etilbene, Rough data on the ?.;ate of Bsomerization can be ob- 

tained in the following way: . .. . ' . .  
. . 

where, . 

E = opt.. denei ty 

,, f t  Extinction coefficient for cia resp. trane component 

Cc, Ct = Concentration for cis resp, trans component 

Sub~titution of equation (2) into (1) yields equation (31.: 

Since, during i6omerization Co and ( f - are constont, the 
C t 

optical density is directly proportional to .the concentration of . 

the trans compound. Assuming, that some unknown compound makes 

a constant unknown contribution Ex to the optical density, equation 

(3) expands to: 



Thermal Isomerization of cis Aminostilbene 
in 2 M HCI 50% ethgnol 

0 Fig. 13. Thermal Isomerization of cis-p-Aminostilbene a t  40 C 
in 2 n HC1-50% ethanol. 



Isomeration of cis Aminostilbene in 2 n HCI 
50% ethanol at 40° C 

T I M E  - MINUTES 

MU - 17859 

Fig. 14. Thermal Isomerization of cis-p-Aminostilbene a t  40°c 
in 2 n HCL-50% ethanol. 



Thus it is  see& t h a t  the op t i ca l  dens i t i e s  i n  the  region 

of' the m i m u m  absorption can be used to  calculate  the r a t e  of 

i~omer ize t ion .  ICn Figure 13 the  base lPne has been drawn be- 

tween the " isobest ic  point" at 265 my and 340 mp. 

For a pa r t i cu l a r  wavelength the difference of the op t i ca l  

dens i t i e s  of the  absorbing material, i.e., at  0 min heating, 

and the baseline, i s  then proportional t o  the  mount of t rans  

p-tunfnostilbene. In  Figure 1 4  the 1 0 g a r i t h  of t h i e  value, log  

A, has been plotted as a function of time. From the elope of 

this  l ine ,  the rate conatant i s  calculated to be of the order 

. . of l;9 . lorn5 secml corresponding t o  a h a l f - l i f e  of about 600 

min. . . 

The experiment wae repeated a t  80°c a t  which temperature 

c i s  g-aminostilbene lsomerizes,with a rate constant of 3.2 

lorn4 sec -1 Corresponding to a h a l f - l i f e  Qf 36 min. The d a t a  

are ehom in Fi@;~bt.c~ 15  and 16. 



p- Aminostilbene 

roo 1 

Fig. 15. Thermal Isomerization of cis -p-Arninostilbene a t  80°c 
in 2n HCI-50% ethanol. 



Aminostilbene 

PO 40 60 80 I00 

TIME - MINUTES 

Fig. 16. Thermal Isomerization of cis  -p -~mikos t i lbene  a t  8 0 ' ~  
in 2 n HC1-50% ethanol. 



Thermal isomerleation of c i s  p-ruainostilbene 

methanol phosphate buffer was studied as a f'unction of time. Fig- 

ure 17 shows the changes ih  spectrum. Although the changes at 25'~ 

are small and can be nee;lected,in the determination of the p K measure- ' 

- . .  

ment, they are larde enough t o  explain, why the ferrous su l fa te  

reduction of c i s  p-aminoetilbene yielded only t rans aminostilbene . 
I 

In Fitg.u?e 18-log A (see also section on thermal ieomerization i n  50$ 

ethanol, 2 n  hydrochloric acid) is plotted, a s  a funct ion  of time. 

The first orCler r a t e  constant f o r  c i s  trans isomerlzation is  there- 
-1 

, 
. fore of the order of 2. low6 sec . b 25'~. ~skuming a 2 resp. 2 . 5  

fold increase i n  r a t e  fo r  loOc, then a r a t e  factor  of 130-600 will 

be calculated for  i som~r lza t ion  at, 95'~. Consequently, the time 

required for  ieomerizatisn of 3s of the produced c i a  &no would 

be about 50 t o  280 min. The time f o r  rerroua su l f a t e  reduction 

of c i s  ni t rost i lbene and subsequent d is . t i l l a t ion  o f  most of the 

solvent from the reaction mixture is, however, about 3 hours! 



Aminostilbene 

Fig. 17.' Thermal Isorner'ization of cis -p-Arninostilbene at 2 50C 
in Phosphate Buffer of pH 8.5 and 30% Methanol. 

2 



Aminostilbene 

T IME - HOURS 

M U -  17863 

Fig. 18. Thermal Isornerization of cis-p-Aminostilbene a t  2 5 ' ~  
in Phosphate Buffer of pH 8.5 and 3070 Methanol. 



10. ~~Acetyl-p-amlnost i lbenes  

'. 
trans-N-Acetyl para-aminostilbene, PO0 of trans aminosti.lbene 

hydrochloride was dissolved in 10 ml acetic-anhydride and 0.5 m l  0.1 m 

sodium hydroxide added. .After warming for 5 min. all the stilbene de- 
. . 

rivative- had dissolved. The temperature was kept at 50' C for anbther 

5 min. and then wqter added dropwiea until a precipitate had formed. 

After filtration, the compound was crystallized from ethanol-water, 

ethanol and finally several times from benzene. M.P. 233-235' C 

(tlterature, 225'~). Products obtained by fractional crystallization 

from benzene, 80% benzene-n-hexane and 60% benzene-n-hexane have 

identical melting points and show absorption maxima euch at 312 

and 300 in benzene-n-heme solution and ether. 

cis-N-acetyl para-aminoctilbene. 100 % cis aminostilbene hydro- 

chloride was dissolved in 30 m l  acetic-anhydride and 0.5 m l  0.1 sodium 

hydroxide added* Aftet 2 hours standing at 582, water was added drop- 

wise until a white precipitate formed. The,solid grec$!itate,was 

recrystallized from ethanol-water and was further purified by Traction- 

al drystallization from ether-n-hexane . M. P. 129-131 U .V . spec t m  

sllows an absorption mlxlmn a L  2 9 0 ! -  II#A 5.m 8, 0 lo3 . in ~ther. 
Section 11. Irradiatl~n of trant Stilbene Derivatives 

9) Apparatus and general considerations. conflicting results are re- 

ported in the literature on the isomerizatlon of trans stilbene. Pailer 
10 

irradiated stilbene as a saturated solution in beneene'. After 8 days 

i.rradiation in a quartz flask with a mercury lamp, he was able to iso- 

late a yellow compound in 7% yield to which he assigned the structure 
- 

of- a 1, 2> 3,4 tetrapherlylc yclobutane , Unfortunately, he gives no cpectral 

data for this compound. 



~ u c k l e s l l ,  on the other  hand, repor t s  t h a t  a f t e r  i r rad ia t ion  of 

.both c i s  and t rans  s t i lbene  i n  0.02 m ethanolic solut ion fo r . 20  days, 

he was able t o  i s o l a t e  phenanthrene i n  high yie ld .  Buckles used s i l i c a  

c e l l s  placed about 5 cm away from a Hanovia mercury arc .  

In view of these conf l ic t ing  r e su l t s ,  t rans  s t i lbene  was i r rad ia ted  

,to test;  tihe eff ic iency of the  apparatus and t o  g e t  information on ppthun 

conditions t o  be used f o r  the production of o ther  c i s  s t i lbene  der ivat ives .  

The following t rans  compounds were i r rad ia ted  , in  benzene ,solution: s t i lbene,  

p-acetoxystilbene, azoxystilbene a l l - t r ans ,  a s  well a s  c is- t rans-cis ,  

p-aminostilbene, Hydroxystilbene was i r rad ia ted  i n  absoluteethanol and 

the cat ion of p-aminoctilbene i n  5% ethanol-2 n hydrochloric.acid. 

Where k ine t ic  da t a  a r e  given these have t o  be'conaidered a s  rough estimates 

s i n c e . a l 1  these da ta  were obtained in.orcler t o  f ind  optimum corldftions 

f o r . t h e  preparation of isomers. 

Solvents %or Irrndi-n t i on  

The choice of solvent was governed by the  following considerations: 

1. The solvent mus t  be transparent i n  the  redion i n  which the  compound 

subJec ted t o  i r r ad i a t i on  absorhs . 
2. Dissociation energies of the various bonds of the  solvent molecule 

should be higher than the energy of the photons which reach the  solvent.  

3.  I f  the  solvent absorbs a t  somewhat shor te r  wavelengths than the 

compound subJected t o  i r r ad i a t i on  it may be used as a photosensit izer.  

A l d p h t i c  hydrocarbons, such as ioo-octane, have been. used by va.rious 

workers. However, the dissocia t ion energy of the  C-H bond (about 100 

kca./mole) and the  C-C bond 70-80 kcal/mole) a r e  too l o w  and may ' l e d  

t o  formation of rad ica l s  which may add t o  the  ethylenic double bond. 

Dissociation energies f o r  theC - H bonds of aromatic hydrocarbons a r e  so 

high t h a t  wavelengths near the  l i m i t s  of those transmitted by quartz 

would be necessary. For t h i s  reason benzene w a s  denernlly used a6 a 



solvent, since, i n  ~ u i d i ~ i o n  t o  act ing a8 u s o l v e ~ ~ t ,  i t ,  w i l l  

a c t  a6 a s ens i t i z e r .  For p-hydroxy and p-aminostilbene, e t l ~ a n o l  , 

was used a s  a solvent.  The cation of p-minostilbetie was. i r radia ted 

i n  50$ ethanol-2 n ' hydrochloric. acid.  

Apparatus f a r  I r rad ia t ion  of t rans  Scilbene-Derivatives 

Heaction Vessel: 

A 150 m l  Victor Erlenmeyer f l a s k  was ' connected by w ~ y  of a groun d 

j o i n t  t o  a high i n t e n s i t y  reflwc condenser, the  l a t t e r  being connected 

to a water a sp i r a to r . ,  The ~ i c b r  glass' of 1 m w a l l  thlcicness has a 

useful  transmission t o  2400 8. 

Light Soi.lrcs : 

A Hanovia type medium p ? s s u r e  mercury lamp with m input of 

125 Watts was used. The most in tense l i n e s  a r e  a t  2537, 3126-3131 

' and 3650-3663 11. The l i n e  at 253.1.8 is  u.sually reversed on account 

'. of absorption of resonance rtxdlation'by the mercury v q o r  i n  the  

lanp i t s e l f .  Less in tense l i n e s  are observed a t  2652-54, ,2804, 

3021 3. 
Operation of the  I r r ad i a t i on  equipment 

50 ml of . a  l o 3  rn solut ion f s t i lbene  were pipet ted into. the  

. Vfcor Erlenmeyer. This corr&sponds t o  a l i qu id  l aye r  of 2.2 cm. 

. A f t e r  connection t o . t h e  reflwc condenser, the  water asp i ra tor  was 

turned on u n t i l  the  solut ion j u s t  bare ly  boiled.  After a few minutes, 

the  mercury lomp w a s  s t a r t ed  and 'the vacuum s t ead i ly  decreased u n t i l  

0 the  solut ion reached i t s  equilibrium temperature of 50.C. The vacuum 

inside the  react ion f l a s k  was adJusted so t h a t  the solut ion w a s  r e -  

f luxins  gently.  111 t h i s  way, adequate mixins of the solut ion i s  ob- 



taincd and a f i lm of solvent vapor p ro tec t s  the  solut ion from the 

I oxygen of the  air. Radicals produced by the  i r r ad i a t i on  with the  

I - 
mercury lamp, thus, c&llnot en te r  in to  secondary r c a c t i o n ~  with 

oxyqen of the  air. See a l so  Fi,zure 19. 

2. I r rad ia t ion  of t rans  -Stil.berie -- 
I r rad ia t ion  of 2.10-3 m s t i lbene  solut ion i n  benzene was studied . . . 

I 
. as a function o f  time. Aliquot6 were drawn from the  i r r ad i a t i on  so l -  

ution and, a f t e r  remnaartll o f .  the  s.olvent in vacuum, the spectrum taken 
. . , . . . . .  . . 

, . 
i n  e ther .  , Figure 20 showsi the changeb on  ir&iiation4. It i.s seen t h a t  

~. . . 
. , 

the  -&urn it 308 mp. dleappea& v i  t h in  ' 1' 1;/2 hours, ' whereas the  main 
. . 

absorption maximum a t  234 w ' s h i f t s  t o  adout 285 *,.within 2 hours. 

i n  Table 5, the  op t i ca l  dens i t i es ,  E, f o r  d i f f e r e n t  wavelengths and 

4 t h e - i n t e r v a l s ,  together with the  ex t i r l c t io l~  coef f ic ien ts  f o r  the  

c i s  and t r ans  isomer, a r e  regostad, 

Calculation of the  Amount of t rans  s t l lbene  
I 

I f  It is  assumed that  no react ion o ther  that1 isomerization occurs, . 

the  anaount of t r ans  and c i s  s t i l bene  a t  m y  f ixed time can be calculated 

by solving the two ~ i a ~ l t n n e o u s  equations: 

where El is the  op t i ca l  dens i ty  a t  wavelength 1 and E* the  o p t i c a l  

dens i ty  a t  wavelength 2. f and a r e  the  ext inct ion coef f ic ien t=  
tl . c l  

f o r  the  pure t rans  isomer ard c i s  isomer, respectively.  

I n  Table 6 a r e  sho\m the  r e s u l t s . f o r  4 d i f f e r en t  .time in te rva l s  

I and 3 d i f f e r e n t  sets of wavelen,&s. The Table a l so  records the  t o t a l  

concentration of c i s  and trans compo~~ids. It .is seen, t h a t .  the calcu- 

l a t ed  t o t a l  concelltrntion s t ead i ly  increases i n  time, and becomes much 
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Fig. 19. Irradiation Apparatus. 



-5 l a rge r  than the ana ly t ica l  concentration of -3.00 . 10 . Comparison 

of the spectra of the  i r rad ia ted  solut ions  with the  spectrum of phenan- 

trek as reported i n  the  l i t e r a t u r e ,  indicates  t h a t  only s d l  con- 

centrations of phenmtrene a r e . b u i l t  up under these experimelltal con- 

.d i t ions .  Rough calculat ions  usQng the  ext inct ion coef f ic ien ts  r e -  

ported f o r  cyclohexane a s  a solvent indicate  t h a t  pherianthrene cat1 

only be a minor corlstituent i n  t h i s  react ion mixture and t h a t  fu r ther -  . 

more, the  amount of calculated phenanthrene decreases with time. 

3. I r rad ia t ion  of t r ans  p-Hydroxystilbene 

 he isomerization of a 1.0 . 10-3 rn solut ion i n  ethanol was 

studied a s  a fbnction of time. The absorption maxima a t  320 mp , 

disappears w i th in  30 min and .the second maximum of s l i g h t l y  higher in -  

t ens i t y  a t  305 mp gradually s h i f t s  t o  295 %. After 16 home, ir- 

radiation,  p-hydroxysti.lbene i s  completely destroyed.  he u l t r s -  

v i o l e t  spectnun then resembles very much t h a t  of benzene with many 

sharp maxima between 230 and 270 m + ~ .  The l i g h t  source i s  apparently 

strong enough t o  produce CH CHOH rad ica l s  which then undergo re-  
3 

act ion with the  olef ine ,  according t o  the  following equations: 

Ph-CH-CH-Ph + HX \ Ph-CH -CH-Ph += X. 

1 ' b 
$ 

CH3 -CH-08 CH3- H-OH 



Stilbene 

Fig. 20. Irradiation of t rans  stilbene in benzene-solution 
('Spectra were taken in ether). 



> Table. 5 
1. 

Irradiation of trans Stilbene . 

Time 
Wavelength 
i n w .  ' 0.5 hours 1 hour 1.5 hours two hours 



Table 6 

I r rad ia t ion  of t rans  St i lbene 

Wavclcngthe Time . 

0.5 hre 1 hr 1.5  hrs 2 frrs 
$ t rans  c  t o t a l  $ t r ans  c t o t a l  $ trans '  c t o t a l  $ t rans  c t o t a l  

105 105 105 105 

320 and 290 

320 300 

-. ---- 

Average value 78.0 3.29 51.0 3.75 30.3 .3 93 31.2 3.81 

-- -. - -- -- - 

-4 -1 
Frorn the slope in Fidure the f i r s t  order r a t e  constant is calculated as k 1.8 . 10 sec 

a t  ' 5 0 ' ~ .  This correeponds t o  a Iml f - l i f e  of 65 m i n .  



M U -  17866 

Fig.  2 1. Spectrum of Phenanthrene in cyclohexane. 



Sti l  bene 

TIME -HOURS 

MU - 17867 

Fig. 22.  Irradiation of t rans  Stilbene in 'benzene solutionb 



P- Hydroxystilbene 
- 0 min 

20- --- 30 min 

2.5- 

20 - 
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230 ,260 300 340 380 

Fig. 2 3.  Irradiation of t r ans  p-Hydro.xystilbene in ethanol 
(Spectra in ethanol). 



Urry12 has shorn that, by osind a 1-arje excess of alcohol, a 

number of alcohol -olef ine coml~inations yield 1 : 1 addl t i o n  prod- 

ucts. 

Using extinction coefficients for the pure cis and trms 

p-hydroxyetilbene, one arrives at the following value8 for the 

1somerization.of trans p-hydroxystilbene concentration ( 2.0 

m in ethanol). The data are summarized in Table 7. 
. 

Table 7 

Irradiation of 0.5 hr Irradiation 1 hr 
' Calculated - 
from wavelengths $ trans p-OR totd stilbene $ trans p-OH total . 

mM stilbene concentration stilbene stilbene 
. concentra 

t ion 
290 and 270 15.8 ' 318  . 22.4 2.79 10% 

The calculated total stilbene concentration throughout is much higher 

than the concentration of the original trans p-hydroxystilbene. 

This clearly demonstrates that isomerization is not the sole process. 

In further experiments batches of 50 m l  of a 4. lom3 rn p-hyrlroxystilbene- 

solution in benzene was irradiated for 90 min. After evaporation of 

tlle solvent in vacuum, the residue of 392 ng was digested with 20% 

ether n-hexane and chilled to -20'~. Filtration ' yielded a solution 

which contained a mixture of trans and cis p-hydroxystilbcne. 



229 my ware obtalned after evaporation of the solvent.' 011 

digestion, with n-heaxme, cooling to -20°c, tlia filtrate wzs 

aagain evaporated. 86.5 rq: 225 of an oil was obtained. 

Chromatograpliy fram an EiLuinum oxide colvm,, using n- 

:hexale as the solvent, resultad in isomerization of the oil. The 

absorp'i;ion nx~xirnum of this chromatographed material showed a peak 

at 302 mp and a shoulder at 320 mp. From the spectrum it can be 

calculated that 23.7s of the coinpourid had f somerized to the trans 

modification. No f'urther attempts to the 'material ' obtained 

from frat tional cryotallization have been made. However, infonmtipn 

with regard *,purity can be obtained in the following wey: 

Ed o optical densltyat wavelength j 

CJ 
ends =extinction coefficients of the cis and trans 

' tj p-hydroxystilbene 

'co = analytical con cent ratio^ = cc + c 
.t 

CPJ = $ ci8.p-hydmxystilbene in the mixture 

Equation (1) can be .r,earranged to: 

! -  



For an assumed CY;L can be calculated for  various wavelengths and 

the calculated value compared with the value calculated from the 

analyt ical  concentration co and the opt ical  density. 

L 

F~om inspection of F i ~ r e  23, one would e q e c t  a lar;;@ error  

a t  wavelengths greater than 3.23 q. 

E observed - balcula ted  P \I 
E. observd 

Figire 24 shows the resu l t s  calculated f o r  805, 95s and 99$ 

c i e  p-hydroxystilbene as .f'unc t ion of wavelength. The figure 

clearly Indicates tha t  c i s  p-hydroxystilbene obtained by fract ional  . 

e q s t ~ l f z s t i o n  as described above can contain only small amounts 

of the order of 14 trans p-hydroxystilbene.' 

In Figure 25 log A is plotted as a function of t i m e .  

I r radiat ion f o r  up t o  90 mdn is otrict2.y a f i r s t '  order reaction., 

From the slop@ of the s t ra ight  lhe, the f i r s t  order r a t e  constant 

-4 -1 0 
is calculated t o  be k 2 . 90 sec at 50 C corresponding t o  a 

hal f - l i fe  of about 60 minutes. 

i .  
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99% cis 
. . 

I I I I I 
290 31 0 3.30 350 

MU- 17869 

Fig. 24. Cis p-Hydroxystilbene ( s ee  text for explanation). 



p - Hydroxyst i l bene 

TIME - MINUTES 

M U -  17870 

Fig. 25. Rate of t rans-cis  Isomerization of p-Hydroxystilbene 
under the Influence of Ultraviolet Light. 



4. I r radiat ion of t rans  p-Acetoxystilbene 

50 m l  of a 2.10 '~ m solution i n  benzene were i r radiated 

fo r  various lengths of time. Aliquots were taken and, a f t e r  evag- 

orat ion of the solvent, the spectra  measured i n  e ther .  From F i  y e ,  

26 it is seen, t h a t  a f t e r .  1 1/2 hours the  maximum at  310 mp d i s -  

appears and the main absorption band i s  sh i f ted  to about 295 w. On 

cogjtinued i r r a d ~ a t i o n ,  the  absorption maximum s h i f t s  f 'urther ' to 

285 mp. In Table 8, the percentage of c.18 comkund, as well a8 the  

calculated t o t a l  concentration, a r e  reported f o r  i r r ad i a t ion '  

times of 1/2 hour, .1,2.3.4 hours. Calculations a r e  ra ther  in -  

,accurate f o r  1/2 hour, since the differences  become small, when 

solving the two simultaneous equations. It is in te res t ing  t o  

note, tha t , .  within experimental error ,  the  t o t a l  concentration 
b 

of c i e  arnd trnnfi compound remina  at. t h ~  a n a l y t i c d  level. thue 

indicating t h a t  no serious s ide  reaction such as formation of the 

dimer o r  production of phenanthrene der ivat ive occurs. 



Table 8 . 

Irradiation of trans p-Acetoxystilbene 

Wavelength Irradiation time 
mCI 0.5 hr  1 hr 2hr 3 hr 4 hr 

t o t d  
C 

$cis -10-5 5 c i s  t o t a l  jb c i s  ctotaL $ c i s  .total $ c i s  C t o t a l  
105 105 105 105 

320 and 300 (18.2) 

Average (18) (4.60) 30 4.0 51.6 3.98 72.4 3.85 83.2 4.0 

-4 -1 
From the slope in  Fi,aure 27, the f i r s t  otder r a t e  constant is  calculated as k = 1.2 . 10 sec 

a t  50'~. This corresponds to a hal f - l i fe  of ro*ghly 100 min. 



-Acetoxystil bene 
0 0.5 hr 

Fig. 26. Irradiation of trans-p-Acetoxystdbene in Benzene. 



p-Acetoxy stilbene 

TIME - HOURS 

M U -  17872 

Fig. 27. Irradiation of trans -p-Acetoxystilbene. 



I r radiat ion of Azoxystilbenes 

Many azoxy compounds a re  converted to orthq-hydroxyazo 

13 compounds when t h e i r  solutions are exposed to  l i gh t .  Badger 

ws studied azoxystilbene. He found t h a t  ' the r a t e  of formation of 

9-h@,roxy-azobenzene i n  n-hexane and benzene i s ' v e r y  slow. The 

yield  varied with the time of exposure, ' but was generally about 

5-15?, f o r  1 month i r r ad i a t ion  i n  sunlight.  Since the r a t e  of 

the  rearrangement t o  o*hydroxy-azo. comp~wds. ie thus seen t o  be 

r a the r  slow,' attempts were made to. prepare trans-cis-trans azoxy- 

s t i lbene  the geometr id  isomer of the a l l - t r ans  modification, a s  w e l l  

as $k- all+-cis modification. 

4 w l j @ t , i o n  oS a l l - t r a n s  azoxystilbene 
, . . . . .  . , . .  . ,.... 

arrad8ation w a s  f i r s t  studied a s  a f'unction of time. A 

. 2 9 . 1 0 ~ '  m, rolutLon An. benzene was i r rad ia ted  f o r  8, XI, and 48 houre. 

Ti? f.fh Been filg~m, TabJe 2 t . h ~ $  the abaorptLon maximum is  shif ted t o  

qkighGy lower value.@., Tb: change i:,w g u t h e r  i l l u s t r a t e d  byi the 

ra t io !  o f .  the op t i ca l  dens-tties., recorded in. Table 9.  

Table 3 

I r rad ia t ion  time E 400 E 400 E 400 E 400 
i n  hours $ m. E-&G6 n25-m 

0 400 2.08 1.16 1.16 1.64 spectra  i n  
benzene 

20 398 2.13 1.18 1.17 2.06 



\ 

Furthermore, the  op t i ca l  dens i ty  and h m~xima do not change I. _ 
. . 0 

within 'one hour a t  25 C .  Despite the  f a c t  t h a t  the i r rad ia ted  equil-  

ibrium mixture cons i s t s  mainly of a l l - t r ans  modification, it ~ecmed 

inqbssible t o  i s o l a t e  some t rans-cis- t rans  azoxystilbene. 

A t o t a l  of 160 mg of a l l - t r a n s  azoxystilbene was ir- 

radiated i n  batches of 53 xnl each f o r  a period of 46 hours. After 

i r r ad i a t i on  was stopped, the  solvent'was quiclcly renmved a t  o0 C 

i n  vacuum, and the residue stored over d ry  i c e  i n  the dark.  The 

three  batches were then combined. 

Pur i f ica t ion  (a), frac tionaL c rys t a l l i z a t i on  : 

160 ng of the  i r rad ia ted  product were dissolved in-benzene 

a t  20 '~ t o  give a saturated so lu t i o~ i .  The solut ion was then l e t  t o  

cry 's ta l l ize  at OOC a n d ' f i l l e r e d .  The mother l iquor  w a s  then con- 

centrated i n  vacuum and again l e t  t o , c r y s t a l l i z e ,  f i l t e r e d  and the  

operation repeated once more. Spectral da ta  indic<xte, tha.t the three  

c rys t a l l i ne  f rac t ions  a r e  esoent inl ly .pure  trair~s azoxystilbene. In 

the  mother l iquor  of the  t h i r d  crystalJ. lzation,  the  absorption m u -  

imum i s  sh i f t ed  t o  395 mp; the minim~un i s  sh.ifl;ed t o  longer wave- 

lengths and a second mixximu appears a t  323 rnp. 

After  evaporation of the  solvent, the residue w a s  dissolved 

t o  give a saturated ~ o l u t i o n  In  petroleurn ether-benzene 1:l and 

again l e t  t o  c r y s t a l l i z e .  The mother l iquor  probabl-y contains a 

mixture of compounds. The u l t r av io l e t  spectrum of t h i s  mixture ln -  

i l icates n fur ther  hypsochromic s h i f t  of 13 I ~ J  f o r  the . f i r s t  ab- 

sorption maximum, a Sa-thochromic s h i f t  f o r  .the m:inimm of 24 mp, 



whereas the second absorption maximum is.not.shifted at-all. 

Also, the intensity of the second maximum increases by a factor 

of 2.2. A further fractional crystallization from petroleum ether 

yields a crystalline material, whose first absorption maximum is 

shlfted back to 393 mp. It seems probable, therefore, that a sub- 

stantial amount of the enriched trans-cis-trans.azoxysti1bene has 

been isomerlzed back to the trans modification. The data are 

surmnarized in Table 10. 

Table 10 

- 

Solvent 

- - -  

X max X min A max 

1. cryst. from benzene cr 
ml 

2. cryst. " I1 c r 
ml 

3. cryst. " 
11 cr 

m l  

pet. ether cr 
benzene 1:l m l  

pet. ether cr 393 365 328 E 333 1.07 E 393 0.96 10 
im7 Fjx msr 

shoulder at 380-400 20 
mgr 

c r = crystalline fraction 
' m l  = motherliquor 
. . 

All spectra were taken in benzene as solverlt with a mximum' optical 

density of about 0.6 i) 



Pur i f ica t ion  b )  by column chromatoyraphy of the  i r rad ia ted  mater ia l  

Dimensions of the  column: diameter: 1 cm 
length : 12  cm 
mater ia l :  A l u i n ~ m  oxide 

e luen t  solvent X max 
w 

105 benzene -pe t . 50 330 
e the r  25 390 

15s  benzene pe t .  25 390 
e the r  25 390 

25% benze~le pet,. 
e t he r  25 394 1.4 1.1 

Benzene 25 337 1 . 2  1.2 

All spectra  were taken i n  benzene. Using pe t ro lem-e ther  as e lu t ing  

solvent, no compound came off' the  column, Up t o  15$ benzene , an 

apparently uniform mater ia l  came off the column. The absorption 

maximum was,  however, a t  higher wavelength than was obtained by 

f r ac t i ona l  c ry s t a l l i z a t i on .  The f r ac t i ona l  c ry s t a l l i z a t i on  pro-' 

cedure a s  out l ined i n  a) i s  too 'time-consuming whereas the  colurnn- 

chromatography procedure does riuL yle ld  a pure product. By f i r s t  

chromatographing on aluminum oxide and subsequent f r ac t i ona l  c rys ta l -  

' l i z a t i o n  from benzene-petroleum ether ,  it should, 't~owever, be possible 

t o  obtain a pure t rans-c i s - t rans  azoxystilbene. The f i r s t  absorption 

maximum seems t o  be about 380-385 mp i n  benzene; the second a t  323 mp. 

I r r ad i a t i on  of a l l  t r ans  azoxystilberle i n  benzene l e d s  t o  a mixture ' 

of  three compounds: 

a) unreacted a l l - t r a n s  azoxystilbene. Xmax 400 mp i n  benzene 

b) t r ans -c i s - t i am azoxy, c t i l b e n e  Xmax 390 rnp i n  benzene 



Its infrared spectrum shows no band in the region of 920 ern-', . 

. typical for a cis stllbene and no band at 3600 cm-l. typical for 

a phenolic hydroxyl group. 

': , c) An unidentified compound soluble in petroleum ether having a 

X xpx 310 in petroleum ether. The compound, or compoundo,. seem to 

have a trans stilbene . . nucleus and.have no phenolic hydroxyl group. 

, Irradiation of cis-trans-cis 
Azvxystf l'bene , 

Irradiation was first studied as a function of time. A 2.10-3m 

.solution in benzene was irradiated for 8 to 20 hours. In the 

ultraviolet spectrum a slight hypsochromic shift was observed. 

The change 1,s further illustrated by the ratio of optical densities. 

The data are summarized in Table 11. 

Table 11 

Irradiation of cis-trans-cis Azoxystilbene 
in benzene solutions 

Irradiation 

0 hrs 377 

8 hrs 

20 hrs' 

After evaporation of the solvent at 12'~ .in vacuum, the residue 

was digested in petroleum ether, which had previpusly been cooled to 

-2'j0c. NO fractionation was obtained. Similarly, chromatography 

from an aluminum oxide column with petroleum ether as the elutins ' 

solvent was unsuccessful. A scale model indicates, that the all 





\ 

cis azoxysti lbene should probably have a s p i r a l  s t ruc tu re .  Since 

t h e  rate f o r  t h e  thermal isomerizat ion of t rans-c is - t rans  azoxy- 

s t i l b e n e  t o  t h e  a l l  t r a n s  azoxysti lbene has a h a l f - l i f e  of  only 

about 160 min a t  O'C, it m y  wel l  be t h a t  t h e  al l  c i s  isomer can 

no t  be I so la ted  under t h e  r e l a t i v e l y  mild conditions..used i n  t h i s  

experiment. 

I r r a d i a t i o n  of  t r a n s  p-Arninostilbene 

- I n i t i a l  experiments on t h e  production of c i s  p -minos t i lbene  
1 

were male by i r r a d i a t i n g  t h e  f r e e  m i n e  i n  benzene f o r  periods of 

1 0  t o  20 hours i n  a d r y  ni trogen a&osphere .. After  evaporation .of t h e  

solvent  i n  t h e  vacuum, t h e  res idue  was ch&matographed fron an al- 

uminum oxide column usirig n-hexme and n-hexane-benzene mixtures 

as t h e  e l u t i n g  solvent .  Spectra,  talcen i n  50$ e t h m o l - 2  n hydro- 

c h l o r i c  acid,  were i d e n t i c a l  a r i  th t r a n s  aminostilbene hydrochloride. 
\ 

It thus  b e c m  evident  t h a t  c i s  aminostilbene had isolnerized during 

i s o l a t i o n  and, o r ,  chromto:;raphic p u r i f i c a t i o n .  

I n  subsequent experiments, i r r a d i a t i o n  of t r a n s  p-aminostilbene 

hydrochloride was s tudied as a function of t i m e .  Figure 28 shows 

t h e  s p e c t r a l  changes t h a t  occur f o r  i r r a d i a t i o n  times up t o  240 min. 

The ex t inc t ion  c o e f f i c i e n t s  r ap id ly  decrease wi th  increas ing ir- 

r a d i a t i o n  Lime, and t h e  a b ~ o r p t i o n  maximum a t  295 mp disappears  with- 

i n  30 min. Prolonged i r r a d i a t i o n  r e s u l t s  i n  the  decomposition of 

c i s  p-aminostilbene. The low absorption i n  the  region of 250 rnp 

f'urthermore, ind ica tes  that no appreciable amounts of a phenanthrene 

d e r i v a t i v e  were b u i l t  up. Thus, as i n  t h e  case of i r r a d i a t i o n  of t r a n s  

p-hydroxy s t i lbene ,  c i s  p-aninost i lbene ca t ion  is  destroyed by second- 

a ry  reac t ions ,  whose r a t e s  a r e  very much slower than t r a n s - c i s  isolner- 

i z a t i o n .  Due t o  these  secondary products, the  r a t e  of isomerizat ion 



cru; not be calculated f r o m  the extinction coefficients of clo 

nnd trans amino st i lbenc cations a t  two different wavelen&hs. 
i .\ 

R o u ~ h  data can, however, be obtained by the base-line method 

' a s  outlined in the thermal isum,orlzation of c i s  p-cuahostilbene. 

, Irradiation up to  30 min. is s t r l c t l y  a first o A e r  re- 

actton. From the slope of the s t ra ight  l i n e  the first order 

rats constant is calculates tu be k = 0.1 . seco1, corres- 

poxding t o  a W f - l i f e  of 14 mln. 

Table 12 e m i z e s  the data on the rabs or tgwis-cle 

Isomerizatfon effected by ul tarvfolet  liyht i n  various solvbnts. 

Those i r radiat ion s.tudiea were made i n  o d e r  to find optimum 

conditions f o r  the production of c i s  stflbene-derivatives. The 

r a t e  constants m e ,  therefore, of limited j.ccduracy. The r a t e  

conatant f o r  the p-mlnostilbene cation is about 5 tirneo Ete 

h l ~ h  as  for  the other tllree conpounds A d  is probably due to 

acid cattrlysis. 

Table 12 

Effect of Ultruviolet l i j h t  on trans-cis Isoraerization 
4t 50°c 

C W d  solvent rate coiia tant  
104 ..~-1 

st ilbene benzene 1.9 

p-acetoxy benzene 1.2 

p-aninos t l lbene 50% etmol 
' 2 n H C 1  3 9 ---- .. _ , 



Aminostil bene ' 

r 0 min 

Fig. 28. Irradiation of t rans p-Aminostilbene in 50% ethanol 
-2 n HC1 solutio'n. 



0 
Fig. 29. Rate of t rans-cis  Isomerization of p-Aminostilbene at 50 C. 



SECTION I11 ~y of cis and trans aminostilbene cation . 
L 

1) General considerations: 

The basic strength of an mine is prescribed by the position of 

the equilibrium in the system 

which, in turn, will be determined by the relative thermodynamic 

0 
stabilities of RNA2 and its cation RNH With aniline the reso- 3 ' 

i nance structure of the, neutral molecule will be stabilized by the 

considerable delocalization of electrons which is possible, si.nce 

they may occupy all the positions denoted by the four structures (i) 

( i v .  In the anil.inium cation the .unshared pair on the n,itrogen , 

has been localized by forming a covalent bond kith the acid proton 

and hence structures resembling (ii) -(iv) are no longer possible. 

The analine molecule will therefore be greatly stabilized relative , 

. . to its cation, because of the much greater delocalization, which 

is. possible in the former. This means that the above~equilibrium 

will be displaced largely towards the left side, .i.e., aniline 

will be a very weak base. 

All of this will, of course, apply equally well to the two 

amino stilbenes. Structures (11) and (111) will be analagous to 

( 1 - ( v .  In addition, st,ructures like (I), (ZN) and (v) will 

be of importance. If stmct,ure (N) were of great importarlce to 



. the stabilization of tte free base, It would follow, that the - 
pK of the trans amlnostilbene should be much smaller than the . 

one for the cis amlne. On the other hand, i f  structures (I), 

(ll), (111) and (v) are more Important, then one would expect 

the pK of t h e  t w o  m i n e s  Po be of t h e  s a w  order of rnagni t i d e  . '  



The pK of both, . c i s  and t rans,  para aminostilbene have now 

been measured 111 30$1netrrnol buffer solutions.  Since t r ans  p- 
i n  - 

minos t i lbene  cat ion i s  rather/solubla i n  water and moderate con- 

centra t ions  of metlziol ,  no d i r e c t  t i t r a t i o n  .was attempted. Instead, 

c i t r a t e  buffered solut ions  of cons tmt  ionic  s t rength were used and 

the  diffzrences i n  the  spectra  recorded. The a v e r q e  value f o r  the  

pk of t rans  p-aminostilberle a t  2 5 ' ~  i~ 4.20, while the average vulue 

of the c i s  isomer i r s  4.21 under .ihe same conditions. The true thermo- 

dynamic equilibrium constant can be calcul.a,ted accoxling t o  the  

equation (1). 

, . 

. where k, is the  concentra t ion dependent equilibrium constant, fb the 

a c t i v i t y  coef f ic ien t  f o r  the  free base mil f, the  a c t f v i t y  coeff ic ient  

for the  cation.  Altl~oush th s  a c t i v i t y  coe f f i c i en t s  are not  lulown,. . 

they may be approximated by equation ( 2 ) .  

i n  which p is t he  i on i c ,  s t r eng th  and zi Is the  charge of species i. 

If equation ( 2 )  f a  introduced, then equation (1) becomes: 



FOP an ionic  strerigth of 0.065 the correction f ac to r  i n  

equation (3)  becomes 0.10 so t h a t  f o r  

t rans  p-aminostilbene p :. 4.10 
K s  

cis '  p-aminostilbene 
p ~ s  

= 4.11 

The reaction constant i n  the Hamnett equation has been r e p ~ r t e d  

by Ja f f e lb  t o  be 3*435> the p f o r  m i l i n e  ae 4.320 f o r  the 30% 
K 

methanol. It i s  therefore possible t o  calculate  the subst i tuent  ' ' 

constants 6 .for both c i s  and t rans  para-phenethenyl, Ph-CH=CH-, 

PK PK analine - aminostilbene = 6 . 
The subst i tuent  constants a r e  calculated t o  be: 

t rans  p-phene thenyl r= 0.064 

. . c i s  i-phenethenyl = 0.061 

p-phenyl r= 0.009 

For compsison the value of p-phenyl an i l i ne  is  given. Thus 

it can be concluded t h a t  s t ruc ture  IV cannot be of  &rea t  importance. 

2) Measurement of the  % of trans-aminostilbene 

(a) P r e l M n a r y  measurements. , In order t o  e s t ab l i sh  the 

changes i n  spectrum f o r  the  f r e e  base ~hnd its cation Perkampus's 

buffers fo r  30s metanol were used. Table 13 gives the composition 

and pH of these buffers .  



Table 13 

'Perkampus Buffers 

PH m l  0.2 IU aq. ml 0.2 m aq. 
citric acid NapHP04 . 

6.65 --------- 12.2 47.6 

8.24 --------- 0.7 . 52.2 

11.2 0. OOj) m NaOH ---- ----- 



The volume of c i t r i c  acid and sodium pliosphate were added 

to 30 ml of methanol.and the solut ion made up t o  100 rul solution.  

It i s  seen t h a t  the  ionic s t rength of these buffers  var ies  ~ r e a t l y  

with the of .the buffers .  In P f p r e s  30, 31 cmZL 32, tha o p t i c a l  

-5 dens i t i e s  f o r  a 2.5 . 10- m trans p-runl~~os~t i l lene solution w o  

plo t ted  f o r  various wavelengths as a fu ic t ion  of .&he pH. It i s  

seen t h a t  the o p t i c a l  densi . t ies a r e  nearly constant be tween p9 

0 and 2.5 and again between pH 6 and 11. From these p lo t s  a rough 

ustimate of the pK of t ra i ls -minu~Lll l~el le  cation i o  about 11 -2 

Sulid  trans g-ominostilbe~le, ~ n d  t o  a l e s s e r  extent  the  hydrochloride, 

becomes s l i g h t l y  brown when standing i n  air .and exposed t o  nor~~ial. 

i nd i r ec t  l i g h t .  It w a s  therefore decided t o  deternine whether any 

c h a s e  could be.observed when solut ions  a't various pH were stored 

f o r  some time. The r e s u l t s  a re  a s  follows: the cat ion i s  s tab le  

a t  pH below 2.0. A t  a pH of 3.2, the maxima a t  297 1q.t and 307 mu 

s h i f t  t o  b s l i d h t l y  higher wavelength with concurrent lowering of 

the  ext inct ion coef f ic ien ts .  In 25 hours, a t  room tempelPa'Cure, 'khltr 

change i s  of the  order of 1 .2 .  A t  a pH of 11.2, a la rge  change i n  

spectrum i s  observed. At; th i s  pH the maximum s h i f t s  from 324 mp 

t o  300 mp. Figures 33 and 34 show these chanscs. The change of the  

spectrum can, however, be neglected f o r  very shor t  periods of time. 



Fig. 30. trans p-Aminostilbene Change of spectrum as a function 
of pH. 



Aminostilbene 

Fig.  3 1. trans p-Aminostilbene Change of. spectrum as a function 
of pH. 



Aminostilbene 

Fig. 32. t r a n s  p-Aminostilbene Change of spec t rum . a s  a function 
' of pH. 



Aminostilbene 

Oar 

o 0 hrs 

x25 hrs 

Fig. 33. Stability ofotrans p-Aminostilbene in 30% ,methanol-buffer 
o f p H 3 . 2  a t 2 5  C. 



Aminostilbene 

0'0 hrs 
x 125 hrs 

2 (m,J) 
M U -  17879 

Fig. 34; Stability of tgans p-Aminostilbene in 30% methanol-buffer 
of pH 11.2 at 25 C. 



2b Precision Measurement 

Stock solution: 53.12 mg f resh ly  prepared t rans  amino- 

s t i lbene  hydrochloride was dissolved i n  30 ml. uetlmol and 10 ml 0'10 

h H C l .  The solut ion was made up t o  100 m l  with distilled C02 f r e e  

water. The stock solut ion w a s  di1uted:l:lO by taking 10 m l  and d i -  

l u t i ng  with  3 6  methanol t o  100 d. Thus the concentration i n , t h i s  
-4 

d i l u t e  solut ion i~ 2.30. 10  molar f o r  the  amine and loa3 molar 

f o r  the  H+. 

Table 14 

Buffer eoluttlons f o r  the  Determination of the g~ of 
aminos t i lbenes  

PH m l  H C l  m l  NaOH . ml c i t r i c  acid ml N a C l  ionic s t rength 
1.0 m 1.0 m 0.2 m , 1 m C4 

30 ml.;., methanol and d i s t i l l e d  C02 free water was added t o  make up 

100 m l  buf fe r  solut ion.  



Spectroscopic Measurements 

+ 
1 )  ~ l a n i :  1 . 0 0  ml 1 ~ - ~  m I! 9.0 ml buffe r  were made t o  10.0 ml 

2) Amine: 1.00 ml 2.3 . molar amine + 9.0 ml. buffer  were made 

up t o  .10.0 ml. ' To mir~lmize errors ,  a l l  solut ions  were made up im- 

mediately before the spectra  were taken. In a l l  cases the  same vol- 

umetric equipment was used. Corrections were made f o r  the  small con- 

t r i bu t ions  f i m  the blank f o r  each individual  buffer.  . 

pH Measurement a t  25% 

. . 
A ba t t e ry  operated pH meter, Beckman Model N, a 4990-80 

General Purpose g lass  -elec trode', and a ,calomel e lect rode 4970, 

f i b e r  type, were used f o r  pH measurement. me instrumnet w a s  

standardized with a Beclollan buffer  14044 of pH 4.01 and checked 

with a Coleman bufi'cr pH 2.00(#54). . pl1 values of meChmol l>uffer 
( loc  *tit.. ) 

solut ions  have been measured by ~er!sampu6 e t  al, with hydrogen- 

h 
calomel electrodes.  For. ~ c 1 l v a i n e  buffer  in 3@ metpnol, they 

reported . . a pH of  2.4-8 which i s  i n  good agreement with the  value 

0 
pf 2.52 a t  25 C found f o r  the g lass  e lect rode calomel system. . 

The pH o f  the  methanolic buffers  is  constant a f t e r . a  period of 

15  sec., and shows no dr i f t in is  within 20 mtn, thus indicat ing 

t h a t  the  equilibrium a t  the surface i s  es tabl ished very rapidly .  

The e f f e c t  of the  methanol concentratio11 on the  ext inct ion co- 

e f f i c i e n t  was a l so  determined. It w a s  found t h a t  up t o  87% methanol 

no change i n  the  e x t i n c t i o ~ ~  coefficient, of the  f r ee  base and i t s  

corresponding acid can be obsemed. 



The effect of tha ionls skven3th on the extinction coefficients, 

was determined. With111 the r&rse of r q  0.009 rind 0.315 no charge 

could be observed fo r  both the free arulne aid  it^ c ~ ~ l i o l i .  Table 

15 gives , the corrected optical densities for 1 cm c e l l  thlc'a~ess, 

"5  
&nd s concentration of 2.30 . -1.0 min in 30$ methanol. The 

,spectra are  r e p e ~ ?  in Figures' 35 md 36. 

wavelengths i n  mp 
3';s 330 . 320 230 230 270 Xma;c X m a x  

where stmds  for the ol:-Llcn:L. deuei1;y ,%id is the extinction 
'Xcm 

. coef Pic ient at a pu-,ticul,%. %:i3v~?l?i1,,rttl . 



A (mJJ1 
M U -  17880 

Fig.  35. Spectrum of t rans p-Aminostilbene and its cation in 
3070 methanol. 



1 (my) 
M U -  17881 

Fig. 36. Spectra of t rans p-Aminostilbene at various pH in 
30% methanol, 



CdL&ulstion of the pK 

C ~ C J  concentration of the catloll of the cvaFiie 

c2 ocolzcerltratiori of the free m i n e  

A t  constant pH, E 1 a opticul  demity f o r  wavelerqth 1 

&ll = extiilctlon coefficient for wavelcn;~th 1 and the. 
r n a ~ n i u  f on 

8 12 = extinction coefficient for wavelength 1 and the &no 

cl optical delisity for  vr~velqngth 2 . E2 

&21 - ext inct ion cocfficieut for wavelen&h 1 an3 tho 
:mmniiua ion 

- ex.tinc.tlon coefficielzt for  the m i n e  a t  wave- = - 1elz;Lll 2 

BY 6olviw equation (2) wtl (3)  for c1 and c2 the f'ollowiz~ expressions 

am obtained: 



so that: 

and 

Inspectiou of equation (7) shows that the pK is a complex funtion 

of both the extinction coefficients and optical densitiee. Since 

both nominator mlil denominator arc differenoes, only thoaa w w e -  

lengths were used for calculation in which these differences were 

significant. In all cases the total concentration 

wascalcuaLted and all data rejected which were not within 3% of 

the experimental value. Table 16 gives the resultsfor buffers 

of pH 3.87, 4.32 and 4.85. Inspection of the data, furthermore, 

indicates that the material used for p measurement is seasonably K 
pure, since the pK calculated from three different pH shows no sig- 

niricant trend. 



pK of trans p-aminostilbene i n  3 6  illethanol at 25.0'~ 

wavelength 
mp . 

C .e 10 5 t o t a l  P~, 

320 - 290 2.340 4.12 

2.284 . 4.16 average 

average 2.321 4.21 

average 2.282 .4.21 

over s U  average 2.301 4.20 



. s 
33 Measurement of .!the p .  of cis  p - h i ~ ~ ~ t i l b e n e  

K 

$he procedllure f o r  measu-i-ement of the pKs of .c.i:s :@- 

.&nostlkbene i s  ident ica l  wf-bh %he one $or the  trans ts'omer.. 

Ttlble 17 gives t'he .corrected op%ical.den;sikies I .cm ;&!Ill 

thickness and a kbncentratiua .of 3.15 k f 5  rn in a$ methanol.. 

Spectra of t he  cat ion and the free base are shown i n  Figare 37.. 

FOP s t a b i l i t y  of the c i s  m i n e  see the sect ion u d e r  the  heading, 

Isomerization of c i s  aminostilbene. 



of cis-aminostilbene 
p ~ s  

Table 17 
., 

Wave l eng th  In m p  

330 320 310 300 270 260 



A (mp) 
M U -  17882 

Fig. 37. Spectrum of cis p-Aminostilbene and i ts  cation in 
30% methanol. 



Table 18 

pK of cis-p-aminostilbene in 30$ methanol at, 25.0'~ 
. . 

average 3 189 4.23 

over all average 3 • 14 4.21 



SECTION IV 

p-Diazostilbenes and t h e i r  decor~positfon products. 

1 )  General Cons idei-a-Lions . Previous wor1.z on '-&Ale isaD?rizntion 

of stllbenes was e i t h e r  done i n  ,me gas phase le) o r  i n  the pure 

l iquid  phaseL7,l8. The conpounds were mainly p-cubctituted o r  

p-pa-dicubstituted s t ~ b ' e n e s .  In a l l  cases atudicd GO far, the ionic 

contributers t o  the resonance hyhld were such t h a t  a parkial 

posi t ive charge was, associated with a atm attached t o  the 

stilbene nucleus. fn th i8  respect c i s  diazo6t.CLbene offers  unique . 

poss;lbSSlities. Diazoc~mpounds can be decomposed by two differen* 

qechsnisms : . . 

e) The i o n i c  maclmai8m of the decoqposltion of diazonium 

cations I s  supgorYted by tlie experiqental obeorvation that the  reaction 
, . 

i e  strictly ftr8.t order i n ,  aqueous acid solutfons and that the ra te  

18 iadegendent o f , t h e  nature and cancentration of the anion i n  

d a t e  solution. ls- 
.C: 11 4- 

Ar-11 4 A + If2 
2 

4- 
A ~ S - X -  -2 Ar-X 

X- bolng a nucleopbiLif xpecias auch as C I - ~ ~ C .  

b) Fzee radical  mechanism: Iirhen diazoiumsalts are dissolved 

i n  aqueous hypophospliorous acid they are reduced t o  hydrocarbons. 

The reaction is strongly catalyzed by traces of oxydizinp; agents, such 

as cupric ion, and are strongly inhibited by benzoquinone. Botli of 

these observations support a free radica l  mccl?anisl?a as suggested by 

As. 13,302 ,-> nr-H + H ~ P O ~  



Thus by decomposition of c i s  diazonimstilbene it is possible t o  ~ ~ generate e i t h e r  n stilbene-radical. o r  s t i lbene carbonium ion 

,depending on the  conditions used. If now the l i f e  time of the f ree  

radical  resp. carbonium ion i s  l a rge r  than the time required f o r  

' . one vibration within the molecule (ca 10'13 8e.c) then one would 

expect, t h a t  the isolated product would be a t rans s t i lbene . .  In 

other words, the r a t e  of the secondary reaction i s  slow enough 

tha t  the f r ee  radical  resp. carbonium ion can isoinerize. On the 

other hand, if  the r a t e  of the secondary reaction is  very f a s t ,  then 
a 

isomerizstion of the f r e e  rad ica l  resp. carbonium ion w i l l  not be 

possible and the product w i l l  be s c i s  cti lbene. Caref'ul analysis ' 

.o f  the products of the reaction w i l  thus give information 

regarding the l ife-time of the , f ree  rad ica l  resp. cnrbonium ion. 

2) Stilbene diazonium s a l t s .  Trans s t i lbene  diazoium s a l t .  -.-" 

1 g of t rans p-aminostflbene hydrochloride was dissolved i n  300 

m l  of ethanol . a t  60' C , the solution cooled t o  ~ O C  and f i1l;ered 

from undissolved s a l t .  0.3 m l  of cold concentrated su l fur ic  acid 

wac then added, and then slowly 0.54 m l  n-butylni t r i te  added while 

s t i r r ing .  ,Af ter  1 1/2 h s ,  a small portion was di luted with 10 

volumes of cold e ther  and the solution cooled t o  -30'~. Since 

no diazonium sul fa te  crystal l ized,  the bull< of the remaining 

solution was used i n  fur ther  experiments without i so la t ion  of the 

diazonium s a l t .  A small a l iquot  of the ethanolic s t h b e n e  diazonium 

sul fa te  solution was diluted about 200 times with 6 n hydrochloric 

acid. It shcwd an absorption maximwn a t  395 m P 
C i s  s t i lbene dizonium s a l t s .  Since no t rans s t i lbene diazonium 

sul fa te  could be precipitated when Iboevenagels procedure was used, 



and sin.ce generally c i s  sti lbenes are much more soluble than trans 

sti lbenes, no attempt vas made t o  prepare c i s  sti lbene diazonium 

sul fa te .  Instead, it was hoped tha t  it would be possible Lo 

precipi tate  c i s  diszostilbene cation as  the fluoborate. %I order 

. that good yields r e ~ u l t  s i n  the preparation of diszofluoborates, 

diazotisation of thc  mines  i s  generally carried out  i n  strong mineral 

acid using very concentrcted solution. 

1 )  500 mg of c i s  p-minostilbene hydrocliLoride was dissolved i n  

3 m l  cold 2 m hydrochloric acid. While stirring vigorously 2.2 m l  

1 m sodium n i t r i t e  solution was added. During diazotisation a 

la rge  amount of 8 orange precipi tate  gsas formed wl~Lch'was f i l t e rcd  

of f .  The f i l t r a t e  on addition of 1.1 m l  2.8 m sodium fluoborate 

resulted in tho formatioil of a small mount of diazonium fluoborate 

while the solution sho~?ed an intense yellow color. Solution 1, 

table 25.. The u l t ravio le t  spectrum of t h i s  so l id  diazofluoborate shoved 

an absorption mximum a t  380 m i n  water as  well as  in saturated /" 
sodium bisulfate  solu.tion. Infrared spectre could not be taken 

s b c e  the available 6ilvercliLoride ce l l s  prooved unsatisfact0f-y even 

when DaO was used instead of water. In view of these technical 

d i f f i c u l t i e s  no further  attempts were made t o  produce sol id 

diazonium sa l t s .  

2 )  300 m g  of c i s  p-aminostilbene-hydrochloride was suspended 

i n  100 ml of 4 molar hydrochloric acid a t  O'C. The spectrum of the 

insoluble portion (104 mg) revealed t h a t  no isomerizatios of the 

minostilbene cation had occured. To the f i l t r a t e  were then 

added srqall portions of 0.2 molar sodium n i t r i t e  solution. After 

each addition a drop of thereaction solution on potassium-Jodid- 

s tarch paper produced an intense blue color. A s  long as  amino- 

s t i lbene was s t i l l  present i n  excess, n i t r i t e  was used up rapidly, and 
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~ubsequent drops of solution f a i l ed  t o  produce the blue color 

trii;i-1 the  s tarch paper, the Cine required being l e s s  than 3 min. 

With the l a s t  portion of n i t r i t e  added, th~-I ;  is, vlien ail i n i t i a l  

e::cesc n i t r i t e  was no longer used up, a blue color could be detected 

. even a f t e r  10 min. had elapsed. Tnus by using t h i s  technique, 

the actual  concentration of nitri ' ie i n  the reaction u~cdim was 

always very small and consequently any s ide reactLon, due t o  excess 

of n i t r i t e ,  was minMzed. The t o t c l  t i d e  required f o r  diazotisation 

was &bout 45 min. An al iquot  of t n i s  diazonium solution (solu-tioa ll, 

t ab le  21) di luted with 0.02 m hydrochloric acid silowed au absorption 

.maximum a t  395 m . and an ext inct ion coeff ic ient  of about 2 : 10" ; This P 
absorption maximum i s  ident ica l  with the t rans  s t i lbene  dinzonim 

' ion. That isomerizatioli during diazot isat ion had'occurred, is 

revealed by the produc-ts obtained on decomposilioil of the 

diazosolution (see u d e r  decomposl*tion' experiments.. ) 

3) I n  order t o  determine whether c i s  aminostilbene cation o r  

c i s  s t i lbeue diazonim ion was isomerized during diazot isat ion 300 

' mg of c i s  miriostilbene hydrochloride was dissolved. i n  100 ml water 

a t  O'C. After addition of 3.25 m l  of 1 m hydrochloric acid - 
+ '. corresponding t o  2.5 eqxivalents of h' per  mole of mine-  

diazot isat ion was carried out as described above (solution lll, table  21(. 

1 1/2 hours a f t e r  the first addition of sodium n i t r i t e  aliquot6 were 

di luted with hydrochloric acid of various concentration a s  indicated 

i n  table  19. Inspection of tab le  19 suggests t h a t  some isomei-ization 

during diszot isat ion occurs. Furthenlore the bathochromic s h i f t  

observed by increasing tile concentra-tion of hydrochloric acid i s  

only p a r t i a l l y  due t o  .the solvelit. 



Influence ' of the solvent. ok the spectrum 

of cis stilbenediazonium ion (solution U) at O ~ C .  

Concentrstf on Time after Absorp. , Opt. Time d t e r  Absorp Opt 
of 2-IC1 molar Dilution, Maximm Density Dilution bkximurn Density 

Min. . aft "lm  in mP 

TAPlLE 20 

Calif'bration curves for cis and tram etibbene mixture$ 

in CSE Ctoal 0 .i78 m/l l;hroughout 

0 .  q t i c ~ l .  deneitiee a t  Ctrans cie 



Reii~lction of c i s  stilbene-diaz~nlum oolutions. Diazo solul;ions, 

described i n  the previous section, were di luted v i t h  an equal 

volume of 50% h~ophospl~oroua acid, i n  s m e  cases a  mall amount 

of cupric su l fa te  was added, and, . . t h e  reaction mixture stored a t  gOc 

un t i1 . a  small aliquot .q e.dded t o  a di lute  aqueoual 11-acid solutLon of 

p 8, no ionger produced a r e d  color. The reaction, using cupric H 

ion as a catalyst ,  requires about 10 min.'for completion, .%rhereas 

' t he  uncatilysed reaction t a k e s  betbreen 2 ad 16 houro f o r  completion. 

'The reaction mixture was then ex-kracted with ether ,  the e ther  

wa~lhed with .&queoue sodium carbonate solution and then scverd. tlmes 

with water. After evaporation ofthe e ther  the residue wao taken up 

in n-hexane i n  which both c i s  and trans atilbene is  soluble. 

Infrared spectra were taken i n  CS2 and the  optfonal dens i t ies  \ 

determined a t  10.45 f o r  the t r ~ n s  component and 10.88 ' f o r  the P /" 
cis  component. The concentration of the c i e  and t rans coqponen* were 

then determined from previously established calibratfon curves. 

Tlle opt ica l  densi t ies  are  plot ted ns a function of concentration 

in Fig. ' 38 using a WaC1-cell of 0.1% mm .t;hichess. Inopection of 

these curves indicates' t h a t  Beer's l a w  is  obeyed up t o  concenlrations 

of 0.25 rnolks/lt. In Tsble 21. e q e r i m e n t d  results f o r  the 

d.ecomposition in  2~$hhyppl~osphorous acid solution are tabulated. 

In column 2 the wavelength of the absoqt fon  maximun~. f o r  n 

pnrt iculnr  diazonium solution io  given. Per cent trans eti lbene 

indicates the r a t i o  of the concentration of t rans  s t i lbene and 

the sum of c i o  and t rans  s-i;ilbene multiplied by 3-03, percent t o t a l  

s t i lbene indicstes  the r a t i o  of the weight of c i s  and t rans s t i lbenc 

fomd spec t ro~copica l ly  and the weight of sample used f o r  the 

spectroscopic determination. 



CONC UF TRANS 
M U -  17883 

Fig. 38. Cis-trans Stilbene mixtures.  Optical densities for the 
two characteris t ic  wavelengths and a total concentration of 
0.278 m in Carbondisulfide. 



1. 
~ec&pos ition in 25$ 113rpophofipi~oi-ouo acid 

. 
Solution Conditions used Absorp.' $trans total . . 

for reduction max. n ')L. otilbene s t i lbene 
I 

. . 1 cupric ion catdyeL 380 12 - 

1 no ca.talyst 9 0  20 

cupric ion catalysis 395 98 

cupric ion catalysis 390 50 



The table clearly indicates that a stilbene diazonium 

solution with an absorption maximum near 380 mp is associated 

with the cis isomer, whereas a'stilbene diazonium solution showing 

t+n absorption maximurn at the wavelength'of the trans isomer results 

in the formation of ol~ly trans stilbene. Furtkermore, the $ total 

etilbene is consistently below 100%. Extraction of the acidic re- 

action mixture with ether and redissolving of the ether extract 

in n-hexane gives rise to a mixture of at,least 3 compounds, namely 

cis and trans stilbene and one or more additional neutral comyoulds, 

whooe structure can no t  be EL 1:2-dist1b6titzu4.ed ethylene. 

4) Coupling products of diaoostf lbenes 

Although H-acid, 8 mninonaphtol-3,6 disulfonic acid, may be 

c9upled with diazo solution in the 2 or 7 position, the reaction 

product is a pure 2 substituted H-acid, since in bicarbonate solution, 

coupling in the 7 position 1s prevented due to the much lower re- 

activity of thls positio~l ~t the pH. Furthermore, the azo- 

corQjund, once formed, will- not couple with a second molecule of 

diazostilbene so that there is no doubt as to the structure and 
21 

purity Of the dye formed. Coupling of cis diazostilbene(~.~. 

380 nq~) with H-acid under the same conditions results in the 

formation of a red dye with absorption maxima at 535 mp in 6 

n HC1 and 545 mp in bicarbonate solution, 



SECTION V 

Ultraviolet Spectra 0.f Stilbene Derivatives 

The spectra of the stilbene derivatives studied are shown 

in connection with the individual compounds. All spectra were taken 

on a Cary Recording Spectrophothometer. Spectra of p-acetoxy-and 

p-acetoaminosti1.bene . . were measured in e.l;her, since the spectra in 

alcoholic solvents might be altered due -t;o trans-esterfication. 

These absorption maxima have been correctad; a bathochromic shift 

0.f 7 mp being assumed. Spectra of p-aminostilbenes were measured 

in 30% methanol. The spectrum of the p-amlnostilbenes cation is 

not affected in' the region of pH 0-3. .Similarly,. [ti....:; above a pH 
. * 

of 5.5 the extinction coefficients are constant. For further ref- 

erences see the section on p~ measurement. Absorption maxima, 

bathochromic shifts and extinction coefficients are summarized 

in Table 22. F r cornperison in Table 23, corresponding data for 

monosubstituted benzene derivatives are recorded. 'Corresponds 

to the bathochromlc shift in mp'f'roln the corresponding unsubstituted 

stilbene resp. Benzene absorption maximum. 



U.V, spectra of mono substituted stiyoene derivatives 

cils - trans - 
: . 

hmax 6' A maxi : d  . 010 A: J sDld4 P4r 

nqr . m y .  w 



Table 23 

U.V. apectra of mono substituted benzene derivatives 23 

7.4 254 benzene 203.5 --- ..-- 2.04 ' 

chloro 209.5 - 6  '-?eb 263 -10 1.90 

w.LIloyy 217 -14. 6,6 269 4 5  14.8 

amino 230 -17 . 8.6 280 -26 14.3 

.ani l ine  cation 203 0 70 50 254 0 1.60 

nitro 268.5 -65 7.80 350 96 2.00 



Substituents on the benzene and stilbene ndcleus ehola bathochromic 
?; 

shifts of the same order of witude. These data then' confirm 

Coulsones conclusion that structure V for the stflbene derivatives c 

qust be of ,great importance in the excited state. Whereas the ex- . 
. , tinction cbefficients of the first absorption maximum for benzene , 

derivatives are of the same order of magnitude, the extinction co- 

efficients of the second absorption maximum are markedly increased, 

when substituents are introduced. Thus it fa seen, that aniline with 

an absorption m f m u m  of 280 mp shows a esvem-fold, increase in the 
: .  

extinction coefficient over benzene, 

In both the cia and trans stilbenes no such great change6 

are obsirved. Most of the trans stilbenee show fine structure in 

the regi6n of 320-290 q~. In general, two distinct absorption max- 

ima eeparated by about 12 n q ~  and a shoulder separated from the first 

absorption maximum by about 25 my can be recognized. P-aminostilbene 

in 0.009 m sodium h@roxide 3046 methanol show8 a shoulder bmesn 310 

and 320 mp. The lack of fine structure is, however, probably due 

to the increased polarity of the solvent. B-nitrostilbene shows no 

Tine structure. Beale 22 attributes the fine structure of trans 
6 

stihbene to an ethylenic CaC stredchlng frequency. In the cis 

etilbene series no fine stmcture is observed. 



f i g u r e  
F'rom/f, the  s t r u c t u r e s  expected t o  be .of  importance i n  l i g h t  

absorption would be . . 

a )  i n  the  ground s t a t e :  

b )  i n  the  lowest exc i t ed  s t a t e :  

S t ruc tu res  N and V should make t h e i r  g r e a t e s t  con t r ibu t ion  t o  

the  resonance-hybrid when t h e  molecule i s  p lanar  and should be 

o f  l i t t l e  importance i n  the  ground s t a t e  of  the 'molecule .  If 

s t r u c t u r e  V i s  the  main con t r ibu to r  t o  the  exc i t ed  s t a t e ,  then 

the  inf luence  of  a s u b s t i t u e n t  R would be expected t o  be n e a r l y  

the  same f o r  both the  c i s  and t r a n s  isomer. On the o t h e r  hand, i f  
- 

s t r u c t u r e  IV i s  the  main con t r ibu to r  t o . t h e  exci ted  s t a t e ,  then the  

. inf luence  of  the  s u b s t i t u e n t  would be expected t o  be d i f f e r e n t  f o r  

the  two isomers. The d e l t a  va lues  lndlca ted  i n  Table 22 a r e  seen 

t o  be very much the  same f o r  the c i s  and t r a n s  isomer. 



SECTION VI 

Infrared spectra of Stilbene Derivatives 

cis and traris stilhene - The. main absorption bands for cis aid trans 

stilbene ake shown in Table 24. r 

Table 24 * 

k i n  Absorption Bands of Stilbene 
* 

trans cis 

wave number extinction wave nmber extinction 
cm-1 coefficient cm'l coefficient 

The exact position of the ethylenic C-H stretching band in ths 3100- 

3000 cm-' region is influenced by the aubstitution of the C=C bond 

and thus could be of analytical. value. However, the aromatic C-H 

atretchincz bands overlap with the former. Characteristic C-H out- 

of-plane bending bands in the lnfrazed spectra of linear+ trans oelfinos 

have been assigned to 980-965 cm-I with extinction coefficients of 

about 100. I n contrast, the cis Rl CH=CHR2 band has originally been 

placed at 980-965 cmol but has subsequently been revised to 690 crngl. 

In Table 25 the characteristic bands are listed, with the 

corresponding extinction coefficients for compounds measured in sol- 

ution. It is seen, that the frequency of absorption for all cis 

isomers lies about 50 wave numbers below the value of the trans isomer, 



I Table 25 
4- 

Infrared spectra of nono substituted stilbene derivatives. 

Stilbene 
derivative 

cis tr,sns 

3 

wave solvent wave 
number 2 numbe~ 5 eolvent 

p-nitro . . 915 48 CS, 966 120 CEICl 
953 =9 3 

azoxy 916 L - Cs2 968 --- r r t .  oil 
950 

aeo 918 95 '5 --.i i-.. --.. 
NH31 .. 917 r i  .wtw 011 ' 957 -i- wt. oil 

p N-acetylamino 918 -- 'Kt. oil 960 --- w t .  oil 

stilbene 923 88 
CS2 957 ,254 .CS 

2 

g-chloro 916 57 Cs2 958 ' a68 cs, 
~-bydroxy ..-I.D -- --- 957 --- w t .  oil 

p-acetoxy 915 71 Cs2 969 --- ut. 011 

ut. oil = white oil 
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T h i s  r e p o r t  was p r e p a r e d  a s  a n  a c c o u n t  o f  G o v e r n m e n t  
. s p o n s o r e d  w o r k .  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 

m i s s i o n ,  n o r  a n y  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  C o m m i s s i o n :  

A .  Makes a n y  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  a n y  i n f o r m a t i o n ,  a p p a -  
r a t u s ,  m e t h o d ,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes a n y  l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  , f o r  d a m a g e s  r e s u l t i n g  f r o m  t h e  u s e  o f  a n y  i n f o r -  
m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r  p r o c e s s  d i s c l o s e d  i n  
. t h i s  r e p o r t :  

A s  u s e d  i n  t h e  a b o v e ,  " p e r s o n  a c t i n g  o n  b e h a l f  o f  t h e  
C o m m i s s i o n "  i n c l u d e s  a n y  e m p l o y e e  o r  c , o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  e m p l o y e e  o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  e m p l o y e e  o r  c o n t r a c t o r  o f  t h e  C o m m i s s i o n ,  o r  e m p l o y e e  
o f  c u c h  c o n t r a c t o r  p r e p a r e s ,  d i s o c m i n a t e c ,  o r  p r o v i d c o  a c c e s c  
t o ,  a n y  i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment  o r  c o n t r a c t  
w i t h  t h e . C o m m i s s i o n ,  o r  h i s  e m p l o y m e n t  w i t h  s u c h  c o n t r a c t o r .  




