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Summary | 3

In the present study the following cis and trans stilbenes '
have been synthesized:4 stilbene, p-chlorostilbene, p-nitrostilbene,
all-trans azoxystilbene, cis-trans-cis azoxystilbene, p-aminostilbene,
p-N-acetylfaminostilbené, Decarboxylation of p-hydroxy-and p-acetoxy;
l-carboxy stilbene have been studied and in all cases only the trans
isomer has been obtained.

The following cis stilbene derivatives have been prepared by ir-
Aradiation of the trans derivatives: stilbene, p-hydroxyétilbene, p-
acetoxystilbene, p-aminostilbene, c;s—trqns-cis ana all-cis azoxystilbene.
The latter two compounds are extremely unstable and isomerize during
purification. The reaction rates, summarized below, have been obtained
from experiments planned primarily fo obtéin optimum conditions for
thevpreparation of new stilbene derivatives.

Rates of trans-cis 1lsomerization at SOO C have been obtained for:

stilbene k1.8 . lO'%'sec B in benzene solution
p-acetoxy » 1.2 in behzene

p-hydroxy | 2.0 in ethanol

p-amino 9.8 in 50% ethanol-2 N HCl

Rate constants for thermal, that is, cis-trans isomerization have been
evaluated for trans-cis-trans azoxystilbene. Its rate constant at

On ¢ -5 _.=1

0°C in 10% benzene nwhexane is 6.9 . 1072 sec ~. 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 studied at 40 and 80°C. The energy of activation has been

found to be 15.5 kcal/mole. At 50° the rate constant of cis-trans
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isomerization is then k = L.2. 10 5 sec . From the rate constant
. k trans - cis
for the reverse reaction an equilibrium constant of K = k ¢cis - trans

= 23 1is calcuiated and thus trans aminostilbene as the csation can be
isomerized under the influence of ultra violet light tb 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, withiﬁ experimental error, identical pK values of
L.10 at 25°C. Hammetts substituent constant is therefore of the
order of £ = 0.06. Under certain conditions, it seems possible to

' diazotize cis aminostilbene to yleld cis stilbene-diazonium salta.
The spectra of both the cis and trans diazonium ion have been measur-
ed as well as their coupling préduct with H-acid. There is good
Aevidence that the reduction of cis stilbene-diazonium ion with hypo-
phosphorous acid ylelds mainly cis stilbene. |

Systematic collation of the spectra of the monosubstituted stil-
~ benes ﬁrepared, for both the cis and trans isomer, have been made and
the results compared with analogs in the benzene series.

In addition, lulrared spectra have been measured. The cils
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 I-III. In the lowest molecular energy level

pe?



which 1s reached by absorption of light from the ground level, it
has usually been supposed that ionie structures (III) are fairly

important. In classical language, this corresponds to an electron

R

oscillating from cne end of the molecule to the other, and hence

being responsible for the intense absorption. In prinéiple{-such

a description of the molecule is quite proper; but in practice it

suffers from the considerable drawback that there seems at present

no satisfactory way of caiculating the ‘relative weights of the various

types of stlructures.

Thus,'in p—amiﬁostilbene, in addition to the Kekule structures,,‘

IV, we expecf ionic structures such as (V) and (VI), whiéh are similar

to III except that the charge on the amino nitrogén can.only be positive.

But there 1s no available estimate of the relative weights of (IV), (V)
. and (VL) tﬁough that of (V) is usually supposed -to exceed that of ( 1II)

iﬁ the unsubstituted. In the excited level, ndthing is ‘known of the

welghts.

| ©—:—,© ' @-:—@ t?c—c—@:
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Coulson and Jucobsl have caiculated the charge distribution and
bond orders in stilbene, L-aminostilbene and L,h-diaminostilbene

for both thé ground state and the excited state. Bond order va)ues
are indicated bhelow:

1.657 1.601 ; s
' 1.431 TB30
’ : 1,724 : v
ground ?tgb? 1.L82

1.722 ’ , L. 740

In all these molécules, the excitation uppears to reside almost enttirely

In the central ethylenic link converting - _ - fnto = - Z . This

‘appears almost unaffected by the presence of one or two p-amlno sub-

stituents.
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In the ground state of stilbene there is very little quinoid
character of the kind represented in (III), so it appeérs that
these particplar struétures are not very important. On excitation,
there is rather more qp;noid character, and in the amino compounds

the quinoid character of the substituted ring is greater still.

' This indicates the importance of structures such as (V) and (VI).

The apparantly gréat importance of (VI) in the excifed state
is unexpected, but seems to be an'explanation of the shifts in the
ultra violet spectra as outlined in part V.

Alternation of charge migration in L-aminostilbene 1s shouwn
in Fiéure 1 . The electronic excitation, it appears, to some ex-
tents destroys these alterations, though it increases the average
chargze migration. Quite apart.from any other considerations, this
would imply a greater reactivity in the excited state than in the

ground state. Thus.the general -picture is that of an increesed

‘asymmetery of charge resulting in reduced bonding and a greater

proportion of electrons free to initiate reactions, particularly
with electrophilic reagents.

Section I Synthesis of Stilbene-Derivatives

General considerations: Stilbenes are readily preparéd by a variety

of methods. All these methods have been reviewed adequately in E.H.

Rodd's "Chemistry of Carbon Compounds" Vol. IIIB. The majority of

these syntheses result in the formation of the trans derivative. This

may be because the reaction yields sterospecifically the trans compound
and, or because the reaction conditions favor the thermodynamically more

stable trans compound. For the preparaton of cis stilbenes three methods
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Fig. 1. Charge distribution in the gr.ound and excited states.

The atoms are numbered for convenience along the chain consecutively
“from the NH

group; thus, 5 and 6 are the atoms of the central ethy-
lenic link, 'f‘he unit charge is /1000,
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‘are avallable, namely, a) the catalytic semi-hydrogenation of a

diphenylacetylene, b) decarboxylation of a stilbene-O-carboxylic
acid, and c) irradiation of a trans stilbene with ultraviolet

light. 1In the majority of cases reported the catalytic reduction

of a diphenylacetylene results in the formation of a mixture of
1:2 diphenylethane and stilbene which is not easily seperable. For
this reason, method b) and c) were used throughout.

1) Cis and trans stilbene

Trans stilbene. A pure sample of this compound was recrystallized
from chloroform and n-hexane and the cryétals vacuum dried. The

melting point was 123°C.

. 2
Preparation of phenylcinnamic acid. 40.5 ml freshly purified benzaldehyde,
54.6 g phenylacetic acid, 40 ml trimethylamine and 80 ml acetic an-

hydride were refluxed for 5 hours. The reaction mixture was then

'steam distilled and  the remaining solution cooled, whereupon phényl-

cinnamic acid crystallized. The product was crystallized from acid-
fded ethanol and then recrystallized from ethanol-water 3:2.35.2 g

of white crystals were obtained. M.P. 170°C. U.V. spectrum in -

ethanol \max 283 m-y €= 1.45. 10)", I.R. spectrum in CHC1

3°

" Decarboxylation of phenylcinnamic acid% 23.0 g phenylcinnamic acid were

decarboxykated in{40 ml quinone and 2 g copper chromite at 210-220°C.
After heating, the reaction mixture was poured into 480 ml 10% HCl and
extracted with ether. The ether extract was washed with 100 ml 10%
sodium carbonate solution gnd then with distilled water. After dry-

ing, the ether extract , the slightly yellow oil was distilled twice
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at 4 mm Hg. and the colorless oil further purified by crystallization
from n-hexane et dry-ice-acetone temperature. 8.2 g product were ob-

tained. In the ultraviolet an absorption meximum at 278 mu is ob-

served vwith-an extinction coefficient & = 1.08 . 10“.

2) p-Chlorostilbenes

Trans p-chlorostilbene. Trans p-chlorostilbene was prepared by the

method of Meerwein., 64.0 g of p-chloroaniline was dissolved in 2iQ

ml of 6 N hydrochloric acid, 300 g of ice was added and & solution

of 35 g sodium nitrite run in slowly with stirring. The témperature
was maintained‘at'-s“oc and the diazotizatlon was complete in an

hour/ "One hundred and ten g sodium-acetate and 20 g couprous-

- chloride suspended in 150 ml water was added £o the dia;otized sol=-
ution and T4 gicinnamic-acid in 600 ml acetone was fun in with stirring.
Aftef standing for 6 hours, the solution was steam-distilled and the
residue extracted with benzene. The benzene was_shakén with 6 N
‘ammonium hydroxide, dried, and the solvent distilled off. The res-
idue was recrysta;lized from ethaﬁol, acetic acid, ethanol, n-

" hexane, and finally from acetic acid. The melﬁing point was 123.5-
124.5°. Ultraviolet spectrum in ethanol msx. 313 my€ = 2.98. 0%
and 4 max 300 mu\&m 3.10. th. Infrared spectrum was taken in cafbon
disulfide. |

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

which ordinarily gives the decarboxylated condensation product gave, in
this case, the carboxylic acid. p-Chlorobenzaldehyde, 70 g and 68 g
phenylacetic acid, together with 20 g piperidine vere heated at 160°C

for 6 hours. On cooling, the mass was taken up in benzene and shaken
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with 2 N hydrochloric acid. The acid was removed from thé benzene
layer with 6 N sodium-hydroxide. On acidifiéation of the.water layer, .
white crystals of the acld fgrmed.‘ Recrystallization from ethanol

and ethanol-water mixture zave ﬁhi§e crystals of M.P. 200-201. Ultra-
violet spectrum in ethanol:)\mak 285 my é= 1.67. th (etﬁanol was |
acidified) I. R.

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

~carboxylated with 0.2 g coppef chromite in 10 ml quinoline. The re-
action temperature was 225°C and the reaction time 5~8 min. The hot
solution was poured Into ice cold 3 N HCl and extracted with ether.
After washing of the ether with sodium carbonate solution and ﬁater,
and‘drying over maghesium-sulfaﬁe, 0.74 g crude material was obtained.
The crude material was dilssolved in n~hexane, filtered from the un-
dissolved trans compound, and after evaporation of ihe solvent, the
o1l distilled at 1.5 mm, 118-120° C. The distilled oil vas re-
crystallized from n-hexane (dry—ige acetone bath). Uitraviolet speétrum i

L

Amax 283 my £=1.10 . 107, I. R. spectruﬁ.

3) p-Hydroxystilbenes

p-Hydroxy-l-carboxystilbene. p—Hydroky-l—carboxystilbene was prepared

according to Zinckeu; 0.5 mole sodium salt of phenylacetic acid; 0.32
mole of p-hydroxybenzaldehyde, 0.75 mole of acetic-anhydride and 0.5
ml pyridine were refluxed for 7 hours. The acetylated product was

separated with the addition of 150 ml of water. 'The separated oil
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p-Chloro~1{-carboxystilbene
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Fig. 4. Ultraviolet spectrum of p-chloro-l-carboxystilbene in
acidified ethanol.
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Fig. 5. Ultraviolet spectrum of p-chlorostilbenes in ethanol.
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was heated with 2 N sodium-hydroxide for one hour, whereupon a
yelléw oil sebarated. The reaction mixture was then acidified

and the crystalline material extracted with 10% sodium carﬁonate
solution. The undissolved material contains p~hydroxystilbene.
After filtration, the filtrate was acidified and the crystalline
material recrystallized from ethanol water. The M.P. of the acid
was 223.5-22&.5°C. Ultraviolet spectrum in ethanol shows a maximum

n

at 312 mu = 1.95 . 10%; yield: 72%.

trans-p-Hydroxystilvene. a) The material which is insoluble in sodium-

bicarbonate was crystallized from ethanol to constant melting point of

182-183°C. It shows twu absorption moxima at 30 mu f =275 . lOu

and 305 mu €= 2.80 . th in ethanolic solution. b) Hydrolyéis of

trans p-Acetoxystilbene. 20 m3 trans p-acetoxystilbene were dis-

éolved in 1.5 ml pyridine and 1.5 ml'O.l N sodiwm hydroxide-solution
at room temﬁerature. Samples were taken from the reaction mixture
after 3,5, and 15 minutes and after 18 hours. After evaporation of
the solvent in vacuum and acidifying with a few drops of 1.0 N
hydrochloric acid, the residue was extractedtwith ether. Spccfral

. :
date of the ether exiract are summarized in Table 1.

Table 1

Hydrolysis of trans p-acetoxystilbene

- E300
Amax NBaX E 250 solvent
trans p-acetoxystilbene 312 300 1.55 ether
3 min hydrolysis 320 306 1.02 ether
15 min hydrolysis 320 ¢ 306 1.00 ether
18 hre 320 306 1.00 | ether

trans p-hydroxystilbene 320 306 1.00 ' ethanol
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Fig. .6, Ultraviolet spectrum

of p-hydroxy-1-carboxystilbene
in ethanol, .
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p—Hydroxystilbenes
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Fig. 7. Ultraviolet spectra of p-hydroxystilbenes in ethanol.
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- The fate of hydfolysis 18 given approximately by the ratio
of the optical densities at wavelength 300 and 320 mp.A The data
indicate that in 50% pyridine and 0.05 gisodium hjdrokide solution -
at room temperature, trans p-acetoxystilbene is quantitatively hy-

drolyzed in about 5 min.

4) p-Acetoxystilbenes - Agrams

p-Acetoxy-l-carboxystilbene. Forty-one/p-hydroxy-benzaldehyde, 45.8 g

phenylacetic-acid, 92 ml freshly distilled acetic-anhydrlde-and 32.5 ml
triethylamine were refluxed for 7 hours. .Acetic anhydride was destroyed
by the addition of water whereupon a red oil separated. This oll was

- washed with water and drieda' 31.7 g crystallized. The ultraviolet
spectrum shows an absorption maximum at 295 mp in ethanol.

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

_l.O g trané p-hydroxystilbene, 11 ml gcetic anhydride and 0.5 g an-
Ahydrous sodium acetate and the mixture heated for 15 min. After -
decomposition of excess aéetic anhydride with water and crystalliza-
tbn from ethanol-water, ethanol and.benzene-n-hexane, white crystals
of M.P. 148-149°C were obtained. The ultraviolet spectrum shows

two maxima in ether at 300 and 312 mu with extinction coefficlents

L L

of 2.85 . 10" and 2.55 . 10",

Decarboxylation of p-Acetoxy-l-carboxystilbene. Two g acid were heat-

ed for S min in 10 ml duinoline and 1 g copper chromite. The crude
reaction mixture was fractionally crystellized from ether, 50%, 15%,
-5% and ether n-hexane. None of the fractions contained any cls
p-acetoxystilbene. In all of the samples the I.R. band at 10.9 u

was missingz.




cis-p-Iydroxystilbene; decarboxylation of p-hydroxy-l-carboxystilbene.

Decarboxylation was carried out in the usual way, using 0.2 g copper
chromite catalyst per g of. acid. At 230°C after 10 min no trace of

els pfhydroxystilbene could be detected spectroscoplcally. It was

then decided to lower the reaction température, Experimentis were-
carried out at 120° and 165 C with & concentration of catalyst of

1.5 g/g acid. After one hour at lSSOC less than 7% of the acid was
decarboxylated. Decarboxylation at 220°C for 10 min and carefﬁl
fractionation of the decarboxylated products from an aluminum-oxide
column using n-hexane, 10%, 30%, L0%,50%, T0% éthef n-hexane mix-

tures ﬁas unsuccessful. Since 1somerizat16n of the labile cishp-
vhydrbxystilbene miéht have occurred due to the aluminum oxide, a
~further deéarboxylation experiment was carried out using 0.5 8 cat-
'alyst/g acid and a reaction témperature of 210°C. The ether extract
was thén fractionally.crystallized from ether-n-hexane and n-hexane

at —20°C. 30 mg compound from n-~hexane solution were obtained which
had an absorption maximum at 305 mu. This compound thus contains about
50% cis p-hydroxystilbene (as. calculated from the ultraviolet speclrwu).
The'over all yield is thus of the érdcr of 3%Aor less.(Seenalso

Section II)
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5) p-Nitrostilbenes

p-Nitro-l-carboxy-stilbene, Potassium p-nitrophenylacetate, 31.5 g,‘

28 g of freshly purified benzaldehyde and 100 ml acetic anhydride were
"heated on a steam bath for 23 hours. The resulting red solutlon was
poured into 500 ml of water and warmed; a red oll separated and grad=-
ually solidified. It was dissolved in 400 ml 0.8 N sodium hydroxide

and filtered hot. On acidification with hydrochloric acid, a thick,
white.precipitate formed. The precipitate was. filtered and crystallized
from ethanol and acetic acid. M.P. 227-22800; the ultraviolet spectrum

in ethanol shows an absorption maxima at 270 mu and an extinction co- -

efficlent{= 2.0 . th

'trans'p-Nitrostilbene. trans p-Nitrostilbene was available and was

recrystallized from'ethanol end two times from acetic acid. The yellow
needieé had aVM.P. of 157-15600. The ultraviolet spectrum shows two
maxima at 349 wu and 238 my with extihction ¢oefficient$ of 2.37 - 10“
and 1.2 . lOu, respectively. The infrared spectrum was measured in

. carbon disulfide and chloroforn.

Décarboxylation of p-Nitro-l-carboxystilbene. According to H. W.

Altersdecarboxylation at 220°

C requires 15 min. This heating

period proved 1o be far too long, and in several experiments yilelds
of only 5% cis p-nitrostilbene were obitained.

Decarboxylation of 1.5 g in 10 ml quinoline and 0.2 g copper chromite
at 220°C for 3-5 min yields 76-88 % crude. After chromatoJsraphy on
aluminum oxide with n-hexane, a product with M;P. 60.5-62°C was'ob-__
tained in 66% yieids The ultraviolet spectrumlshows two mexims at
326 mp and 240 mu with extinction coefficients of 1.66 . lOu and

E=1.30 . th, respectively. The infrared spectrum shows no ab-

sorption at 10.45, thus ind{cating a reasonably pure cis compound.
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- Fig. 9. Ultraviolet spectrum of p-nitro-l-carboxy-stilbene in
ethanol. .
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Fig. 10, Ultraviolet spectra of p-nitrostilbenes in ethanol
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6) Azoxystilbenes

Thrée princifal methods can be used to prepare azoxy compounds:
a) condensation of a nitroso compound with an N-arylhydroxylamine,
b) reduction of.a nitroaryl compound under a yariety of conditions,
and c) oxidation of an azo compound with peracids.

Preparation of azoxystilbenes.according to method ¢) would, in
-general, lead to epoxidation of the ethylene bond in stilbene al-
though under special conditions it might be possible to prepare
aszystilbene by this route. It has been reported that cis-
azoxystilbene can be prepared by this route. Method a) requires
the preparation of both the nitroso as well as the hydroxylamine.
: Drehfahl6 has not been ;ble to prepare L-nitroso stilbene nor
stilbenyl-L-hydroxylamine by a variety of methods. All.trans
and éis—trans-cis azoxystilbenes'were therefore prepared by res«
duction of the corresponding nitrostilbene with magneeium metal '
and ammonium chloride in methanol solutioh. | |

all trans-Azoxystilbene. Two g of trans p-nitrostilbene was dissolved

in 170 ml of hot methanol and 15 ml saturated aqueous ammonium chloride.
' Gradually, k 2 of magnesium turnings were added while stirring. The
reaction proceefied without add:.tional heating. After half an hour,
‘a yellow precipitate formed. .Stirring was continued for one and
one-half hours; After evaporation of the solvent, the residue was
tgken,up in benzene and the hot solution was filtered from unreacted
magnesium and magnesium chloride.

Fractional crystallization from benzene gave yellow needies; M.P.

263-265°C in 36% yield. All trans-azoxystilbene is slightly soluble
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in ether, chloroform, carbon disulfide, and wethanol. Ultraviolet

I

spectrum in chloroform, p max hOO_mpEi: L.45 . 107, X\ max 285 mu

¢ a2.23 . 10",

cis-trans-cis Azoxystilbene. One g cls p-nitrostilbene was dis-

solvedAin LO ml of methanol end T ml saturated ammoniwa chloride
solution. While stirring, a tetal of 2 g of magneeQUm'turninge

were added within two hours. 'The reaction temperature was kept

at 0° C. After evaporation of Lhe uolvent the residue was taken

up in benzene without heating.; After filtration the solution was

" d1luted with 10 wolumes of petroleum efher At -?OOC yellow crystals
appear. Fractional crystallization from ethanol yields yellow crysteals
of melting point 126~127 C. 1Ultraviolet-spectrum; A max 370, my
§¢=2.0. th. In the infrered spectrum no abserption at 960 cm~t

is detectable and‘ohly the typical band at 915 em™ 1s found.

7) Thermsl stability of azoxystilbenes

Thermal stability of all-trans szoxystilbene. Azoxystilbene was

not prepsred in the dark. In order to determine whether the pre-
pared compound consisted of -a mixture of all-trans and treus;cis—
trans azoxystilbene, a ssmple was refluxed in benzene for 1L hoers
in the dark. Under these conditions, any trans-cis-trans azoxy-
stilbene should have been isomerized to the all-trans modification.
No change in the ultraviolet spectrum could be detected. The azoxy-

stilbene of M.P. 263°C is therefore the all-trans modlfication.
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Thermal stability of cis-trans-cis azoxystilbene. As with the

all-trans'modification; 6 sample was heated for 30 min. at 80°C

in ethanol in the dark. No change in the ultraviolet spectrum
could be detected. The ézoxystilbene of M.P. 126°C is therefore
ﬁhe cis-trans;cis modification. A longer heating period results
in partial isomerization. When the compound is refluxed for 6.8
hours in benzene the absorption‘max. shiftéd from 376 mpu to 385 mu.
The reaction has not been studied 1in defail. Assuming thét no re-
arrangement and only isomerization of the”eﬁhyléﬁic double bond
had occurred, a rough calculation would indicate that about 10-20%
of the cis-trans-cis azoxystilbene had been lsdmerized to -.tahc}all-=

trans modification.

Thermal isomeraztion of trans-cis-trans agzoxystilbene

Fifty mg trans azoxystilbene were irradiated for 48 hours in benzene,
the solvent femoved and the residue digested in petroleum ether and
centrifuged. After discarding the supernatant, the residue was
digested in 10% benzene-petroleum in which trans azoxystilbené is
not very soluble. Ultraviolet spectra were taken of this solution,
the entire experiment being performed in the dark and at 0°C.

In Table 2 and Figure 12, changes in spectra are shown for the

thermal isomerization of trans-cis-trans azoxystilbene.
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Table 2

Thermal isomerization of trans-cis-trans azoxystilbene

Time ' Amax 1. A min ) max, E \maxl E Mmax2 Elmax2
‘B XNmin E Mmin  E Amax 1
in mp in my mu ‘

1 hr after irradiation

wes stopped 320 347 383 1.18 1.15 0.99
12 hours 6°C 323 347 384 1.07  1.26  1.17
32 hours 00 . 326 347 385  1.07  1.27  1.19

32 tours 0°C + 30 hrs. 25°C 326 347 385  1.07  1.27 1.19

Both the first and second absorption maxima show a bathochromic Shift
as isomerization proceeds; also the optical densities increase.’
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Calculation of the rate constant for thermal isomerization of .

trans-~cis-trans azoxystilbene:

If the percent of.cis—trans—cis azoxystiltene is plotted against
the optical density for pur€compounds, a straight iine is obtained.
The value decrease§ linearly from the inftial value to O for 0% cis-
trans~-cis. This is represented as line C-B in the following diazram.
Similarly, the percentage of fhe trans compound éaq be plotted against
thé optical density (liﬁe A-D). For any fixed ppsition,‘then, the
"optical dedéity'of the mixture is given by the élgebraic sum of the
. components. Line C-D then represents the optical dénsity for mixf
tures from 0% fo'lOO% all-trans-azoxystilbene. The increase A !s
‘thus a linear function of the percentage of all-trans compound in

the mixture.

mp O

For constant, total
concentration

A 8 100% trans




cm&é refers to the incréase in optical density after 12 hours

Table 3

Summary‘of Data for Varous Wave Lengths

AE32'refers to the lncrease after 32 hours

32

Wave;iength AE32 8B, % trané K %n hrs.
300 ‘ 6.075 0.020 27 '0.260
320 ~ 0.090 0.020 22 0.245
347 0.115 0.050 43.5 0.239
370 . 0.160 0.080 50.0 0.250
400 0.180 0.090 50.0 0.250
k2o - 0.130 0.060 4g.2 0.2kL
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The rate constant for the flrst-order isomerization of cis-trahs-cis

" azoxystilbene to all-trans azoxystilbene is, therefore, 6.9 t 0.3 lO“5

sec Lot 0°9C, 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 renge of the spectrum. The first ab-

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

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

8) p-Aninostilbenes

Stilbene and nitrobenzene are reduced catalytically (Rane& nickel,
Palladium) at very different rates. However, the selective reduction
of nitrqstilbenes under the same conditioﬁs yields only éﬁinodiphenyl
,ethaneé.7 Chemical reductioniof aromatic nitro compounds in basic
or neutral medlum can in general not be carriéd out at room temp-
erature. Weygands reduced cis;h—nitrostilbene in water-ethanol
.ét'reflux temperature with ferrous sulfate and ammonia. He ob-
tained a red oil in 72% yield with a boiling point of 147-150°¢C
at O.é mm Hz. No spectral datae were reported. All efforts to
duplicate his work failed, since, under these conditions, isomerf
ization of the cis compound occurs.

Chemical reduction.of cis-p-nitrostilbene in glacial acetic
acid with zinc metal can be carried out at room temperature in
70% yiel&. Under these conditions, trans p-aminostilbene hydro-

chloride is obtained in less than 2%.
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Trans-para-aminostilbene-hydrochloride

1) Reductiog‘with~ferrous sulfate and ammonia:

Ten g p-nitrostilbehe was dissolved in hot ethanol snd added
to a solution of 110 gz ferfous sulfate heptahydrate, 165 ml ethanol
and 200 ml'consentrated aqueous ammonis within one hour. The ree
action mixture was refluxed for an additional hour. After distilla-
tion,:of mos£ of the solvent, the alkaline solution was extracted
with ether, end the amine precipitated from the ether solut16n with
hydrogen chloride gas; 7.1 g trans aminostilbene hydroéhloride was
obtained.

2) Reduction with zinc metal in acetic acid:

One g trans p-nitrostilbene was dissolved in 100 ml glacial .
acgtié acid and 4 g zinc dust added. While stirring vigorously,
10 ml concentrated hydrochloric acld wereée added durlny cone hour
at room tempcratﬁre. After dilution with 100 ml water, 0.8 g

'translaminostilbene-hydfochiofide crystallized at 0°C. The
crude material was fecrystallized three timés from ethanol hydro-
chloric acid; |

The hydrochloride crystallizes in silvery plates ﬁhich turn

yellow when exposed to light and air. The ultraviolet spectrum in

50% ethanol-2 M hydrochloric acid shows two maxima at 309 mp and
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and 297 mu, with extinction coefficients of €= 2.60 . 10“
and 2.68 . th, 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 plates dissolved in cold.O.l M sodium hydroxide and
1mméd1ately extracted with ether. After drying.the ether solution,
the solvent wés removed and the residue crystallized several . A
times from benzéne-n-penta.ne. M.P.A 149-150 (Lit: 151°C; Weygand,
loc. cit.). Since trans-p-aminostilbene is not stable in basic
solution, the hydrochloride was dissolved in_lb'3 M hydrochloric
acid-30% methanol. This tock solution vas then sdded to 30% .
methanol sodium hydroxide solution iﬁmediately prior to taking
the ultra;iolet spectrum. The pH of this solution was 11.2 at 2500.
the abéorption'spectrum shows a single meximum at 324 mp and an

extinction coefficient of 3.1k . 10”. ‘Spectra are shown in

Figure 35.

Cls-para-aminostilbene hydrochloride

1) Reduction of cis-p-nitrostilbene using the ferrous sul-
procedure as for the
fate ammonia/trans compound, proved to be unsusicessful. Several

attempts were made and the spectrum of the crude ether extract,
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measured in 2 N hydrochloric acid 50 % ethanol, indicated that the
cis p-aminostllbene had isomerized to the trans modification.
Stroemersg obteined a red oil which did not crystalligze. Whén he
diésolved the red oll in benzene, a trace of iodine isomerization

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

ﬁe was also unable to prepafe the cis-hydrochloride from ethanol
and a small amount of concentrated hydrochloric acid. Instead,

he isolated always the trans p-aminostilbene-hydrochloride; In
view.of this great instability of the cis p-aminostilvene, it

is surprising that vacuum distillation at a temperatﬁre of 1&7-15000

and 0.0l mm Hg. should result in a pure cis aminostilbene (Weygande).

2) ‘Reduction with zinc metal in glacial acetlc acid.

2.63 g cis p-nitrostilbene was dissolved in 100 ml acetic
acld and 12 ml concentrated hydrochloric acid. lE.g zinc was then
added within about 2 hours, while stirring. The reaction temperature
was kept below 30YC and the mixture kept at 5°¢ over night. After
evéporation of the solvent at réom temperature in the vacuum, the
solid was dissolved in a emall amount of 0.25 n chilled hydrochloric
_ ecid. The solution ﬁas quickly filtered from 55 mg of trans p-~
emlnostilbene. Cis p-aminostilbene-hydrochloride did not crystallize
from- this solution nor did it crystallize from 50% ethanol 2 n hydro—'
chloric acid. It can be crystallized as the oxalate from ethanol-
water as a whlte solid, and as the hydrochloric from 1 n hydrochloric
acid. .The solid cis aminostilbene hydrochloride is stable in the

dark at 6°C and no ismoreization could be detected within 3 months.
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Spectra are shown in Figure 37 and are summarized below:

Amax 299 mp € = 3.201. 1072 m 1n 30% methanol pH 11.58;¢ = 1.k4 , lOu

A max 279 my £-= 3.20 . 10™° m in 30% methanol pH 2.10 £= 1.09 . Loh

9)‘ Thermal Isomerization of cis~-p-Aminostilbene at 40°%

A saturated solution of.trana p~aminostilbene hydrochloride
in 2 n hydrochloric acid, 50% ethanol was irraﬁiated for ;’hr.
After diiutionvof 0.5 ml to 10 ml with 2 n HC1-50% ethanol, the
spec trum waa"meaaured, and by solving simultaneous equations for
two wave~-lengths, the amount of trans aminostilbene calculated.
Teble b gives, in addition, the total calculated concentration of
cis and trans p-aminostilbene.

| It is seen from the dats that the assumption 1sAnot Justified,
since a large trend, a factor of 2, is observed for the total cone~
centration, while the figures indicating the.percentaée of trans

p~aminostilbene show an even bilgger trend.
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Table 4

Total Calculated Concentration of cis and trans

p~-aminostilbene
* Wave-lengths : ' C tot. 107 ' ) :
oy ) “ e ‘% trans
320 and 310 - 8.62 3.7
320 and 300 | 6.k | 10.7
310 and 300 o 5.3 ’ 19.8

310 and 280 4.8 ' , - 2k.3
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It must therefore be éoncluded,'that some unknown compoﬁnd ér ‘
compounds, which absord in fhe same region of the spectrum,
must be produced during 1rrad1ationa:"The freshly irradiated
solution; after dilution as indicated above, was then heated a£
40°C in a water~bath and Bpeétra takén at various time'inteff
vals. Figure 13 demonstrates the build-up of trans p-amino-

. 8tilbene. Bough data o; the rate 9f isomerization can be obe

tained in the following way:

E=( C, w'it c, (1) -

Co=C, +C4 (2)

c
where, .

E = opt. density

5 es ¢ = Extinction coefficient for cis resp. trans componenﬁ

' Cer Cy = Concentratioh for cis resp. trans component

Bubstitution of equation (2) into (1) yields equation {3):
E =f,Cy +C (€ =€) (3)

Since, during isomerization cqo and ( Et— Ec) are constaent, the
optical.denaity is directly prbportional'to the concentration of
the trans compoﬁnd} Assuming, that some unknown compﬁund makes

e constant unknown contribution E, to the optical density, equation

(3) expands to:
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E=E +&C, +Cy (& - &) | (%)

Thus it 1s seen that the optical densities in the region
of the maximum absorption can be used to ca;culate the rate of
isomeyizétion. In Figure 13 the base line has been drawn be-
tween the "isobestic point” at 265 mu and 340 mu.

For a particular wavelength the difference of the optical
denslties of the absorbing material, i.e., at O min heating,
| and the baseline, is then proportional to the amount of trans
p-aminostiibene. In Figure 14 the logarithm of this value,‘log
A, has.been plotted as a function of time. From the slope of
this line,'the rate constant is calculated to be’of the order
S of 1.9 . 1077 sec™t corresponding to & half-life of about 600
min. | |

The experiment was repeated at 80°C at which temperature
cis-p-éminostilbene isomerizes with a rate constant of 3.2 .
lO'u sec -1 Corresponding to a half-life of 36 min. The data

are shown in Figurce 15 and 16.
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Fig. 15, Thermal Isomerization of cis-p-Aminostilbene at 80°C
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Thermal isomerigation of eis p~-aminostilbene

Isomerization of cis p-sminostilbene at pH 8.5 in a 309
methanol phosphate buffer was studied as & fgnction of time. Fig-
ure 17 shows the changes in spectrum. Although the changes at 25°C
are small and can be neglected in the determinafion-of the D, measure-
ment, they are large enough to explain, why the ferrous sulfate -
reduction of cis p-aminostilbene yielded only trans aminostilbene.
In Figure 18-loz A (see also séction on tgermal isomerization‘in,so%
ethanol, 2n hydrochloric acid) is plotted as a functioh'of time.

The first order rate constant for cis trans isomerization is there-

- -l P .
.fore of the order of 2.10 6 sec . at 2500. Assuning & 2 resp. 2.5

fold increase in rate for lOoc, then a rate factor of 130-600 will

be calculated for -isomerization at~95°C. Consequently, the time

. required for isomerization of 99% of the produced cis amine would

be about 50 to 280 min. The time for rerrous sulfate reduction
of cig nitrostilbene and suhsequent distillation of most of the

solvent from the reaction mixture is, however, ebout 3 hours!
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Fig. 17. Thermal Isomerization of cis-p-Aminostilbene at 25°C
in Phosphate Buffer of pH 8.5 and 30% Methanol,



-47-

Aminostilbene

0.75

log A

050~

1 1 1 - | ] ]
025 10 20 20 A40 50 60

TIME = HOURS

MU-17863

. . o
Fig. 18. Thermal Isomerization of cis-p-Aminostilbene at 25 C
in Phosphate Buffer of pH 8.5 and 30% Methanol.
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10. p=Acetyl-p-aminostilbenes

trans-N-Acetyl para-aminostilbene. 100 mg of trans aminostilbene

hjdrochloride was dissolved in 10 ml acetic-anhydride and 0.5 ml 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 another
-5 min. end then wqter added dropwisc until a preclpltate had formed.
After filtratién, the compound was crystallized from ethanol-water,
ethanol and finally several times from benzene. M.P. 233—235° c
(Litérature, 225°C)° Products obtained by fraétionél crystallization -
from benzene, 80% benzene-n-hexane and 60% benzene-n-hexane have
identical melting points and show absorption mexima each at 312

and 300 mu in benzene-n-hexane solution and ether.

~ cis-N-acetyl para-aminostilbene. 100 mg cis aminostilbene hydro-

chloride was dissolved in 30 ml acetic-anhydride and O.S‘mi 0.1 sodium
hydroxide added. Aftet 2 hours standing at 58C, water was added drop-
wise until a vhite precipitate formed. Thé.aolid precipitate was |
recrysfallized from ethanol-water and was further purified by fréction-
al érystallizaﬁion from ether-n-hexane. M.P. 129-131 U.V. spectrum

shows an absorption maxims al 296! mu &= 8; O 103 . in ether.

Section II. Irradiation of trant Stilbene Derivatives

1) Apparatus end general considerations. Conflicting results are re-

ported in the literature on the isomerization of trans stilbene. Pailerlo
irradiated stilbene as a saturated solution in beneene. After 8 days
irradiatioﬁ in a quartz flask with a mercury lamp, he was able to iso-
late a yellow cdmpound in 7% yield to which he assigned the structure
of-a 1,2,3,4 tetraphenylcyclobutane. Unfortunately, he gives no spectral

data for this compound.
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Bucklesll, on the other hand, reports that after irradiation of
‘both cis and trans stilbene in 0.02 m ethanolic solution for: 20 days,
hé vas able to isolate phenanthrene iﬁ high yield. Buckles used silica
cells placed about 5 cm away from a Hanovia mercury arc.

In view of these cohflicting results, trans stilbene was 1lrradiated
to test the efficiency of ﬁhe apparatus and to get information on optimun
conditions to be used for the production of other cls stilbene derivatives.
The following trans compounds were irradiaﬁed}in benzene ‘solution: stilbene,
p-acetoxystilbene, azoxystilbene All-trgns, és well as cis-trans-cis,
p-aminostilbene. Hydroxystilbene was ifradia;gd in absoluteethanol and
the cation of p-sminostilbene in 50% ethanol-2 n hydrochloric acid.
Where kinetic data are given these have fo‘be'considered as rough estimates
since.all these data were obtained in order to find optimum cohditions
for .the preparation of isomers.,

Solvents for Irradiation

The choice of solvent was governed by the following considerations:
1. The solvent nust be tfansparent in the region in which the compound
subjected to irradiation absorhbs.
2. bissociation enefgies of the various bonds of the solvent molecule
should be hizher than the enerzy of the photons which reach the solvent.
3. 1If the solvent absorbs at somewhat shorter wavelengths than the
compound subjected to irradiation it may be used as a photosensitizer.
-Aldphatic hydrocarbons, such as iso-octane, have been used by various
workers. However, the dissociation energy of the C-H bond (about 100
kcal/mole) and the C-C bond 70-80 kcal/mole) are too low and may lead
to formation of radicals which may add to the ethylenic double.bOnd.
Dissociation energies for theC_H bonds of aromatic hydrocarbons are so
high that wavelengths near the limits of those trénsmitted by quarti

would be necessary. For this reason benzene was generally used as a
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solvent, since, in addition to acting as a solvent, it will
‘act as a sensitizer. For p-hydroxy and p-aminostilﬁene, ethanol

was used as a solvent. The cation of p-aminostilbene was irradiated
in 50% ethanol-2 n hydrochloric- acid. | |

Apparatus for Irradiation of trans Siilbene-Derivatives

Reaction Vessel:

A 150 ml Victor Erlenmeyer flask was connected by way of a groun d
Joint to a high intensity reflux condenser, the latter being connected
to a water aspirator. The Vicor glass of 1 um wall thickness has a

useful transmission to 2400 K.

Lizht Souree:

| A Hanovia type medium pressuré mercury lamp with an input of
125 Watté was used. The most intense lines are at 2537, 3126-3131
and 3650-3663 X. The line at 2537_3 is usually reversed on account
. of absorption of resonance radiation'by‘the mercury vapor in tﬁe
lamp itself. ILess intense lines are observed at 2652-5k, .200k,
3021 R, -

Operation of the Irradiation equipment

50 ml of'a lO-3 m solution f stilbene were pipetted into. the
Vicor'Erlenmeyer. This co;résponds to a liquid layer of 2.2 cm.
:After connection to. the reflux condenser, the water aspirator was
turned on until the solution Jjust barely boiled. After a few minutes,
the mercury lamp was started and the vacuum steadily decreased until
-the solution reached 1ts equilibrium temperature of SOQC. The vacuum
inside the reaction flask was adjusted so that the solution was re-

fluxing gently. In this way, adequate mixing of the solution is ob-
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tained and a film of solvent vapor protects the solution from the
~oxygen of the air. Radicals produced by the irradiation with the:
mercury lamp, thus, cannot enter into secondary reactions with

oxygen of the air. See also Figure 19.

2. Irradiation of trgns-stilbene
Irrediation of 2.1073 m stilbene solution in benzene was studied

. as a function of- time. Aliquots were dravn from the irradiation sol-
'ution and, after fémmval gf,ﬁhé-splQent in‘ygcuum, the spectrum taken
in ether_"pigure éo:sﬁOQSigpe.éhanéeé'oh ir?édiatibﬁ: It is seen that
the maximm 6% 308 my’ disappears within'l 1/2  hours ; whereas the main
ebsorption meximum at 29k mu:shifté tggaﬁout é85 mu . within 2 hours.
in Table 5, the opticel densities, E, for different wavelengths and

L time-~intervals, together with the éxtinction coéfficients for the
cis and trans isomer,-are reported.

Calculation of the Amount of trans stilbene

/

If 1t is assumed that no reaction other than isomerization occurs,
the amount of trans and cis stilbene at any fixed time can be calculated
by'solving the two silhultaneous equations:

R = 14
h'l 6Cl Cc + tl Ct

Bp=fp &+ ba Ot
vhere E; is the optical density at wavelength 1 and Eé the optical
A deusity at wavelength 2. gtl and gl are the extinction coefficients
for the pure trans isomer and cis isomer, respectively.
In Table 6 are ghown the results for 4 different time intervals
and 3 different sets of wavelenghs. The Table also records the total

concentration of cis and trans compounds. It is éeen, that. the calcu-~

lated total concentration steadily increases in time, and becomes much
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larger than the analytical concentration of -3.00 . 10-5. Compgrison

of the spectra of the irradiated solutions with the spectrum of phenan-
trene as reportedain the literature, indicates that only small conw-
centrations of phenantrene'ére,built up under these experimental cone
ditions. Rough calculations uséng the extinction coefficients re-
ported for cyclohexane as a solvent indicate that phenanthrene.cén

only be a minor constituent in this reaction mixture and that further- .

more, the amount of calculated phenanthrene decreases with time.

3. Irraediation of trans p-Hydroxystilbene

The isomerization of a 1.0 . 10'3 m solution in ethanol was
~studied as a function of time. The absorption maxima et 320 mp
disappears within 30 min and the second maximum of elightly higher in-
tensity at 305 mp gradually shifts-to 295 mg; After 16 hours, ir-
' radiation; p-hydroxystilbene is'completely destroyed. The ultra-
violet spectrum then resembles very much that of benzene with many
sharp maxima between 230 and 270 mu. The light source is apparently
sﬁrong enouzh to produce CH_CHOH radicals which then undergo re-

3

action with the olefine, according to the following equations:

CH2-CH,-OH + h H,-CH-OH + H
37CHp Vo CHg +E
CH3-<':HOH + PhCH = CH-Ph « Ph-CH-CH-Ph
7
CH3~CH-OH

Ph—CH-fH-Ph + Hx \ Ph-CH2~CH—Ph + X

CH3-CH-OH | CH3- H-OH
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Table 5

Irradiation of trans Stilbene

%.

‘ ‘ Time
Wavelength . ) |
in mu 0,5 hours 1 hour _ 1.5 hours two hours
320 E 0.450 = 0370 0.295 0.260
o l92. 103 | -
£, 1.727 . 10t |
310 E 0650 - 0.570 0.480 0.410
£ 3.96 . 103
£, 2.663 - 10*
300 E 0.730 | 0.650 ~ 0.560 0.500
£ 6.602 . 10°
‘ & 2.717 . 10%
290 0.760 0.680 0.615 0.565
€. 9.603 . 103 ‘ R
€, 2.682 . 10" |
280 E (13:8565(2) o 0.610 ' o..s;(o 0.5ks5
c
2.142 . 104
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Table 6 -

Irradiation of tranS'Stilbene;

‘Wavclengths . _ ~ | R Time
. 0.5 hrs ‘ 1 hr : _ 1.5 hrs , 2 hrs
% trans c¢ total _ % trans ctotal - % trans ctotal % trans _ctotal

105 ‘ 10 105 100
320 and 290 | 82.1  3.20 55.2 3.56 37.8 3.82 . 33.6  3.67
320 | 300 13.9 3-39 20.5 3:82 34.5 R Nl 32.5 3.76
310 260 - e - 47.3 - 3.88 ' 36.8 3.9 27.6 L.01
Average value ) | 78.6 3.29 | 51.0 375 ~ 38.3 3.93 31.2 3.81

-0 ' 5.10°7 - 8.1078 |

- . 4 — o 3
- From the slope in Figure the first order rate constant is calculated as k 1.8 . 10  'sec 1

mt'SOOC. This corresponds to a half-life of 65 min. .
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Urrylz has shown that, by using a large excess of alcohol, a

number of alcohol-~olefine combinatiOps yield 1:1 eddition prod=-
ucts. ' o

Using extinction coefficients for the pure cis and trans
p-hydroxystilbene, one arrives at the following values for the
isomerization of trans p~-hydroxystilbene concentration ( 2.0

. 1072 m in ethanol). The data are summarized in Table 7.

Table 7
Irradiation of 0.5 hr Irraediation 1 hr
Calculated
from wavelengths % trans p-OH total stilbene % trans p-OH total .
M stilbene concentration stilbene stilbene
' ' o . concentra
' S -5 tion
290 and 270 - 15.8 3.18 ., 10 22.4 2.79. 10%
320 - 300 27.7 2.61
3% 320 11.5 3.57
340 310 17.0 3.13 1.2 3.48
350 300 '16.8 3.1k

The calculated total stilbené concentration throughout is much higher
;than the concentration of the original trans p-hydroxystilbene.

This clearly demonstrates that isomerization is not thé sole proceés.

In further experiments batches of 50 ml of a 1+.lo'3 m_p-hydroxystilbene-
solution in benzene was irradiated for 90 min. After evaporation of

the solvent in vacuum, the residue of 392 mg was digested with 20%
ether n-hexane and chilled to -20°C. Filtrétion'yielded a solution

which contained a mixture of trans and cis p-hydroxystilbene.
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229 my were obtalined after evaporation of the solvent. On

digestion, with n-hexane, cooling to -20°C, the filtrate was

again evaporated. 86.5 mg. 22% of an o1l was obtained.
Chromatography from an alwninwm oxidé column, using n-

hexane as the solvent, regulted in iéomerization of the oil.  The

absorption makimum of this chromatographed material showed a peak

at 302 mp and a shoulder at 320'mu. Frbm the spectrum it can be

calculated that 23.7% of the compognd.had isomerized to the trans

modification; No further attémbts to pu}ify the'material'obtained

from'fractional crystallization have been-made. However, information

with regard to purity can be obtained in the following way:

By =0l ) + (L@egyy (1)

E'j = optical density at wavelength J

élcj and5£ =extinction coefficients of the cis and trans
" *J ponyaroxystilbene :

éc = analytical concentration = c. tec

o t

@ = % cis p-hydroxystilbene in the mixture

Equation (1) can be rearranged to:

J - {1 )ﬁ 3 (2)
e “o /e

Coa .a
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For an assumed a,¢:c can be calculated for various wavelengths and
the calculated value compared with the value calculated from the

analytical concentration ¢, and the optical density.
From inspection of Figure 23, one would expect a large error
at wavelengths greater than 320 m“;

€ observ'ed - ealculated = V
£ observed

| ftgure ol shows the results calculayéd for 80%, 95% and 99%

cis p-hydrokystilbehe as a -functlion of wavelength. The figufe
cleaxrly 1n§icateé that cis pehydroxystilbene obtained by fractiopal :
cfystallization as described above can contain only small amounts

of the ordér of 1% trans p«hydroxyst;lbene{

In Figure 25 log A is plotted as a function of time.
Ifradiation for up to 90 min is strictly a first order reaction. |
From the slope of the straight iine, the first order-rate constant
is calculated to be k 2 . 10"h sec“l ét SOOC corresponding to a

half~1ife of about 60 minutes.
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Fig. 24. Cis p-Hydroxystilbene (see text for explanation).



45

log A

40

35

Fig. 25, Rate of trans-eis Isomerization of p- Hydr0xyst11bene

-64--

p —Hydroxystilbene

\ 0300 my
v X - X310 mp

] 1 1 )
30 60 90 120
" TIME — MINUTES
MU=17870

under the Influence of Ultraviolet Light.



65

L. Irradiation of trans p-Acetoxystilbene

50 ml of a 2.10°3 m solution in benzene were irradiated
for various lengths of time. Aliquots wefe taken and, éfter evap;
oration of the sol§en£, the spectra measured in ether. From Figure
26 1t is séen, that after 1 1/2 hours the maximun at 310 mu dis-
appears and the main absorption band is shifted to about‘295 my. On
continued irradiation, the absorption maximum shifts further to
285 mu. In Table 8, the percentage of'cis compound, as well as the
calculated total concentration, are reported for irradiation’
times of l/é hour, 1,2.3.4 hours. Calculations are rather in-
accurate fof 1/2 hour, since the differences become small; when
solving the two simgltaﬁeous equatibhs. It is interesting to
note, that,‘within experimental error, the total éoncentratién
of cis and tran; compound remalins at the analyticul level. thus

indicating that no serious side reaction such as formation of the

dimer or production of phenanthrene derivative occurs.



Table 8 -

Irradiation of trans p-Acetoxystilbene

Wavelength Irradiation time
mys 0.5 hr 1 hbr 2hr 3 hr L hr
ot 65 g :
cis .10" cis total cis total % cis total % cis _total
¢ 105 € 105 ¢ 05 " ¢ 109

320 and 300 (18.2) L.75 71.0 3.76
320 290 (18.1)‘ k.5 29.6 4.0 47.3 3.81
310 290 36.7 #.2 54.9  L.11 70.8 3.8 82.4  3.94
300 280 25.7 3.8 - 52.7 4,02 75.4 4.00 84.0 L4.05
Average (18) (,.80) 30 4.0 51.6  3.98 72.4  3.85 83.2 L.0

: . -k
From the slope in Figure 27, the first otder rate constant is calculated as Kk = 1.2 . 10 sec

at 50°C. This corresponds to a half-life of roughly 100 min.

-1

99
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Fig. 26, Irradiation of trans-p-Acetoxystilbene in Benzene.



-68-

p—Acetoxystilbene

R 20r
O
-
{
O -
S 151
o
o
10T
'®)
O]
o 0
o5F
()
1 ] 1 L1

TIME —HOURS
MU - 17872

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



Irradiation of Azoxystilbenes
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Many azoxy compounds are converted to orthy-hydroxyazo

compounds when their solutions are exposed to light. Badger

13

has studied azoxystilbene. He found that the rate of formation of

o-hydroxy-azobenzene in n-hexane and benzené is very slow. The

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

5-15% for 1 month irradiation in sunlight. Since the rate of

the rearrangement to o<hydroxy-azo compounds 1s thus seen to be

rather slow; attempts were mede to prepare trans-cis-trans azoxy-

" stilbene the geometricel isomer of the all-trans modification, as well

as the all-cls modification.

Irvedistion of all-trans azoxystilbene

frradiation was first studied as a function of time. A

. 2\¥0F3 m golution in benzene was irradiated for 8, 20, and 48 hours.

It is seen ﬁROm.Tabie 2 that the absorption maximum is shifted to

slightly- lower values. The change ig fuxrther illustrated by the

ratio, of - the optical densities, recorded in Table 9.

Table 9

Irradiation time E LOO E 40O E 400 E LOO
in hours % max. E LLO EL20 E 380 E 350
. ' -

0 ' 400 2.08 1.16 1.16 1.84 spectra in

benzene
20 398 2.13 1.18 1.17 2.06
48 39k 2.21 1.21  1.14  1.94
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Furthermore, the optlcal density and N mexims do not change
within“ ohe hour at 25°C. Despite the fact that the irradiated equil-
{brium mixture consists mainly of all-trans modification; it seecmed
impossible to isolate sbme trans-cis-trans azoxystilbene.

A total of 160 mg of all-trans azoxystilbene was ir-
radiated in batches of 53 ml each for a period of 43 hours. After
irfadiation was stopped, the solvent was quickly removed at o° C‘
in vacuum, and ﬁhe residue stored over dry ice in the dark; The
three batches were then combined.

Purifiéation (a), tfractionael crystallization: -

160 mg’of thg irradiated product were dissolved in benzene
at 20°C to gi&e a saturated solution. The solutioﬁ was then le£ to
crystallize at 0°C and filtered. The mother liquor was then con-
centrated in vacuum and agzain let to c¢rystallize, filtered and the
operation.repeated once more. Spectral data indicate, that the three
crystalline fractions are essentially pure trans azoxystilbene. In
the mother liquor of the third crystallization, the absorption max-
imum is shifted to 395 mu; the minimum is shifted to longer wave-
lengths and a second maximum appears at 323 mu.

| After evaporation of the solvent, the residue was dissolved
to give a saturated solution in petroleun ether-benzene 1:1 and
again let to crystallize. The mother liquor probably contains a
mixture of compoundg. The ultraviolet spectrum of this mixture in-
dicates a further hypsochromic shift of 13 mp for the first ab- .}'

sorption maximum, a bathochromic shift for the minimum of 24 mp,
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- whereas the second absorption maximum isAnot~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
éhifﬁed back to 393 mu. It seems probable, therefore, that a sub-
stantial emount of the enriched trans-cis-trans.azoxystilbene has
beenlisomerized back to the trans modification. The data are

sumearized in Table 10.

Table 10
Solvent Amax Amin X\ max amt.
1. cryst. from beﬁzene cr hbo 305
. ml Loo 305
2. eryst. " " cr 40O 305
ml 400 305
3. cryst. " " cr 40O 305
ml 395 342 323 E 395 1.40 E 395 1.30
. E 3H2 E 323 °
pet. ether cr ole} 303 '
benzene 1:1 ml 382 366 323 382 1.C2 E 382 0.58 30
' 36 E 326 mgr
pet. ether ecr 393 365 328 E 393 1.07 E 393 0.96 10
E 365 E 328. nir -
ml 313 shoulder at 380-4Q0 20
mgr
cr crystalline fraction

ml = mother liquor
' All spectra were taken in benzene as solvent with a maximum.optical

density of about 0.6 ' o
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Purification b) by column chromatography of the irradiated material

Dimensions of the column: dlameter: 1 cm )
length : 12 cm .
material: Aluminum oxide

eluent solvent volume A max: B 390 E 390
ml ©mp E 420 E 370
10% benzene-pet. - 50 390 1.5 1.1
ether 25 390 1.5 l.1
15% benzene pet. 25 | 390 1.5 1.1
' ether 25 _ 390 . 1.5 1.1
25% benzene pet. :
ether 25 39k 1.h4 1.1

Benzene 25 397 1.2 1.2

All spectra were token in benzene. Using petroleum-ether as eluting
"solvent, no compound came off the column. Up to 15% benzene , an
apparently uniform material ceme off the column. The absorption
mgximum was, however, at higher wavelength than was obtained by
fractional crystallization. 7The fractional crystallization pro-
cedure as outlined in a) 1s too time-consuming whereés the column-
chromatography procedure does nol yleld a pure product. By first
chromatographing on aluminun oxide and subsequent fractional crystal-
lizatioﬁ from benzene-petroleum ether, it should, however, be possible
to obtain é pure trans-cis-trans azoxystilbene. The first absorétion
maximum seems to be about 380-385'mp in bhenzene; the'second at 323 mp.
Irradiation of all trans azoxystilbene in benzene leads to a mixture
of three compounds:

a) unreacted all-trans azoxystilbene Amax 400 mp in benzene

b) trans-cis-trans azoxystilbene Maax 390 mp in benzene
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Its infrared spectrum shows no band in the region of 920 cm'l

-1 typical for

typical for a cis stilbene and no band at 3600 cm
a phenolic hydroxyl group.
c) An unidentified compound soluble in petroleum ether héving‘a

A max 310 in petroleum ether. The compound, or compounds, seem to

have a trans stilbene nuéleus end. have no phenolic hydroxyl'group.

n

Irradiation of cis-trans-cis
Azoxystilbene

Irradiation was first studied as a function of time. A 2.1073p
4soiution in benzene was irraediated for 8 to 20 hours: In the
ultraviolet spectrum a slight hypsochromic shift was observed.

The change is further illustrated by the.ratio of 0pt1cél densities.

The data are summarized in Table 11.

Table 11

Irrediation of cis-trans-cis Azoxystilbene
in benzene solutions

Irradiation © A max ' E 370 E 380

‘ my E 350 E 420
"® hrs 377 1.23 2.84
8 hrs ' 376 1.28 24
20 hrs 374 "1.32 2.45

After evaporation of the solvent at l2°CAin vacuum, the residue
was digested 1n petroleum ether, which had previously been cooled to
-25°C.- No fractionation was obtained. Similarly, chromatography
from an aluminum oxide column with petroleum etﬁer as the elutingz

solvent vas unsuccessful. A scale model indicates, that the all
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N\ .
cis azoxystilbene should probebly have a spiral structure. Since

the rate-fOr the thermal isomerization of trans-cis-trans 8Zz0Xy~
stilbene to the all trans azoxystilbene has & half-life of only
about 160 min at OOC, it may weil be that the all cis isomer can

not be isolated under the relatively mild conditions used in this

experiment.

Irradiation of trans p-Aminostilbene

Initial experiments on the productioﬁ of éis p-aminostilbene
' !

vere made by irradiating the free amine in benzene for periods of
10 to 26 hours‘in a dry nitrogen atmosphere, After evaporation of the
solvent in the &acuum, the residue was chrbmatbgraphéd fron an al-
uninum oxide column using n-hexane and n-hexane-benzene mixtures
as the eluting solvent. Spectra, taken in 50% ethanol-2 n hydro-
chléric acid, were identical ﬁith trans aminostilbene hydrochloride.
It_thus becam evident tha: cis aminostilbene had isomerized during
isolation and, or, chromatozraphic purification.

In éubseqpent experiments, irradiation of trans p-aminostilbene
hydrochlofide was studied as a function of time. Figure 28 éhows
the spectral changes that occur for irradiaﬁion times up to 24O min.
The extinction coefficients rapidly decrease with increasing ir-
radlation time, and the absorption maximum at 295 my disappears with-
in 30 min. Prolonged irradiation results in the decomﬁosition‘of
cis p-aminostilbene. The low absorption in the region of.250 m
furthermore, indicates that no apprecieble amounts of a phenanthrene

derivative were built up. Thus, as in the case of irradiatlon of trans

p-hydroxy stilbene, cis p-dmlnostllbene cation is destroyed by second-

ary reactions, whose rates are very much slower than trans-cis isomer-

ization. Due to these secondary products, the rate of isomerization
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can not be calculated from the extinction coefficients of cis
and trans amino stilbene cations at two different wavelengths.
Rough data can, however? be obtainediby the base-line method

'aé outlined in the thermal isomerilzation of cis p-éminostilbene.
In figure 29, =log A is plotted as a functioh'qf irradiation
tine, Irradiation up to'30 min. is strictly a first order re-
action. ¥Krom the slope of the straight line the first order
rate constant is calculates to be k = 8.1 . 10™% sec'l, corres-
ponding to a half-life of 14 min.

Table 12 summarizes the data on the rate of trausscls
isomerizatioﬁ effected by ultarviolet lizht 1in various solvents.
These irradiation studies were mede in order t§ fihd optimum
conditions for the prodﬁction of cis stilbene-derivatives. The
rate constants are, therefore, of limited acéuracy. The rate
constant for the p-amilnostilbene cation is about 5 times as
bigh as for the other three compounds.ahd is probadbly due to

acid catalysis.

Table 1.2
Effect of Ultraviolet ligh@ on trans-cis Isomerization
at 50°C

Compound ~ solvent ratghconsfﬁnt

' sec
stilbene ' benzene 1.8
p-acetoxy benzene 1.2
p-hydrbxy ethanol 2.0
p~aninostilbene 50% etahol |

& m HCl 7.9
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Fig. 29. Rate of trans-cis Isomerization of p~-Aminostilbene at 50°C.
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SECTION IIT p, of cis and trans aminostilbene cation

\

1) General considerations:

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

the equilibrium in the system

@ 5 @ .
RNH, + H RNH

2 = 3
which, in turn, will be determined by the relative thermodynamic
stabllities of RNH2 and its cation é§%3. With apiline the reso-
nance structure of the neutral molecule will be stabilized by tpe
considerable delocalization of electrons which is possible, since
they may occupy all the positions denoted by theAfer structures (i)
-(1v). 1In the anilinium cation the uhshared palr on the hitrogen .
has been localized by forming & covalent bond with the acid proton
and hence structures reseﬁbling_(ii)-(iv) are no longer possible.

Thé analine molecuie will theréfore be greatly stabilized relative
- to its cation, because of thé 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.
® = ® L
P e N Y S
(i) - (i) o (iii) (iv)
All of this will, of course, apply equally well to the two
_amino stilbenes. Structures (11) and (111) will be analagous to

(i1)-(iv). 1In addition, structures like (I), (IV) and (V) will

be of importance. If structure (IV) were of great importance to



the stabilization of the free base, it would follow, that the

pK of the trans aminostilbene should be much smaller than the

one for the cis amine. On the other hand, if structures (I),

(11), (111) and (V) are more important, then one would expect

the pK of the two amines to be of the same order of magnitﬁde.

78b
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The pK of both, cis and trans, para amipﬁstilbene have now
been measured in 30% metanol buffer solutions. Since frans p-
: am;nostiibene cation 1is rather/igiuble in water and moderate con-
centrations of methanol, no direct titration was attempted. Instead,
citrate buffered solutions of constant ionic strenzth were used and
the differences in the spectra recordé@. The averaze value fof'ihe
?k of trens p-aminostilbene at 25°C is 4,20, while the average value
of the cis isomer is 4.2l under the same conditions. The true thermo= -

dynamic equilibrium constant can be calculated according to the

equation (1).

: fy
o= + 1lo 1
By = B 8 _()
s

. Where ks is the coﬂcentrationAdependent equilibfiuﬁ constant, :b the
activity coefficient. for the free base and [ the activity coefficient
for the cation. Although the activit& coefficients are not known, .-
they may be approximated by equati§n (2). | |
- R
-log f; = 0.5 z2i \/ g (2)
1.+VCT“

in which p is the 1onicﬂstfength_and zy is the charge of species i.

If equation (2) is introduced, then equation (1) becomes:

L, 5
PRs =DPg, *_0:5 (23 -2 ) ‘/:_ (3)
L+ R
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For an ionilc strength of 0.065 the correction factor in
equation (3) becomes 0.10 so that for
trans p-aminostilbene P = 4.10

8
cis p-aminostilbene P, = 4,11

The reaction constant in the Hammett equatlon has been reported
by Jatrel™ to be 3.435, the Py for aniline as k. 326 for the 30%
methano;; It 1s therefore possible to caléulatevthe substituent
constants & for both cis and trans para-phenethenyl, Ph-CH=CH-,
pKanaline - pK:aminostilbene =d, ¢ ,
" The substituent constants are calculated to be:
trans p-phenethenyl“‘; 0.064
cis b-phenethenyl f’a 0.061
p-phenyl 9" = 0.009
For comparison the value of p-phenyl aniline is given. ‘Thua
it can be concluded that structure IV cannot be of great importance.

2) Measurement of the p, of trans-aminostilbene

(a) Preliminary measurements. In order to establish the
changes in spectrum for the free base and 1ts cation Perkampus's
buffers for 30% metanol were used. Table 13 gives the composition

and pH of these buffers.

v



Table 13

tPerkampus Buffers

81

pH ml 0.2 m aq. ml 0.2 m aq
" citric acid NaoHPOL
0.2 0.63 m HC1 ———— e
1.3 0.054 m HCL ~ emme=  mmeeas
2.03  ~-e-e-o-a bh.1 2.0
3.20 e 37.9 1&,2
3.92  memmece-- 30.5 28.8
L.72 cecmem——— 20.2 31.8.
'5.55 = ;mmeme-e- 16.k 38.9
6.65  wmmammmn- 12.2 47.6
8.2  eecccenaa 0.7 52.2
11.2 0.002 m NaOH e e
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The volume of citric acid and sodium phosphate were added
to 30 ml of methanol:and thé solution made up to 100 ml solution.
It is seeh that the ionic strength of these buffers varies zreatly
with the pM of the buffers. In Figures 30, 31 and 32, the optical
densities for a 2.5 . 1025 m trans p-smluostilberie solution ar@.
plotted for vérious wavelengths as a function of the pH. It is
seen that the optical densitiés are nearly constant between pi
0 and 2.5 and axain between pH 6 and 11. From these plots a rouzh
.estimate of the Py of trans-sminuslllVene cation io about h.2
Sulid trans p-~aminostilbene, and to a leséer extent the hydrochloride,
beqomes slightly brown when standing in air and exposed to nérmal
indirect light. It was therefore decided to determine whether any
éhange could be observed when solutions at various pH were stored
for some time. The results are as follows: the cation is stable
at pH below 2.0. . At & pH of 3.2, the maxima at 297 my and 307 my
shift to 3 slizhtly higher waﬁelength with conéurrent lovering of.
the extinction coefficients. In 25 hours, at room température; this
change is of the order of 1.2. At a pH of 11.2, a large change in
spectrum 1s observed. At this pH the maximum shitts from 324 mu
to 300 my. Figures 33 and 34 show'these changes. The change of the

spectrum can, however, be neglected for very short periods of time.
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Fig. 30, trans p-Aminostilbene Change of spectrum as a function
of pH.
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Fig. 33. Stability of trans p-Aminostilbene in 30% methanol-buffer
of pH 3.2 at 25 C.
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Fig. 34. Stability of trans p-Aminostilbene in 30% methanol-buffer
of pH 11.2 at 25 C.,
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2b Precision Measurement

Stock solution: 53.12 mg freshly prepared trans amino-
stilbene hydrochloride was dissolved in 30 ml methsnol aend 10 ml Q.10
m HCl. The solution was made up to 100 ml with distilled‘COQ free
wvater. The stock solution was diluted.1:10 by taking 10 ml and di-
luting with 30% methanol to 100 ml. Thus the concentration in:this

-l : -
dilute solution is 2.30. 10 molar for the amine and 10 3 molar

for the H*.
| Table 1k
Buffer solutions for the Determination of the pg of
: Aminostilbenes
pH ml HC1 ml NaOH . ml citric acid ml NaCl ionic strength
l1.0m 1.0m 0.2 m . ln N :
2,1 1.00  m-- --- 6.25 7.25 . 1072
3,8 e k.00 25.0 3.25 . 7.25 . 1072
L3 - 5.50 25.0 . 1.75 7.25 . 1072
.8 e- 1.2y 25.0 0.0 7.25 . 1072
11.6 - 1.00 - 6.25 7.25 . 1072

30 mlr. methanol and distilled CO2 free water was added to make up

100 ml buffer solution.
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Spectroscopic Measurements

= - +
.1) Blank: 1.00ml 16 3 mH 9.0 ml buffer were made to 10.0 ml

u-molar amine + 9.0 ml buffer were made

2) Amine: 1.00 ml 2.3 . 107
up to 10.0 ml. To minimize errors, all solutions were made up im-
mediately before the spectra were taken. In all cases the same vol-

umetric equipment was used. Corrections were made for the small con-

tributions fom the biank for each indlvidual buffer.

oH Measurement at 2500

A battery operated pH meter, Beckman Model N, a 4990-80
General Purpose glass-electrode, and a calomel electrode h970;
fiber type, were used for pH measu;ement. The instrumnet ﬁas
standardized with a Beckman buffer 1404 of pﬁ 4.01 and checked
with a Coleman buffer pH 2.00(#5k4).. pll valuee of methanol buffer

' (loc.cit.)
solutions have been measured by Perkampus et al, with hydrogen-
calomel electrodes. For'McIlvainé buffer in 30% me{;nol, they
reporpgd a pH of 2.48 which 1s in good agreement with the value
»f 2;52 at 25°C found for the glasé electrode calomel system.
The pH of the methanolic buffers is constant after.a period of

15 sec., and shows no drifting within 20 min, thus indicating

~ that the equilibrium at the surface is established very rapidly.

The effect of the methanol concentration on the extinction co-
efficient was also determined. It was found that up to 87% methanol
no change in the extinction coefficient, of the free base and its

corresponding acid can be observed.




The effect of the ionfc stren:th on thé extiﬂction coefficieﬁfs
was deté;mined; Within the range of ru 0.009 and 0.315 no change
could be obsgrved for both thg free amine and i£§ cﬁtion. Table
15 gives the corrected optical densities for 1 cm cell thickness,
and a concentration of 2.30 . 1677 min in 30% methanol. The

spectra are reported in Figures 35 and 36.

Table 15

pK of trans Aminostilbene

pH wavelengths in my
340 330 . 320 20 30 270 X max )\ max
2.10 B 0.015 0.12 0.b55 0.685 0.555 0.360 295 307

£.1073 0.650 5.20 19.80 29.70 2k.20 15.60 - 31.80 30.6

3.87_| Elcm 0.195  0.320 0.535 0.535 0.450 0.280 297 307
k.32 B em 0.330  0.4h45 0.595 0.595 - 0.395 0.2h0 303
4.85 E 0.460  0.570 0.650 0.850 0.480 0.320 322 310

11.63  Ej .  0.575 0.885 0.700 0.700  0.k35 0.270 32k

£.10% 2,50 297 3.04 1.80_ _ 1.16 _0.a5 3L
" where §cm stunds for the opticul density and 1is the extinciion

coefficient at a particular wavelength .
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Fig. 35.

Spectrum of trans p~Aminostilbene and its cation in
30% methanol.
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Fig. 36. Spectra of trans p-Aminostilbene at various pH in
30% methanol. -



Calculation of the Py

cl (3)

pK = pH + lozg c2

cls concentration of the cation of the amine

c2 =concentration of the free amine

‘ e £ ¢
Bo=C fjyvcy g (2
Ep=Cy Lo+ € fp (3)

At constant pH, El = optical denmity for wavelength 1

£ 1 = extinction coefficient for wavelength 1 and the.
1 amponiuwn ion

7 lé = extinction coefficient for wavelength 1 and the amine
E2 = optical density for wavelength 2

521 = extinction coefficlent for wavelength 1 and the
anmmoniwa ion

&Q = extinctlon coefficient for the amine at wave-
lensth 2 ' ‘

By solving equation (2) and (3) for C, and C, the following expressions

1
are obtained:

. . ' i’ .
C2 = ..
- & 3
£y %22 "H2
s 2 ~
and c, = %l o0 - By 12 (5)
N Y A
13 o2 “Hpfpy



8o that: -
!
E £, -E C, :
L - 1 22 2 12 (6)
and : ¢
P = pH + log Ey E22 - E2 12

(7) ' . v/.’

- - E ¢
2 L1l 121

E
Inspection of equation (7) shows that the Py is a complex funtion
of both the eéxtinction coefficients and optical densities. Since
both nominator wnd denominator arc differences! only those wave-

lehgths were used for calculation in which these differences were

significant. 1In all cases the total concentration

c
¥ot

ﬁéscalcualted and all date rejected vhich were not within 3% of

the experimeﬁtél value. Table 16 gives the results for buffers

of pH 3.67, 4.32 and 4.85. Inspection of the data, furthermore,
indicates that the material used for Px meaqurement is reasonably
pure, since the pK calculated from three different pH shows no sig-

nificant trend.



Table 16

of trans p-aminostilbene in 30% methanol at 25.0°C

Pg
Py wavelength ctoﬁal . 107 Py
Comu . 8
3.87 340 - 290 2.250 .19
340 - 280 2.240 . | 4,17
340 - 270 2.24%0 4.17
330 -~ 290 2.310 4.13
320 - 290 2.34%0 L,12 _'
- average 2.284% k.16
4,32 340 - 370 2.331 " 4,22
340 - 290 2.30k 4.2
340 - 280 2.395 h.25
340 - 270 2.29% k.21
330 - 280 2.321 4.20
330 - 270 2.306 k.19
320 - 290 2.313 4.21
320 - 270 2.301 4,20
290 - 270 2.327 4.18
average 2.321 k.21
4,85 320 - 290 2.290 b2
320 - 280 2,258 L.16
320 - 270 2.294 u.é3
290 - 280 2.297 h,21 .
290 - 270 2.277" 4.25
average 2.282 4,21
over ali average 2.301 L.20
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3) Measurément of the p. of cls p-Aminostilbene

The procedure for measurement of the pg. of cis p~
-aminostilbéne 1s identical with the one for the trans isomer.
Table 17 gives thHe corrected Optical densities for 1 -cm cell

2 o in 3% methanol.

thickness end a ‘concentration 'of 3.15 « 10~
Spectra of the cation and the free base are shown in Figure 37.
For stabllity of the cls amine see the section under the heading

‘Isomerization of cis aminostilbene.




P of cis-aminostilbene

Table 17

KS
Wave length in mp
Py 340 330 320 310 300 270 260
| 2.10 Ej . . 102 1.0 3.0 9.5 17.0 25.0 32.0 27.0
.1073 0.31 0.99 2.97 5.32 7.82 10.0 8.4k
'3.85 By oy .102 5.0 9.5 6.0 23.5 31.0 29.0 2k.0
L. 27 El cm 10° 8.5 13.5 21.0 29.5 35.0 27.6 21.5
L.79 Elcm-102 13.0 20.0 26.5 3L.5 39.0 2k.5 19.0
11.58 By op .10° 17.5 $25.0 32.5 4.5 45.0 23.5 17.5
.1073 5.47 7.82 10.15 12.66 14.07 7.34 5.47

Ly
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Fig. 37. Spectrum of cis p~Aminostilbene and its cation in
30% methanol.
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99

Py Of cis-p-aminostilbene in 304 methanol at 25.0%C
102

Py vavelength Ceotal 10 Py
3.85 330 - 320 3.057 | k.19
330 - 310 3,004 4,21
330 - 300 3.214 4.23
330 ~ 260 3'.176 Yoo
320 - 310 3.128 - -
320 - 270 3.148 L,22
300 - 270 3.165 - %.18
. average 3.1k0 L.21
h.27 330 - 300 © 3.262 h.21
330 - 260 3.153 4,25
320 - 270 3.136 4,23
310 - 260 3.256 4,20
300 - 270 3142 b2k
average | 3.189 4,23
479 330 - 310 3.049 b1k
' 330 - 260 3.124 4.20
320 - 270 3.06k4 k.21
310 - 260 3.111 4.23
300 - 270 3.082 4,26
average 3,086 k.20
over all a.vérage 3.1k 4,21
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SECTION IV

p-Diazostilbenes and thelr decbmpOSition products.

1) .General Considerations. Previous work on the isomerization
of stilbenes was either dome in the‘gaé phasele) or in the pure
liquid phase*7,*8, The compounds were mainly p-cubstituted or
p-p* -disubstituted stnb'eﬁes. In all cases studied .so far, the ionic
contributers to the'resonance hjhid were such that a partial
positive charge was associated with an ataﬁ attached'to the
stilbene nucleus. In thies respect cis diazosti;bene qffers unique
poasibilitiés.' Diezocompounds can Ee decomposed byAtwo different
, mpchanismg: |

" a) Thg'iopic:mechahism of.ﬁhe decomposition of diazonium
cations 1s supﬁorted-by the experimental observation thaﬁ the reaction
is sfrictly first orﬁer in aqueous acid solutioﬁs and that the rate
is independent of the nature end ccncentraiion of the anion in
dfute solution.}® | |
' + 10 +
Af-Na —3 Ar + N
AFr X —> Arx
X~ being = nucleophilic species such &g CL’;stc-
b) Free radical mechanismé"Whén diaszoiumsalts are dissolved
in agueous hypophosphorous acidAthey are feduced to hydrocafbons;
The reaction is strongly catalyzed by traces of oxydizing agents, spch
'as cupric ion, and are strongly inhibited by benzoguinone. Both of
these observatlons support a free radical mechanism as suggested by -

Korbblua=©.
+

A i
ArN HapOp  ——> Ar-N H*Oull-OH + H
No apUz —

14 . . ’ .
Av-{ H-O-P-OH  ———>Ar.+ HeEo, * T2

-1 TP
HoP0p  Ar-lNa ___;Ar H  HaPO

A oF0z —> Ar-H 4+ ngo2
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Thus by decomposition of cis diazoniumstilbene it is possible to
generate elther a stilbene-radical or stilbeﬁe carbonium ion
'-depending on the conditions used. If now the life time of the free
radlcal resp. carbénium ion 1s larger than the time reguired for
one vibration within the molecule (ca 10723 gec) then one wouwld
expect, that the 1solated product would be a trans stilbene.. In
other words, the rate of the secondary reaction is élqﬁ enough -
that the free radical resp. carbonium ion can isomerize. On the
other hand, if the rate of the secondary reaction is very fast, then
isomerization of the free radical resp. carbonium ion will not be
possible and the product will be a cis stilbene. Careful analysis
‘of the products of the reaction wil thus give information
regarding the life-time of the free radical resp. carbonium ion;

2) Stilbene diszonium salts. Trans stilbene diaszoium salt.l

1 g'of trans p-aminostilbene hydrochloride was dissolved in 300

ml of ethenol at 60° C, the solution cooled to 5°C and filtérgd
from undissolved salt. 0.3 ml of cold concentrated sulfuric acid
vas then added, and then slowly 0.54 ml n-butylnitrite added while
stirring. After 1 1/2 hrs a small portion was diluted.with 10
volumes of cold ether and the solution cooled to -§O°C.A Since

no diazonium sulfate crystallized; the bulk of the remaining
solution was used in further experiments ﬁithou£ isolation of the
. diazonium salt. A.small aliquot of the ethanolic stilbene diazonium
sulfate solution was diluted asbout 200 times with 6 n hydrochloric
acid. It-shcwd an absorptibn maximum at }95 m/AL

Cis stilbene dizonium salts. Since no trans stilbene diazonium

sulfate could be precipitated when Knoevenagels procedure was used,
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énd since generally cis stilbenes are much more soluble than trans
stilbenes, no attempt was made to prepare cis stilbene diazonium
sulfate. instead, it was hoped that it would be possible to
‘precipitate cis diszostilbene cation as the fluoborate. In order
that'good yield; result's in the préparation of dlazoflugborates,
diazotisation of the amines is generally carried out in strong mineral
acid using very concentrated solution.

1) 500 mg of cis p-aminostilbene hydrochloride was dissolved in
3 ml cold 2 m hydrochloric acid. While stlrring vigorously 2.2 ml
1 m sodium nitrite solution was added. During diazotisation a
large emount of a orange precipitate waé formed yhicﬁ'was filtered
off. The filtrate on eddition of 1.1 ml 2.8 m sodium flucborate
resulted in the formation of a small amount of diazonium fluoborate
whilé'the solution showed an intense yellow color: Solution 1,
table 21. The ultraviolet spectrum of this solid diazofluoborate showed
an absorption'maximﬁm at 380 ?/gin ﬁatér as well as in saturated
sodium bisulfate solution. Infrared spectra could not bBe teken
since the available silveréhloride cells prooved unsatistadtory even
when D20 was used instead of water. In view of these technical
difficulties no further attempts were made to produce solid
diazonium salts.

2) 300 mg of cis p-aminostilbene-hydrochloride was suspended
_in 100 ml of 4 molar hydrochloric acid at 0°C. The spectrum of the
insoluble portion (104 mg) revealed that no isomerization of the
eminostilbene cation had occured. To thg filtrete were then
added small portions-of 0.2 malar sodium nitrite solution. After
each addition a drop of thereaction solution on pqtassium-Jodid-
starch paper éroduced an intense blue color. As long as emino-

stilbene was still present in excess, nitrite was used up repidly, and
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subsequent drops of solution falled to produce the blue color
with the starch paper, the timc.required being less than 5 min.
ﬁith the last portion 6f nitrite added, that'is, wvhen an initisl
excess nitrite was no longer used up, & blue color could be detected
even‘after 10 min. had clapsed. Thus by using this technique,

the actual concentration of nitrite in the reaction medium wvas

always very small and consequently any side reaction, due to excess
of nitrite, was miniriized. 'The total tiwe required for diazotisatiog'
was sbout 45 min. An aliqﬁot of this diazonium solution (solution 11,
tdble.2l) diluted with 0.0é m hydrochloric acid showed an sbsorption
‘.maximum gt 395 nvgand an extinction coefficient of about 2:105;A This
absorption maximum is identical with the trans stilbene diszonium
ion. Thet isomerization during diazotisation hed occurred, is
revealed by the pfodﬁcts obtained én decomposipioh of the
diazosolution (see under deéompdéitioniexperiments.)

3) In order to determine whether cis aminqstilbene cation or

cis stilbene diazoniun ion'was isomerized during diazotisatioh 300
" mg of cis.aminostilbene hydr&chloride was dissolved in 100 ml water
at 0°C. After addition of 3.25 ml of 1 m hydrochloric acid ~
corresponding to 2.5 equivalents of H+ per mole of amine-
diazotisation was carried out as described above (solution 111, table 21(.
1 1/2 hours after the first addition of sodium nitrite aliquots were
diluted with hydrochlori¢ acid of various concentration as indicated
in table 19. Inspection of table 19 suggests that some isomerization
during diszotisation occurs. Furfhermore the bathochromic shift
. observed by increasing the concentration of hydrochloric acid is

only partially due to the solvent.
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TABLE 19
Influence of the solvent on the spectrum

of cis stilbenediazonium ion (solution 111) at 0°C.

Concentration Time after Absorp.  Opt. Time after Absorp Opt
of HC1 molar Dilution, Maximum Density Dilution Maximum Density
Min. . m/A Elcm Min q}\ ' Elcm
10°3 2 390 0.48 155 390 0.37
1073 2 390 0.52 155 390 0.48
1 2 393 0.48 155 393 0.42
12 - 396 0.56 155 402 0.42
12 : 398 0.55
TAERLE 20

Califbration curves for cis and trans stilbene mixtures

in CSgec, . o 0.278 m/1 throughout

ctrans ccié; ‘ nptical dehsitiea at

molarfet molar/et . 20.45 10.88 A
0.278 0.000 0.899 ‘ 0.010
0.251 0.0278 0.867 0.035
0.195 0.083h - 0.696 0.090
0.139 0.139 - 0.533 0.158
0,083k 0.195 0.311 0.211
0.0278 0.251 0.118 0.268

0.000 0.278 0.029 0.310 -
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Reduction of cis stilbene-diazonium solutions. Diazo solutions,

. described in the previous section, were diluted with an equal

volume of 50%.hypophosphorous acld, in some cases & small amount

of cupric sulfate was added, snd the reaction mixture stored at 5°C
untii-a shall aliquot g added to a dilute aqueous H-acid solution of
‘PH 8, no longer produced & red co;or° The reaction, using cupric
ion as a catalyst, requires about 10 min. for completion, whereas
“the uncatélyéed reaction tekes betveen 2 and 16 hours for completion.

'The reaction mixture was then extracted with ether, the ether
washéd with equeous soaium carbonate solution and then several times
with water. After evaporation ofthe ether the reaiduelﬁas ﬁaken up
in n-+hexane in whichﬁboth cils eand trans stilbene 1s soluble.

Infrared spectra were taken in CS, and thé optional densities
determined at 1o.u5/, for the trans component and 10.8§/u.for the
cls component. The concentfation 6f the cis and trans component were
then determined from previously ¢stablished calibration curves.

The optical densities are plotted as a function of concentration
in Fig.'58 ﬁsing a NeCl-cell of 0.136 mm thickness. Inspection of
these curves indicates that Beer's law is obéyed up to concentrations
of 0.25 molés/lt. In Table 21'experimental'results for the
decomposition in 25% hypophosphorous acid solution are tabulated.

In column 2 the wavelength of the absorption maximum for a
.particular diazonium solution is given. Per cent trans stilbene

| indicates the ratio of the concentration of trans stilbene énd

the sum of cis and trens stilbene multiplied Ly 100, percent total
stilbene indicates the ratio of the weight of cis and trans stilbene
found spectroscopically and the weight of sample used for the

spectroscopic determination.
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Fig, 38, Cis-trans Stilbene mixtures. Optical densities for the
two characteristic wavelengths and a total concentration of
0.278 m in Carbondisulfide,
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TABLE 21

Decomposition in 25% hypophosphorous acid

- Solution Conditions used " Absorp. %trans 4 total
‘ for reduction . maxXx. 0 . stilbene stilbene
r .
[
1 , cupric ion catalysis 380 12 - 55 °
1 . no catalyst 380 20 4o
11 ' cupric ion catalysis 395 98 57

111 cupric ion catalysis - 390 50 60
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The table clearly indicates that a stllbene diazonium
solution with an absorption maximum near 380 muy is assbciated
with the cis isomer, whereas a stilbene diazonium solution showing
an absorption maximum at thé yavelength'of thé‘trans isomer results
in the formation of only trans stilbené: Fgrtbermore,‘the % total
stilbene is coneistently 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
cls and trans stilbene and one or more asdditional neutral compounds,
whose structure can not be & l:e—disubstituted efhylene.

4) Coupling products of diazostilbenes

Although H-acid, 8 aminonaphtol-3,6 disulfonic acid, may be
.ccﬁpled with diazo solution in the 2 or 7 position, the reaction
product is & pure 2 substituted H-acid,‘since in bicarbonate solution,
coupling in the 7 position 1is prevénted due to the much lower re-
activity of this position at the pH. TFurthermore, the azo-

" confpound ; - once formed{ will not couple with a seéond molecule of
diazostilbene so that there 1s no doubt as to the structure and
purity of the dye formeel.2l Coupling of cis dlazostilbene(U.V.

380 mu) with H-acid under the same conditions results in the
formation of a red dye with absorption maxima at 535 mu in 6

n HC1l and 545 mu in bicarbonate solution.
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SECTION V

Ultraviolet Spectra of Stilbene Derivatives

The spectra of the stilbene derivatives studied are shown
in connection with the individual compounds. All spectra were taken
on é Cary Recording Spectrophothometer. Spectra of p-acetoxy-and
p-acetoaminostilbene were measured in ether, since the spectra in
alcoholichsolvents might be altered due to trans-esterfication.
Thgse absorption maxima have beep chrectad; a bathochromic shift
of 7T mu beihg assumed. Spectra of p-aminéstilbenes were measured
. in 30% metﬁanol. The spectrum of the p-aminostiibenes cation is
not affected in the reglon of pH 0-3. iSimilér;y,-taﬁ above a pH
of 5.5 the extinction coefficients are consﬁant° for further ref-
efences see the section on pg measurement. Absorption maxima,
bathochromic shifts and extinction coefficients are summarized
,in(Table 22. F r comparison in Table 23, corresponding data for

Scorresponds

monosubstituted benzene derivatives are recorded.
to the bathochromic shift in mu from the corresponding unsubstituted

stilbene resp. henzene absorption maximum.



Table 22

U.V. spectra of mono substituted stilbene derivatives

cis : . trans
A N -l -k
A Dax . g €10 A max -d *10 A max, cf $°10
o 1 ' my o

Stilbene 278 0 1.08 296 2.83 1308 0 2.77
p-chloro 283 45  1.10 1301 5 3.0 .3k 46 2,98
p~OR 295 #7T  L.10 305 9 2.8 300 +12 2.75
p-acetoxy 287 ¥ 100 307 +11 2.85 3.9 o+ 2.55
pemethoxy 288 40 1.3 305 9 2.9 303 +15 2.8

p-acetaming 303 #25 . 0.80 307 11 e 319 +11 ——
p-amino 299 21 LAk 324 +16 3.1k or 32h +28 3.1k
p-Nd, 218 ¢ Ln 297 +1°  2.68 309 41 2.77
p-NO, 326 48 1.06 3h9 +53 2.37 349 . 4+l 2.37

Ofj



Table 23

U.V. speictr'a of mono substituted benzene derivative523

’ L]l

010~3 CCe10™2
A oy § g0 '\ b S g0
benzene 203.5 === Tok 25k .- 2,04
 chloro 209.5 -6 T4 263  -10 1.90
 hydroxy 210.5 -7 6.2 270 -16 14,50
_tethoxy 217 =14 6.4 269  -15 14.8
: 'an;ino o 230 -17 - 8.6 280 -26 1)+;3
acetaniline ~ 242 ~39 1.4 280 26 5.0
“aniline cation 203 0 7.50 o5k 0 .60
nitro = 268.5  -65 7.80 350 96 2.00
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Substituents on the benzene and stilbene quéleus show bathochromic
shifts of thé same 6rder of magnitudec These data then confirm
doulson“a conclusion that strucfure V for the stilbene derivatives
must be of'gréat importance in the excited state. Whereas the ex-
tinction cbefficieﬁts of the first absofption maximum for benzene
derivatives are of the same order of magnitude, the extinction co-
‘efficients of the second absorption maximum are marked;y increased,
' when substituents are introduced. Thus 1t is seen, that'aniline with
an absorptiQn maximum of 280 mu shows a seven-fold increase in the-
ext;nctién coefficient over bhenzene.

In both the cis and trans stilbenes no such great changes
are observed. Most of the trans stilbenes show fine structure in
the region of 320-290 mu. In general, two distinct absorption max-
ima séparated by about 12 my and a shoulder separated from the first
absorption maximum by about 25 mp éan be recognized. P-aminostilbene
in 0.009 m sodium hydroxide 30% metpanollshows a shoulder beween 310
and 320 myu. The lack of fine structure is; however, probably due
td the increased polarity of the éolvent. P-ﬁitrostilbene shows no

22 attributes the fine structure of trans

| fine structure. Beale
stidbene to an ethylenic. C=C strézkching frequency. In the cis

stilbene series nc fine structure is ohserved.

L}



112a

figure
From/I, the structures expected to be .of importance in light

absorption would be

3

_a) in the ground state:
=<:>= RO
C. o]
O )
@ ) }.1 |
R C
Do

b) 1in the lowest excited state:

nr p'4

Structures IV and V should make their greatest contribution to

the resonance-hybrid wﬁen the molécule is planar and should be

of little importance in the ground state of fhe'moleCule; If
structure V 1s the main contributor to the excited state, then.

the influence of a substituent R would be expected to be neérly

the same for both the cis and trans isomer. On the other hand, if
structure IV is the main contributor to-the excited staée, then the
influence of the substituent would be exfected to be different for
the two isoﬁers. The delta values indica£ed iﬁ Table 22 are seen

to be very much the same for the cis and trans isomer.
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"~ SECTION VI

Infrared spectra of Stilbene Derivatives

cis and trans stilbene - The main absorption bands for cis and trans

stilbene ate shown in Table 2k.
Table 24

Main Absorption Bands of Stilbene

trans cls

wa&e number extinctlon -+ wave numwber extinction
cm-1 coefficient cm™L . coefficient
3050 . 56 3087 o My
361; 80 3030 52

957 25k 923 . 88

762 | —-- 781 E 218

687 340 895 ‘312

The exact position of the ethylenic C-H stretching band in the 3100~
3000 pm-l’region is influenccd by the substitution of the C=C bond
and thus could be of analytical value. However, the aromatic C-H

stretching bands overlap with the former. Characteristic C-H out-

of-plane bending bands in the infrared spectra of linear. trans oelfines

have been assigned to 980-965 cm-l with extinction coefficients of
about 100. I n contrast, the cis Ry CH=CHR, band pas originally been
placed at 980-965 em™L but has subsequently been revised to 690 cn~t.
In Table 25 the characteristic bands are listed, with the
corresponding e#tinction coefficients for compounds measured in sol-
ution. It is seen, that the frequency of absorption for all cis

isomérs lies about 50 wave numbers below the value of the trans isomer.
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Table 25

Infrared spectra of mono substituted stilbene derivatives.

Stilbene cis trans
derivative : ’
vave solvent wave
number & . number £ solvent
p-nitro - - 915 48 cs, 966 120  CHCl
953 120 3
azoxy 916 -- cs, 968 ——— wt. oil
950 o
azo ” 918 95 cs, ' _——- P ———
P NB;CI . 917 - wt. oil ' 957 es=  wt, oil
p N-acetylamino 918 --  wt. oil 968 w—n  wt, oil
stilbene 923 88 cs, 957 25k €S,
p-chloro 016 57 cs, 958 268 cs,,
p~hydroxy .- . == 957 .= wt. oil
p-acetbxy 915 T1 .CSZ 969'. - wt. oll .

wt. oil = white o0il
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