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ABSTRACT 

'The photochelllical behavior of 4'-amino-, 4'-dimethylarnino-, 4'-diethylamino-, and 
4'-di-n-propylamino-substit~~ted trans-2-styrylpyridine were studied. Ultraviolet irradiation 
of aqueous solutions of the bishydrochlorides and methiodide-hydrochlorides for moderate 
periods of time produced mixtures of the corresponding cis and trans isomers. Long irradiation 
times produced the corresponding dimers in all cases except that  of trans-4'-di-n-propyl- 
amino-2-styrylpyridine. The cis isomers of the free bases and methiodides were isolated from 
the cis-trans mixtures. The trans-methiodides are not photochemically labile. The spectra 
of each pair of isomers were determined in water and in 50% methanol-water, with the 
exception of the 4'-di-n-propylamino derivative, which is not sufficiently water soluble. In 
addition, the spectra of the corresponding methiodides, hydrochlorides, bishydrochlorides, 
and methiodide-hydrochlorides were determined. T h e  basic strengths of the nitrogens in 
the cis-trans isomer pairs of the free bases and methiodides have been determined spectro- 
scopically in water and in 50% methanol-water. 

INTRODUCTION 

Earlier papers (1, 2) discussed the photoiso~nerization and photodilnerization of some 
substituted styrylpyridines. When dinlethylarnino groups were placed in the 4'-position 
(4-position in the phenyl group), din~erization of trans-2-styrylpyridine lnethiodide (Ia) 
in the solid state did not take place. 

This effect appearing in the solid state was attributed to improper spacing of the double 
bonds in the crystal lattice. The corresponding bis~nethosulfate (XII) did, however, 
photodimerize in the solid state. 

CH3 

N-CH3 SO.lCB3- X I 1  

CI-I , 

Furthermore, dilnerization and photoisomerizatioi of trans-4'-din1ethylai~~ino-2-styr);l- 
pyridine inethiodide (Ia) and trans-5-etl1yl-4'-dii11eth~lamino-2-styr~lpridiie (XI) failed 
to occur in aqueous solution. On the other hand, the 4'-methyl- and 4'-methoxyl-substi- 
tuted trans-2-styrylpyridine methiodides gave cis-trans mixtures and diiners ivhen 
irradiated in water solution. The photochelnical behaviors of the hydrochlorides of the 
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inonobasic styrylpyridines were analogous to those of the monoquaternary salts (2). 
Tables I and I1 summarize the symbols which represent the various derivatives studied 
in the present work. 

DISCUSSIOS 

The fact that Ia,  IIa,  and IIIa do not photoisomerize in solution suggests that extreme 
structures in which the ethylenic double bonds do not exist as such contribute greatly 
to the ground state of the molecules. One such example would be: 

The lack of double-bond character a t  the ethylenic bond could be responsible for the 
failure of Ia,  I Ia ,  and IIIa  to undergo photochemical change. 

In the present work the spectra and photochemical behavior of 4'-dimeth~ lamino-2- 
styrylpyridine (I) ,  4'-diethylamino-2-styrylpyridine (11), 4'-(di-n-propy1)-2-stS r l  Ipyri- 
dine (I 11), 4'-amino-2-styrylpyridine (IV), and their salts were studied. A second purpose 
was to study the base strengths of the cis and trans isomers prepared during the 11-ork. 
Base strengths were determined by the method of I-Iammett (3), as  modified for 
difunctional con~pounds by Rosenblatt (4). The use of the Rosenblatt scheme \\.as 
necessary, since during determinations of base strength the n~onohydrochlorides Ib to  
IXb never exist in their pure form. The  wavelengths of A,,,,, and molecular extinction 
coefficients of these moi~ohydrochlorides n-ere obtained from the ultraviolet absorption 
curves measured a t  various values of pH and by calculation. Both the spectra and the 
base strength values \\rere deterinined in water and in 50:30 methanol-water, since I11 
is not water soluble. Table I sunlinarizes the ultraviolet absorption data  of the trans 
forms of the free bases and salts of I ,  11, 111, and IV. The free bases (I-IV) she\\- uave- 
lengths of A,,,,, in the range of 337-380 inp, \\-hereas the trans-methiodides (Ia-IVa) and 
trans-monohydrochlorides (Ib-IVb) show corresponding absorptions in the range of 
385-470 mp. Under the same conditions, the trans-bishydrochlorides (Ic-11'6) and the 
trans-methiodide-l~~~drocl~lorides (Id-IVd) show wavelengths of A,,,,, in the range of 
324-328 inp. Thus, it appears that the ethylenic linkage in the trans free bases (I-IV), 
the trans-bishydrochlorides (Ic-IVc), and the trans-methiodide-hydrochlorides (Id-IVd) 
possesses greater double-bond character than in the trans-methiodides (Ia-I'17(~) and 
n~onohydrochlorides (Ib-IVb). As a result, photocheinical change talies place I\ hen coi11- 
pounds I-IV, Ic-IVc, and Id-IVd are irradiated. The unsubstituted salt, trans-2-styryl- 
pyridine inethiodide (Va), absorbs a t  a \\ravelength of A,,,,, of 340 mp. In all the other 
cases we have examined, including 4'-CH3-, 4'-OCI-IJ-, 4'-chloro-, and 4'-nitro-substi- 
tuted tralzs-2-styr~~lpyridine methiodides, a bathochromic shift of the \\ravelength of 
A,,,, occurred upon iiltroduction of a substituent into the 4'-position of trans-2-styryl- 

+ 
pyridine inethiodide (Va). The charged group -HN(CI-13)zCI- caused the reverse effect, 
a hypsochroinic shift due to the high electrophilicity of the positive group. X siiililar 
difference was noted by Phillips (5) between the spectra of the bismethiodide of trans-4'- 
din~ethylainino-2-styrylpyridine (I),  I ,  and Ia. 

The values of the rcd shifts produced in the trans-methiodides (Ia-IVa) u l ~ e n  the 
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W I L L I ~ M S  ET AL.: PHOTOCHEMICAL TRAXSFORM~\TIONS 1347 

TABLE I 

Absorption spectra of trans-4'-an~ino-substituted 2-styrylpyridines 

In water 111 50% methanol-water 

Xrnnx ( 1 ~ 1 ~ )  t A m n s  (111~) E 

1 trans-4'-Dimethylarnino-2-styrylpyridine 348 
Ia Methiodide 437 
Ib Monohydrochloride 4'25 
Ic Bishydrochloride 324 
Id Methiodide-hydrochloride 326 

11 trans-4'-Diethylamino-2-styrylpyridine 368 
I la  Methiodide 456 
IIb Monohydrochloride 446 
IIc Bishydrochloride 3'26 
IId Methiodide-hydrochloride 325 
111 trans-(4'-Di-n-propylarni110)-2-styrylpyridine 
I I Ia  Methiodide 439 
1112, Monohydrochloride 
IIIc Bishydrochloride 
I I Id Methiodide-hydrochloride 327 

IV trans-4'-Amino-2-styrylpyridi11e 
IVa Methiodide 
IVb Monohydrochloride 
IVC Bishydrochloride 
IVd Methiodide-hydrochloride 

V trans-2-Styrylpyridine 
Va ilIethiodide 
\ib Hydrochloride 

*Calculated. The monoliydrocl~lorides do not exist as such in dilute acid solution, since they are in equilibrium with free base 
and bishydrocliloride. Their complete ultraviolet absorption curves cannot be deternlirled but the values of X,,,;,, and their corre- 
sponding molecular extinction coefficie~~ts can be determined by calculation. 

alkyl group of the amino group was changed from hydrogen to methyl, ethyl, and propl.1 
are 45 mp, 64 n ~ p ,  and 67 mp. Thus, there seems to  be very little steric interference of 
tlle dialkylamino groups with the phenyl ring, and coplanarity of the dial1;ylamino groups 
and the phenyl ring is possible. The  nlolecular extinction coefficients increase in the 
same order. On the basis of absorption spectra, the methyl group appears to be less 
effective in promoting the release of electrons into the conjugated s\-stem via the ainino 
nitrogen t l ~ a n  does ethyl or propyl. 

Furthern~ore, there is little or no solvent shift when the spectra of Ic-IVc and Id-IVd 
are detern~incd in water or in 50% methanol-water. The localized electron pairs of the 
ainino groups of I-IV, Ia-IVn, and Ib-IVb do participate in solvellt interactions, as 
evidenced by the shifts of wavelengths of A,,,,. These species, Ia-IVa and Ib-IVb, undergo 
photocheirlical change only after extremely long irradiation times. Sincc the species I-IV, 
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Ic-IVc, and Id-IVd do undergo rapid photoisomerization, the cis isomers were prepared 
by solution irradiation according to  the sequence shown in Reaction Scheme 1. The scheine 
involving bishydrochlorides, Ic-IVc, \\.as analogous. 

Difficulty was a t  first encountered during the isolation of the cis isomers. Since the 
cis isomers are readily thermally isomerized to  their tram forms, all operations were 
carried out a t  room temperature or below. At  the same time, i t  was necessary to  carry 
out manipulations under dark conditions to  avoid photoequilibration of the products. 
Table I1 summarizes the absorptioil spectra data  of the cis isomers. In general, the changes 

Absorption spectra of cis-4'-amino-substituted 2-styrylpyridines 

In  water In 50% methanol-xatcr 

Xmnx ( I~P)  e X m n r  (111~) e 

VI cis-4'-Dimethylamin0-2-styrylpyridine 
VIa Methiodide 
VIb Hydrochloride 
VIc Bishydrochloride 
VId Methiodide-hydrochloride 

VIIa Methiodide 
VIIb Hydrochloride 
VIIc Bishydrochloride 
VIId Methiodide-hydrochloride 
VIII  cis-(4'-Di-n-propp1amino)-2-styrylpyridine 

VIIIa Methiodide 
VTI Tb Ilvdrochloride . .--~ - 

VIIIc ~ ~ s h ~ d r o c h l o r i d e  
VIIId Methiodide-hydrochloride 
I): cis-4'-Amino-2-styrylpyridine 
IXa Methiodide 
IXb Hydrochloride 
1x6  Bi~h~drochlor ide  
IXd Methiodide-hydrochloride 

X cis-2-Styrylpyridine 
X a  Methiodide 
Xb Hydrochloride 

*Calculated. The  ~no~~ol~ydrochlor ides  do not exist a s  such in dilute acid s o l u t i o ~ ~ ,  since they are in equilibriu~n with free base 
and bishydrochloride. Tlieir complete ultraviolet absorption curves cannot be determined but the values of A,,,, and  their corre- 
sponding molecular extinction coefficients can be deterlnined by calculation. 

of uravelengths of A,,, of the cis isomers with substitution on the nitrogens and acidity 
conditions follow those of the tram forms. However, the cis forms consistently shon? 
wavelengths of A,,, a t  shorter wavelengths than do the trans isomers. 

Each pair of cis isomers of the free bases (VI-IX) required a different method of 
separation because of the changes in physical properties resulting from the variation 
of substituents on the amino nitrogen. The methods used urere cold extraction, column 
chromatography, and fractional crystallization. The cis-methiodide salts (VIa-IXa) were 
even more sensitive to heat and light than VI-IX and thus their melting points were of 
no use in characterization. Further irradiation of the methiodide-hydrochloride photo- 
equilibrium mixtures did not produce dimers. IIo\vever, when the irradiations of the 
bishydrochloride photoequilibrium mixtures 1x7ere continued, the dimers of Ic, 116, and 
IVc were produced and were subsequently treated with base to  give the dinzers of I ,  
11, and IV. Long irradiation of IIIc gave several unidentified products but no diiners. 
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WILLIAMS ET AL.: PHOTOCHEMICAL TRANSFOREVIATIOXS 1349 

The base strengths of the various 4'-amino substituents are influenced by the conju- 
gated 2-styrylpyridyl group. At the same time, the base strengths of the pyridine nitrogens 
are interdependent with those of the 4'-amino nitrogen through the conjugated system. 
Both nitrogens can therefore alter their base strength by the interaction of their lone-pair 
electrons in the a-system. In all cases examined, the 4'-amino nitrogens possessed lower 
basic strengths than aniline, indicating donation of the electron pairs from the 4'-amino 
group into the a-system of the 2-styrylpyridyl group. Table I11 demonstrates that,  

TABLE 111  
Base strengths of 4'-amino-substituted 2-styrylpyr- 

idine methiodides 

R trans, pR,, cis, pK,. 

when the lone pair of the pyridine nitrogen is tied up by quaternization to form the 
methiodide, the difference between the base strength values of the 4'-amino nitrogen of 
the cis isomers and trans isomers of 4'-dimethylamino- (Ia and VIa), 4'-diethylamino- 
(IIa and VIIIa),  4'-amino- (IVa and IXa),  and 4'-di-n-propylamino- (IIIa and VIIIa) 
2-~t~rylpyridines is a constant value of 0.35 f 0.02 pH unit. The basic strengths of 
the amino groups are in the same relative order as reported (6) in the aniline-dialkyl- 
aniline series: 

N(CzHe)? > N(C3H7)2 > N(CHS)Z > NH?. 

Furthern~ore, in the inethiodide series, the 4'-amino nitrogens of the cis isomers (VIa, 
VIIa, VIIIa, and IXa) have higher base strengths than those of the corresponding trans 
isomers (Ia, I Ia ,  I IIa ,  and IVa), indicating reduced interaction between the pyridinium 
and phenyl rings via the double bond. Jaffi: and Orchin (7) attributed the reduced 
interaction between the two phenyl rings of cis-stilbene to steric interference and resulting 
noncoplanarity of the rings. The same effect can operate in the case of the cis- and trans- 
methiodides (Va-IXa and Ia-IVa) to cause changes in the basicity of the amino nitrogens. 
This effect was noted earlier in the differences of absorption spectra between the cis 
isomers (Va-IXa) and the trans isomers (Ia-IVa). 

The base strength value of the pyridine nitrogen in trans-2-styrylpyridine (V), pK, 
5.23, is slightly larger than that of pyridine, pK, 5.15. This indicates that the unpaired 
electrons of the pyridine nitrogen in V are not donated to the styryl system and that, in 
fact, a shift in the reverse direction occurs. The pK, value for the nitrogen in cis-2- 
~ t~ ry lpy r id ine  is 5.20. Table IV summarizes the base strength figures determined for 
the cis and trans free bases (I-IX). 

The contribution of the electron pair from the pyridine nitrogen via the conjugated 
system can reduce the value of pK, of the amino nitrogen. The value of pK, of the 
4'-amino group in tram-4'-amino-2-styrylpyridine (IV) is 2.92, compared to 4.58 for 
aniline. The pK, value of the pyridine nitrogen in IV is 5.72, compared to  5.23 for V 
and 5.15 for pyridine. Replacement of the amino-group hydrogens by alkyl groups which 
donate electron character increases the base strength of the 4'-amino and pyridine 
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TABLE 1V 
Base strengths* of  4'-a111irlo-substituted 2-styrylpyridi~~es 

In water In 50% methanol-water 

trans cis trans cis 

R pK,, pK,, PK,, pKa2 PK,, PK,, PK,, pRn, 

, -  . - 
*pKnl corresponds to the pyridine nitrogen and pKa2 to the 4'-amino nitrogen. 

nitrogens by a factor similar to that seen for the base strengths in the aniline-dialkyl- 
aniline series (6). Methyl groups are generally accepted to be superior in their electron- 
donating ability to ethyl or propyl groups because of hyperconjugation effects (8). 

In the present work, the superior release of electron character by the methyl group is 
evident when the relative base strengths of the 4'-amino groups in the methiodide series 
or the free bases are compared in water and in 50y0 methanol-water solution (Table IV). 
Quaternization causes the pyridine nitrogen to become very electron attracting. Since 
the methyl groups donate electron character, there is a greater decrease in the base 
strength of the 4-dimethylamino group in the methiodide salt (Ia),  compared to the 
free base (I) ,  than occurs in the other pairs of 4'-amino-substituted derivatives (IIa 
and 11, IIIa  and 111). A siinilar situation exists when the base strengths of the free 
bases (I ,  11, 111, and IV) are coinpared in water and in 50% methanol-water. The base 
strengths of all free ainino groups are dependent on the number of hydrated (-N f 
HOH) bonds associated with the nitrogen (9). In aqueous solution, the pyridine nitrogen 
is preferentially ionized and stabilized by solvation. Such solvation causes the nitrogen 
to act as  an electron-withdrawing group similar to that of the quaternary methiodide 
group. The fact that the 4'-diinethylainino group is the superior electron-releasing group 
explains the fact that the pyridine nitrogen in I has the highest base strength (pK, 
6.40) of any amino group in the present series of compounds. In 50y0 methanol-water 
the solvation effects are much reduced, causing all the nitrogen atoills to have lower 
base strengths than in water. 

As already pointed out, solvation effects are seen in the absorption spectra. By changing 
the systein from SOY0 metha~lol-water to water, inore hydrogen bonding can occur. 
Accordingly, the waveleilgths of A,,,,, of the free bases (I-IV) and of the monohydro- 
chlorides (Ib-IVb) shift to shorter wavelengths. The greatest shift occurs with I and 
Ib. The shift of both is equal and corresponds to an energy increase of approximately 
2.6 ltcal/mole. This value represents the energy necessary to break the hydrogen bond 
so that a nonbonding electron of the ainino group or ~nolecule can be raised to the 
first excited state. Therefore, hydrogen bonding cannot be maintained in the excited 
state (10). 

In soy0 methan~l- \~ater  solution, the absence of large solvation effects changes the 
order of magnitude of the effect of the groups that contribute the most electron character 
to the conjugated system. The absence of strong solvation effects involving the pyridine 
nitrogen of the trans free bases (I)  lowers its electron-attracting power, and electron 
character is not drawn to the conjugated systenl as  readily froin the 4'-amino group. 
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II'ILLIAMS I<T AL.: PHOTOCMI3MICAL TRASSFORMATIONS 1351 

Therefore, the base strength of the pyridine nitrogens of I-IV becomes directly pro- 
portional to the base strength or electronegativity of the 4'-amino groups. 

The base strength of the nitrogens becomes weaker in all cases when the solvent is 
changed from water to 5056 methanol-water. The largest change occurs in I ,  the smallest 
in IV. 

CONCLUSIONS 

The trans-methiodides, Ia-IVa, are not photochemically isoinerized in solution to the 
cis isomers (Va-IXa) because of the lack of double-bond character a t  the ethylenic 
bond. The corresponding bishydrochlorides (Ic-IVc) and methiodide-hydrochlorides 
(Id-IVd) absorb light a t  wavelengths shorter than those of Ia-IVa or even the corre- 
sponding free bases I-IV and can be photoisomerized and photodimerized. The photo- 
chemical susceptibility is due to the tying-up of the lone-pair electrons on the positively 
charged nitrogens, thereby imparting sufficient double-bond character to the ethylenic 
bonds. The n~olecules under these conditions become more stilbene-like. Under highly 
acid conditions, existence of the bishydrochloride (Ic-IVc) and methiodide-hydrochloride 
(Id-IVd) species would promote n + n* transitions a t  the ethylenic bonds. The excited 
inolecule can then rotate about the ethylenic bond. The excitation of the monohydro- 
chlorides (Ib-IVb) and the methiodides (Ia-IVa) would not involve promotion of an  
electron a t  the same site in the n~olecule, making rotation about the ethylenic bond 
impossible. Currently, we are undertaking measurements of basic strengths, in their 
excited states, of the nitrogens in these compounds to provide a truer picture of the 
role of the lone-pair electrons in the excited state. The solvent shifts (between water 
and 50% methanol-water) of wavelengths of A,,, indicate that electrons are available 
on the amino groups for hydrogen bonding. Coillparison of the double-salts series (Ic- 
IXc, Id-IXd) (no solvent shift) with the free bases (I-IX) and the monosalts (Ia-IXa, 
Ib-IXb), which do show a solvent shift, illustrates this fact. 

Interaction of the lone-pair electrons of the two nitrogens via the conjugated systexn 
in both isomers is indicated by the fact that the free bases of both cis and trans isomers 
(I-IX) absorb a t  longer wavelengths than do the double salts (Ic-IXc, Id-IXd). This 
effect is also illustrated by the interdependent changes of value of base strength of the 
two nitrogens in the free bases (I-IX). However, release of electron character to the 
conjugated system by the amino group is more striking in the case of the methiodide 
salts (Ia-IXa). The values of PIC, of the amino nitrogen of the xnethiodide cis isomers 
(VIa-IXa) are all greater than those of the trans isomers (Ia-IVa) by 0.35 k 0.02 PI-I 
unit. 

EXPERIMENTAL 

Deter?ni?tation. of the Basic Strengtlt of cis- a?td tra?ts-4'-A?rti?to-szrbstit~~ted 2-Styrylpyridi?zes 
A% 5 X lo-" 1Jf stocl; solt~tion in dilute hydrochloric acid of each compound was prepared. Such stock 

solutions mere diluted further, to  2.5 X 1W for the trans compounds or to 5 X ilJ for the cis 
compounds in a solution of the desired pH made bj7 the addition of hydrochloric acid or sodium hydroxide 
solutions. The total ion concentrations were kept low and did not exceed 5 X M, except for the 
measurements made in strong acids. The pH measure~nents were made by using a Beckman pH meter 
equipped with n calolnel reference cell and a glass electrcde. The absorption spectra were measured a t  
several pH values ranging between 1 and 10. All measurements involving the cis compounds were obtained 
in red safelight illumination because of the sensitivity of the co-derivatives to  yellow light. 

From such data a plot of absorption of the different A,,, vs. pH was drawn. For a monobase, the pK, 
can be determined by finding the point 011 such a curve halfu~ay between the free base value and the value 
for 100% salt. Ho\vever, \\.hen a dibase of which the ApK:, is less than 4 is considered, this method does 
11ot give a true PIC:, value. The incorrect p K ,  value results from the fact that the molecule will never 
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exist as a 100% monosalt. Therefore, the absorption spectra of the monosalts remain unlinown. By estrap- 
olatioil of the straight-line portions of absorbance vs. pH curves, a better approximation of the pK, value 
is found. For a more accurate determination, the pK,'s of the compounds were also calculated using the  
method described by Rosenblatt (4). The absorption of all three species (free dibase, monosalt, and disalt) 
and the two equilibrium constants can be calculated by setting up five simultaneous equations using 
measurements a t  five different p H  values. The  general form of the equations is as  follows: 

where a, = hydrogen activity, e n  = extinction coefficient a t  the measured pH, K2 = second equilibrium 
constant, K1 = first equilibrium constant (Note: K1 and K ?  are interchanged from Rosenblatt's equation 
since his applied to  dibasic acids rather than to  bases), e ,  = extinction coefficient of double salt, e ,  = es- 
tinction coefficient of free base, and €3 = extinction coefficient of monosalt. 

Since points were found a t  which addition of more acid did not change the absorption spectra of the 
double salt or the addition of base did not change the absorption spectra of the free base, the extinction 
coefficients were thereby determined. These constants call then be placed in the equation, which can be 
simplified to the following: 

Since the total concentration and the same cell path length were used for all measurements, these two 
values will cancel out. E = AICI, where A = absorption, E = excitation coefficient, C = concentration, 
and 1 = cell thickness. Thus, the absorption value can be used rather than the extinction coefficient. The  
equation then becomes 

where a, = hydrogen activity, A, = absorption of solution a t  a,, A, = absorption of double salt, 11, = 
absorption of free base, and As = absorption of monosalt. 

For the present calculation, [H'] was used rather than a,, but the error introduced is small, since the 
calculations were carried out using values obtained for solutioils where the ion concentrations would be about 
10-3 11f. Thus, the activity coefficients would be very close to  unity. The fact that the ultraviolet absorption 
curves all passed through isosbestic points a t  these ion concentrations is further evidence of the insignificant 
effect of ion concentration. Therefore, the equation was further modified to  

The values were calc~ilated a t  the three wavelengths corresponding to  the absorption maxima of each form 
and using three different pH values for each calculation. 

tra~zs-4'-Di~netl~ylan~ino-2-styrylpyridize ( I )  
This was prepared a s  described previously (11). 

trans-4'-Diethylamino-2-styrylpyridine (11) 
A mixture of 56 g (0.6 mole) of 2-picoline, 106 g (0.6 mole) of 4-diethylaminobenzaldehyde, and 2 g of 

a n h y d r o ~ ~ s  ZnCl? was placed in an  autoclave and heated a t  200 OC for 16 h. The cooled reaction mixture 
was poured into ether and stirred a t  room temperature for a short time. The solid was collected by fil- 
tration and crystallized from ethanol to  yield 74 g (50.3T0) of a yellow solid (11), m.p. 319-141". 

Anal. Calcd. for CliH?oNz: C, 81.0; H, 8.0; N, 11.1. Found: C, 81.4; H,  7.9; N, 10.8. 

trans-4'-Di-n-propylanzino-2-styrylpyridie (111) 
A mixture of 56 g (0.6 mole) of 2-picoline, 82 g (0.4 mole) of 4-dipropylaminobenzaldehyde, and 2 g of 

anhydrous ZnCl2 was placed in an  autoclave and heated a t  200 OC for 16 h. The reaction mixture was then 
distilled using a pot temperature of 142-167"/8 p to  give 70.5 g (63%) of a red oil (111) which could not 
be crystallized. 

Anal. Calcd. for C I ~ H Z J V ~ :  C, 81.4; H,  8.6; N, 10.0 Found: C, 81.1; H,  8.6; N, 10.1. 

trans-2-(4'-Anzi?zostyryl)pyridine ( I V )  
The following procedure is a n  adaptation of tha t  used for the preparation of 4 - (4 ' - amino~t~r~ l )~yr id ine  

(12). 
A solution of 22.6 g (0.1 mole) of 2-(4'-nitrostyry1)pyridine in 200 ml of hot 5% hydrochloric acid was 

added over a 10-min period to  a stirred solution of 60 g of stannous chloride in 100 ml of concentrated 
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hydrochloric acid while the solution was heated on a steam bath. The heating and stirring were continued 
and hydrogen chloride was passed through the reaction mixture for 1 h. The mixture was cooled and 20% 
sodium hydroxide solution was added until the  mixture was strongly basic. The solid was collected, washed 
with water, dried, and extracted with acetone in a Soxhlet extractor. The  extract was cooled to  room 
temperature and filtered, and the filtrate was diluted with water and chilled to yield 16 g of crude product 
which was recrystallized from toluene to  give IV, 15.1 g (77%), m.p. 137-138' (lit. (13) m.p. 138-139"). 

Anal. Calcd. for C I ~ H ~ Z N ~ :  C, 79.6; H,  6.1; N, 14.3. Found: C, 79.8; H, 6.3; N, 14.1. 

li.a?1~-4'-DinzelI~yla~rzii~o-2-styrylpyridine ilfelhiodide ( la)  
This was prepared as previously described (11). 

tra?1s-~'-Dietl~yla~1zi1to-2-styryl.pyi.idi~~iz~n~ Melhiodide ( I I a )  
A mixture of 23.5 g (0.1 mole) of 2-picoline methiodide, 35.4 g (0.2 mole) of 4-diethylaminobenzaldehyde, 

150 ml of methanol, and 5 n ~ l  of piperidine was refluxed on a steam bath for 1 h. The reaction mixture 
\\las chilled and the product isolated by filtration. The solid was crystallized from acetonitrile t o  yield 
Ira,  33 g (84.5y0), 1n.p. 242-245" (lit. (5) m.p. 246-247"). 

Anal. Calcd. for C1811231N2: C, 54.8; H ,  5.9; I, 32.2; N, 7.1. Found: C, 54.7; H,  5.7; I ,  32.4; N, 7.0. 

t~a?~s-4'-Di-~~-propylu~1tino-2-styrylpy~id~e hfelhiodide ( I I I a )  
A mixture of 11.8 g (0.05 mole) of 2-picoline methiodide, 11.3 g (0.055 mole) of 4-dipropylaminobenzal- 

dehyde, 50 ml of methanol, and 2.5 ml of piperidine was refluxed on the steam bath for 1 h. The reaction 
mixture was chilled, and the product isolated by filtration and then crystallized from ethanol to  yield 
I I Ia ,  3.9 g (667$,), m.p. 209-211". 

Anal. Calcd. for C?OH?7IN2: C, 57.0; H, 6.5; I, 30.1; N, 6.6. Found: C, 56.8; H, 6.2; I, 30.4; N, 6.4. 

4'-A111ino-2-sty~3~Zpyrid~ine hfelhiodide (IVa) 
A mixture of 7.4 g (0.02 mole) of 4'-nitro-2-styrylpyridine methiodide, 14 g of stannous chloride, and 

50 rnl of concentrated hydrochloric acid was heated 011 the  steam bath, with stirring, for 1 h. The mixture 
was cooled and the solid collected. The solid was added t o  250 ml of water and 10 ml of concentrated 
hydrochloric acid. Hydrogen sulfide was passed through the mixture, with heating, until no further tin 
sulfide was precipitated. The  hot mixture was filtered and the  filtrate was neutralized with solid sodiunl 
bicarbonate to yield 4.1 g (61%) of IVa, m.p. 260". 

Anal. Calcd. for C I ~ H ~ ~ I N Z :  C, 49.7; H, 4.4; N, 8.3. Found: C, 49.5; H, 4.3; N, 8.2. 

P t ~ r i f i c a t i o ~ ~  of cis Isonzers 
Thc irradiation mixtures containing primarily the cis isomer were subjected to  column chromatography 

or fractional crystallization. The various fractions from elution of the column or from crystallization were 
analyzed by determination of their ultraviolet absorption spectra. The fractions which contained material 
exhibiting the shortest \\lavelength of A,,, were selected as the pure cis fractions. We have found that  
the accuracy of infrared spectroscopy lor determining the present cis-tlzl?~s ratios is less than that  of ultra- 
violet absorption spectroscopy methods. Further evidence of the purity of the cis isomers is found when 
their ultraviolet absorption spectra are determined a t  several values of pH (14). When such a series of 
ultraviolet absorption spectra are plotted, a precise isosbestic point is obtained ollly if the free base and 
the conjugate acid of a single species are present. The presence of tra?zs isomer in cis isomer would cause 
the junction of the series of curves t o  scatter and give a number of scattered isosbestic points. The cis 
isomers isolated and purified as reported below gave precise isosbestic points when subjected to the above 
method. 

cis-4'-Dii~~etI~ylai71ino-2-styrylpyridilze (VI) 
X solution of 5 g (0.0223 mole) of trans-4'-dimethylamino-2-styrylpyridine (I) in 2 1 of 1 N hydrochloric 

acid was placed in an irradiation flask equipped with a nitrogen inlet tube a t  the bottom. A 450-W medium- 
pressure Hanovia mercury arc lamp equipped with a Pyrex glass water jacket was then immersed in the 
solution. The solution was stirred by a Teflon-covered stirring bar, driven magnetically through the bottom 
of the flask. Nitrogen was bubbled through the solution while the irradiation was conducted for 25 min, 
with stirring. The irradiated solution was made all;aline with potassium carbonate and was extracted 
with three 250-ml portions of chloroform. The chloroform solutions were dried over anhydrous potassium 
carbonate. The dried chloroform extracts from five such irradiations were combined and the  chloroform 
evaporated a t  roo111 temperature and reduced pressure, using a rotary evaporator and an ice-chilled col- 
lection flask. The residue was triturated with 400 ml of cold petroleum ether (b.p. 66-75") for 30 min, 
after which time the solids were removed by filtration. The solid weighed 5.0 g, and consisted principally 
of I. The petroleum ether extract was evaporated a t  room temperature and reduced pressure t o  give 19.5 g 
cis-4'-dimethylamino-2-styrylpyridile (VI): A,,, (MeOH) 348 Inp, e 9 100; A,,, ( I  N hydrochloric acid) 
308 mp, e 7 920 

This material was further purified by column chromatography by means of an activated alumina column 
with ethyl acetate as the solvent and eluent. The ultraviolet absorption spectra of each fraction were 
determined and the  fractions containing material having A,,, of 347 mp were combined. The ethyl acetate 
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was evaporated a t  rooill temperature and reduced pressure to  give VJ, a pale yellow liquid, (MeOII) 
347 mp, a 10 300. 

Anal. Calcd. for CljHl6N2: C, 80.3; I-I, 7.2; N, 12.5. Found: C, 80.5; B, 7.3; S, 12.4. 

cis-4'-Dietlzylanti11o-2-sty~ylpyridi~ze (VII) 
The procedure ~ ~ s e d  \vas the same as  that used for VI. Five runs using 5.72 g of I1 yield 22.4 g (78%) 

of VII,  Am,, 359 mp, c 13 100. A 5-g salnple was further purified by column chrornatography, as  described 
for VI, to give 2.6 g of VII,  a yellow oil, A,,, (MeOEI) 359 mp, a 13 500. 

Anal. Calcd. for CIIH?ONB: C, 80.9; H, 8.0; N, 11.1. Folllid: C, 80.9; H, 8.3; N, 11.4. 

cis-4'-Di-n-propylanlino-2-styrylpyridie (VIII )  
Three 5-g portions of 111 were irradiated and combined as  described for VI. The residue from the co111- 

bined chloroform extract was dissolved in 400 ml of ethyl acetate. The solution was then passed through 
an activated alumina column, as described for VI. Eluate samples of approsilllately 20 1111 were taken 
and the one containing a sample of VIII,  which showed the shortest wavelength of A,,,,,, \\?as selected. I ts  
characteristics were A,,,, (ethyl acetate) 355 mp; (CH2OH) 359 mp, E 14 400, and 330 mp, E 12 000. 

Anal. Calcd. for CleH?.iN?: C, 81.5; H, 8.5; N, 0.7. Found: C, 81.2; H,  8.4; N, 9.7. 
By combination and evaporation in vacuo of the  eluates containing VIII of wavelength A,,,, 355-360 mp 

(ethyl acetate), there was obtained 4.0 g of VIII sho\ving A,,,:,, (CM30H) 362 mp, a 14 400; 330 rnp, E 11 000, 
which corresponded to 95% cis isomer (VIII) .  The remaining elates, which were the first to traverse the 
column, were combined to give 0.5 g of essentially Irnns isomer ( I l l ) ,  A,,,,, (ethyl acetate) 362-372 mp. 

cis-4'- A~ninostyrylpyridi~ze (IX) 
Three 5-g portions of IV were irradiated and the product \\.as extracted as  described for the preparation 

of VI. The residue from the combined, dried, and evaporated chloroform extracts \\.as triturated with 
400 ml of cold cyclohexane. The volume of the cyclohexane solution was reduced a t  room temperature irt 

vacuo to  40 in1 and chilled to 1 OC. The yellow crystals (IX) which separated and were collected weighed 
0.06g, m.p. 80-83", A,:,, (CHaOH) 330 mp, E 12 350. The residue from the cyclohexane trituration was 
triturated with 250 ml of cold diethyl ether. The undissolved material which was collected and dried 
weighed 5.2 g, m.p. 113-135", and consisted principally of trans isomer (IV). The diethyl ether solution 
alas cooled a t  1 "C to give 0.2 g of a dimer - trans isomer mixture \vhich nlelted a t  169-188'. On longer 
storage, two crops of essentially cis isomer ( I S )  separated: m.p. 78-82", 0.7 g, A,,,,, (CHIOH) 332 mp, 
a 7 140; and m.p. 79-81", 0.1 g, A,,:,, (CEI30H) 342 nip, E 12 100. The  diethyl ether solution was then 
evaporated to dryness and the residue dissolved in 90 ml of 5 0 5 0  benzene-heptane. After the solution 
had cooled to  1 "C, the oil which separated crystallized to give 4 g of I X  melting a t  73-30', h,,, (CI-IsOII) 
337 mp, E 13 500. On evaporation, the luother liquors yielded 1.5 g of IX,  m.p. 71-86", A,,,:,, (CF1201-I) 
330 mp, a 11 750. The 4-g sample of I S  was dissolved in 50 ml of diethyl ether. \\:hen the solution was 
cooled to  1 OC, 1.9 g of I S ,  m.p. 80-10O0, A,,,;,, (CI-IxOH) 337 mp, E 13 500, was collected. The  diethyl 
ether was evaporated, leavirig 2.0 g of IX ,  m.p. 70-75", (CH30H) 333 Imp, E 12 200. 

Anal. Calcd. for C13Hl?N2: C, 79.6; I-I, 6.1; N, 14.2. 1;o~lnd: C, 79.2; EI, 6.2; N, 13.9. 
The yield of combined fracticrls containing greater than 0iY0 cis isolner (XI) was 4.1 g. 

cis-~-D~i1izetltyIn~rtino-B-s1y~.ylpyridine Methiodide (VIa) 
A solution of 10 g (0.0274 mole) of tra~ts-4'-diruethyI-amino-2-styryIp~ridiie inethiodide in 2 1 of 0.5 N 

hydrochloric acid was placed in a Pyrex glass irradiation flaslc. The solution was irradiated during 2 h in 
the same manner as  already described for the preparation of cis-4'-din1ethylamino-2-st~r~l~~ridi1ie (VI). 
The solution was concentrated to  500 ml a t  room temperature and reduced pressure and made allcaline with 
sodium bicarbonate. The resulting solution was warmed gently to dissolve all lnaterial and then cooled 
to  room temperature. The first crop cf crystals collected was principally trn~zs isolller (In), weighing 4.0 g, 
n1.p. 253-264", Amn, (H?O) 437 mp, a 25 100. The second crop consisted of red prism-like crystals weighing 
2.6 g and was cis-4'-dimethylall1ino-2-styrylpyridine methiodide (VIa), A,:,, (H?O) 40-1 mp, c 8 400. The  
sample of VIa melted a t  268-270°, since, whet1 it \vas heated, it reverted to  the trclns isomer (Ia). This 
was confirmed by ultraviolet absorption data. 

Anal. Calcd. for C~r,HlglnT~: C, 52.4; H, 5.2; I, 34.7; S,  7.7. I ;OLIII~: C, 52.1; 1-1, 5.2; I ,  34.0; S, 7.5. 
The remaining material in the mother liquors vras the trans isonler (Ia). 

cis-~'-Dietltylamin0-2-slyrylpyridi1ze AIetl~iodide (TJIIn) 
A solution of 10.0 g of tra~~s-4'-diethylanlin0-2-styrylpyridie lilethiodide (IIa) in fl of 1 N hydrochloric 

acicl was irradiated for 1 h. The  irradiation conditions and product isolatio~i were carried out as  described 
for VIa. However, tlie first material which crystallized from aqueous solution consisted of 7570 inorganic 
salts. The  expected product (VIJIn) did not crystallize from water. Therefore, the inorganic salts and mother 
Liq~lors were extracted with chloroform. The chloroform extract was coiicentmted a t  room temperature 
and reduced pressure until the solid began to crystallize. The crops of cryst.als collected were the trans 
isomer (IIa). The solubility of the  cis isoluer was so high in chlorolorln that it \\.as liecessary to add diethyl 
ether to cause crystallization. In this manner, a yield ol4 .S g of cis-4'-diethylamino-2-~t).r~-lp~ridi1ie 
nlethiodide, m.p. 238-24l0, A,,,,, (H?O) 437 mp, E 10 100, was obtained. 

Anal. Calcd. for ClsH?31N?: C, 54.0; H, 5.8; I, 32.2; N, 7.1. Found: C, 54.5; M, 5.4; I, 31.0; N, 6.9. 
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cis-~'-Di-n-propy~aii~~?zo-2-.~tyry~p~~~id~~vi~iit il6eLltiodide (VIIIa)  
A single 5-g sample of IIIa was irradiated as  described for VIIa.  The aqueous solution \\-as lllade basic 

with sodium bicarbo~late and concentrated a t  reduced pressure and room temperature to 600 1711. The 
aqueous solution was extracted with 60 ml of chlcroform (extract A). The aqueous solution was then 
extracted with three 60-1111 portions of chloroform, \vhich \\,ere thcn conlbined and evaporated to  SO ml 
(extract B). To both estracts there was added 100 ml of diethyl ether. \\'hen both solutions \\rere cooled 
to 1 "C, trans isomer (Ills) sep;u-ated from them: i\, 1.3 g, B, 0.G g. On addition of SO ml of diethyl ether 
to solution R ,  an  additional 0.3 g of IIIa was obtained. Both solution i\ and solution B were then evap- 
orated to dryness at  room temperature and reduced pressure. The residues wcrc held in vacrro for several 
hours a t  0.3 rnm pressure. Sample A weighed 1.0 g, A,,,, (1.120) 440 mp, e 11 100. 

Alial. Calcd. for C10H~7X\i): C, 57.0; 1-1, 6.4; ?-!, 6.6. Found: C, 56.7; 13, 6.6; S, 6.4. 
Sample I3 weighed 1.5 g, A ,,,,,, 448 n ~ p ,  a S 320. 

ci~-4'-~1n7.ii70-2-styt.ylpy~i(Eine ilfitilio(1ide (IXa) 
i\ solution of 2.5 g of IVa in 1 1  of 1 N hydrochloric acid was irradiated for 1 In as  described earlier for 

VIa. The irradiated solution was made alkaline \\.it11 sodiit~r~ bicarbonate and evaporated to dryness a t  
roo111 temperature and reduced pressure. 

The residue was triturated a t  room temperature with thl-ee portions of acetone: 150 ~ n l ,  4UO ml, and 
250 ml. The acetone solutions \irere successively c o ~ l c e ~ ~ t r a t e d  and cooled to yield fractions of crystalli~le 
materials consisting of cis- and traits-isomer ~nixturcs. The fractions corltaini~lg I S a ,  which exhibited A,,,,, 
(1.120) 374 mp, a 9 000, and which totaled 1.4 g, were selected to be esse~ltially pure IXa. 

Anal. Calcd. for C,IM~;IN?: C ,  49.7; 13, 4.4; I ,  37.6; N, 8.3. Found: C, 49.6; H, 4.4; I ,  37.3; S, 8.0. 

Dilrrerization of L r a 1 r s - 4 ' - D i i r 1 e t l t y l a ~ i ~ i i t o - ~ 9 - s d 1 t e  (I) 
A solution of 5 g of I in 1 I of 1 N hydrochloric acid \\;as irradiated for 27 h in the manner described for 

the preparation of VI.  The irradiation solution was made basic with potassi~~rii carbonate and extracted 
with two 200-m1 portions of be~lzerle and one 200-1111 portion of diethyl ether. The co~llbined estracts were 
dried over a~ihydrous potassium carbonate and evaporated a t  room temperature and reduced pressure. 
The  residue was stirred with 40 ml of cold diethyl ether for 20 min. 'l'he crude dimer \vhich \vas isolated 
by filtration weighed 1.7 g, m.p. 246-253". liecrystallization froin 50 ~ n l  of ber~zene gave 1.3 g of dimer, 
m.p. 255-257'. An earlier sarnple (see ref. 2) 111e1ted a t  248-350". The ultraviolet spectra of the two samples 
of d i~ncr  I were identical. The con~bi l~ed mother liquors \\.ere evaporated to  give 3.3 g of a misture of I 
and VI. 

Diir~erizaliorr o j  /t'-Dietl~yZarn%no-2-rlyrylpyridilte (TI) 
I\ solution of 5 .0g  of I1 in 1 1 oi 1 iV hydrochloric acid was irradiated during 30 h as described for VII. 

Tlre s o l ~ ~ t i o ~ ~  \\-as made basic with potassium carboll:~te and extracted \vith four 125-1111 portio~xs of chloro- 
form. The estracts were combined and dried over allhydrous potassium carbonate. 'The chloroform solutio~l 
was evaporated a t  room te~ilperature zund reduced pressure and the residue \\-as tr i t~~ratecl n:ith 200 ml of 
cold low-boiling petroleum ether. The ~naterial not soluble in the petroleum ether uras separated by filtra- 
tion (1.5 g) and recrystallized from 40 ml of a 50:50 mixture of diethyl ether a ~ l d  methanol. Thus, 0.9 g 
of dimer, m.p. 184185", A,,.,, 26s Inp (~nethanol), a 40 400, \\-as obtained. 

A11:ll. Calcd. for Ca.\I-I:~Y.i: C, 50.9; H, S.0; N, 11.1; rnol. wt., 504. I;ou~xd: C, 80.6; I-I, 8.1; N, 11.5; 
~no l .  \\rt., 310. 

The petrolellm ether mother licluor was evaporated a t  room temperature and reduced pressure, leaving 
3.3 g of a ~liixtilre of 11 a ~ ~ d  \'III, A,,,;,, (RIIe0I-I) 363 Inp, e 8 000. 

Dirneri:alion of 4'-Ainir~o-2-styrylpyridille (11') 
.:I solution of 5.0 g of IV in 2 l of 1 A' hydrochloric acid \\-as irradiated duril~g 43 h in the manner de- 

scribed for \ ' I .  The solution was made basic and the solids were separated by filtration. Tlie crudc product 
jvas dried i 7 ~  ~ ( L C Z I O  and melted a t  160-lSiO; :rield, 4.3 g. 'The solid was recrystallized f r o ~ r ~  a 10(l ml 50:50 
benze~~e-chloroior~n solution. ?'he first crop of crysials, which melted ;it 207-209" and \\-eighcd 2.5 g, A,,,,,, 
(iLIeO1I) 243 mp, e 23 200, was recrystallized from benzene to give 2.2 g of dilner IV, m.p. 213-P1.lo, A,,,:,, 
(metlln~~ol) 243 mp, e 24 800. 

Anal .  Calcd.: C, 70.6; I-I, 6.1; S, 14.3; mol. nrt., 392. I ;o~l~ld: C, SO.1; I-I, 6.4; N, 13.8; ~nol .  x t . ,  428. 
'The mother liquors \ \we evaporated atid 1.8 g of a ~n i s tu re  of GLS- ;111cl lr(~~1~-4'-a1nii1lo-?-styryl1~yridi1ie 

was obtained, A,:,, 342 mp, e 7 160. 

iltterizpted Photoi.soi~zerLrat~io~~ of ICL-I Ifa 
For irradiation purposes a 1-cm quartz spectrophotorneter cell \\-as filled with a 2.5 X 10-j Jt aquenus 

solutiol~ ol the 1;airs isomer of the ccnnpouiid to be studied. 'I'he absorption spect ru~~r  of the starting solution 
was hrst d e t e r n ~ i ~ ~ e d .  'The cell \\-as thcn irradiated secl~~entinll\. r~sing the light sources tabulated below. 
After each irradiation (:I ant1 r)) the ~~l t raviole t  absorption spectra \\'ere determilled. 

A. 'The sample cell \\-as placed a t  a distance of 10 cnl from a 500-\V I-Ia~lnvia water-cooled ~nedium- 
pressure mercury arc lamp. ;\ I<odal\- \Vr;~tten 18.4 filtcr mas interposed between the sample cell and the 
light sonrce. (The IS,\ filter transmits light of wavelengths 310-380 mp.) 

B. The sample cell \\.as placed a t  ;I distallce of 10 cnl fronx the source used ill ;\. The 1Sri Liter was 
not used. 
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C. The sample cell was placed a t  a distance of 10 cm from the source used in A. A Kodak Wratten 2A 
filter was interposed between the  sample cell and the source. (The 2A filter transmits all wavelengths of 
light longer than410  mp.) 

D. The sample cell was placed a t  a distance of 10 cm from a 100-W (80 W a t  253') Hanovia mercury 
resonance lamp. 

Prolonged irradiation of solutions of la-IVa with any of the above sources failed to produce signihcant 
changes in their ultraviolet absorption spectra. Thus, Ia-IVa were considered to  be photochemically stable 
in dilute aqueous solution. 
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