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SUMMARY , ‘ ‘ S e e
| * The quant1tat1ve determma.tmn of the products mvolved in the photocychzatmnf

"':A '?f'fof c¢s-3-styrylpyr1d1ne by thin layer chroma.tography is descnbed The method may.
: ,,;.:ﬁnd w1de apphcatlon 1n followmg ‘the: photoreactlon pa.thway a.t any tlmej.' by the}‘

the two benzoqumolmes is constant a.t a.bout 5 31in fa.vour of the 5 6-benzo1soqu1nohne
';It increases w1th uradmtmn at. 313 M. T e

Thm layer chroma.tography (TLC) in- con]unctmn w1th quant1tat1ve spectro-fl_
...;s}fmetnc m1croa.na1ys1s ‘was investigated for the determmatmn of the. photocychzatmn:_‘
products of c'bs-3-styrylpyr1d1ne F or. the latter purpose an ana.lytlca.l method_ wastsi

1n the react1on In a, prev1ous paper1, it was shown that in the photocychzation of;.i?"
o czs-3-styry1pyr1d1ne, in adet1on to 5, 6-benzoxsoqu1nohne(II), a.s found by LOADDR2

.of 1so‘merlsm (dlfferent.‘ position of 1 he heteroatoni) and found that, the:différen
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isomeric products were formed in highly variable amounts, in agreement with our
preliminary results!. Some authors explained the larger yield of one product with
‘respect to another on the basis of theoretical calculations of charge density and of
localization energy in the different reactive positions both in the ground state®1?
and in the first excited state? 11, In order to compare the experimental data with the
theoretical calculations an accurate analytical procedure was developed. In particular
we employed TLC using Eastman Chromagram sheets instead of the usual silica

v N _" Sy OO

Fig. 2. Scheme of photocyclization of 3-substituted stilbene.
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glass plates. We preferred to use these Chromagram sheets because of their high
reproducibility and sensitivity, and because of the facility with which the separated
components can be recovered. This fact is very important for a quantitative analysis.

EXPERIMENTAL .

Preparation of standard compounds '

The 3-styrylpyridines, cis and trans, the 7,8—benzoqu1nohne and the 5,6-benzo-
isoquinoline were prepared as described by GAaL1azzo!:12, In all cases the purity of the
products was also determined by I.R. and U.V, spectra, and by C, H and N analyses

Jl[ aterials

Eastman Chromagram sheets (K 30r V). These are precoated sheets of polyethyle-
ne terephthalate coated with a layer of about 100 p silica gel with polyvinyl alcohol as
a binder.

Chromatography tanks. Desaga GmbH, Heidelberg.

Micropipettes. A. E. Pedersen, Denmark.

Solvents. Ethyl ether, methanol, n-hexane (Erba) specially prepared for
chromatography and tested for absorption in the ultraviolet. Dlmethylformamlde
was dried over phosphorus pentoxide and was then fractionally distilled in the darlx
and under reduced pressure immediately before use. .

Spectrophotometer. Beckman DU.

Quartz cell. U.V, sources, 4 cm path-length. Mineralight, low pressure mercury
lamp equipped with a 254 myu filter; Osram, hlgh pressure (HBO 200) mercury lamp
with 313 muyu filter. : v

Procedure . ‘

The cis-3-styrylpyridine in #-hexane (about 10—% mole/l) was irradiated in a
quartz cell with a U.V. lamp for times varying from 1/ h to 15 h. A fixed support kept
the cell at a constant distance.

The spotted amounts of irradiated solut1ons were chosen such that they have
an optical density between 0.600 and 0.200 for every separated compound. When the
volumes of solution were too large, the solvent was evaporated under reduced pressure
to a final volume of a few microliters (about 10 wl). :

After irradiation, duplicate samples of the solution, conta.mmg the three
photoproducts and the reagent, were spotted in an appropriate quantity by means of
a micropipette. At the same time known amounts of the test compounds corresponding
- to each component of the reaction mixture were spotted. The sheets were placed in
the . chromatography tank, previously saturated with the solvent vapours, ethyl
ether—dimethylformamide (99:1) for 1 h'3-26, The chromatograms were developed by
the usual ascending technique. The sheets were removed.when the solvent front
reached ro cm: running time 6o min. The spots were located under 366 mu U. V. light,
cut out from the sheets in strips of identical size and extracted with 5 ml of methanol ‘
After 15 min the solution was centrifuged at 15,000 r.p.m. for 10 min to remove the
last traces of silica gel, the optical density was measured at the absorption maximum
of each compound, employing cells of 1 cm path-length ‘The: complete. spectrum of
~every compound was measured simultaneously. The amounts-of the: substemces were
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calculated by reference to data obtained with known amounts of control, after
subtracting the reading given by an equal area of unstained sheet at locations on the
plate with precisely equivalent Rp values.

RESULTS AND DISCUSSION

The Ry values are given in Table I. Since these compounds have high extinction
coefficients, a suitable spectrophotometric reading can also be made with quite low
concentirations. Table I shows that, within the limits of accuracy of the measurements,
Beer’s law is obeyed up to a concentration at least as high as 6.1-1078 /. Un-
doubtedly silica gel is the most suitable absorbent in the quantitative analysis of the

TABLE I
RECOVERY OF THE REACTION PRODUCTS FROM SILICA GEL LAYERS AND JRp VALUES2®
emax 1048 Absorbance Percent Rpx rooh
rvecovery

Sample Blank Net

7,8-Benzoquinoline® . 2.38 82
Solution determined (max=265 mu)
" directlye 0.537 0.537 100
Spotted on plate and
developed 0.5I5 0.01I 0.504 94
, 0.511 0,008 0.503 o4
: _n 0.513 0.015 0.498 93
5,6-Benzoisoquinoline? 5.38 ' 42
Solution determined (max=249.5 mu)
directlyd 0.404 0.404 100
Spotted on plate and :
developed 0.381 o.00c0  0.381 94

0.380 0.005 ©0.375 93
’ o : 0.375 ©0.003 0.372 92
trans-3-Styrylpyridineb 2.34 ‘ 54

Solution determined (max=292 mu)
directly® ' 0.523 0.523 100
Spotted on plate and
developed - 0.487 0.003 0.484 93
o 0.494 0.006 0.488 94
0.487 0.007 0.480 2
cis-3-Styrylpyridine? 1.05 67
Solution determined (max=277 mu) :
directly! ; ‘ 0.352 0.352 100
Spotted on plate and '

developed 0.332 ©.007 0.325 9z
e 0.340 0.009 0.331 94
0.339 ©.010  0.329 93

a ]:luent system: ethyl ether—-dxmethy]forma.mxde
‘b Stock solution: 7,8-benzoquinoline, 10.094 mg; 5,6-benzoisoquinoline, 13.457 mg; #rans-
3-styry1pyr1dme I10.058 mg; czs-3-styrylpyr1dme, .T0.150 mg; respectively, were dissolved in
methanol in a ro ml volumetric flask. .
¢ Aliquot of 2o ul ‘was diluted to 5 ml.
d.Aliquot of 10 ul was diluted -to 5 ml.
e Aliquot of 20.ul was diluted to 5 ml
1 Aliquot of 30 ul was diluted to 5 ml.
' 8-°Average of six determinations.
coh Average of ten: determmatxons.

T Chromatog., :37 (1968) 249-255
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TABLE 1II , , :
LIGHT-INDUCED (254 my) CYCLIZATION AND ISOMERIZATION OF ¢£$5-3-STYRYLPYRIDINE, PERCENTAGE
AND RATIO OF THE REACTION PRODUCTS AS A FUNCTION OF THE TIME

Conc. 5-10% M, Compound I =24, -benzoqumolme compound II = 5, 6- benzo:soqumohne,
compound III = trans-3-styrylpyridine; compound IV = czs-3-styrylpyr1dme.

Time Percentage of the reaction products (weight %) Compound II Total
(min) percent
Compound I Compound II  Compound III Compound IV Compound I recovery

30 1.43 7.63 18.07 69.27 5.3 96.40
120 3.85 21.09 20.90 45.65 5.4 9I.49
210 5.85 . 32.14 15.30 37.00 5.5 90.29
300 7.40 39.90 11.61 31.99 5.4 90.90
420 9.38 50.10 7.30 24.24 5.3 91.02
525 10.70 58.77 4.54 17.60 5.5 91.61
735 12.76 67.10 1.75 8.26 5.3 89.87
900 13.45 69.92 0.50 . 5.63 5.2 89.50

TABLE III

LIGHT-INDUCED (313 M) CYCLIZATION AND ISOMERIZATION OF ¢{s-3-STYRYLPYRIDINE: PERCENTAGE
AND RATIO OF THE REACTION PRODUCTS AS A FUNCTION OF THE TIME

Conc. &~ 5:107%1 M. Compound I = 7,8-benzoquinoline; compound II = 5 6-'ben.amsoqu1nolme,
compound IIT = ¢rans-3-styrylpyridine; compound 1V = czs-3-styry1pyr1d1ne

Time Percentage of the reaction products (weight %) Compound II  Total
nein evcent
( ) Compound I Compound II Compound III Compound IV Compound I fecovery

210 3.35 25.13 4.59 - 58.17

7.5 91.24
300 4.47 } 34.17 4.17 48.86 7.6 91.67
330 4.80 ' - 36.69 3.51 46.68 7.6 91.68
525 7.83 59.75 1.70 21.24 7.6 90.52
735 9.48 72.63 0.44 7.48 7.6 90.03

compounds studied!? 18, The uniformity of coating thickness of the sheet assured very
precise measurements. Moreover there is no need for scraping and collecting the-
adsorbent, because it remains firmly attached to the solvent-resistant support The
adsorbed compound was eluted by immersing the entire cut-out piece in methanol.

Notwithstanding the high eluting efficiency of methanol, the substances were not
completely extracted from the adsorbent, but an appreciable and reproducible
fraction was recovered as shown in Table I. Other workers have found that the
analytmal blanks are generally high and not reproduc1b1e owing to 1mpur1t1es con-
tained in the silica gel and to silica particles which remain in suspension in the eluate??.

- In order to obtain constant and low values for the blanks, we removed areas
equal in size to those occupled by the sample spots and at locations on the sheet with
pre01sely equivalent Rp values®. Then the eluate was centrifuged as described earlier
in order to eliminate the traces of finely divided silica gel?®, Table I shows that low
blanks were obtained in this manner. However, to reduce further any error resultmg
{rom this procedure, the corresponding sta.ndard compounds were simultaneously run
through the procedure and were used to establish the content. of unknown sa‘mples21
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The results obtained by irradiating at 254 mu a 5.52+ 1074 M cis-3-styrylpyridine
solution in n-hexane are given in Table II. The data allow us to estimate the ratio of
the two photocyclization products. This ratio is constant at 5.3 in favour of the 5,6-
benzoisoquinoline at any time during the reaction. These data are in good agreement
with the theoretical calculations.
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Fig. 3. Percentage of the reaction products as a function of time: O 7,é-benzoquinoline; O 5,6-
benzoisoquinoline; A trans-3-styrylpyridine; @ cis-3-styrylpyridine.
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The recovery of the compounds decreased with time (see Tables II and III).
This is due to the increasing yield of the decomposition products which are often
formed in many photochemical reactions.

' ‘The ratio of the cis and ¢rans styrylpyridines is not constant with time of ir-
radiation: probably because of the fact that a photostationary composition of the two
geometncal isomers is not reached owmg to the competitive photocyclization of the
cts compound?3. .

The data are plotted in Figs. 3 and 4. On the basis of the plots in Fig. 4 it would
appear that the total amount of the cyclization products formed is almost identical
with the amount of the cis—trars styrylpyridines which disappears.

When the irradiation was carried out under the same conditions but usmg the
313 mu, Hg line, the ratio of the two benzoquinolines was markedly increased in
favour of the 5,6-benzoisoquinoline, as shown in Table III. Thel_different ratio could
indicate the formation of two intermediate dihydrobenzoquinolines in photochemical
equilibrium with the reagent c¢s-3-styrylpyridine (see also ref. 16). Presumably the
two possible forms of the derivatives have a different absorption spectrum and
consequently a different photochemical equilibrium.
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