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1. The Photoisomerization of RetinalQ

Introduction

Retinal (vitamin A aldehyde, retinene) is the chromophore in the .

vigual nigment rhodopsin, which is a Schiff's base formed between retinal,

1l-cis retinal

and the protein opéin. Hubbard and W;axld‘1 firsf 'recognized the importance
of the cis-trans isomerization in the rhodopsin system. Affeg being struck
ij a photon, rhodopsin procéeds through'several steps, finally producing
alleEEEi retinal and opsin, ‘While there is no direct evidence of the
-initial effect 6f photon absorption, there are several.indiéations that
'isomcrizaﬁiqn from the 1ll-cis to the all;ggggg configuration is mostllikély;z'S'd'S
Chief among these is the fact that,only.ll-gig retinal is ablé:to_form
naturally occurring rhodopsin.2'3 ‘This isomerization will be of primary
importance here.’

Generally, the main absorption of the cis-isomers falls 50 to 100 A
to the short-wavélénéth side of the all-trans absorption. An explanation
of this has been offerec’t:LL ‘1f the geometfical isomers of retinal had a
common.excitéd_state, the Eigrisomensshouid'require less energy to feach
this than the all-trans isomer, since the ground-statesof the gii-isomers‘
lie at higher energies than £hat of ‘the all-trans (the 11—315, éarticulafly,k
is sterically hindered and therefore 1es§ stable), So the absorption
spectra of the Siirisomers should be at loﬁger wavelengths.than that of

the all-trans, In fact, however, they lie at shorter wavelengths. This
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implies that the energy difference between the cis-and all-trans-isomers
is still greater in the excited state than in the ground state and that

there is therefore no common excited state., Schematically, this would

require

)

cis all-trans

‘The simple existence of the cis absorption to shorter wavelengths
‘than the trans absorption does not necessitate different iﬁtermediatés,
however, There are several problems with the above representation., If~
one or botﬁ of the excited states aré'singlets, they must be extraordinarily -
long-lived to allow the necessary time fdr rotation around the double
bond (V) - _TFTP,.OT else the Franck-Condon princinle must be violated
so that the isomerization process occurs in part during the tfansitionLZ)
Ii one or both of fhe excited states are trinlets, we are faced with the
unlikelihood of a 85—+ T, absorntion(3). Neither of these mechanisms is |
entirely impossible,*

Until definite evidence is obtained.for such necularities, however, -
a far better representation involves Sa—bS1 absorntion and a triplet-state

intermediate which may be identical for each intermediate:

* For example, a lack of conformity with the Franck~Condon Erincinle has
‘been noted in the cis-trans isomerization of the stilbenes.  FHere, however,
a triplet state intermediate (the "phantom triplet") was involved, and the
reaction proceeded via triplet sensitizers. '
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_In'the~lattef{case,fwe'note"that to avoid Qiélation of the Franck-Condon
-ptinéiple,'the'gigrggggg eqﬂilibrium must be established between the two
.triplets. The rglativé energiles of the‘twoltriplets is unimportant, but

we also see that in one direction (cis—trans or trans=—scis), energy must

. be "pumpeé in" to accomplish the isomerization. In view of ﬁhe fact that
rhodopsin (containing 1l-cis retinal)'énd prelumirhodopsin (with all-trans
rgtinal) have been found to be almost perfectly interconvertible by light
at -1950, with little or no formation of isorhodopsin; (COntaining Q‘Eii
retﬂnai)u, it appears that this energy diffe;éﬁce.is not made up thermally,
At least in vitro, then, we can assume that a triplet mechanism would
involve a single triplet intermediate (in:vivo, of c&urse, the situation

may be quite different).
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Virtually no work has been done on the cis-trans isomerization of
retinal from a physical noint of view, It is the pufpose of the work
described in this paper to determine whether the isomerization proceeds
by a triplet mechanism and if so, what the energy is of the intermediate

triplet.

The first stage involves an indirect excitation of retinal via
trinlet sensitizers to determine the existence of a tripiet mechanism,
Care must be taken, of course, to choose sensitizers which will not
react with retinal aﬁd which will nét decompose upon irradiation to
pfoducts (e.g., radicals) which can react.with-retinal.- Although éensi-‘

tizer'triplet-acceptor'singlet.energy transfer has been observed7, it is

likely to hapnen only if acceptor 36—#T transitions are "allowed" but

1
donor Ty=-»8, transitions are not "allowed".8 There is no reason for
aésuming, a priori, that such complications will arise'here,

If a trinlet mechanism is established, the next step is to determine
the energy of the triplet intermediate., It is nbt yvet known with certainty:
Qhether retinai,phosphoresces at all, If it does, a phosphoroscope may
be used to determine the triplet energy. If not, an estimate might be
obtained by looking for a sharp changelin the cis/trans stationary-state
ratiom‘vhen éensitizers of different energies are used, The retinal
trinlet wpuld lie between the hicher and the lower sensitizer triplets.

Results
1. The absorption spectrum of retinal in EtOH showed a broad max-

imum at 3830 A with € = 45,800, compared to a literature value of

ax

v o
Apax=3810 4, €

2
max = 43,400, (Hubbard, Gregerman and Wald (9) give

Nyax® 3830 X.:)
A speétrum taken of a solution made from retinal crystals which had

been allowed to stand exnosed to air and occasional light for 48 hours
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showed emax=32,200 and AHEW?BSZOVK,Fas well.as slichtly more well-,
defined "cis-peaks™ at about 2500 A.

When solutions stood exposed to air for 30 hours and then successive’
minutcs of liéht, lowver and lower primary maxima were observed, Qith a ghiflt.
of Amax from 3830 to 3800 K; fhe cis-peaks élso‘became more and more pro-
nounced at 2570 and 2490 X. It thercfore appears that the nhotostationary
state involvcs_detectable amounts.of Eigfisomers(perhans 9-cis and 11- 
cis at 2490 ?., 13-cis at .2570 . 'I:hi.s agrees with the 'results. of Yubbard,
Gregerman and Wald.g |

In cyclohexane, the primary maximum was significantl& changed: it
had a‘slight shouldér at a wavelengﬁh about 100 A lower than.thqt of the
maximum, Were, emax = QS’SOO'I.amax é 3740 K. The cis-peaks at about' 

o .
2500 A were not changed, hotwever, "For vetinal in C_H

€5000 = 0.

2, .The:first six sensitizer’s listed in the "Materials' section were
considered for irradiation with visible light (5000 X). Their spectra
were obtained in cyclohexane, benzene; and methanol, dependiﬁg on their

solubility, and all but the following were eliminated because of insufficient

2 (]
absorption at 5000 A:

Sensitizer ' En (keal)
Mesitil . . 52,6
Duroquinone - 51.6
Eosin At 43,0

Unfortunately, the arrival of the poWer source for the mercury-xenon
lamp was delayed, and a search'was begun for sensitizers with high € at
2537 X. Of the 72 sensitizers considered, 51 were imﬁeﬂiately-discafded
beéause‘they fluoresce (as determined frqm the‘literature) in thé absorption
‘region of retinal., For initial trials, the following were chosen as
havinglhighv 62537 and low fluorescence yield (benzene,légingline) or

none at all:



L % of 1li~ht absorbed.
Sensitizer E_ (kecal) €acny Reference by sol'n¥ which is ab-
i . sorbed by solvent

Benzene ’ 8n,0 220 10 - 94,08
Pyridine 74,5 2000 . ' 11 . 99,37
Quinoline 62,0 2500 12 199,26
Nitrobenzene 599 10000 . 13 - 99,84

The sensitizers were used as the solvents, Iﬁ,addition, a 0,04'F solution
of retinal in cyclohexane was made up to checﬁ thé effeéf of di;ect ire
radiation of the retinal at 2537 K. Coptrols for all solvents wefa leﬁél'

' unirradigted.

The solutions ﬁere irradiated for 35 hoﬁrs; ‘Only one irradiated
solution (quin&line) has been‘analyzéd (by éhe VPC column déscribedlbekiw).‘
No retinal wastdetected. The solution was so discolored that no retinal -
could be observed spectrophotmnetrically, either. The most likely expié-_
nation is that the-irradiétiop peripd was. far too long (though étra&

- 1igh; from the flame used to seal the degassed ampulés and from- the
“source lamp may.have-had harmful effects). Retinal, with its 1oﬁg
coﬁjugated chéin, may not stand up very ﬁell under hgrd-tréatment. 6n

Ithe other hand, the solvent peék, which was ratﬁer slow in appearing,,may‘
have masked the retinal and/or its decompésition'products. The choice-
between thése possibilities awaifs thé analysis of tﬁe rémainiﬁg‘irradiated
solutions and the controls.

3. Previous methods of analysis for the various isomers of retinal
haﬁe debénded on the chénge in the absorption gpéctrum which occurs with
isomerization., This is very unsatisfactéry, and several types of vapoi~
phasgighromatography columns are being conéidered. The current candidate
is 8,7% Carbowax 20-M, 87,0% Chromasorb P and 12,5% silver fluorboraté.
With this'column, all-trans retinal ﬁad a retentiﬁn time of 1.8 minutes

t ,
at'luo°c and;a.helium pressure of 10 p.s.i. Since the retention time

was so short, the temperature and the helium pressure were -lowered to

* 0.04 I in all-trias retinal,



reduce the substantial column bleediﬁé which occufredxand to inérease thé
possibility of.separation of the isomerst' For the analysis of the ir-
radiated quinoline solution, a columﬁ temperature of 105°, an injection
block temperature of 145° and a helium preesuré of G.SVp.é;i.'were usedf

The silver-containing columns may not be satisfactory for pﬁr pﬁrposes,
as they depend on the comnlexing of the silver with double bonds., There-
are so many double bonds in retinal that a mere Eigrzzgng'isomerization
about one of them will probably not make.a significant difference in the’
availability of a complexing site, and there would therefore be little
difference in the retention timeé;r A»non~si1ver column which looks par;r
‘ticularly useful is that of Blank aﬁd Privetﬁ.lu This colﬁmn (Chromaf.”
sorb W .and 15% ethylene glycol) was used'bv thep to separate the cis=-
and trans-isomers of metﬁyl'lineolatg‘and linolenate.

A Experimental

Optics. The 1ight source uséd was a'Hanovia low-pressure mercury
arc-lamp. Two filter solutions were used simultaneouélj: 30 mg Efnitro-
phenol in 1 liter of water and 1 15, Ni§O,* 71,0 + 300 g CoSO, in 1 1;tef
of water, The p-nitroohenol solution decomposes rather quickiyAwﬁen‘
irradiated. The following data fér the-twé solutions togéther give some
idea of the spectrum of a fresh'solﬁtion énd a solution after u‘days

of irradiation:

Fresh: ' . .~ - Optical
ﬁzA e "Density .
>3630 22,0
3500 . 1.38
3000 . . 0.95
2500 : 0.33
2300 1.85
After 4 days: '
>3630 22,0
3500 - 1.00
3000 0.42
2537 - 0,56
2500 0459

2300 1.20



No difficulty is
made,

Materials,

8=

anticipated with the solution here, since it was newly

All-trans retinal was obtained from Distillation Products Industries

Sensitizers

and used without further nurification. - Care was taken
to keep the samples evacuated and in the dark, A Safe-
light (Wratten, Series 1) by Kodak was uscd for light
during handling.’

‘Naphthacenequinone (£rom L. Coyne) was sublimed once
(hot stage m.p. 290.5-291,5° C (uncorr.)).

Phenanthfenequinone (Eastman Kodak White“Label)‘was re-
crystallized once from ethanol and sublimed once (hot- -
stage m.p. 207.5-208.5° G (uncorr.)). '

Fluorenone had been zone-refined by Herkstroeter, as
described in J. Saltiel's thesis, and was used without
further purification,

Fosin had been rccryslallwed Erom acetone by L. C'ovne
and was used without further purification.

Mesitil had been recrystallized bv Fry and was used without
further purification,

Duroquinone (Aldrich) was sublime once (hot-stage m.p.
111.5-112.5" C (uncorr.)).

Nitrobenzene (Matheson Reagent Grade) was 'steam-distilled

‘with 6 N 1,S0,, collected, dried over CaCl and vacuum-

distilled; a middle fraction was collected,

Pyridine (Baker Reagent Grade) was distilled once over
BaO; fraction collected: 113,7-114.0 (uncorr.).

Quinoline (Eastman Practical Grade) was distilled twice
under reduced pressure, once from zinc dust and once from
a mixture of zinc dust and BaO. A middle fraction was
collected each time,

Benzene had been washed with conc. HZSO and distilled
Rl ) : 1.
over P O by L. Coyne.

Cyclohexane (Eastman Reagent Gra ade) was washed twice with
a l:1 TT;.O,,-L12>OLr mixture, twice with H,80, and three times
with water, It was then dried over CaSOLL and passed
throuch a 16 cem silica gel column,

Column Packing Chromasorb P (Johns-Manville) was base-washed by P.

Wagner,

Silver fluorborate (Ozarg~MahonLng Co.) was used without
further purification.

Carbowax 20-M was used straight from the bottle,
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Solvents Benzene (Matheson oncctroquallty) was used without
further nurification,

Methanol (Matheson Spectroquality) was used without
further purification,

Cvelohexane (Uathhson Spectroquality) was used thhout
further purification.

Lthanol (100%, from stockroom) was used without further
nurification,

Dichloromethane (Matheson Reagent Grade) was UoCd w1thout
further purlflcatlon.

Tetrahydrofuran (technical grade) was dried over anhydrous
sodium sulfate and dlSullled over sodium metal; fraction
collected: 64,9-65, 4 C (uncorr.).

Spectra, All spectra were thained on the Cary 14 recording Specfrq—
pho?ometer at room temnerature;szafched'I em fused silica celis_werg
'used;' Spectra were obtained of the benzene, methanol, cyciohexane and
ethanol used as soi&ents, and none showed any.impufities.

VPG Column., 25 ¢ Carbowax 20-M was dissolved in dichloromethane .and
poured over 250 g Chromasorb P to make a slufry.' The dichioromethane was
evaporated én afRinco roto;evaporator. 12,S'g silver fluorborate was |
dissoiyed in THF and added to the ca rbowa&-chLomasérb mixture to form
a slurry; this was dried on the roto-evaporator.

Over a period of hours, the mixture turned durk, lndlcablqgtlat
perhaps not all of the dichloromethane had been.taken off and had formed
a small. amount of silver chloride in the mixture. In aﬁy.évent,4a portion
of the mixture was nacked into a three—f@ot stainless steel column. The

"instrument was a Loenco Model 15B, with a thermal detector.
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11, Iodide~Acetone and Todide-Acetonitrile

Charge-Transfer Complexes

Todide-acetone -and iodide~acetonitrile
charge~transfer complexes have been shown to
exist, and their heats of formation are being
determined,

Hammond and Gray suspect charge-transfer complexes of lowering reac-
tivity in nucleonhilic additions by IT in acetone and acetonitrile,

In flash-photolysis experiments, Edgerombe and Norrish have pointed to
the existence of an excited iodide charge=transfer complex.és the inter-
mediate in the formation of Iii in H,0 and CHzCN: -

-, Hzo>——-—>k (17, Hy0d*

(I%, HyO)¥eoepI + H + OH"

| I+ LIy~
The feaction

(17, CHyCN)*——3 1"+ CHy + CN"
is inferred from the proven existence of Cll,I, presumably formed by

1 + CHy——> CH,lI, '
Jortner, Ottolenghi and Stein have shown the existence of I atoms in solvents
‘like alcohols and CH4CN in the primary photochemical stage.
Results

Absorption spectra of KI and Nal in acetone and acetonitrile were
obtained, 10"'L F golutions of these salts in acetonitrile showed strong
maxima at: o
NaI: 2070, 2465 A
KIs 2070, 2465 A,

Iodine solutions‘Wére also made up to make sure that the maxima were not

‘due to iodine~complexes formed upon oxidation of the iodide:

. [+}
I, in acetonitrile: 3625, 2910 A
’ (both very broad).

When the iodine solution was allowed to stand in the sunlight for several
o ] i
minutes, sharp maxima appeared at 2490 and 2570 A (these may be due to io=

dates). Thus the maxima observed in the iodide-acetonitrile solutions are
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indeed due to the presence of iodide and not to some other species,

10™3 F solutions of Nal and KI in acetone exhibited very strong maxima
at: °
KI: 2155 A,

i NaIl: 2150 A
and a shoulder at:

KI: 2390 A,
Nal: 2390 A.

At 10-4 F, distinct peaks were revealed:

KI: 2160, 2410 A,
NaI: 2160, 2410 Ae

For aceténe, the programmed spectrophotometef slit is wide open in the vie
cinity of the higﬁer-wavelength maximum, and the wavelength recorded is
pr9£ab1y nof very accurate, The lower-wavelength makimum is correct, how=
ever, as the slit is once again 0,1 mm.
Discussion
Accordiﬁg to Dr, Gray, these maxima indicate the existence of "low-

energy g charge-transfer”, One of the possibilities for CH3CN js':_l

< g t—— N+ >T O
,‘ .C' ; .rgle ‘ ' 57{:) )

4

™
—
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:Work is now under way to determine the heats of formation of the complexes,

Experimental

MATERIALS., (All used without further purification,)
' Acetone--Matheson Spectroquality

Acetonitrile--Matheson Spectroquaiity

P . AP?r
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Cyclohexane--Matheson Spectroquality

Sodium Todide-~Baker Reagent Grade

Potassium Iodide~-Baker Reagent Grade

snectra., Afain, all spectra were obtained on the Cary 14 recording

spectrophotometer. The cells used for the acetonitrilebolutions had a

path-length of 1 cm. It was not possible te dilute the acetone solutions

with enough cyclohexane to decrease the absorption of the solvent suffi-

ciently in the UV because of the precipitation of the salts., Therefore,

matched 0.1 cm fused silica (#518~120) cells were obtained £rom Pyrocell

Manufacturing Co. and used for the acetone solutions.

. L]
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