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SUMMARY 

The Schiff's base derived from ll-cis retinaldehyde and (S)-a-(l-naphthyl)- 
ethylamine has been synthesized and its?? spectrum measured. Schiff's bases 
derived from all-trans retinaldehyde and (z)-a-(l-naphthyl)ethylamine, (2)-a- 
phenylethylamine and (g)-2,2 '-diamino-6,6'-dimethylbiphenyl were also prepared 
and their CD spectra recorded. The introduction of optical activity into the 
retinaldehyde moiety of these simple Schiff's bases could be explained in 
terms of a coupled oscillator mechanism. These results require that previous 
explanations of the 500 nrn Cotton effect of rhodopsin be re-examined. 

The visual pigment rhodopsin from different animal species exhibits cir- 

cular dichroic absorption bands in the wavelength regions of 500 and 350 nm. l-6 

The 500 run extrinsic Cotton effect can be assigned to the electronic transition 

that occurs in the conjugated chromophore at this wavelength, and is sometimes 

referred to as the a band. Since ll-cis retinaldehyde is optically inactive, - 

a mechanism for the induction of the extrinsic Cotton effect in rhodopsin is 

required. 

Crescitelli, Mommaerts and Shawl have proposed that the optical activity 

is a consequence of a spatial distortion imposed on the chromophore by the 

protein moiety of the molecule. Other investigators 2,7 have generally followed 

this idea, suggesting in one case' that the chromophore was most likely twisted 

at the C ll-C12 double bond. Monnnaerts8 has argued that 11-cis retinaldehyde 

can assume one of two possible enantiomeric forms and that the observed circular 

dichroism of rhodopsin arises through the preferential stabilization of one of 

these forms by the protein. Such an argument for the origins of the observed 

circular dichroism in rhodopsin cannot be used to explain the optical activity 
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in isorhodopsin' which contains the 9-cis retinaldehyde isomer. Moreover, the - 

hypothesis does not work in the case of the metarhodopsins which contain the 

all-trans isomer as the chromophore responsible for absorption in the visible 

region. 6 The spatially distorted chromophore hypothesis was also utilized by 

Kito, Azuma and Maeda3 to account for their circular dichroism data on squid 

rhodopsin. 

We report the results of our experimental and theoretical studies on the 

induction of optical activity into all-trans and 11-cis retinaldehydes via - 

Schiff's base formation with simple aromatic, optically active amines. The 

structure of one of these Schiff's bases is shown in Figure 1. Whatever the 

mechanism for the introduction of optical activity into these simple analogs 

of rhodopsin, it cannot be based on a twisted chromophore hypothesis since the 

amine component of the Schiff's base is too small to impose any spatial dis- 

tortion upon the retinaldehyde. 

H3C /I H , 

15 I’ \ 

\ \ \ \ \ ~~%c / 
1 

\8 

14 
v4,I 

Figure 1. Illustration of the Schiff's base (g)-N-all-trans retinylidene a- 
(1-naphthyl)ethylamine showing the rotational angles $1 and $J~. 

A view capable of explaining both the rhodopsin data and our data is that 

the chromophore becomes optically active through a Kirkwood-type coupled os- 

cillator mechanism. In this approach, the transitions of the retinaldehyde 

chromophore are considered to interact with the transitions of the nearby 

aromatic side chains and as a consequence of this interaction optical activity 

is induced into the retinaldehyde chromophore. 6 

A similar coupled oscillator approach has been successfully applied to the 

calculations of the rotational strength of the Soret transition of the heme 

moiety in myoglobin. 10,ll 
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We have synthesized Schiff's bases by reacting all-trans retinaldehyde 

with the following optically active amines: (1) (g)-a-(l-naphthyl)ethylamine, 

(2) (S)-a-phenylethylamine and (3) (g)-2,2'-diamino-6,6'-dimethylbiphenyl. 

MATERIALS AND METHODS 

The optically active amines (S)-a-(1-naphthyl)ethylamine and (g)-a-phenyl- 

ethylamine were purchased from the Norse Laboratories, Inc., Santa Barbara, 

California. All-trans retinal was purchased from Eastman Organic Chemicals, 

Rochester, New York. The ll-cis retinal was generously provided by Paul Brown 

of Harvard University and also by Hoffman-LaRoche Co. The (+)2,2'-diamino-6,6' 

dimethylbiphenyl was synthesized and resolved by the method of Meisenheimer 

and HBring. 12 

A typical preparation of a Schiff's base was to react about 15 mg of the 

retinaldehyde with a 30% excess of the amine in 1 ml of dry chloroform. The 

mixture was allowed to stand overnight at room temperature in the dark. The 

solutions were then diluted about 1000 to 1 with isooctane for spectral 

measurements. Completion of the reaction was verified by diluting an aliquot 

of the reaction mixture with chloroform and then treating with HCl gas. The 

presence of unreacted retinaldehyde is indicated by a peak at 390 run. 

Absorption spectra were recorded on a Gary 15 spectrophotometer. CD 

spectra were recorded on a JASCO ORD/CD SS-20 spectropolarimeter. Calculations 

of conformational energy and rotational strengths were performed on a Digital 

Equipment Corp. PDP-10 computer. 

RESULTS AND DISCUSSION 

The three Schiff's bases prepared from all-trans retinaldehyde and amines 

1, 2 and 3 displayed Cotton effects in the region of retinaldehyde absorption. 

For this report, however, we confine our discussion to the amine, @)-a-(1- 

naphthyl)ethylamine and its Schiff's base (Figure 1). The amine exhibits two 

main optically active transitions, a 1 La band at 282 nm and a 1 Bb band at 

224 nm. The Schiff's base with all-trans retinaldehyde has an additional op- 
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Figure 2. Absorption spectrum ----- and circular dichroism - of the (s)- 
N-all-trans retinylidene a-(l-naphthyl)ethylamine in isooctane 
solution. The solution contains a 30% excess of free amine. 

tically active band at 360 nm in isooctane solution as shown in Figure 2. The 

band has a rotational strength of iO.27 DBM (Debye Bohr Magnetons). This is 

of the same magnitude as the rotational strength of +0.52 DBM that has been 

reported6 for the 500 nm band of cattle rhodopsin. This Schiff's base also 

shows induced optical activity in the region of naphthyl absorption. The 

Cotton effects in this wavelength region occur at 282 run, 246 nm, 227 nm and 

208 I-m. The compound can be protonated by passing dry gaseous HCl through a 

chloroform solution of the Schiff's base. When this is done the absorption 

and circular dichroic peaks near 360 nm are shifted about 100 nm towards the 

red (Figure 3). 

In an attempt to account for the induced optical activity of this simple 

visual pigment analog, the rotational strengths of the molecule were calculated 

using coupled oscillator theory. In carrying through this calculation a con- 
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Figure 3. Absorption spectrum ----- and circular dichroism - of the pro- 
tonated form of the Schiff's base (S)-N-all-trans retinylidene e- 
(l-naphthyl)ethylamine in chloroform solution, with a 30% excess 

of amine. 

formational energy map was initially prepared to determine the range of allowed 

values for the two rotation angles 0, and $3 (Figure 1). The symbol 41 denotes 

the N-C, rotation and 0, denotes the Co-C naphthyl rotation. Each angle is 

taken to be zero in the s-cis conformation. The second step in the calculation 

was to derive free electron molecular orbital (FEMO) wave functions for the 

ground state and the relevant excited states of the retinylidene and naphthyl 

13 
groups. Utilizing the monopole method, and the FEMO wave functions, a 

value for the Coulomb matrix element between two transitions a and b was obtained 

This parameter along with other parameters could now be substituted into 

equation 1. This equation for the induced rotational strengths that result 

from the coupling of electrically allowed, magnetically forbidden transitions 

was derived by Tinoco. 14 The form given below is appropriate for the case of 

rhodopsin and its analogs. 

R. =$ 
V 

c 
b;a 
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where R i. is the rotational strength induced in transition a of the ith group, 

V ioa;job is the Coulomb matrix element between the two transitions, 2 ij is the 

vector joining the centers of the groups, and? job is the electric transition 

dipole moment of transition b of the jth group. 

When the two rotation angles $1 and $2 are set at 180' and 300° respective 

lYt all four of the calculated rotational strengths agree within a factor of 

two with the experimentally determined rotational strengths. The calculated 

spectrum did not exhibit the Cotton effects at 246 nm and 208 nm because no 

assignable transitions could be found in the absorption spectrum at these 

wavelengths. The rotational strength that was predicted to occur at 167 run 

could not be measured experimentally. It was estimated from the measured 

rotational strengths by means of the Kuhn sum rule. 15 A comparison of cal- 

culated and experimental data is presented in Table 1. 

The results of this investigation indicate that the 490 nm Cotton effect 

of rhodopsin is not prima facie evidence for the operation of the distorted 

chromophore hypothesis. Our data indicate that the retinaldehyde transitions 

may become optically active by coupling with the transition of aromatic side 

chains located within a 15 H radius of the chromophore. 

The Schiff's base of ll-cis retinal and (s)-a-(l-naphthyl)ethylamine was - - 

also prepared and studied. This compound exhibits an extrinsic Cotton effect 

in the region of 360 nm which is less intense and displays a different shape 

than that of the all-trans isomer. This behavior suggests that there may be 

conformational mobility about the C12-Cl3 single bond in this retinaldehyde 

isomer. 

Schiff's bases formed from L-lysine or L-phosphatidylethanolamine were 

optically inactive in the visible wavelength region. The Schiff's base of 

all-trans retinaldehyde and poly-L-lysine displays extrinsic Cotton effects 

and these spectra are currently being analyzed. 

The results of this investigation suggest that optical activity in the 

retinaldehyde chromophore of rhodopsin and these rhodopsin analogs may be 
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best accounted for by a coupled oscillator mechanism rather than the twisted 

chromophore hypothesis. 

This work was supported by the National Institutes of Health through 

grants GM-1355, GM-14035 and NB-05036. 
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