
OPTICALLY ACTIVE AROMATIC CHROMOPHORES-V 

CIRCULAR DICHROISM STUDIES OF 
P-ARYL-CARBOXYLIC ACIDS’.’ 

L. VERRI’I’ and P. J. HEFFWN’ 

Department of Chcmlsrry. SI~IC I:nlvcrstry of New York at Hlnghamron. Hlnghamton. New York 

(Rt*rurwd in I’S.4 I7 Ocrohcr 1961 . arceprdfor puhlicatron 2 January 1967) 

Abstract Clrculrr dlchrw\m (<‘D\ &I;I III ~tw \fwc~r;~l rculr,n from 300 IO ca 200.nm arc rcporrcd lor 

a sert~ of P-aryl+x-ammo act& and for (-)_P~S-,mlda?ulyl)laclic acid. TIw aromallc ammo acrds 
cxammcd arc ( - )-phcnylalanmc. t I-t)rosmc. ( - )-3-hydroxylyroslnc. ( )-tryptophan. ( )-J-hydroxy- 

tryptophan. and ( - )-hlsrtdme. all of the L-configuratIon. 

In the case of rhc amtno acids the longcsl uavclcnglh C’otton clTect IS post~tvc and can be correlated 

ulth the abcolu~c configuralwn Compounds contamlng Ihc benzene and lndolc chromophora cxhlblr 

posmve Cotron effects m the 260 290 and 215 225 nm re@on% The other members of rhe senes have 

pos~~~rc (‘orIon elTccts bcruccn 205 and 220 nm. Subslltullon of a 011 group In the 3-poslrlon of lyroslnc 

and the 5.posItton of tryplophan was found IO exert a rclattvcly small cffcc~ on the CD spectrum. 

The results for ( - )-hlslldmc and (. )-P-(5.lmldarolyl)lacl~ acld mdlcarc the possthlllty of IWO ovcr- 

lappmg opucally actwe transltlons In the rcgton abovc XIO-nm 

THE techniques of ORD and CD are potentially powerful tools for the study of optic- 
ally active molecules in solution. However, since these methods do not yield absolute 
results the main problem IS relating the Cotton effect curve to the molecular geometry 
of the compound under investigation. II is desirable initially to obtain optical activity 
data for molecules whose geometry’ has been established by independent methods. 

Much work along these lines. using ORD measurements. has been carried out.’ 
The recent availability of precision spectropolarimeters capable of measurements to 
below 3.20 nm has stimulated interest in other chromophores which absorb in spectral 
regions previously inaccessible. b However, many Cotton effects are difhcult to 
observe by means of ORD because they arc obscured either by large background 
rotations caused by optically active transitions located at shorter wavelength or by 
other optically active absorption bands in close proximity. 

’ Part IV in preparatton; dam available upon request. Pan 111: L Verbit. 1. Am. Chn SM. 8% 5340 (1966). 
: Prcwnrcd tn par1 al the I.CM .%‘u~tonoI .\furrmq of r/w .4murtrun Cht+md Soctery. New York. N Y 

Scprcmbcr 1966, Abstract Cl67 

’ i\bslrac!cd m part from the M A Thats of P J Hchon. State Unlverslty ol h’ew York at Bmghamron. 

196? 

’ Ry molecular geomclry IS mean1 a dcscrlptlon cti a chemical spcc~~ m terms of bond angles. bond 

lengths and relarlve postrlons of the atoms. suffwcnt IO dtstmgulsh rhc spcc~cs from IIS Isomer Each 

mstantancous spectlicatton thus corresponds IO a conjormurion Absolure configwarion tn thu sense IS 

then a broad term which mcludcs all rhc conformatlons da gtven optical wnw 

’ C DyrassL Oprtcal Rofarory Disperswn Appltcarionr IO Orgonrc Chtmrsrry McGraw-Hill. New York 

1 IYbO) 

6 I’ CrabM Oprwal Rorarotv Dtsperswn und <.*wcu/u Dichroimc tn Orgonrc Chemisrry Holdcn-Day. 

San Franctao f 19651 
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In many cases CD, which measures the difference in absorption of left and right 
circularly polarized light. is the method of choice.’ Cotton effects in the CD spectrum 
extend over a relatively narrow region around their maxima and are thus more 
easily resolvable than in the corresponding ORD measurement. 

Currently, there is much interest in studying the geometry of proteins in solution as 
a means of understanding the biological functions of these molecules. ORD and CD 
are playing important roles in this work.’ However. because of the complex nature 
of proteins we feel that an understanding of the optical properties of the constituent 
building blocks. the amino acids is a prerequisite for the interpretation of protein 
optical activity data. In connection with our work on optically active aromatic 
chromophores’ we report the results of a CD study of several /3-aryl-a-substituted 
carboxylic acids. l-7. in the UV region to about 2CGnm. 

(:O,H 

H,SMNH 

C:HI 

C-b-1 

c:o,tt 

HI!i~CdH 

CII, / r pH 

x3/ 

t-b-6 

(X),II 

H,S4:dtI 

CH, 

(X);H (X).Ii 

H,S\‘c(:WH H:S,C:rll 

CH, 

CO,H 

CH, 

c .’ SH 

\A 

( - j-7 
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R L Vallee m Adr Enzymology 27. 37 (1965); J A Schcllman and C Schellman in The Protetnc 2 I 
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The compounds investigated were ( - )-phenylalanine” ( -)-1, ( - ttyrosine 
( - )-2,( - )-3-hydroxytyrosine ( - )-3, ( - )-tryptophan ( - j-4.( - )-5-hydroxytryptophan 
( - )-5. ( - )-histidine ( - )-6, and ( - )-p-(5-imidazolyl) lactic acid ( - )-7.’ ‘* I2 All optical 
activity data are reported in terms of compounds of the L-configuration (see projection 
formulas). These molecules possess the advantage of being relatively simple. i.e. 
they contain only a single asymmetric center. In addition. their absolute configuration 
is firmly established. ‘* 

RESKLTS 

Because of the acid-ba.se properties of amino acids. at least three species in rapid 
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FIG I IX and CD spectra of I.-( - )-3-hydroxytyrosmc, ( - )-3. m 0,lN HCI soluuon. 

See foolnow 16 for explanailon of the ordmarc scales. 

‘” The CD of ( - )-phcnylalanmc u reportal m Ref I tn connccllon with a study d rhc cflect of separating 
~hc arornatlc chromophore from the asymmcirr ctnler 

’ ’ Tbe signa of the Na v line rotations giver am for compounds d chc ~confiyra~km in water. Some of tic 
D line rotations dun@ rign in l quaxn sobion at pH 1. the cbidrdveot in the prcscn1 work. In order 

IO mmimm confusIon the saga of the D lme rotanons for the L-compounds d the present serla rn 

DINHQsolul~onfollow~~-)_I.1-~-2.f-)-3.1+~.1+~5.~+~6.andf-~-7 

r1 Whdc this work was In progrcu a CD study of a series da-ammo acnis appeared ” For most compounds 
he authon prevnrcd data at only a few sclcc~al wavelengtha thereby limltmg the value d their work 

We have included m our rludia three compounds measured by the French workers ( -1-L ( - )-4. 
and ( - l-6. m orda IO use the data. run under ~denncal condmons. for compartJon with the related com- 

pounds ( - )_I ( - j-5. and I - b-7 CD data for all compounds arc gtvcn tn ihc Fxpertmenial sccllon 

” M. Legrand and R. Viamet_ Bull Sac. Chim. Fr. 679 (1965). 
” J P Grccnsicm and M Wmuz Chrmrsrrr ofrhr Arnurr, Acids. Vol I ; Chap 2 Wlky. New York (I961 I 
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equilibrium may exist in solution. 

T;H,RCHC~,H . &,R~Hc~; +w,Rc~co; 

The ORD spectra of amino acids are known IO be dependent on the conccntcations of 
the species present at equilibrlum.‘5 Therefore. all compounds were mcasurcd in 
0.1X HCI solution in which the amino acid exists predominantly in the completely 
protonated form. In addition. CD measurements were made on some compounds al 

pH 6 and also in ethanol solution but m no case was the sign of a Cotton efTcc1 found 
IO be pH or solvent dependent 
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i nm 
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FK~. 2. CD spctxra of I.-( - )-tryptophan. ( )A. m 0 IN HCI. - - warcr,pIlS~XJ; 

and ahsoluw crhrnol 

” F’or cxamplc. see J A Schcllman m Ref 5 
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The UV and CD spectra of compounds ( - t-3. ( - j-5. and ( - )-7 in O.IN HCI 
solution arc shown in Figs I. 3. and 4. l6 

As in the case of other optically active aromatic compounds.’ the CD measure6ents 
of this work were characterized by low signal-to-noise levels due to the small aniso- 
tropy ratios. AX c. of the aromatic acids. In part this is due to the fact that the aromatic 
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FIG 3 I’V and (‘D spectra of ~4 - )-S-hydroxytryptophan. ( -)-5. In 0 IK HCI solutton 

group is one carbon removed from the asymmetric center and the steep dependence 
of rotational strength on distance is well known.” However. appropriate precautions 
in the measurements were taken to minimize instrumental and experimental error.‘* 

Because the long wavckngth Coccon cfTccts are so much weaker than those below ca 2Wnm. Ihe 

<‘I) curvd (w+nrh arr c-onf~nuous~ wcrc broken Inlo IWO parts I~W right hand ordlnalc refers IO the longer 

wavelength Cotton cfkct and the left hand scak refers IO he bands below ca SO-nm The log c scale 

corresponds IO IRK lsolroprc absorption spectrum 

For examples ma scrtcs of aldchyda and ketona see C DFrassl and L i? Geller. J Am Chtm SW 81. 

2789 (1959) 

Set rhc dIscusston of lhcs tmportant poml tn Ref I 
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FIG. 4. IX and CD specrra of t.-( - )-j%( S-~mdazolyl)lactr acid. ( - )-7. m 0. IN HCl solwon 

DISCUSSIoN 

The CD spectrum of ( - )_phenylalanine at pH 1 exhibits two positive Cotton 
effects in the region from 300 IO 200-nm;‘- ” a weak band in the 26%nm region 
~~~soc~atcd wtth the symmetry-forbidden n xc transition’Y and a more intense Cotton 
effect at 2 17-nm. 

f - )-Tyrosine. ( - )-2. which differs from ( - )-I only in havmg a hydroxyl group in 
the pura position exhibits a CD spectrum quite different from that of ( - )-I. The IL, 
band” at 274~nm in the protonated species is considerably more intense and lacks 
the fine structure found in (-)-I. The intensity of the transition has been explained 
in terms of the availability of non-bonding orbitals of the ring OH for mixing with the 
electric dipole transition moment of the aromatic ring.19 A positive Cotton effect is 
found at 225~nm. This band corresponds to a peak in the isotropic absorption spec- 
trum assigned to a n rr* transition of the aromatic ring.” 

I’ A Moscow~tt A Rosenberg and A. E Hansen. J Am C)um SOC t37.1813 (1965) 
” J R. Pla~l. J Ckm Phys 17.484 (1949) 
” Y-H. Pao. R. Longworth and R. L Komegay. LIiupulymcrr 3. 519 (1965); H. Grinspmn J Btmbaum. 

and J Fc~relson. Ricxhim Biophys Acra 126 I3 t 1966) 
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The 225~nm Cotton effect of ( -)-tyrosine is overlapped by a shorter wavelength 
band which is still ascending at 198~nm (see data in Experimental). A negative Cotton 
effect must exist in the spectral region below 198~run in order to account for the nega- 
tive ORD curve in the visible region. 

The effect on the CD spectrum of activating the aromatic nucleus of ( -)-2 by an 
additional OH group was examined. The UV and CD data for ( -)-3-hydroxytyrosine 
( - )-3. Fig. 1. are similar to ( - )-2. The addition of the second ring OH introduces 
only a small perturbation to the CD spectrum in the accessible region. However. the 
chemical effect of ring activation was dramatically evident upon attempting to carry 
out CD measurements on ( - )-3 at pH 13. Even under an inert atmosphere and usmg 
deoxygenated solvent. a solution of ( - )-3 turned a deep red color. 

A CD examination of ( - ttryptophan. ( - )4. was of interest since this amino acid 
contains the indole chromophore and exhibits very intense absorption in the 26G 
290~nm region. The CD spectra of ( -)4 in three different solvents; O.lN HCl. 
aqueous solution at pH 5.85. and absolute ethanol (see data in Experimental). all 
exhibit a positive broad band in the 26&290-nm region. As with previous aromatic 
amino acids in the series. a positive Cotton effect is found in the 220-nm region. 
However. in (-)A which contains the indole system. a negative Cotton effect with a 
maximum” at 209~nm (pH 1) is found overlapping the 225~nm band. The CD results 
for ( - j4 in theabove three solvents in the region from 240 to 190~nm are compared in 
Fig. 2 It is seen that the peaks are shifted towards shorter wavelength in aqueous 
solution relative to DIN HCI solutton. Similar behavior is found in the CD spectra 
of aliphatic amino acids” and alkyl carboxylic acids. 23 This hypsochromic shift in 
the CD spectrum of ( - )A is presumably due to the presence in aqueous solution of 
the negatively charged carboxylate anion. The enhanced magnitude of the Cotton 
effects in ethanol compared to water is characteristic of a change to a less polar 
solventpo 

The effect of substitution of a ring OH group was studied in ( - )-S-hydroxytrypto- 
phan. ( - )-5. Fig. 3. This compound is of interest since it is an intermediate in the 
conversion of tryptophan to the physiologically important base 5-hydroxytryptamine. 

As found for ( - )-3-hydroxytyrosine, no large changes in the CD spectrum accom- 
pany the introduction of an -OH group into the j-position of tryptophan. However. 
the 225~nm peak of( - )4 is shifted 2-nm to the red while the negative maximum in the 
CD spectrum of (-)4 (see data in Experimental) has shifted by at least 4-nm to 
shorter wavelength. Fig. 3. 

Compound 7 was of interest because of its structural similarity to histidine. This 

compound differs from histidine only in the replacement of a -fiHs by an -OH 
group. We have shown that these groups do not make important changes to the 
observed optical activity; for example. the CD spectra of t-leucine’3 and of I.- 
isopropyl lactic acid’ arc almost identical. The CD spectrum of (-)-7, Fig. 4. is 
similar to that of (- )-histidine with a positive Cotton effect at 212~MI. However. an 
important difference is the finding of a weak negative band at 245-nm which overlaps 
the shorter wavelength Cotton effect. That this very weak Cotton effect ([O],,, -18) 
is real is substantiated by its observation in the CD spectrum of ( -)-7 in 95% ethanol 

11 Rel 6.p 20 

” P Swcnder. unpubhshal obscrvatlons m this laboratory 
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5 “/, O.lN HCI solution, [e),,, -27. Both this band and the shorter wavelength 
positive Cotton effect were shifted bathochromically by 2-nm in this solvent. indi- 
cating the main components of both bands to be of similar origin. The absence of this 
long wavelength Cotton eficct in the observed CD spectrum of (- )-histidine may 
simply be due IO the extreme weakness of the band although WC tried several com- 
binations of concentration and path length in order to observe it. 

The possibility that the negative Cotton effect at 245-nm might he due to the avail- 
ability of non-bonding electrons of the hydroxyl group for mixing with an appropriate 
transition of the aromatic ring was ruled out when no analogous band was found in 
the CD spectrum of ( - )-histidinc at pH I3 where the unprotonated amino group 
would exist. 

An alternative explanation is that the weak negative band is due to a Cotton eflect 
centered at much shorter wavelength. The 245-nm band is then the negative part of 
the resultant due to overlapping positive and ncgativc Cotton elTects.‘* Theabsence of 
such a band in the CD spectrum of ( - I-histidine can be attributed to another factor; 
namely. that (-)-histidine does possess a band IO longer wavelength. but that it IS 
positire and unresolved from a positive band at shorter wavelength. The unresolved 
resultant could then be the apparent Cotton effect at 216nm.” Alternatively. when 
the CD spectrum of ( - )-7 was resolved into isolated Gaussian bands using analog 
simulationz6 it was found that a small displacement (3-nm) of the negative. long wave- 
length curve to shorter wavelength was sufficient lo cause the disappearance of this 
band from the composite CD curve. II is difficult at this time to distinguish between 
the above two alternatives. 

EXPERIMENTAL 

CD mcasurcmcn~s were carried out usmg a JASCO Model ORD UV CD-S mstrumcnt The cnllrc 

oprlcal system and cell comparrmcnl wcrc under a constant h’, purge obtained from rhc boll& of liquid 

N, The salient features of this mstrumcm and some prccaulions m the measurement of highly absorbing. 

circularly dtchroic compounds have been dlscuL=d ’ 
lsorrop~c absorprion spectra were run on the JASCO and on a Gary Model 14 spcciropholomckzr The 

Bougcr Iambcrr-Beer law was found io obram ror each compound wllhm ihe Imnis pomrcd OUI b) 

Woldbye and Bagger ” 

The JAN’0 <‘D msirumcni records the dlffcrcncx In absorhancz ala sample for MI and right circularly 

polartrod radlallon as a luncllon of wavelength This dtfkrcncz LS convcrlcd IO the corresponding dtfkrcncc 

in molar absorptivity. (cl - c,) and thence 10 molecular clllp(lclly. [O].” 

e, - E,) 
dcg cm’ 

dcclmolc 

The compounds were rhc h&at purity avadabk commcrclally and wcrc found io bc homogeneous 

using paper chromatography m IWO solvent sysrcms of dlfkrcnt net polanry In addlhon. both cnantlomcrs 

d I Ia and 4 were measured and tmrror mage CD spectra were ohtamcd with the hnuts of ihc somewhat 

lower op~cal purely of Ihc D-Isomers. Therefore. data arc rcporrcd for the L-cnanilomcr only 

I4 K W Wcllman P H A laur. W S Rrlggs. A MOSCOWIIZ. and C DJcrassi. J Am Chrm. Sot 81.66 

(1965) 

” WC arc Indebted IO a referee for suggesting rhls cxplanarlon 

lo The Du Ponl 310 Curve Resolver ai rhc Ml Telephone Research Laboraroria was used through the 

kmdncss of Dr Frank A Bovcy 

” F Woldbyc and S Bagger. Acra <‘hrm Scud 20. I145 (1966) 

I’ .A ~mcow11~ in Rcf 5 
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L-~ -- )-Tyro.sine, { - )-2. CD in 0"1N HCL 4.31 x 10 * M. 

[0128o +900.(0)z~, + 1200 (maxg [0]240 +810. [O]2~a +4830.[0122~ + 8240 (max), [O]~ l ,  +2300. 
[0ho, +4600,[0h°, +7000. 

L-{ - ) , 3 - 1 t y d r o x y t y r o s i n e ,  { - )-3, F ig  1, CD in 0 IN HCL 505 x I0-  3M. 

['0]~ + 200. [0]5,, +693 (max). [012 ~ + 1350. [0122s + 5190 (max), [0]i,, t +6340. 

L.( - ) . T r y p t o p h a n ,  ( - ).4, CD in 0 ! N HC1, 4.79 x 10" 4M 

[0]a,~, + [610 (maxL [012-~, +20(10 (max). [012.~ +2590 (max), [0]z4o +3160, [012~o + II.0~. 
{'0]228 + 20.I00 {max)` [O]2ta 0. [012o, - 15.400 (max)` [0]2oz - 7.300. 

CD in water, pH 5-85. 485 x 10" ~M. 

I0]:,s + 1070{max)` [0157o + 11601max,. [0]57. + 1640(max)` (012.o + 2140. [0]~:t~ + 21.700(max). 
['0h, ~ 0. [01,,° - 30.000 (maxl. [0],~ - 24.300. 

CD in absolute F.tOH 0-931 x 10-*M. 

[0]2s~ ~ 2100 Imax~. [ O h ,  3 +2g00 (max,. [012,s -3200  Imax)` [012. e + 1060, [012~o +8100. 
['0122t + 65.000 Imax)` [0]att 0. [012o, - 83.800 lmax)` [0]ao~ - 36,000. 

L-~ - ) . 5 . t l y d r o x y t r y p t o p h a ~  ( - )-$, Fig 3. CD in 0-IN HCL 544 x IO'4M. 

[0]2 ~ .970 (max), [012,~ +2460 (max), [0]5.0 +4170. [012~o + 12.600. [0122~ + 12,9(10 {rnax~. 
[Oh2o o, [ o h , ,  - 7 ~ 0 .  [Oho, - t  z.400 

CD in waler. 5,44 x 1 0 - * M  

[ o ] , , .  + ~4~  ~max~ [o]2,o +2700. [o]2,o + Io.so0. [o]~22 +16,100 ~rn~. [0]5,5 0. [0] ,o,  
- 16.100 (maxk [0]ao2 -9400. 

c-( - ) -His t id ine ,  { - )-6. CD in O ! N HCI, (I,291 × 10 s M. 

[0]~3o + 1710. [0]550 + 5480. [0]zle + 7660 (max), [0]~os + 3040 

L.( --).~3-(5-1midazolyl~acticacid.( -FT, Fig. 4, CD in O-IN HCL 2-56 x I0" aM. 

[Oh. ,  - 18 ~m~x~ [Oh.o o. [Oh,o + ~30. [oh io  + 156o. [ o ] ~ .  + 2oOO~max), [o],oo + ~soo. 
CDin95°A, EtOH 5 ° ~ O I N H C l ,  1 2 4 x  10 ~M 

[0]~4, - 27 (max). [0]~.,, 0. [012,o + 850. [0],2o + 1930. [ 0 ] , t ,  + 2100 {max), [ e l , t o  + 510. 
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