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OF TYROSINE AND THYROWNE

Eugene Loh

ABSTRACT

Tht Raman «pactra of ttvi tod\n» darrvrtwti of tyrosina and thyronina in ina form of compraiad
Ottati in* powd»ri nava bwn axcitftd by 4880 A Argon laaar on rotating wmpta* at room tamparaturr Tha
•trong paafcs m tna low frequency <400 cm raoion may bt datenbad by anaiogout vibration* of btnzana
M

i theCI out-of plan* bending* of E1g moda from 100 cm l to 180 cm*1,

ii theC-l in plan* bandings of E28»nd A ^ moda from 190 cm"1 to 330 cm"1 and

tit thaC-l matching* of E2g mode from 330 cm*1 to 400 cm"1.

In 3,3*,5 • triiodo-darivativas, tha number of both tha C I in-plana bandings and C-lstratchings
on tha inner phanyl ring approximataly doubles from that of diiodo-derivativat. This doubting
in number of peak» is presumbly due to the modulation caused by tha libretion, which is
associated with the C I out of-plane bending at position 3*, of the outer phanyl ring.

I INTRODUCTION

Tha iodine derivatives of tyros'rne and thyronine have iodine(s) •* ring substituant(s) and
•re closely related to the biochemically important thyroid hormones Various physical
measurements hav« bean made on these compounds. Their ultraviolet absorption band1

generally shows red shift, which increases with tha number of substituted iodines, in solutions
of acidic or basic. Tha crystal structure of some of these compounds have also been
determined3 by xray diffraction, Recently, the MOsebauer effect of " ' I in L-3£4iiooo
tyrosine and L-thyroxine at liquid helium temperature has bear measured3 and shows that tha
iodine sites in each compound are indistinguishable with tha Mossbauer affect. We raport hare
the Raman spectra of tha iodine-wnsitive vibrations, which ara usually strong in Raman
intensity due to tha large potarizabilrty of heavy atoms, in the iodine derivativas. Tha samples
•re pressed crystalline solids at room temperature. Their spectra art distinguishable among all
tha six derivativas measured and show peaks characterizing tha iodine-sensitive vibrations
between 100* and 400 cm* VOurinterprftation on the strong peaks is mainly based on tha
emptied data in tha literature, since K is xrt possible to make rigorous assignment on the
«ibrational peaks of compliceted moléculas based solely on tha unpolarizad Raman spectra of
powder samples with limited types of substitutions

II, IXPf RIMENTALS AND DISCUSSION

Thw Ratten spectra ware excited by Argon laser at 4880 A on tha rotating samples in
>rdcr to avoid tha burning of ifte pressed crystallines at room temperatura. Tha spectra of the



-od>ne der-vei'ves are shown tn Fig 1 The Raman spectra ot tyrasme aid tnyronme with no
>od>ne substitution a'e shown >n Fig 2 and serve as the reference spectra for the samples >n
Fq 1. The strong peeks <n the tow frequency *. 150 cm ' , region ot Fig 2 §'e due to the
>ntermotecu'ar (or externei i»bret'ons4 of the molecules and are expected to shift to even lower
frequences afte* the subst<tut»on of hetvy atom such as iodine This rneam that the strong
Raman peeks m the iodine derivations m the same region of F «g 1 a>e due to <od>rte sem>t>v«
mternel vbraT<ons. nstead of external tibrations ot the molecules The iodme sens>t<ve
vbrat»ons wh.ch appear a$ srrong Raman peaks T Fig 1 may be approximately characterized5'
by

(11 C I out of plane bendrngsfrom 100 cm ' to 180 cm '
(2) C I <n plane bendngs from 190 cm ' to 330 cm and
S3) C I stretch.ngs from 330 cm ' to 400 cm '

(1 Í C I out of p'ane bendngs 100 cm to 180 cm

The strong peak at 160 cm ' m 3 >odo fyrosine, curve 1 >r\ Fig 1 may be assigned as the
C-t out of plane bending with benzen- nng librjt«ng5 at frequency6 vx , m E , mod (or 10a
reference 5 71. The weak peak at 105 cm ' coukJ be the other component6 6 of 6 1 g (or lObi
Here we approximate the 3 iodo rymsine by either > a meta disubstituted benzene with H at
posttons 1 and 3 substituted by C and !, respectively, or H an oftho disubstituted benzene with
3 and 4 positions substituted by I and OH. respectively Both approximations i and " yield the
same mode5 of C I out of plane beddings E,g (or 10 a axt 10 bi, and the similar frequency
ranges5. • e. 170 cm ' to 270 cm ' for 10 a and 120 cm ' to 200 cm ' for 10 b

In higher *od>ne derivatives, the £ 1 g peaks shift sltghtty to higher frequencies as shown
by curves 3 to 6 m Fig 1 and also summarized in Table I m «he column of out of plane
bend ings For phenyl ring carrying two iodine substituents at meta posuons, we use
meta diheavy substituted benzene as an approximated molecule, which agam gives5 the same
mode and similar frequency ranges for the strong Raman peaks as > an n mentioned above

(2) C I in plane bendmgs, 190 cm ' to 330 cm '

The double peak at 190 cm. ' and 195cm ' in 3.5diiodo Lthyronme. curve 2 m Fig 1,
may be assigned as the C ( in plane bend ings5 of t2q mode (or 9 a and 9 b) We approximate
the molecule by a meta tetra substituted6 benzene with H at positons 1,3,4 and 5 Fig 3
substituted by C.I,O and I. respectively.

This double peak moves for ^-20 cm ' toward higher frequencies, i e to 206 cm ' arid
219cm ', respectively, tn 3,5dnodo Ltyrosine, curve 3 in Fig 1 This upshift in Raman
frequencies form thyronine derivativa to the tyrosine derivativa is presumbly due to soine
intramoleculu' hydrogen bonding betwaarr th# OH at potition 4 and the bulky iodines at
positons 3 and 5 on the «me phenyl ring in tyrosine While in the 3f6di»odo thyronine, the OH
at 4' of the outer phenyl ring is not likely to form intramolecular hydrogen bonding with the
distant iod*n«s at 3 and 5 positions on the inner rtng. Fig.3 In curva 3 of Fig 1, a waak paak at
293 c m ' ' , whichmavbe identified with tha double paak 290 cm ' and 318 cm ' in curva 6 for
3,3'. 5 tntodo thyronine, may be assigned as another C I in plane banding6 of A2f l moda at e,
(or 3K



As we proceed to the tmoOo derivatives, curves 4 and 5. the number of peaks in the
region of C l in plane bend ings approximately doubles, which may be attributed to the
interaction between the ibration, which is associated5 with the C I out of plane bending of E,g
mode at v, , (o« 10 a), of the outer phenyl ring and the C I n plane bandings on the inner ring
The molecular conformation* of truodo Lthyromne is shown *n fig 3 and consists of two
nearly mutually perpendicular, bisecting ph*r»yl rings with The outer ring almost coplanar with
the CO C plane, while «he inner nng is almost perpendicular to the CO C plane The C-O-C
«•̂ er ts 122 W»th this molecular conformation between two pheny1 rings, the librationof the
ortter nog at i1,, lor 10a) around the axis connecting posistions 2 and 5 has a large oscillating
component imparting to the m plane vibrations of the inner ring and hence will modulate (or
spl't) the inplane be'dings. E2 g (or 9 a and 9 b) and a2 , for 3), m the region 190 cm"1 to
330 cm ' as demonstrated by curves 4 and 5 for tniodo-der vatives

In both the diiodo derivatives, curves 2 and 3, and trodo derivatives, curves 4 and 5, the
low energy peak (or &a) is usually stronger than its high energy partner (or 9b), since the 9a
mode :j more symmetric5 than 9b

Trie gross feature in the spectrum nf thyroxine. which has two iodines on both the inner
and outfr phenyl ring, appears to be simply the superposition of the in plane bending* of 3,5
ditodo L thyronme, curve 2. and that of 3,5 duodoL tyrosine, curve 3 The main features of
thyroxine, curve 6, are: {a} shouldar at ~188 cm ' and peak at 199 cm*1 corresponding to
3,6 diiodo-thyronine as the inner ring and (b) shoulder at 207 cm*1 and strong paak at
220 cm ' corresponding to 3,5 diiodo tyrosine as the outer ring in thyroxine the C-l
out o'plane libratton *>,, (or 10a) is ar jund the axis passing either position 1 4 or 1 '-4', which
has no modulating component projected on the inplane vibration of the other ring and hence
does not split the in plane bending» on the other ring as in the case of triiodo derivatives, curves
4 and 5

It <s interesting to note, that contrary to most of the other iodine derivatives, the
thyroxine ha» stronger high-frequervcy components (or 9b), í e. 199 cm ' paak versus
188 cm ' shoulder and 220 cm ' paak versus 207 cm ' shoulder, in the C l in-plane bending
region of curve 6. We speculate that the Raman active C I out of plane bending i>t, (or 10a),
which corresponds to the ring libfation around the 1 4 or V 4' axes in thyroxine, couples better
to the high frequency (or 9b) component than to the low frequency (or 9a) one on the other
ring. This is because that the amplitudes of the CO in plane bending at pc -itions V or 4, which
are involved (Fig 3) in coupling with the above ring librations, are zero* in mode 9a and
non zero' in mode 9b

The C I m-plane bandings of the six iodine derivatives are also summarized in Tabta I.

(3) C-l itratchtngs, 330 cm"' to 400 c m 1

The paaki at 393cm'' and 378 c m ' ' of 3,5-düodo L tyrosine, curva 3 of Ftg.1, may ba
assigned as th« C-i stratchingiof E2() moda at vt $ (or 7b and 7a) We approximate the molécula
by a vicinal trisubrtituted benzene with substituents I, OH and I at positions 3,4 and 6,
respectively. Similar rasuttt will b« obtained, if a mata diiodo banzene utad as the approximated
molecule Although a mata tetra substituted benzena with two light substituents C and OH at
14 para positions and two iodinas at 3,6 meta positons is the most corract approximation, but



there is no existing data' for this particular formo* substitutions

As we proceed to the tmodo derivatives, curve» 4 and 5. the above peaks multiply in
number <n the region between 330 cm ' and 400 cm ' This splitting is again due to the
modulation by the tityation on the outer ring, as in the case of the splitting of C-l in plane
berxltngv en the C I aretchtngs on the inner ring TheC I stretchings in fig.1 are tumartzad in
Table I

CONCLUSION

Based or. the compiled vibration*I assignments on benzene derivativas5, we assign the
low frequency Raman peaks between 100 cm'1 and 180 cm ' as C I out-ofplane bendingi in
E i 9 moot and that between 190 cm ' and 330 cm ' as C I mpiane bandings of E2f l «nd A2

The strong C I stretching Raman peaks are of E2g m the region from ~̂ 330 cm'1 to 400 cm' \
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CAPTIONS OF FIGURES ANO TABLE

Figure 1 Raman spectra of tod me derivatives of tyrosine and thyronine
Curve 1 — 3 lOdoL tyrosine
Curve 2 - - 3,5 dnodo L thyronine
Curve 3 — 3,5 diiodo L tyrosine
Curve 4 - - 3,3' 5 triiodo L thyropropionic acid
Curve5 - 3,3',5 truodoL thyronine
Curve 6 - - D thyroxtne

Figu^ 2 Raman spectra of thyronine and tyrosme
Curve 7 - thyronine
Curve 8 — DL tyrosine

Figure 3 Sketch of the molecular conformation of 3,3',5 triiodo L-thyrontne

Table I C I vibration Frequencies (cm'1) in lodme Derivations of tyrosine and thyronine.
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Table I

Normal

i r>3

o* Benzene

3 odo

3 5 d'odo tyojine

3 5 d;'Odo thyorvne

C I vibration Frequencies |cm j in Iodine Derivatives of Tyrosine and Thyrontnc

i thyox ne

out of plane bendmgs

10b

105

123

3,3 5 T'.'odo thyroprop orvc ac d • 12b

i

3 3 5 t» -odo íhyron>n« ! 1275

132

10a

160

168

167

170

In

E ,

206

190

220

192

188
207

196

bend-ngs

219

19b

239

201

199
220

, ' t "

A) 3

263

290

318

Str

7 a

3 78

J'i?
3?0

366

J t>

393

387

37 3
388



RESUMO

Oi «p»c"ot R»m#n dai da< «KtM -odadat da i"Oina • tnonina na form* d* po c t u i i n o c o p
•o«am axcitaoo* com !«*«< ^ Argorvo d* 1880 A am imoi ( r i i *m rotação, • tamparaturt ambianta 0 ( pico*

am f<iQutnc« b t t M 400 cm ' podam s*r datcr>toi pOf vibrtcfiM análogas da banzano do
modo

> ai cu'vttu'M C - ' do modo E 1 a *o*a do piano detda 100 cm ' § 180 cm"1

< at cu'vatu'M C t dot modo* E2g • * 2 g " ° P l # n o <*••<*» 190 cm ' • 330 c m 1 a

' o* M'iramtntoi do modo E2« d«*d» 330 cm ' • 400 cm '

S M d t " V K l n t'»gdo 3 3 . 5 o num»'o dM cu'vatu'M C I no piano s dot nvrtmtntot C l no «n«f interno
da f«n>t é aprounvKtonrwnta o dobro do dai dfvadas di iodo E»t» duplicação «m numaro dt picot é
pOM>vtimtni« dffv>do A moou'acio cantada p«ia hbracto. qua « u a»oc<adê com a curvatura C I fora do
piano na po»<çéo 3 da ant< « x t f n o da »tn-i

RESUME

ta«m*ct'tt Raman d*t dt"véat rud««t dt ia tyro;n« *1 tyonmi tout '» forma da poudrtt cntullina»
compnmét toot tré «xcitti avtc le law d argonnc df 4880 A uir i«t »chanMlont «n rotatio.i, l Ia
ttmptraturt amtxanta. L M p*ct m tntM dan* ia 'tg*on dt i bvtMt (r«qu«noM. <400cm" ' , pauvtnt atra
d*cr.tt par iat vibrationt anaioguat dj btnztrm <M >• man «a» a tuivant

i. ' M curvatura* Cl du rnodt E,g. hori du pian das 100 cm"1 jutquè 180cm"',

>>. !n curvatura* C I da» mod« E2fl«t A ^ . dantiapian.dat 190 c m 1 jutquè 330 cm' 1 .

'". lataiioogamanttdu nioda E2g da* 330cm ' |usqu'4 400 cm l ,

Dant I«F, dar<véai >odaa* tmoda 3 3 6. *• oombf* dat cu'v«turt» C l dant la plan at dai alionoamenti Cl
dan i annaau intam« du phtn<i ait d anvtron ia doubla da c*iui da» danvaat d> ioda C'ttt duplication d1'* k Ia
modulation cautat par ia iibration, qua m atcocaa tvtc ia curvatura C I f.ri du pia-., a la position 3'. da
1 annaau du pharni
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