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RAMAN SPECTRA OF IODINE-DERIVATIVES
OF TYROSINE AND THYRONINE

Eugene Loh

ABSTRACT

The Reman spectra of the ioding derivetwves of tyrosing snd thyronine in the form of compressed
crystalling powders have been excited by AJArpn istar ON 7OtAING $3MPISS gt TOOM teMpersture. The

strong peaks n the low frrquency <400 cm”™ " region may be described by ansiogous vibrations of banzene
a8

i the C-1 out-of-plane bendings of E, . mode from 100 cm ' to180cm™!,
i the C-1 in plane bendings of €, snd Ay, mode from 190 cm™' 10 330 cm™" and
it the C-! stratchings of Eo ) mode from 330 cm™' to 400 cm ™'

In 3,3 5 - triiodo-derivetives, the number of both the C-I in-plane bendings and C-Istretchings
on the inner phenyl ring approximately doubles from that of diiodo-derivatives. This doubling
in number of peeks is presumbly due to the modulation csused by the libration, which is
sssociated with the C-| out-of-piane bending at position 3°, of the outer phenyli ring.

| INTRODUCTION

The iodine derivatives of tyrosine and thyronine have iodine(s) 8s ring substituent(s) and
sre closely related to the biochemicslly important thyroid hormones. Various physical
messurements heve been made on these compounds. Their ukraviolet sbsorption band’
generelly shows red shift, which incresses with the number of substituted iodines, in solutions
of acidic or basic. The crystai structure of some of these compounds have also been
determined? by x ray diffraction. Recently, the Mdssbeuer effect of '2°) in L-35-diiodo
tyrosine and L-thyrnxine at liquid helium tempersture has besn messured3 and shows thet the
iodine sites in sech compound are indistinguishable with the Mdssbauer effect. We report here
the Raman spectra of the iodine-sansitive vibrations, which sre ususlly strong in Raman
intansity due to the large polarizability of hsavy atoms, in the iodine derivatives. The smples
s premed crystaliine solids st room temperature. Their spectra are distinguisheble among all
the six derivetives messured and show pesks cheracterizing the lodine-sensitive vibretions
between 100°' and 400cm™'.Murinterpretation on the strong peeks is meinly besed on the
nomplied data in the literature, since it is w0t possible to make rigorous assignment on the
vibrational peaks of comiplicated molecules besed solely on the unpolsrized Reman spectrs of
powder samples with limited types of substitutions.

Il. EXPERIMENTALS AND DISCUSSION

T Raman spectra were cxcited by Argon laser st 4880 A on the rotsting ssmples in
yrder to avoid the burning of ¢he pressed crystallines et room tempersturs. The spectrs of the



wdine der vatives are shown in Fig 1 The Raman spectra of tyrosine and thyronine with no
odne substitutson are shown :n Fiy 2 and serve as the reference spectra for the amples n
Fig 1 The strong peaks :n the tow frequency « 150 cm ', regon of Fig 2 are due 1o the
‘ntermotecular (or externa!) Librations® of the molecules and are expected to shift to even lowe
frequencies after the subst:tution of heavy atom such as odine This maams that the strong
Raman pesks in the /od:ne dervsations in the sarme region of Fig 1 are due 1o «ochne sensit've
interngl vibrat.ons. nstead of external librations of the molecules The :odine sens:t.ve
vibratons whi.ch appear as strong Raman peaks :n Fig 1 may be approximately character:zed®
by

(1) C1 out of plane bend:ngs trom 100 cm ' to 180 cm '

{2} C 1 inplane bend:ngs from 190 ¢m ' 10 330 cm ~ and

{3) C1i stretchings from 330 cm ' to 400 cm '

{1} C(out of plane bend:ngs 100 cm ' to 180 cm '

The strong peak at 160 cm ' n 3 .0do ryrosine, curve 1 in Fig 1 may be assigned as the
C1 out of plane bending with benzen~ ring hibr ating® at frequency® v, , n E,g mod {or 10a
reierence 5 7). The weak peak at 105 cm ' could be the other component® & of E,, for 10b)
Mere we approximate the 310do *yrnsine by either 1+ a3 meta disubstituted benzene with H at
positons 1 and 3 substituted by C and |, respectively, or 1 an ortho disubstituted benzene with
3 and 4 positions substituted by | and OH._ respectively Both approximations i and i yield the
same mode® of C out of plane berdings E, (or 10 a a\d 10 bi, and the similar frequency
rangesS 1e. 170cm ' t0270cm ' for 102 and 120 cm ' to 200 cm ! for 10D

In higher :odine derivatives. the E,, peaks shift shightly to higher frequencies as shown
by curves 3 t¢c 6 n Fig1 and also summanzed in Table! n (he column of out of plane
bendings. For phenyl ring carrying two odine substituents at meta positons, we use
meta diheavy substituted benzene as ar approximated maolecule. which again givesd the same
moda and s:milar frequency ranges for the strong Raman peaks as 1 an s+ mentioned above

{2) C ! in plane bendings, 190 cm ' to 330 cm ™'

The double peak at 180 cm. ' and 195cm ' in 3.5 dilodo L thyronine. curve 2 n Fig 1,
may be assigned as the C | in plane bendingsS of E,, mode (or 9 a and 9 b) We appioximate
the molecule by a mets tetrs substituted® bonzene with H at postons 1,34and5 Fig 3
substituted by C.1 O and |, respectively.

This couble peak moves for ~20 cm ™' toward higher frequencies, 1e 10206 cm ' ard
218cm ', respectively, in 36 diiodo L tyrosine, curve 3in Fig 1. This upshift in Raman
frequencies form thyronine derivative to the tyrosine derivative is presumbly dus to some
intramolecular  hydrogen bonding between the OM at position 4 and the bulky iodines at
positons 3 and 6 on the same pheny! ring in tyrosine. Whils in the 3,6-diiodo thyronins, the O
at 4’ of the outer phenyl ring is not likely to form intramolecular hydrogen bonding with the
distant iodines at 3 and 6 positions on the inner ring, Fi9.3. In curve 3of Fig 1, a weak peak at
203 cm™ ', whichmaybe dentified with the double peak 280 cm ' and 318 ¢cm ' in curve b for
3,3’ 6-triiodo-thyronine, may be assigned 83 another C ¢ in piane bending® of Agg Mmode at v,
{or 3).



As we proceed 1D the triodo der:vatives, curves 4 and 5, the number of peaks in the
region of C i inplane bendings spproximately doubles, which may be attributed to the
iMeraction between the 'bration, which 1s associated® witt. the C | out of plane bending of Elg
mode at ¥, ; lov 10 8), of the outer pheny! ring and the C | :n plane bendings on the inner ring.
The molecular conformation® of triiodo L thyronine is shiown n Fig 3 and consists of two
nearly mutually perpendicular, bisecting phanyl rings with the outer ring almost coplanar with
the CO C plane, while *he ianer ring 15 simost perpandicular to the C-O C plane The C-O-C
erher 15 122° With this molecular conformation between two pheny! rings, the librationof the
onter ring at v, , (or 108} araund the axis connecting posistions 2 and 5 has a largs oscillating
. mponent imperting to the 1n plane vibrations of the innes ring and hence will modulate (or
split) the inplane be-dings. €, (or B 3 and 9 b) and a, ‘or 3), n the region 190 cm™t to
330 cm ! as demonstrated by curves 4 and 5 for triiodo-der vatives

in both the dilodo-derivatives, curves 2 and 3, and tr..odo derwvatives, curves 4 and 5, the
low cnergy pask (or Oa) is usuglly stronger than s high cnergy partner {or Sbj, since the 9a
mode :s more symmaetric® than b

Toe gross feature in the spectrum of thyroxine, which has two odines on bath the inner
and outer phenyl ring, appesrs to be simply the superposition of the in plane bendings of 3,5
diiodo L thyronine, curve 2, and thet of 3,5 duodo-L-tyrosine, curve 3 The main features of
thyroxine, curve 6, are: {a) shouldar at ~188 cm ! and deak at 199 cm™' corresponding to
3.5 diiodo-thyronine as the inner ring and (b) shoulder at 207 cm™' and strong peak at
220 em™' rorresponding to 3,5 dilodotyrosine as the outer ring iIn thyroxine the C-i
out-ot-plane libration »,, (or 10a) 15 arourd 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 bendings on the other ring as in the case of triiodo derivatives, curves
4and b

It is interesting to note, that contrary to most of the other iodine derivatives, the
thyroxine has stronger high-frequency components {or 9b), ie. 199cm ' peak versus
188 cm ! shoulder and 220 cm ' pesk versus 207 cm ' shouider, in the C-I in-plane bending
region of curve 6. We speculate that the Raman active C-| out-of plane bending v, ; (or 10a),
which corresponds to the ring libiation around the 1-4 or 1'-4’ axes in thyroxine, coupies better
to the high frequency (or Bb} component than to the low frequency (or 9a) one on the other
ring. This is because that the amplitudes of the C.O in-plane bending 8t pc :itions 1’ or 4, which
sre invoived (Fig 3) in coupling wrth the abuve ring librations, are zero® in mode B3 and
non-zero” in mode 8b

The C | in-plane baixdings of the six iodine derivatives are also summarized in Table |.
(3) C- stretchings, 330 cm ! to 400 cm ™'

The peeks at 3@3cm ™! and 378 cn" ! of 3 5.diiodo Ltyrosine, curve 3 of Fig.1, may be
astigned as the C-i stretching of E2o mode at ¥, 5 (or 7b and 7a) We upproximate the molecule
by a vicinel trisubstituted benzene with substituems |, OH and | at positions 3.4 and 5,
respectively. Similar results will be obtained. if 2 meta dilodo-banzene used as the approximated
molecuis. Although 8 meta tetra-substituted benzene with two light substituents C and OH at
14-pera positions and two iodines at 3,6 meta positons i1s *he most correct spproximation, but



there 1« no existing data’ for this perticular form of substitutons

As we proceed 10 the trhodo derwvatives, curves 4 and 5, the sbove pasks multiply in
number n the region between 330 cm ' and 400 cm ' This spitting 15 agem due to the
modulation by the librgtion on the outer ring, as in the case of the sphitting of C-| in-plane
bendings. cn the C | aAretchings on the inner ring The C 1 stretchings 1n Fig.1 are sumenzed in
Tabie |

CONCLUSION

Based or: the campiled vibrational assignmaents on benzene devivatives®, we sssgn the
low frequency Raman pesks between 100 cm ' and 180 cm ' as C! out-of-plane bendings in
Eyg mode and that between 190 cm * and 330 cm ' as C | inplane bendings of €, and Azr,
The strong C | stretching Raman peaks are of €y in the region from ~330cem ! 10400 cm™".
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CAPTIONS OF FIGURES AND TABLE

Fgure 1 Raman spectra of wodine derivatives of tyrosine and thyronine
Curve t ~— 3 10do-L tyrosine
Curve 2 -- 35 duodo L thyronine
Curve 3 —- 3,6 divodo L tyrosine
Curve 4 -- 3.3 5 trivodo L thyropropionic acd
Curve 5 -- 3 3,5 truodo L thyronine
Curve 8 -- D thyroxine

Fiyura 2 Raman spectra of thyronine and tyrosine
Curve 7 -- thyronine
Curve B —- DL tyrosine

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

Table| - C 1 vibration Frequencies (cm~') in lodne-Derivations of tyrosine and thyronine.
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C ! vibration Frequencies |[cm | in lodine Derivatives of Tyrosine and Thyranine
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RESUMO

Os sapecrros Ramen Ges devades -odedss de 1+ovna ¢ troning na forma de PO criitslind COMPIMIAO
1oram SNCIlad0s COM paer 7@ ArQonia Oe 1880 A em amostres e rorecao, o tempersturs smbiente. O picos
‘niensos o frequenc as ba-xm 400 cm ° podem sy dexcritos por vibracSes aneioges de benzeno do
wogu nte Modo

' & curvatures C-1 do mode €49 1070 do plano. desde 100cm ' 8180 cm
v.ome curvetures C 1} dosmdezooAzgnoplmo descle 190 em ! 8330cm e
- osmnmmoudormdoizg desde 330 cm ! s 400 cm !

Nas dervades triiodo 33 .5 0 numero des curvaturas C | no plano 3 dos sstiramantos C. 1 no anel interno
de feni ¢ sprommaderments 0 dobro do das dervades diicdo Exta duplicac#o em numaerc de picos
pomiveiments devido 3 Moduiacso Causidda pels IIbracio. que esia sstoc:ads com a curvaturs C | fors do
plano ne posGcio 3 do anel gxternc de fend

RESUME

Lesipectres Raman des der.véet (odess de (a tyr0.'ne wt tyrorune 30us 'a forme de poudres cristaliines
compaimds sont ¢té excités svec ie laser d srgonne de 4880 A sur tes schantiions en rowatic-y, 8 Ia
température ambiente. Les pics 10 enses dens 'a region des beses frequences, < 400 em” !, peuvent étre
aécrts per les vibrations analogues ¢ DEnzene de 18 maniere suivant.

1, igs curvatures C1 du mode E'G‘ hors du plan des 100 em”! jusqu’é 180 cm",
n, ‘es curvetures C | des modes Ei’ﬂ '] Ai‘i' dens iy plan, dés 190 em ! jusqu’'d 330 em !,
e, lew allongements du mode Ez. dés 330 em ! jusqu’a 400 em !

Dans lov. derivées r0déas truode 3.3 5, ie nombre des curvetures C-| dans is plan et des silongerments C-|
dan | annesu nterng du phén: est d'environ 1e double de celu: des derivées diode Cotte duplication d a ls
modulstion causés per la hbration, Que est ssscciée evec ta curvature C | hrs du pla.., & ia position 3, de
'snnesu du phéni,
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