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The conformational analysis has been done for catecholamines (dopamine, norepinephrine, and epinephrine) in the 

cationic and di-anionic states. The species responsible for adsorption on silver metal surface is anionic deprotonated 

at hydroxyl groups of catechol moiety, i.e., di-anionic states of catecholamines. This was deduced from Fourier-trans- 

form Raman spectra of sodium salts of catecholamines. High resolution proton NMR (400 MHz) spectra of catechola

mines in basic and neutral D2O solution show that the conformations of norepinephrine and epinephrine in the 

di-anionic states are preferred in gauche, but not for dopamine in the di-anionic state. However the energy difference 

between trans and gauche of catecholamines in the protonated cationic states is small enough to rotate freely through 

C-C bond in ethylamine moiety. The conformational calculations using an empirical potential function and the hydration 

shell model (a program CONBIO) show consistent with above experimental results. The calculations suggest that 

the species of catecholamines adsorbed on silver metal surface would be in favor of the gauche conformations.

Introduction

Catecholamines are found as neurotransmitters in the cen

tral and sympathetic nervous system, and as hormones in 

vesicles of the adrenal modulla for the regulation of heart 

beat rate and blood pressure. The preferred conformation 

and biological activity of catecholamines has been in great 

interest. The conformational studies have been done with 

X-ray analysis1, nuclear magnetic resonance2 and semiempi- 

rical potential function or molecualr orbital3,4 calculations. 

The divalent metal ion5 chelates and the complex6 with sub

strates (e.g., ADP) of catecholamines have been studied for 

the pathway intermediates of the storage and transport of 

neurotransmitters. Catecholamines form the bidentate com

plex via two oxygen atoms of the hydroxyl groups in the 

catechol moiety. Catecholamines are flexible and subject to 

rotate in the ethylamine moiety. They may be preferred in 

certain conformation, for example, staggered or eclipsed. The 

possibility of conformational transitions, however, upon com- 

plexation with metal ions or substrates has not received much 

attentions so far.

The catecholamine/silver metal complex was proposed to 

be bidentate in the surface enhanced Raman scattering 

(SERS) of catecholamines on silver metal surface7 based 

on resonance Raman studies for metal catecholate동83. But 

the active species responsible for SERS has not been clearly 

elucidated. Raman spectra using visible light source of cate

cholamines in powder state have not been available mainly 

because of fluorescence from impurities in the catecholamine 

samples. Raman scattering using infrared laser source may 

be considered as it can produce Raman scattering from major 

component in the sample. In this study Fourier transform 

(FT) Raman spectroscopy using 1064 nm light source of so

dium salts of catecholamines in powder state is applied to 

clarify the active species for SERS. Also the possibility of 

conformational transitions in the ethylamine moiety of cate

cholamines is pursued upon deprotonation of hydroxyl 

groups in catechol moiety using high resolution (400 MHz) 

NMR study.

Hydration has been known as one of the determining fac

tors for the conformations and biological activities of biologi

cal molecules and their receptors. The hydration shell model 

has been developed to introduce hydration into conforma

tional energy calculations9. In this paper the conformational 

energy using the ECEPP/2 empirical potential function10 and 

the hydration free energy using hydration shell model (a 

program C0NBI0)n are evaluated for preferred conforma

tions in the cationic, di-anionic, and zwitterion-like states 

of catecholamines.

Experimental Section

Dopamine • HC1 (DA), (R)-( - )-norepinephrine(NE), (R)- 

(—)-epinephrine(E), NaOH and HC1 were purchased of the 

highest purity from Tokyo Kasei Chemical, and D2O (99.7%) 

and NaOD (40% in D2O) were from Merck. The high pD 

values were adjusted by the addition of NaOD solution. All 

chemicals were used as received without further purification. 

For sodium salts of catecholamines, each of catecholamines 

was mixed with 3 times equivalent amounts of NaOH, and 

dried in vacuum with cooling. SERS on silver electrode was 

described elsewhere7.

Absorption spectra were checked using HITACHI U-3400 

spectrophotometer. For the conventional Raman scattering
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Table 1. The Structure of the Studied Catecholamines (ri and 

r2 are dihedral angles)

OHNorepinephrine (NE)

Epinephrine (E) OH CH3

experiments, JEOL JRS 400T laser Raman spectrophotometer 

equipped with Spectra Physics Model 2030 Ar* ion laser 

(about 2 watt max. total power) was employed. Each slit wi

dth of three slits was maintained at 300 gm. The scan speed 

and the time constant were 100 cm-1/min and 0.8 sec, re

spectively. The laser power of 514.5 nm at samples was kept 

to less than 0.1 watt through narrow bandpass filter. Bomem 

DA3.002 spectrophotometer was applied for FT-Raman spec

tra. It was equipped with Quantronix cw Nd : YAG 1064 nm 

laser (about 3 watt max. power), liquid nitrogen cooled 

InGaAs detector, and back-scattering light collection optics. 

The laser power for obtaining FT-Raman spectra was 0.1 

watt at sample to avoid decomposition. The sample powder 

was contained in ordinary melting point capillary tube. Spec

tral resolution was 10 cm-1, and 1000 times coadded (takes 

about 20 min. running).

High resolution proton NMR spectra were recorded using 

JEOL-GX FT-NMR spectrometer operating at 400 MHz. 

Spectral resolution was 0.31 Hz and 16 times coadded for 

measurements. All the measurements were obtained at an 

ambient probe temperature of 27°C. NMR sample tube was 

5 mm diameter and total amount of a sample was about 

0.4 m/. Dioxane (3.57 ppm to TMS) sealed in melting point 

capillary tube served as an external standard reference for 

the shift measurements. Sample concentrations were about

1.0%  in D2O under the n辻rogen atmosphere and added a 

trace amount of NazSC^ to avoid oxidation reactions. After 

adding NaOD solution right before the measurements to ca

techolamines solution to get high pD values (about 14), the 

sample turned color to pale brown. But it didn't disturb get

ting NMR spectra because very weak bands were observed 

during 16 scans from oxidation products of catecholamines.

For the structures of catecholamines to calculate the 

ECEPP/2 potential function and hydration free energy (a 

program CONBIO)11, PCMODEL (Serena Software, 1987) was 

applied running at IBM PC-XT computer. The coordinates 

from PCMODEL was transferred to MMPMI (QCPE 395) 

to get the optimum coordinates including n-electron delocali

zation energy. The ECEPP/2 potential function and hydration 

shell model were described elsewhere9-11. The assignments 

of ring and side-chain protons of the studied catecholamines 

is given in Table 1 with dihedral angles, ri and T2- Only 

two conformations are considered for calculations, an ex

tended trans conformation with 白~90° and t2*-180°, and 

a folded gauche conformation with 力~90° and 5~±60°.

Table 2. The Structures of Cate아lolamines for Conformational 

Energy Calc비ations (Ri ad R2 are the same as in Table 1. The 

asymmetric p-carbons of NE and E have (R)-configuratons)

(Structure I) (Structure II) (Structure III)

ibvTy시hoX7r,电 &
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Figure 1. FT-Raman spectra of cationic 아ate (a) and sodium 

salt (b) of dopamine in powder state in ordinary melting capillary 

tube. Nd : YAG laser 1064 nm excitation, 0.1 watt power at sam

ple, spectral resolution 10 cm'1, 1000 times coadded.

The structures studied for conformational calculations are 

shown in Table 2.

Results and Discussion

SERS and FT-Raman Scattering of Catecholamines. 
SERS of DA, NE, and E on the roughened silver electrode 

are basically the same as previously observed spectra7. They 

show four distinguished bands, two intense and relatively 

intense two Raman bands in the range of 1000-1800 

region. But SERS intensity for E is weaker than the other 

two, DA and NE. An intense band near 1480 cm-1 is as

signed to the stretching of the C-C bond to which two oxy

gens are positioned in catechol moiety83. The other intense 

band near 1270 cm-1 is due to the stretching of C-OH in 

catechol moiety. Other two bands are assigned to the ring 

vibrational modes of catechol moiety7.

FT-Raman spectra of the cationic state and sodium salt 

of DA in powder states are illustrated in Figure 1(a) and 

1(b), respectively. An intense band at 1285 cm-1 in Figure 

1(a) is assigned C-OH stretching mode of hydroxyl groups 

in catechol moiety. This frequency is up-shifted to 1313 cm-\ 

C-O* stretching mode of the salt in Figure 1(b). When both 

hydroxyl protons are deprotonated to be di-anionic, two 

peaks near 1260 and 1320 cm'1 were observed in the reso

nance Raman study83, which were suggested indicative of the 

di-anionic character of catechol moiety. Therefore two bands 

at 1251 and 1313 cm-1 in Figure 1(b) can indicate features 

of di-anionic catechol moiety. Two intense bands at 1616
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Figure 2. FT-Raman spectra of neutral state (a) and sodium 

salt (b) of norepinephrine in powder state. The experimental 

conditions are the same as in Figure 1.

Figure 3. FT-Raman spectra of neutral state (a) and sodium 

salt (b) epinephrine in powder state. The experimental conditions 

are the same as in Figure 1.

cm-1 and 1600 cm-1 in Figure 1(a) are the ring stretching 

(Dsb and uga： Wilson number아*) modes of catechol moiety. They 

are down-shifted to 1568 cm'1 and 1541 cm-1 upon deproto

nation of both hydroxyl groups seen in Figure 1(b), respecti

vely. A band at 1449 cm-1 in Figure 1(a) assigned to the 

ring stretching and deformation mode (vwb： Wilson number36) 

is down-shifted to 1436 cm-1 in Figure 1(b). These up- and 

down- shifts are also exactly the same way observed in Fi

gure 2(a) and 2(b), FT-Raman spectrum of the neutral and 

the sodium salt of NE in powder state, and Figure 3(a) and 

3(b), FT-Raman spectrum of the neutral and the sodium salt 

of E in powder state, respectively. The similar features be

tween SERS of catecholamines and FT-Raman spectra of di

anionic catecholamine may be one of the dir으ct evidences 

for the active species adsorbed on metal surface in solution.

High Resolution NMR Studies of Catecholamines. 
FT-NMR spectra of DA, NE, and E at pD=6 and 가 pD=14 

are shown in Figure 4, 5, and 6, respectively. Their experi

mental data are summarized in Table 3, which shows only 

the proton chemical shifts of a- and p-protons in ethylamine 

moiety. Three acid dissociation constants of catecholamines

I I 1 1 I 1 • 1 I
8 6 4 2 PPM

Hgure 4. NMR spectra of dopamine at (A) pD=6 and (B) pD=

14. s: D2O solvent impurities, S: dioxane (3.57 ppm to TMS).

(B) pD=14. s: D2O solvent impurities, S: dioxane (3.57 ppm 

to TMS).
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Figure 6. NMR spectra of epinephrine at (A) pD=6 and (B) 

pD=14. s: D20 solvent impurities, S: dioxane (3.57 ppm to TMS).

are in the range of pKa values, about 9, 10 and 13. These 

are from the ionization of two hydroxyl groups of catechol 

moiety, and from the deprotonation of the ammonium group 

of the ethylamine moiety. The pKa value of atx)ut 13 has 

been known from the ionization of the second hydroxyl 

group. Catecholamines at pD=6 are in their cationic states 

at ethylamine moiety, whereas at pD=14 are di-anionic12.

Protons of ethylamine moiety of DA in the cationic and 

di-anionic states belong to AAfXXr system in a configuration 

of Z-CH2-CH2-Y. Both NMR spectral data of DA at two dif

ferent pD conditions in Table 3 are composed of only two 

sets of triplet. They do not display the presence of any gemi

nal coupling or any difference between AX' and A'X coupling. 

It represents, so called, the deceptively simple spectra of ap

parent AJ(.2 system13. There may be two possible ways to 

explain this observation. Firstly, the population of trans con

formers can be greater rather than that of gauche confor

mers. Because the structure of catechol moiety attached to 

ethylamine moiety is not symmetric, chemical equivalence 

of A and A" would not be held exactly the same. But the 

difference may be minimal to be observed. The other expla

nation is that the rotation through the C-C bond of ethyl

amine moiety is fast enough to discriminate the nonequival

ence of A and Ar. The energy barrier between trans and 

gauche conformer is low enough compared to the thermal 

motion, particularly rotation. In fact, the anti or gauche coup

lings between A or Ar and X or X’ in trans conformers is 

not necessarily the same as those couplings in gauche confor

mers. But these differences may not be significant to show 

the nonequivalence on NMR spectra by 400 MHz field stre

ngth.

Protons of ethylamine moiety of NE in the cationic and 

di-anionic states are ABX system in the configuration of Z- 

CHX-CH2-Y. On the NMR data of NE in Ta비e 3, the cationic 

NE shows a set of triplet and a set of doublet, apparent 

AAfX system. Two protons on a-carbon of ethylamine moiety 

are diastereotopic in each rotating conformer. Therefore che

mical shifts of these protons are not chemically equivalent. 

But this is another example of the deceptively simple spectra 

caused by an insignificant difference of two chemical shifts. 

The observed splitting, ~6.4 Hz, is the average of Jax and 

Ja'x・ These results do not confirm any preferred conformation 

of NE in the cationic state, except a rapid rotation through 

C-C bond in ethylamine moiety. However the di-anionic NE 

gives a set of distorted triplet and a set of octet, obviously 

ABX system. The octet in this spectrum is sufficiently good 

enough for first-order analysis. The geminal coupling cons- 

tant, 시13 Hz, and two vicinal coupling constants, 爲 ~ 7.2 

Hz and 人(~6.3 Hz can be obtained. The Karplus correlation, 

3J—A-\~B cos+ C cos2<I>, between dihedral angle (O) and 

coupling constant for vicinal protons (7) is applied to these 

vicinal coupling constants using parameters by Bothner-By 

0 = 7, B= — 1 and C = 5严.Dihedral angles,①心二~40° and 

4丄=~45° are calculated from above data. This result indi

cates that the gauche conformers are major species of NE 

in the di-anionic state.

The NMR data of E in the cationic and the di-anionic

Table 3. Proton Chemical Shifts (in unit of Hz) of Ethylamine moieties of DA, NE, and E at pD=6 and pD —14, and Assignments 

of Protons

DA at pD=6 

(assignment)

DA at pD= 14 

(assignment)

NE at pD=6 

(assignment)

NE at pD=14 

(assignment)

E at pD 그 6 

(assignment)

E at pD=14 

(assignment)

1221.5 (Ha) 1033.6 (Ha) 1800.8 (HP) 1678쇼 (HP) 1900.9 (H3) 1740.0 (HP)

12142 (Ha) 1026.8 (Ha) 1794.3 (Hp) 16723 (HP) 1894.4 (HP) 1733.6 (Hp)

1207.5 (Ha) 1020.1 (Ha) 1787.6 (HP) 1665.3 (Hp) 1888.0 (HP) 1726.6 (HP)

1081.2 (Hp) 927.4 (HP) 1145.2 (Ha) 1054.6 (Ha) 1237.7 (Ha) 1047.0 (Ha)

1073.8 (HP) 920.6 (HP) 1139.4 (Ha) 1047.6 (Ha) 1231.6 (Ha) 1039.4 (Ha)

1066.5 (HP) 913.3 (Hp) 1041.8 (Ha) 1029.9 (CH3) 1035.1 (Ha)

1034.5 (Ha) 1027.4 (Ha)

1025.0 (Ha) 999.0 (Ha)

1018.9 (Ha) 993.3 (Ha)

1012.2 (Ha) 987.2 (Ha)

1005.8 (Ha) 981.1 (Ha)

833.4 (CH3)
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Table 4. Calculated Energies of Catecholamines (kcal/mol)

Dopamine -

Structure I Structure II Structure III

Tra於 Gauche^ Trans Gauche Trans Gauche

Electrostatic E. 14.96 13.90 -4.99 -3.46 —40.18 -48.91

Nonbonding E. -3.74 -4.01 -2.81 -3.09 -3.08 -3.40

Hydration E. 一 78.77 -76.51 -81.10 -80.47 -142.32 -137.42

Total Energy -67.55》 —66.62 -88.91 -87.01 -185.58 -189.73

Norepinephrine —

Structure I Structure II Structure III

Trans Gauche Trans Gauche Trans Gauche

Electrostatic E. 16.80 17.03 10.20 10.22 -25.23 -32.52

Nonbonding E. -3.42 -4.05 -2.85 -3.33 -3.14 -3.67

Hydration E. -87.58 -82.76 -85.50 -85.15 -147.38 -142.95

Total Energy -74.20 -69.79 -78.15 -78.26 -175.75 -179.14

Structure I Structure II Structure III

Epinephrine

Trans Gauche Trans Gauche Trans Gauche

Electrostatic E. 23.66 23.89 10.48 10.96 -15.61 -22.46

Nonbonding E. -1.50 -4.83 -2.75 — 3.19 -3.30 —3.98

Hydration E. -79.57 -75.02 — 85.64 -84.40 -141.34 -131.12

Total Energy -57.41 -55.96 -77.91 — 76.64 -160.25 -162.57

atrans (ti—90° and 彪~180°) and gauche (勺~90° and 匸2~±60°). ”The energy which is lower between trans and gauche con

formations is in b이d.

state have the same shape as those of NE shown in Table

3. For the case of di-anionic state, we can obtain the geminal 

coupling constant, ^*"*12 Hz, and two vicinal coupling con

stants, 7财~7.6 Hz and 人r~6.0 Hz. The calculation of the 

Karplus correlation with parameters by Bothner-By 0 = 7,

— 1 and C=5) gives dihedral angles, «农=~37° and 

任农=~47°. This also indicates that the preferred conforma

tion is the gauche conformer in the dianionic state.

Conformational Energy Calculations of Catechol
amines. The trans conformer contains the ethylamine side 

chain anti-planar and perpendicular to the catechol moiety, 

whereas in gauche conformer the terminal ammonium group 

is oriented towards the catechol moiety. The calculated 

ECEPP/2 function and hydration free energy are summari

zed in Table 4. For three catecholamines, one can see that 

the trans conformation is preferred in the cationic slate, St

ructure I, This is due mainly to hydration free energy by 

the ammonium group extended for the better hydration. Ho

wever, gauche conformers are significantly more stable than 

trans conformers in the zwitterion-like Structure III. A major 

contribution to the gauche conformation is the electrostatic 

effect upon Table 4. These structures may be considered as 

the model species adsorbed on the metal surface. In the 

di-anionic state, Structure II, the trans conformation is prefe

rred for DA and E, but the gauche conformation is in slight 

favor for NE. The electrostatic effect seems playing major 

roles for DA, but for E the hydration energy plays major 

roles in favour of the trans conformations. It is in contrast 

to NMR data of E in the di-anionic state that the trans con

formation is preferred from calculations. Except this, the re

sults of calculation are consistent to the interpretations of 

NMR results.

Conclusion

In aqueous solution of neutral, catecholamines are cationic 

(Structure I) and the trans conformation is in favor slightly. 

However the difference of two energies are small enough 

to allow a rapid rotation through the C-C bond of ethylamine 

moiety. When in basic medium they are di-anionic (Structure

II) , the gauche conformation is preferred for NE and E upon 

NMR data, but the trans conformation for DA. The hydroxyl 

group of p-carbon seems to play major roles for this different 

response between DA and NE or E.

The active species of catecholamines (DA, NE, and E) ad

sorbed on silver metal surface in solution is a bidentated 

complex between two hydroxyl oxygens of catechol moiety 

and the metal surface, i.e., zwitterion-like anion (Structure

III) . When adsorbed, the conformational transition occurs 

likely from trans/gauche rotamers mixtures to the gauche 

conformations.
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Preparation and Characterization of the Paramagnetic Rhenium 
Complex, (CO)4ReL2[L2=2,3-Bis(diphenylphosphino)maleic anhydride]
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Department of Chemical Education, Korea National University of Education, Chungbuk 363-791 

^Department of Chemistry, College of Natural Science, Korea University, Chochiwon 339-700
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The paramagnetic complex of (CO^ReLlL =2,3-Bis(diphenylphosphino)maleic anhydride] was prepared both by the 

photochemically induced homolytic splitting of Re2(CO)io with L2 and by the chemical reduction of [(CO^Rel/lSCbCFw 

The (CO)4)ReL2 compound was characterized by ESR spectrum. The spectrum exhibits three group of sextets arising 

from one 185J87Re nucleus (1=5/2) and two equivalent 31P nuclei (1=1/2). Infrared, ESR, and cyclic voltammetric 

data are reported for all of the complexes prepared in this study.

Introduction

Paramagnetic 19-electron complexes play a vital role in 

the organometallic chemistry because many reactions have 

been found in which these complexes are involved as inter

mediates whenever metal radicals are formed1. The isolation 

and characterization of the paramagnetic complexes are rela

tively rare due to the instability of transient species2. How

ever, ligands with low-energy, conjugated n* orbitals such 

as quinones3, a-diimines4, nitrosyls5, substituted pyridines6, 

and 2,3-bis(diphenylphosphino)maleic anhydride7 are capable 

of stabilizing 19-electron organometallic complexes. The rela

tive stability of the complexes can be attributed to the ability 

of the ligands to delocalize the extra electron. Therefore, 

the term “18+8 complex** is used to describe 19-electron 

organometallic complexes which are e도sentially 18-electron 

complexes with reduced ligands8.

Recently, Fenske76 reported the 19-electron complexes, Co 

(CO)3L2 and Mn(CO)4L2 [L2=2,3-Bis(diphenylphosphino)ma- 

leic anhydride], by the reaction of Co2(CO)8 and Mn2(CO)io 

with L2, respectively. The 19-electron complexes showed that 

the unpaired electron is delocalized over the transition metal 

atom and the n* system of the L2 ligand. The ease of the 

formation of complexes, Co(CO)3L2 and Mn(CO)4【L2, by che

mical reaction prompted us to study the 19-electron complex, 

Re(CO)4L2. However, the reaction of Re2(CO)i0 and L2 even


