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SUMMARY

KATZ, ROBERT, AND JACOBSON, ARTHUR E.: A molecular orbital study of 2,4,5-t-rihv-

droxyphenethylamine and related j)oml�’h3’drox�’pheneth�lamines. i/o!. Phi-armacol. 9,
495-504 (1973).

Complete neglect of differential overlap (CXDO) calculatioims indicate that 6-hmvdroxydopa-
mine (2 , 4 , 5-trihydroxyphenethylamine), 2 , 3 , 5-trihydroxyphenet-hylamine, and 2 , 3 , 4,5-

tetrahydroxyphenethylamine have the same minimum energy conformations. li-Hydroxy-

dopamine is known to cause neurodegeneration ; all three compounds have recently been
shown to have long-term effects on the accumulation of [3H]norepinephnine in mouse heart
in vivo. The minimum energy conformations are gauche forms in which time proton on the

nitrogen atom, at the c-nd of the rotated side chain, and time 2-hydroxyl oxygen atom are

1.29 A apart, a likely intramolecular hydrogen bonding distance. All three of these com-

pounds contain para-oriented hydroxyl groups. These 2 , 5-dihydroxy substituent-s display
about the same interatomic distance as that betw’een the oxygen titonu in the 5-hydroxyl
group and the nitrogen atom in the minimum cimergy conformers, and it is proposed that this

distance might be important for interaction of these compounds with macromolecules. The
criteria of a specific int(-ratomic distance, combined with their c-ase of oxidation to 1 , 4-qui-

nones via anion-radical mechanisms when a third h�’droxyl group is present in the molecule,

and adequate uptake at the active site are sufficient to deuimue time biological activity of long-
term reduction in the cardiac uptake of norepinephrino’. The minimunu energy conformations,
interatomic distances, amid net electronic charge distributions in isomenic 2,3 , 4-, 3,4 , 5-,
2,3,6-, and 2,4, 6-tnihydroxyphenethyiamines and 2, 5-dihmydnoxypimeno-thylamine have also
been ojbtained. These compounds do not meet one or nuore of time- listed criteria for inducimug
long-term reductioon in cardiac uptake of [3H]norepimme-phnino-.

1NTROI)U(’TION gic mmerve to-rnmimuals (1). l�o-co-nt work on iso-

- . . . me-nc t nihvdroxvpimenetimvlamines b’c Lund-
2 4 � Trih� drox� phi neth� lammn (4) h� strom, Oimg 1) ul� amud Creveling has �imow n

droxydopamme) (I, Fig. 1) is known to) be that 2,3, 5-tnihvdroxvphenc-thvlanuine (ii)
effective in releasing Imo)repmnephrine from car- and 2 , 3 , 4 , 5-tetraimvdrox�’phenet-iuvlamine
diac storage sites (1). It causes long-term re- (III) also cause long-t c-nm reduction of car-
duction of cardiac uptake of norepmnepiurmne diac uptake of norepinepimrine. 2 , 5-Dihy-
and selective destruction of the noradro-ner-

2 � Lmmnudstronuu, II. Ong, J. I)aly, and C. It.

‘Visiting Fellow, 1971-1973. Creveling. personal comnuuunication.
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2,3,6-(�)

l’ncm. I. S/rod (ii(5 (1(0(10(1 in/meni �q s !/.i/e111 of POl!/-

hyilrox1�p1oe ,oct/o !Il(1 liii OC.’�

dio oxvjmhc-mme’thvlanmimu- (I \‘ )� timid t \VO isomnuc-nic

tm’ilm�dromxyphe-muc-tluylanuimoo-s [the 2,3,4- (V)

mimi(l th�- 3 , 4 , .5-substituted (Vi) (-oonTipoulmdsj

ti.no’ l)(0t0’11t ill re-lo-asing [�Fljmiom1’el)ii1epimniIme

but (too not- catisc- bug-to-mu m’o’duct-ion of

Ulotmiko’. Lastly, 2,3 ,6- (Vii) and 2,4,6-
niimvdm’cmxvphenc-timvlamimu- (VIII) were com-

�)tim’ttt-iVely immeffective �H [iuo mm’o-pino’j hnimme-
nc-le-asimog agents, siucmwimug little imuhibitiomm of

[3H]noro-pino-piunine uptake iii time nmomus’

liettrt.

W’e were intrigued by tiuo- differc-nces in

biological activity of 6-hydroxydompamine,

dopmmmine, aiudl miorepineplmnine, t ho-in fairly

similar cimemical structure-s not wit imstandimug.

We iuave used CNDO4 calcultitions in o)rder

to rationalize soorno- of timo- thfio’ro-no-es imu bio-
logical activity of’ tin- pmotommmmtt-d polvhv-
dnooxvphemuetiuylarniiuo’s (1-\’IIi) timid too so-c-

whet huo-r t ho-sc- co omnpoummcls w ould imave (-imar-

actenist ic-s do-nivo -d fnonm nitoli’oular orbital

� ,J. Lunodst n’omn . l. \lc�\o’al , momod ( . 1 . ( ‘revel-
ing, lmem’somomil (‘00010noot111i(’mtt iou.

� ‘Flue molmion-vimot louis used mire : ( ‘N I )() momod IN! )(),

conooph-t P ml ui nt ernuedi mite nn-gleco If (iilie-remit imil
oove rlmilm.

tiio’oom’y oinmilai’ to) thc)so’ which wo’ foumul for

cloml)mUuuiimo amud i1om1O’j)imio’j)imI’imiO’.�

�OIETI-I 01)5

\\e used a c-onipilatioii omi ccmimil)Uter l)10)

grmumust for our niolecular omrbital ctilculations.

‘fin-so- progranis ili(’lud(’ an xyz Cartesian

coorthinmuto’ go’umeratomr (2) and a DCRT X-ray
nuodc-limmg systenu (3) leadimug to time CNDO/
IXIX) calculations (4, .5) anI to a subroutimue

for plottimug, callo’d PIATTO.7 \Ve used time

l)ananie-to’rization of the- original CINDO/
INI)() program (4, 5). Modification of time

array variable j)i(-kup, (-conversion to siuugle

pro-cision, niodification (Of omUtJ)lit of the pro-
grain to list bond distanco-s muiu(I iue-t c’l#{128}-ctronic
(-hargo’ distnibutioum, mind a nmore complete

closo�rij)tioim of time conmpiito’r systoAmmu used are

d�senibc-d elsewimemo’ .�

X-ray diffraction oiata for cmmtechob (6)

��‘o-no- liS(d as input tm time xyz coordinate gen-

em’mtt(mr for time compoummds shown imu Fig. 1.

Time mtdditional necc-ssarv atoms were added

using standard bond angles and bond
leimgtims, fo:mr sinuilar ro-asomius mmmudiii a uiiaiuuier

consistc’mut is’it-h t-hoso- d(-s(-nibed by Katz,

Hello’r, nuii#{128}1Jacobson.5 As a comparison, w’e

used )(-mav diffract ion data for 6-hyc!roxy-

dopanmine HC1 (7). fin-re was little (-ssential

differc-ncc- in time variation of re-lative energy
vs. bond rot-atiomu, and in energy barriers,

whemm these data were used as (-oonupared with

our cmnigimmal data. 6-Hydroxydopa nuuume, from
time- X-ray diffraction study, had consider-
ably shom’te’r N-H, 0-H, mmnd C-H bond
distamicc’s timan those we (obtaimmed from stand-
ard tablcs. It- is we-li known timmut- considerable
uncertaimmtv exist-s as to the exact positions

of Imydnogen atoms from X-ray diffraction

data. Time differeuuce between the results of
theso’ two o-alculat-iorus (from X-ray vs. stan-

It. Katz, S. it. Ileller, and A. K Jacobson,

umul)uI)lislied results.
6 The’ cououputer programs were c’ommnpiled and

inte-r�vomven by I)r. S. Ft. Ileller, I )ivision of Coni-

puter Research mud Technohogy (DC1tT), Na-

tiomoal Imostit totes (of llealtlu.

The PLITT() progranu was oI)t aumoed from Dr.

S. \Iothe-rwell, (‘henmist mv 1 )epart n,uent, Canm-
bridge Unoiversmtv, mimic! was mtdmiptod Ito the X-ray
nmuodelinog svstenn by fl. J. Feldniuanon, I )ivisionu of

(‘onnpmmter He-search a mod lec-hmoology, National

Inostit mite-s of health.
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ard tables) was ahmmost emmtirely in the calcu-
lated total energies. Time total energy of the

protonated 6-hydnoxydopamine molecule
from X-ray diffraction data was about 678

kcal higher (less stable’) than the structure
\\.e used as input imu timis j)aper.

The conformation used as a starting point

in all our calculations was the extended ethyl-

amine side chain (“1-mans” or “anti” form),
in which the benzene ring and side cimain

atoms 13, 14, 15, and 21 are planar (see I,
Fig. 1 , for imumbering system) . For simplifi-
cation, the variatioum of time dihedral amugle

enclosed by atonis 6, 1, 13, amid 14 �vill be
referred to as the ro)tatie)mm angle around time
1 , 13 bond; the dihedral angle emmcbosed by
atoms 1, i3, 14, amid 15, as the rotation angle

around the 13 , 14 bond ; and the diimedral

angle enclosed by atoms 13, 14, 15, and 21,
as a rotation angle around the 14 , 15 bond.
Final minimum energy conformations are

designated by the magnitude of the rotation
angle around the 13,14 bond. For example,

the 120-degree nuinimum energy conforma-
tion of J . HC1 refers to the final rotation of

the 13,14 bond after rotation of the 1, 13
amid 14,15 bonds. Energy mimmimizatiomi ��‘as
done for eaclu bomid rotation of the ethyla-

mine side chaimm, usually starting with time

1-13 bond, followed by the 13-14, 14-iS
bonds, etc., all counterclockwise. Usually
diagrams such as Fig. 2 represent mimmimum

energy conformations obt-airued by time afore-
mentioned sequeumtial rot-at ion of bonds.

However, we agaimu minimized all time rotti-
tion angles after obtaining an initial nuini-
mum energy conformation for a molecule-.
Thus our bond angles (1,13 and 14,15) simow
greater variation than those commomuly

found in diagrams of relative o-mmergy vs. bond
rotation, and may be closc-r to true mininmum
energy coimformations timan timose usually ob-
tamed. Figure 1 depicts time calculated ori-

entation of the piueimohc protons in their

minimum energy confornmations. All these

phenolic hydroxyl groups are in time plane of

time benzene ring.

RESULTS

Mum imum energy conformation-s. Molecular
orbital calculations performed on protonated
compounds 1-VIlI tire exemplified lucre by a

detailed amialymsis of 2 , 4 , 5-tm’ihoydn )xylmhio-mm-
ethvlamine h\’drocimlonide (pnotoimated i) aiud

its free base (IX).
Time results of time CNI)() (-tiiculatio)mis for

protoummmte(i I ar(- simoowii in i’ig. 2. Zerom no-la-
t-ive energy, in Fig. 2, comre-spommids too a cal-

culated total eim(-rgy oof - 132.8140 mm.u. ‘Fime

miumirnunu (-Im(-rgy comiformumatiommis for thus nmol-
ecule are- imma fairly wido- �vo-ll (#{176}.)0-l.50-dc’gro-o-
rotation angle aroummd tim(- i3 , 14 bond). lb’-

cause th(- (22)H atomif is oniente(l in mm
straigimt hue bc-tween tiic’ ( 15) N and the (2)0
atoms, in ordo-n to nmmmimutain time iiydmogen
bond, this (22)H atom lescnibes an arc (in
the (Ic-el) we-lI area) with a radius (of i11)l)rOOX-

imatel�’ I .29 A, co-iuter-d at time- (2)0 ate mum.

Time no’t(-mitiomu of this (liStance as time’ I 3 , 14

bouud rottut iou amugle vttri(-s mu(-c(-ssitmmt c-s mmmo(li-

fication of time 1 , 13 and 14 , 15 bond angbo-s,
in ()rd(-r to obtain th(� nuinimum en(-ngy con-

formations, mis observ-d imu Fig. 2. if time

(22)H is bnoougiit closer timamm 1.29 A to time-

(2)0 atoimm (N--U distaimce = 2.32 A) there

is a rapid imucrease in time emuergy contemut of
time nn)lecule. Increasing (listmumuces bet�vo’o-mm

time (22)H anti (2)0 atomims bring ab ait a

slower imic-nease imu energy content-. \\‘he-mu tia-

protomm on time (2)0 atc)n1 \\��-ni used 10)1 hydno-
gemm bondiumg to time (l5)N mitom, imigim-r eu-

ergy comifomnuations resulted. Time e-nergy we-Il
around time 120-degree- position is dc-op

enough (compared wit ii dcopanmimme imvdro-

chloride) to allow time’ pro-sumptiomi thmit mumost
oof time premtommmuted 1 nmolo’o-ules will exist nu(ost
of time’ tinme witimin its linmits. The- emmlcultmted
iS-keal/mole’ barrier to) reotaticon away fronu
time-se e-e)uiforflmtitiomis pro obablv pro-eludes �a�-

smige umm(bo-n miormimal cincumstamueo’s. (i-Hy-

dromxyelompmmmmmino- H(’l wmis feumid, b� Xi-m’mmy

crystallograpimy, to o-xist iii time loans feornm,
w’itim time 14 , 15 bond ahmomst perpendioulmmn to
time plaiuc’ of tiue bemizo-mmo- ring. No) doubt this
oee,w.s bc-cause- omi tin- inmto-mnmodo-eular liv-

drogeum bommdiuug observe-el iii time (-rystmil struc--

tune. Time stability gaimue-d fromum timis int(-r-
molecular imydrogen bonolimmg would, of
course, be- le)st imu dilute solutioum (e-.g., bio-
logical media). He o\��(�T(�, into-nnmole-o-ular

The- (22)11 is the proC om e)no nut roogenu closest tom

either Clie (2)() or (u)()atom, when presenmt, mo the
iiuinoinntmnoo emoergy conofomrnumitionos of c-onupoumoc!s

‘-IX.



Rotation anq)e oround 03,04-bond

Fm a. 3. 120-degree no i nimmo umn C moergy comofornoation

of pro�onated 6-hyolroxydopanoimoe (l.HCI)
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FIG. 2. Calculated relatice emoergies of protomoated (J-loydrox/Jdopafltine (1. HG!) as a function of side

chain rotation

imydrogen bonding with watt-u’ iii dilute solu-

tion, in vitro or in vito, nmay cause preferen-

tial stabilization of some of the molecular
conformatiouus. We- tire not able to calculate
this stabilization by molecular orbital the-

ory. it simould be noted thmat CNDO may
overestimate st abiliztitioum due- to imydrogen
bonding (8). (‘omparisomus between our

(‘NDO calculations on protonated dopa-
mine5 and prot onat ed 6-hydnoxydopamine

simow that timis ovo-restimtmtioum (if it cmccurs)

is at- most about 30 �. Our calculated barrier
of 15 kcal/mole bo-twe-o-mu t-hue gauche amid the

lraio.s e-ouufomnnuo-rs in 1’ig. 2 tints mumay be closer

to 10 kcal:nuole in reality. Timis approxi-

mately 30 % overestimatioim �voubd not, imow-
ever, effect our conclusioums. The 120-degree
minimum emuergy conformatioum is shown in

the PLUTO diagram in Fig. 3.
In order to confirm the idea that time sta-

bihizat-ion of the molecule is due to hydrogen
bone! format-ion between time (22)H on the
(i5)N atom and time (2)0 atom, we calcu-
lated time minimum e-muergy conformations of
G-hydroxvdopamimuo’ fro-c base (IX). CNDO
calculations resulted in time- fairly symmetri-
cal curve- shown in Fig. 4. Zero relative en-

ergy, imu Fig. 4, corre-spomuds to a calculated
total eumergy of - 132.2870 a.u. This figure,

imu commtrtust to Fig. 2, slmows ro’latively small

energy btirniers to rotatioim, auud is quite sim-
ilar to tiuc ne-suits of CNDO calculations oum

nonprotomutit-d dopamine .� The- locatioum of

one of time mimiimunm energy conformations is
still at a 13, 14 bond angle rotation of 120
degrco’s, but there is umo correlation between

time-minimunu energy of time molecule and the

(22)H-(2)0 atonm distance-. Timat is, the

presence of the (2)0 atonm does not appear
to imifluo-nce time- nmiuminmum energy conforma-

tioim of IX. Time thrc-e calculated minimum

emmergy e-ouuformations are time “hans” tit 0
degre-es amid time 120- and 240-degree gaucboe
confornmations, all with about time sanme en-

ergy or stability. Time PLUTO plot of the
120-degre-e e-oumfomniation is simown in Fig. 5,
as a comparison with Fig. 3.

Time- protonate-d compounds ii, III, 1V,

and V (Fig. 1) gave calculated (CNDO) re-



(4,I5’33O� (4,05120’

20 60 200 240 280

Rotation angle around 3. I4’bond

FIG. 5. 120-degree mmoinimnumn energy eomo.formmma-

lion of 6-hydroxydopamin.e (base, IX)
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Fie;. 4. Calculated relative emo.ergie.i of6-hydroxydopamniio-e (ha.ie, JX) as a foumelion of side cloao mmrota/woo

Rotation around the 1,13 bond = 90 degrees.

suit-s similar to timose obtained with proto-
nated I, and these are showum in Fig. 6. Time
minimum energy conformations of all these
compounds exist at about the 120-degree

position.
Compound Vi, the 3,4, 5-trihydroxy iso-

mer, was calculated to give minimum energy
conformations similar to those which we

have shown for protonated dopamine,#{176} at 0,
120, and 240 degrees. The 120- and 240-

degree conformations are indicated on the
graph in Fig. 6. Obviously passage between
these positions is not precluded; there is not

nmucim (of an emmergy barrier at 180 etc-gre-c-s (pc-n-

imaps 2 kcal/mole).
()umlv compouumds Vii aumd VIII, the 2,3 ,6-

an(1 2 , 4 , 6-t nihydroxv isonmers, exhibit t we)

almost equally stmible niimminiunm emuergy comu-
formations at I 20 mimud 240 degi eos. rfii(

c-micrgy barrier at the 180-degree PoSitiOmu

(tibeut 10 kcal/mole) is high enough to) pre--
oltl(le time 1)OSsibilit\’ of easy intercomiversiomm

by direct rottition. This barrier is (lisplayed

grapluictlll3’ in Fig. 6. For clarity, 1i’ig. 6, aim-
like Fig. 2, does mmot show the calculated inter-
mediate (150 d(-grees, etc.) rot mit iorms, mine!

thus does not- display tim(- wide niininmunm

energy well obttuined fer mill tiuo-se compounds

except- VI. 5ihl(’ relative energies of corn-
pounds 1-V 11 I aro- givemu in Fig. 6. Zero ne-la-

tive emn-ngy for Fig. 6, curves a--f, oorre-spomids

to a calculated total e’nergy of - 132.8330
a.u., to - 131.2287 a.u. foor time- 120-degroe
conformatioum of Ill (Fig. 6, q), mine! te)

- 114.3566 a.ui. foor tho’ 120-degros- oeotufomnmti-

tion of IV (Fig. 6, hi). W’e did iuot find imptms-
sable barnie-ns tim rottitiomu fronm time presumimed
(tran.s) cnystallograpiuc st met ares imuto our
CN1)O ealeulato-el nuininmuu’n e’nergy gauche

conformations o-vemm though, iii -ertmun cases,

the passage bet-w’eemm time- tivo gaucho-c couu for-

mations might be precluded (Fig. 6, h and f).
A PLUTO plot of time’ 240-degree mininmum

energy (-OnfOrmmitieouu (of conmpoumud VII is

shown iii Fig. 7; tIme- 120-degree mininmum
energy confornmation is showuu iii Fig. S.

Electronic rho-arge distribution. The muet elec-
tronic cimarge distribution about time vanieous
at-om�s of conupounds I-VIII, in timeir miuui-
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Rototuon angle

0,03 03,04 04,05

70 020 60

70 080 0
00 2d0 �ru

- 200-

E
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(U) 2,3,5- b
70 020 60

70 080 0
90 240 30

(U) 2,3,4- c
70 020 60
70 080 0
90 240 30

(VI) 3,4,5-d
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000 240 60

(VI) 2,3,4,S’g
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70 080 0
90 240 30

5�0 -

(�) 2,5-h

Rotation ang)e around 03,04-bond

70 020 60

70 080 0

90 240 30

Ft G. 6. (‘ommmpan s,o,o of ,aIcoi la/ed relative en ergies of polq/o qdro.ni�p/oe omit/i ijla mm,1mm-es as a function of side

c/i aiim rem/at no mm

Ftc;. 7. 240-degree 1)00,0011001 on (om.(rg�/ eoom.fonmnat i(mmo.

(of proteomm.olte(l 2,3, ti-/ri/i !/(/r0.r//p/Oen-e//oylamnin-c (VII)

F’m0;. S. I 20-degree nmo n-in, Olin- energy confonmmoa-

(i(m ii iof pro/(o )i-(1/e(l 2, 3, 6-/ri/i !I(lroxyphenethylamnine

(I’ll)
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mimunm emmergy confornutitions, is shown in
Tbl 1. The side e-hmiin carbon atoms (13)C

and (14)C Imave not beeum included in the
table, since their e’lect-roimic distributions
were essentially coimst-ammt- ium compounds
1-Vili. Time net change distribution about

time (13)C atonm Varie(l from 0 to -0.02, and
the (14C) varied fnonm 0.09 to 0.10. It can be
noted that time mie-t charge distributiomm about
(1)C varies only slightly ium nmost eof these

conupounds. All time otimc-r carbon atonms vary

significauut ly. The no onsubstituted aromatic

carbomu atonus are mue-gatively cima-rged in all

timese compounds except. for time 2 , 3 , 4-tn-
hvdroxv isomer (V) and the (5)C atom of

time 2 , 3 , 6-t-niimydroxy isomer (VII), which are

positively cimarged, and time (3)C atom of IV,
\Vimi(-iu imtis zero charge. As time protonated

am.nuo group approacimes time (2)0 or (6)0
atonu, the miet negative charge oum these oxy-
geum titorns increases. This can be clearly seen

in compouimds VII and VIII in Table 1, in
whicim time net charge distributions on the
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111 1100 moimioummi emmergy (‘omiforniers

V VI VII VIII
(120#{176})

120#{176}240#{176} 120#{176}240#{176} 120#{176} 240#{176}

(2)0- -(15)N
(3)0--- (15)N
(4)0-- (15)N
(5)0-(15)N

(6)0-(15)N

(2)0- (3)0

(2)() --(4)()
(2)0 -(5)0

(2)0-- (6)0

(2)0-(22)II
(6)0- --(22)11

.4 A A A A A A .4 A A A

2.30 2.30 2.30 2.30 2.30 2.30 4.80 2.30 4.81

4.62 4.64 4.63 5.00 6.02 4.63 6.27

6.24 6.24 6.20 6.24 6.21 6.24 6.20
6.27 6.27 6.27 6.27 6.02 4.97

2.75 2.77 2.72

4.81

2.70

2.30

2.70

4.80 2.30

4.81 4.81 4.75 4.81 4.81
5.5()

1 .29

5.50

1 .29

5.50

1 .29

5.50

1 .29 1 .28

5.50
4.78

1 .29

5.50
4.78 4.76

1 .29
4.76

1.29 1.29
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Immterateimiioc dista,o-ces

Atoms I II III IV
(120#{176}) (120#{176}) (120#{176}) (120#{176})

(2)0 auud (6)0 atoms var�’ according to time
aimgular posit-ion of time protonated amino
group. The higimc-st mme-t mmegative charge is

observed on time (3)0 atom of compound III.
In every case time (15)N atom of the proto-
nated anmimmo group is negatively charged.
Time imet charge distribution on time (15)N
atom increased its miumimum energy confor-

niatioims wimemm time (15)N atom was close to

time (2)0 or (6)0 atomum, as co)nmI)ancd mvitlm the
muet- charge on (15)N observed in VI, the

:3, 4 . 5- tniimvdroxv isonmer. Altimoughm no van-

ation in net e-lectnonic charge was observed

oum tue (15)N atcom imu time various niinimunm
energy conformations of IX, the net- excess
electronic cimarge omm this atom was, of course,

great-er than in time prototmat-ed amines

1-VIII. 1mmfmmct, it was e-e)mparable te) time net
(�XceSS e’lectro)Imic cimarge on the pimenolic oxy-
gen atom�s. Time iie-t- positive- e-imarge on the
(22)H atonm incr(-ase-d from 0.23 to 0.3i in
those- rniruinmtmnm eumergy e-oiufonniers, iim mvhicim

it could participate in hydrogen bondimmg to
f-he (2)0 or (6)0 atom.

Interatomic distances. In the- minimum

cmmerg� coimfornmations of compounds I-IV
(Table 2) timere are identical interatomic dis-

tances bet-mveen atoms (2)0 and (15)X (2.3
A), (5)0 and (15)N (6.27 A), aimd (2)0 and

(22)11 (1.29 A) because of hydroge-n bond
fommation between time lmydrogeum of time pro-
t-onated amine amid time (2)0 atom. The
(2)0-(5)O int-ermitomic dista-nco- of 5.5 A is
obviously the same in e-ompoumuds I-1V, for

structural reasomms. When compounds I-IV

are in timein 120-degree minimum energy comm-
formations, f-he differences in interatomic
distance between the (2)0 and (5)0 atoms

and the (5)0 and (15)X atoms [and the (2)0
and (15)N atoms in V and VI] are no greater
than 0.8 A. Time (5)O-(15)N distance can
vary. depending on the 13 , 14 bond rotation

angle. The variation from 90 to 150 degrees
for timis aumgle miglmt- result in less difference

between these interconnecting atoms than
that noted above. That- is, in time 90-degree
conformation (see lm’ig. 2) the (5)O-(15)X
interatomic distaumce is 6.86 A, and in time
150-degree conformation time distance is 5.77
A. The ideimtical distances pertaimu, of course,
to time symmetrical (by 180 degrees) positions
on the reverse side of time plane determined
by time- benzemme nimmg.

It is of inte-nest timat dopamine imydrochlo-

ride, in its 120-degree energy conformation,

also displays a similar (approximately 6 A)

distance betweemm time (5)0 and (15)N atoms,
as does norepinephnine hydrochloride .�

DISCUSSION

Polylmydroxyphenethylamines I-VT (Fig.

1) Imave been foummd to be taken up and to
cause time release in vivo of [3H]norepineph-
nine from cardiac storage sites. Our molecu-
lar orbit-al calculatioums show that they all
have the same minimum energy confornma-
tiomm at- 120 degrees. It is suggested that these
ccmnformens mire respomusible for time’ uptake e)f
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the polyhydroxyphenethylamines I-VT and

the release of norepinephrine. Compounds
VII and VIII are poor releasing agents of

[3H]norepinephnine and are rather ineffective
at inhibiting its uptake. They both possess

two definite minimum energy conformations

(at 120 and 240 degrees) and display a high
energy barrier between them. It seems that
if both the 120 and 240-degree conforma-

tions exist with a high energy barrier be-
tween them, little norepinephrine release is

elicited.

We have also noted a striking similarity
in interatomic distance between three pairs

of atoms, the (2)O-(5)O, (5)0-(15)N, and
(2)0-(15)N atoms, and the very similar

charge densities around the (2)0 and (15)X

atoms, in minimum energy conformations.
Compounds I, II, and III cause long-term
reduction in the cardiac uptake of norepi-

nephrine.2 Saner and Thoenen (9) have pos-
tulated that the oxidat-ive product-s from I
can interact nonspecifically with macromole-

cules to give covalently bound or cross-linked
products. However, it is also possible that
these polyhydroxyphenethylamines can spe-

cificahly interact wit-h essential proteins
within the vesicle or cytoplasm or at uptake

sites in the plasma membrane or vesicular

membrane. The approximately 6A-sepa-
rated 0-N or 0-0 atoms, in the minimum

energy conformations of compounds I-Ill,
might be responsible for attachment of these

compounds by hydrogen bonds to macro-
molecules.

Heikkila and Cohen (10, 11) postulated
that f-he toxicity of I could be due either to
the quinone or to hydrogen peroxide, which

was found to be formed in experiments in

vitro. These authors preferred the latter as
the toxic agent. Studies by Lundstrom et al.2

indicate that the long-term inhibition of nor-

epinephrine uptake displayed by compounds
I-Ill appears to be correlative with their
ease of oxidation in vitro and that the oxida-
tion of these polyhydroxy compounds is con-

centration-dependent. The oxidation of I to

a quinone has been observed in- vitro (12).

The two hydroxyl groups of compounds I-

III, namely, the para-oniented ones [(2)0-
(5)0], which may be hydrogen-bonded to

essemmtial proteins, would be in excellent po-
sition to cause maximal destruction on oxi-

dation to time’ intermediate semiquinone or
the final quinomme- cornpouimd, or on the- forma-

tion of some by-product- like hydnogo-mu Pem’-

oxide.
A theory for p-quinone formatiomm, invok-

ing initiation by a third Imydroxyl group, Imas

been offered by Stone and Waters (13) from

their work oum chemical oxidation of catechol
derivatives using electron spin resonance
spectroscopy. A possible catalytic e-ffect- of

the third hydroxyl group can be observed by
comparison with 2 , 5-diiiydroxypimeume-t-hyla-
mine (IV), which displays time conforma-

tional requir(-nTl(-nts for long-ternm reduction

of norepinephrine uptak- found for conu-
pounds I-Ill in our calculations. However,
because it oxidizes at a very slow rate,2 the
radical-anion reaction in situ -itimer cannot

be initiated or cannot be propagated witim
the comucentration of this compound found at
the active site, and thus it does miot caUse-
long-term reduction of norepinephnine up-
take. The tetrahvdroxy compound III should
be, and is,2 the most easily oxidized of the
polyimydroxy compounds. The lesser effect of
this tetrahydroxy compound on long-term

reduction of norepineplmnine uptake, as com-

pared with the two t-nihydroxy compounds I

and 11,2 may be due to partial oxidation be-
fore uptake. Time resultant- oxidation product

could have different uptake properties.

We are preseumt-ly engaged in examining

the electron paramagnetic resonance spec-

tra of some of these compounds under con-
ditions in vitro, with time hope of detect-iuug
intermediate radical species.
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