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�;Umm:mnAR-’i-

Lucamut imonme ( I -diet hnylmunuiinmoetiuyhmmmimmo-4-met imvlt imioxant honc) is mu bacteniost atic anmd

cancinmostatic mugenmt-, arid conbimmes remdilv mmith DNA. N11-\Iet-hmv! substitutioni results in

virtumul cieletion of t-hmcse muctivities. It has been postulated tiumut timis effect is due to loss of
the cmupm-icity to form mm mini imiternnolcculmur hmydrolgcmm bond.

Suitnible inivest-igat iotus of elect rommic mind vibrmut RItual spectra- inclicmtt-e t i-ic preset-icc of a

stable inminnum-imoleculan ninuminuo-cnurbonvl proton bond in lucanit-hone. Ti-ic studies reveal no

evidemnce of initcractiot-i betmmeeru stronmg imydrogen-bonuding acids on bases mind ti-ic carbonvi
(IF scconmdanv mituitie substitucmmts.

Conisequemmtly, ti-ic reduced biologicmil amid biochuemical muctivity conmcomitmi-nt- w-itiu N-methyl

substitulionu is mmot attnibimtmublc to a (iiminishcd capacity to form imtenmolcculan proton

bonmds. In fmuct , time capability (If luc:unuthomc itt. t-hmisregard is lomvcr timan f-hat of time less active
N-methyl olenivmitive, mu mmimicim time niolnubonding 2p orbital of time cminbonyi funuction is free

t-(I itt.t enact mm-itin bydrogemu-bolmmohinug mmcids.

t NTROI)UCTION

N11-\Ietlmvl substit utioni of 1 -!ialkvlmmnil-
nomilkvlmunmino -4- met hylt hiolxmulmt hones (Fig.
1)1 � genmermully associated mmith a stnik-

inmg reo!uctiolm in-i bacteniostmttic (1) nuid

cmuncinolstmutic (2) activity. mm adclitiollm, tine

above commh)osit iOltimul cinntnmge is micconupanied

by co)nl)lete loss of time cmupa-cities tol inmi-iibit
RNA p(Ilynmc’nnusc, to stabilize DXA nugmuinmst

i All mummmumerical subscripts refer to time assign-

mncimt s mu Fig. 1 . Tue followinug ten-mims are mused:

nonnolmv(lmochloride, _\T14_Protonate(1 ; (liimv(lrochlo-

ri(Ie, .\�ii- tumid _-V1-protomuated. Time expressiomo

fl_7r* I ranmsitionu refers to tine excitatiomu of mum-idee-

tron fmommu mu nR)nui)onudimmg nutonie to atm ammOibormdinug

nnolecular orbi t al . 7r_7r* tram-isi t ions involve the

promot 1i)ti ()f ami elect ron fronn a bonioli mug to ann
numutii)omuding nolecular orbitmul -

heat- dcnmaturatioln, mmmd to ineremtsc time vis-

cositv of DNA SoIlIItio)tms (1, 3).

Spectroplmoltonietnic studies mind ionization

conist-nimits inliuicatc that N11-nmct-imvl substitu-

tionu results in-i stcnic inmtcnfenenmce betmmeen the

N-n-iet hmv! group mind time oxygen nuton on

C9 . ‘ilmis nccessitates m rotmut 1(1mm (If time aminme

side chn-uini oni time Ci-X1n bond muxis to

permit these subst-ituenmts to achieve their
appi’oxinmmttc vmunmden \Vmuuls sei)arationi (4).

On-i time bnusis (If the above dmutm-i mit-id inter-

pret mitiot-is, t ime follomving hypot Imeses mm-crc

suggested: (mu) colpln-inanitv of ti-ic timioxan-

tholnme nimmg mit-id amine side cimmuin mniy be

requisite to) optintuin biologicntl mmctivity,

or (b) cimmunges it-i l)im�Sieai properties cotm-

coniit am-it mm-itim st eric inimibit iotm of nes(Immmincc
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2 ( FEte, cited by Hirschberg et at. (1).

H�CH2CH2N(C2H5)2

CH3

CH3�c H 20 H2 - N -(C2 H5 )�

CH3

FIG. 1 . Structural form ulae of lucanthone (up-

per) and 1 1 -methyllucant hone

may accounmt foln ti-ic observed differctce� mu

cytotoxic ann! biocimenmical effects (4).
An altennmit ivc explanation has beet-i pro-

posed by Blm-inmz at-id Frenclm (2) , wimo sug-
gesfed ti-in-it dinilnisiucd imydrogen-botmditmg
capacity mmiv be responsible for ti-ic reduced

carcinostatic activity of the N-methyl de-
rivativcs. It. has also beenm suggested that time

lucmmnthonc-DXA conplex is stabilized by

proton-i bon-ids inmvolving ti-ic cnirbonyl oxygeni
and secot-ida-ry mmmc substituents of time

t-hioxantlmonc mit-ic! f-I-ic base residues of tic
� DNA imelixt. Ti-ic preset-it study mm-as utmden-

taken to determit-ic mm-i-ietimcr ti-ic iimtrinsic

physicocimemical properties (If lucantiiolnc

and 1 1-methvllucant-imonmc are conpnutible
mvith these proposed meci-innuisms of action.

MATERtALS AND METHODS

Ti-ic pertin-ici-it pnol)ert-ies of lucmimthione

(Burroughs Wehicome & Company, Inuc.)
and its N-methyl denivmutive (Parke, 1)muvis

& Company) i-iavc been described (5, 6).
IN-ietl-iods of purification nmd criteria for
purity n-ire given-i it ref. 4.

Electronic spectra mm-crc dctcrmin-icd on a

Cary 15 recording spectropimotonucten by
methods defined previously (4).

Inmfrarcd spectra mm-crc obtained ot mi

Perkitm-Elmer model 257 grating spectro-

l)imotolmeter at-id on a Perkin-Elmer nuodel
137 spectnopiuotometcr mm-ith NaCl optics (4).

In order to rule out- possible artifmicts as-

so)cimuted mvitim ti-ic KBr disc technique (7),

discs mverc prepmincd fron smimples grout-id by

severmul netimods an-id for various periods of

tin-ic mis reconumended by Baker (7). In ad-

clitionm, spectnmu of time KBr discs were com-

pared mmith timose of mitmeral oil mulls and

mmithmsolid films deposited oti sodium chloride

plates from solutions in n-hexane. Ti-ic N-H
strctchinmg mubsorption mm-as well resolved in

mill solid films exanined; imomvcvcr, a number

of artifmuctual distortions mm-crc found it f-he

1600 cnr.t region, at-id time carbonyl fre-
querucies (If these specimen-is (approximately

1620 cnr1) mire not inmcluded iii Table 2. The
bat-id frequenmcies obtained by the various
nuuctlmods described mvere virtually identical.

All sohvenmts used il-i time determination of
visible , ultraviolet , and itmfraned spectra,
and mi the pnepmmnmtiol of solid films, mmere of

spectroscopic quality.

RESULTS

1�7trai’iolet s/)eetra . Time ultraviolet spect na

(If lucmm-nit-imonc mmcl 1 1 -metimvllucaimthonc arc

depicted �ti Fig. 2. Differenmces it time fre-

quen-icy, nolmur absorptivity, bmutmdmvidth, mit-id
finc structure it-i time recorded sj)ectrnu of flue
tmmo timioxanthonics are attributable to stenic

inilmibitiom (If resotiance in time N-nefhyl
derivative (4).

Time itifluence of various solvents on the
ultraviolet mubsorption bmumds of the com-

I)Ottmds, mis mm-el! as pertin-ien-it physical COIt-

stat-its, arc described in Table 1. Ideally, time
rcfenenmce fncqucnmcv simould be tine 0-0
tramisitiolnm (If time vapor. \Vimct timis is tmot

feasible, hommever, a solution iii ti-ic nion-

polm-ir solvent of lowest refractive index (n-

hcxnine) is choseni as time most suitnuble

statmciard (13-15). Time results are not suit-

able for rigorous theoretical anmalysis, but

are enmtirclv nudcquate to clefimme semiquantita-
tivelv ti-ic tmature atd extent of certain

solute-solvent- immtenactionms. The itt ilitv (If

such studies in the investigation of inter- a-nd
intramolecular hydrogen bomnis is mvell docu-

menmted (14-is). In severnul instances this
nctimod alotmc has been considered sufficient-

to establish the preset-ice of intramolecular
protoln bonds (17, iS).

In nonpolar solvenits time 30,000 cni_t
bands of lucantlmone at-id! 1 1-nuetimvlhtctum-
thonc mmuimifcst bathochronilc simifts of colm-
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FIG. 2. Ultraviolet absorption spectra of loi-canthone (-) and 11-methyllu(-anthone (- - -)
The solvent wmis n-hexane. X = wavelemmgth; i� = wave immnnmber; e = nmolar absorptivity.
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parable nuugiuittdc. Both-i derivatives cx-
imibit- small hypsochmronuic shifts mi ti-ic polar

hydrogenm-bommciing base, acetone. Homvevcr, a
striking mimic!, im fmmct, time olmuly sigtmificmmtit

olifferenmce mm time beimnuvior (If tine tmmo thiox-
minmthones occurs irt solutiomms in time imyc!rogen-

bonmdinmg acid, metimaniol. Time numtgnmitudc of
tine shmift � 1 1-nnetimvllucamutimotc is mm-eli
mmitlmitm t ime rmtnnge of lmydrogen bonmd etmtimal-

pies: 1-7 kcmul/molle; 350-2500 cm’ (14).

rj�� dircctionm mmmc! mmigimitude of time shift
itmdicm-it c mmemtkciming (If at-i in-it ermolccular

imydnogenm bolnd iii time excited relmutive to the

ground state (If time solute. The c!muta mi
Tmtble 1 clearly imdicmute timmut ti-ic oliffereimcc

it-i ti-ic solvent effect (It-i tIme speetnmu of time

tmm(I timiolxa-nuth(Inues is not relmut ccl to ti-ic

nefn’muct ivc ilu(h(’X, (1jl�� )l(’ nmmonueimt , )l (lielcet I-ic

Cu )nnst mimmt ( )t t Imu’ su )lvelmt , html is mit t mihut mublc

I() tInc l1�m(ll’ogenm-holn(Iinmg omullmuily of nmctim-

mmmnol.
‘I’lne Inigl m-il(’(ltmel m(y megi( )li of t Imu’ unit t’mi-

ViOl(’t- Sl1(’(t timim is imnntecessible t o lmosl of time

sOlV(’mits 115(’(! ili I Im(’st tidy ui tme �),O0() (ni1

bm[ti(h . I nm nm(’t Inmum11 )l , I 1( )mVeV(’r, t I a’ fre lut(Ltm(Y

slmifts (I! tine 39,(X)() (tD1 hmund (OflmlIieXcs (If

I he t mmo olet’im’mtt ives oiiffo’n coinsidcrmubly, amid

I ime m�nignitIn!e 0! 1 Imu’ smut for I 1 -mmu’timyl-

ltiemimmtimotmc is mmgmuiIi (olmml )mutible mmit in t lie

jrcscnce of aim int-ernnollecular imydrogen boimd
bctmmcct solute and solvent.

Both-i compounds have absorption bmmnds
in-i time visible portiotm of ti-ic spcctrun-i. Ti-ic
nuajor mtbsorption mmuxima of lucant-imonc at-ic!

its N-methyl derivative, in n-hmexanc, are
22,730 cmm (440.0 nm) a-nd 23,230 cn-i�

(430.5 nm), respectively (4). Neither bum-id
eximibits solveimt effects muttnibutable to imv-

drogcmm bondin-ig.

Both ti-ic 22,700 nutuci 30,000 en-i-’ bmitmd
coml)lcxcS of lucaimtimorue are c1uitc seimsitive

to) vnmnimitiotus in conmhguratioti and charge
dctmsit-v itmvolving tine proxinnul (N,,) mumine

substituet-it . Yet tcitimer n-inu-i-iifcsts signifi-

cnunt cimmmniges in freqitenicy ot� intensity om
pmissitmg from n-hmcxaime to time imydrogetm-

bonndinmg base, ntcctoimic. �1’Imcsc hnm(!itigs suig-

gest , tilt bough tuegat ively , t Inm-it I lie ir II (01

(Inn -:‘��:-�� is mmot mtvnuil:ublc lOt hydlog(’fl-homn(hitig

itit(�tttdtH)n mvith time solvetmt

‘Flue solvemut t’ticets dcsctibe(! inmilly t butt

hmemummtinomme c(Inm�)niscs mi highly st muble N -

I--_l. . . � itmttmilmmolcclmlmmt jlnltoti boimol (14,

16--is).

i’Iii’ (lit (‘ilni described mine sinuilmuu t 0 1 imose

mid(hmCe(i by itmiimmeimt(‘1 amid \ I eClcl!mun ( 14 ) , in

t(’lmmt ilig s( )lV(�nit -itm(hm(u’(l 51 )ectnal shill s t

I my(!n)gcnu botmdimmg itit etmmet H)l5 ; by i\ I oil otm



TABLE 2

Infrared absorption frequencies of .\� -H and C=O

stretching vibrations of lucanihone in the solid

state and i-n dilute solution

Eaciu frequency represents t he avernuge of sev-

eral determminmmutiomis. Solution spectra : eoneentrnu-

tionm, 0.003-0.15 M; solvenmt, CCL; cells, NaCl; cell

path, 0.1-1 nmnm.

Sample 1� N -H � C=O

KBr disc 3257

Solid film 3259

�‘o1imuermul oil nmmnll 3256 1618

Solutiomu mi CCI4 3254 1(117

arid Stubbs (17), in establishming tine preset-ice

of intcrnmil i-iydrogcni bonuds mm o-hydnoxy-
aldeimydes mmmd -ketones; and by Coniover

( is) , it-i similmmr studies (If S-hydroxytetrmilonc,
7-imvdroxv-3-methylindmunorie , mmmd o�y - mmmci

ci-ilor-tetnacyclitme.
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TABLE 1

Influence of various solvents on frequencies of ultraviolet absorption maxima of

lucanthone and 1 1 -met hyllucant hone

i� = wave nunnmber; � = wave mitumber shift relative to n-hexane; n = solvenut refractive mmdcx a1 time

inidicat-ed temperature (superscript) am-id wavelength (subscript) (8-10) ; u = solvenmt dipole nomenit

(11); D = solvent static dielectric conmstant at 20� (12). n-Hexane was the reference solvemut throughout.

Solvent
20±2

�34Onm (gas) D-i#{176}0

�-ii;

(it

Lucanthone � lmethyl
= 29,630 cm’) lucanthone (im

29,850 cni’)
=

esu X 1018 coil-i cool-i

n-Hexane 1.400” 0 1.890 0 0

Cyclohexamme 1.449 0 2.203 -40 -40

CC14 1.492 0 2.239 -300 -260

Beruzemme 1.561 0 2.284 -170 -180

Acetone 1.389 2.84 21.40 +40 +50
Methanol 1.346 1.71 33.58 +220 +920

‘-ij�

Solvent
t9±t�

-n-i50 nm

(im
Lucanthone � 1-Met hyl-

= 39,140 crn�’ lucanthone (1’
) 39,450 cm’)

=

cool_i

n-Hexamme 1.434#{176}’ 0 0

Cyclohexanue 1.483 -150 -160

Methamiol 1.372 -80 -990
u5�

a fl30 (8).

b � (8).

C,,’-’

1mm time preset-it cnuse, commsidermutionm of tine

possible effects of steric immhibitiolt of reso-

nminmce il-i 1 1 -met-hvhlucmint i-ionic rcdiuines atm

analysis of ti-ic solvenut-inmduced frequenucy

simifts in terms of time pentiniem-it inutenmnolecu-

inn’ forces, mis mmeli mis minmevmiluat iotm (If tine

electronic structure (If the olinimmmimie side

chain.

I ibrational spectra. Time stretchinig fre-

cioi�’ qitcnmcies of ti-ic cnirbomnyl mum-ic!munuinme bonn!s of

1618 lucmuimthone it time solid state at-ic! it-u o!ilutc
s(Ilution n-inc presented mu Tnublc 2. Time

inntenprctcd funmctiormnil gr��up negu�mm of time

infnmured spectrum is o!epicted mu l’ig. 3. line

lomm trminmsiti(Imm energy (If time N-H vibnmit ion

mit-ic! time constancy of time mubsorptiom fre-

dlucnmcies of time N-H tin-id C=() bonmo!s,
(lespite cimmitmgcs in-i llimnuse mimic! co)I-icenmtrmut-ionm,

mire enmtirelv conipmtible mvitim time presetice of

mu stmuble intramolleculmir mumitmo-cmunbolnyl liv-

o!rogenm bonmcl.
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FIG. 3. Infrared absorption spectrum of lucanthone

Not-c 2-fold abscissa expansion for frequencies below 2000 em’. X = wavelemmgth; � = wave mmunmber;

T = transmittance. The sample melting point was 65.5-65.8#{176}; coimeentration, 0.15 M; solvenmt, CC14; cell
path, 0.1 mm. A Perkinu-Elmer 257 spectrophotomet-er was used, with gratimmgs adjust-ed to nmaximum
deviations of ±2 cm’ for the bands of polystyrene. All frequencies are averages of several determina-

tions. The N-H stretching frequency is 3254 cm’. The C=O stretching vibratiomm is assigned to the
strong absorption at 1617 cm’. This interpretation is somewhat tentative, sin-ice aromatic C=C vibra-

tions also absorb in this region-i of the spectrum (19). The several absorptions between 3073 and 3020 cm�
represenmt C-H stretching vibrations of the thioxanthone ring. The bands between 3000 and 2800 en-i_i

comprise the fundamental frequencies of the various alkyl C-H stretching vibrations and, possibly,
overtones of the deformatiomus of the methyl and methylene groups (20). The absorption maximum at
2972 en-i_i almost certainuly represents an asymmetrical CH vibration (20). The band at 2805 cm’ van-

ishes on conversion to the monohydrochioride (see Fig. 3 of ref. 4), aind is attributable to a vibration

of time free tertiary (N14) amine substituent of the base. Similar bands have been described for various
free amines, including di- amid triethylamine (21). The remaining C-H absorption-is cannot be unambigu-

ously assigned, since band resolution may be incomplete, amid the perturbations induced by the 2 nitro-

gen atoms am-id the heteroaromatic ring cannot be directly assessed. Some of the pertinemt problems are

discussed in ref. 22. The band at 1595 cm’ in all probability represenmts a C=C vibration of the thioxan-

thom-ic ring (19).

D tSCUSSION

Electron ic spectra. N11-Mctimyl substitu-

tion in lucanti-ione rcsuits in steric inhibit-ion

of resonance. This not. only affects molecular
configuration but also induces significant

cimminmges in time distnibutiolnm of chmirge density.
Time P1�-a of time proximal (N,,) amine con-

stituent is increased [�pKa 3.61 (4)], the
basicit-y of the ternuinmal (N�m) amine is en-

haniccd because (If altered inductive at-id

field effects, an-ic! variable changes in electron-i

dcn-isit-y t imnouglmout the conj ugateci system

may be present. Consequently, f-he soiva-

tion energies of the t-mvo t-hioxant-h-iones in ti-ic

groummd electronic state may differ appreci-

ably. Ehectrommic spectra are j)articulnmnly

advantageous to the preset-it- investigation,

since solvent -induced frequency slmifts repre-

scnmt differences betmmeen tine solvation cimer-

gies of time ground at-id excited states.

Soivnmtion energies are detcrminmed by dis-

persion forces, by dipole-dipole mind oiipole-

induced dipole interactions, and, where up-

plicable, by solute-solvent lmydrogen bonds

( 14, 15, 23-27). Becmuise ti-ic re(luired time

interval of ti-ic electronic transition-i is mucim

short-er t-hanm ti-ic relnixa-t-ionm tin-ic of f-i-ic sol-

vet-if, f-i-ic excited state (If the solute interacts

with time configuratioti (If solvent molecules

that mvas in approximate equilibniunu mm-if-h

the solute prior to photoexcitation. This

Fran-ick-Condon effect- (23, 27) is of con-
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siderm-ible itfll)ortanmce mmimcm botim solute and

solven-it possess permanenit dipole m(Iments.

I)ispersion forces nine inwmuriably aug-
mented subsequent- to aim nillommed electronic

transitioim, n-it-id ima!uce a bat-imocliromic shift

(24). 1’requei-icy shifts due to electrostatic
forces reflect clmanmges in time dipole nuoment

of time solute conconuitant- with excitation,

a-nd altered excited stmite solvation elmcrgies

due to time Fratuck-Coridoim effect. Genera1l�’

an ii-icremse mm polarity cnhmmnces mind a de-

crease (IPP0S�S f-he effect (If dispersive miter-

actions (23, 25-27).

Time frequency simiffs of time 30,000 en-i-’

transitions in imonpolar solvents iimdicate

that ti-ic combinmed effect of dispersion aimd

dipole l)oinmrization forces is virtually iden-iti-

cal for ti-ic two timioxantioiics (23-27). Time
shift-s mm acetone represemmt the composite

influence of dispersion forces, elect rost-atic

intenactiotms, nut-id tine Fran-ick-Conmdotm effect-
(23, 95-27) . Again, tic cimnmtmges mmfreo�uetmcy

are alnuost identical. It may be in-iferred that
cimanges in-i molecular polarity concomitant

witim the 30,000 en-i-’ transition arc compar-
able for lucantimone at-id its N-meti-ivl deriva-

tive.

The above considerations also clearly

indicate that the difference observed in time

solvent effect of metimanol on the spectra of

the t-mmo thioxant-hones is attributable solely
to its lmydrogcn-bonding capm-icity.

Ti-ic spectral perturbatiot-i induced by

proton bonding betmmecn solute n-it-id solvent-
normally overshadomms time effects of ti-ic

internolecular forces considered above (14,

15). Cimanges il-i hydrogeni hot-id cnmcrgies due

to electron-ic excitation-i specifically reflect
altered elect-ron den-isities nut-a protoni-bondinug
subst-itucnt. The domut-imu-it Franck-Condon

effect, it-i timis instance, is medimted by

diffeneimccs it-i time equilibrium bonmd length

of ti-ic proton hot-id im the ground anmcl excited

states (If time solute (14, 15).

Tine mmgnit-udc of solvent- simifts due to

hydrogen bondinmg is nmormally mi time range

of 350-2500 en-i-’ (1-7 ken-il/bond-mole) (14,

15) . Bathoclmromic shmifts indicate an iii-

crease, anud hmypsocimromic shifts a o!ccncase,

in Imydrogen bond strcnigth il-i tine excited

reln-utive to the grout-id electronic state of

time soiutc.

Both-i the magnitude and directiotu of the

frequency change of ti-ic :39,000 (�nuv’ bat-id
complex of 11-met-imyllucamutinonic iii nwtimanol
are those normally a-tmticipmutecl for ir-�r�

transitions of imydrogen-boriditmg bases’ (14-

16).

Tie imypsochromic shift- of ti-ic 30,000 enr’

band complex of 1 1 -nmct-hmyllucminthotme in
metlmmumoi is somemvimmt- utmusum-il for n-i

trannsit-ion of a pr(Itolm-botuding bmuse’ (14, 15).
Sucim shifts have beeti noted, imommevcr, for a

number of conmj ugatec! compouimc!s, mvhich,

like time thioxanitimonme, conupnise mit-i electro-

posit ive nilt-rogen and mm st-notgly electro-

negative oxygen-i at-onm. Examples include

1-mctimvl-2- and 1-nmethmvl-4-pynidonme (33),

1 -pimcnyi-2 , 3-dimethyi-5-pyrnuzolone (ant-i-

pyritne) (34, 35), anmd imigimly polar merocya-
t-iinic dyes (36, 37) . All timese compoutids are
characterized by ti-ic presemmcc of mm oxygen

nm1-onu possessing un-i unmusually high-i electron

c!et-isity in the grouimd electronic state (28).
This net cimarge is reduced mm the course of

the pertinent 1r�7r* transit-iom, mm-it-h conconu-
itant diminution-is in polmmrit-y ui-id imydrogen-

bonding capacity (28, 37).

It is highly unlikely ti-in-it- time amine sub-

st-ituent-s of 1 1 -met-hvllucammthone contribute
sigimificantly to its emil-it-it-iced hydrogen-

bonding capacity as measured by electronic

spectra. TI-ic interpretationm of ti�ie 30,000
cm’ band complex given-i mubove clearly
imi)licates the carhommyl funictioti as time

pninmcipal determinamut of spectral shift s due
to protornc intermict-iotm mvith mm hydrogen-
bonding acid. Furthermore, tine possible

influetice of time dinu-mine side chain can be
excluded specifically om ti-ic basis of spcctro-
pimotometric criteria, mmimicim apply to the

39,000 a�s well n-is ti-ic 30,000 cnrm absorption
bmund.

Time terminm-l (N’4) anine n(Iictv is mm-

3 Hypsochronmic shift-s in hydroxylic solvents

are characteristic of the n�ir* trmummsitions of hvdro-

gen-bonding bases (13, 14, 28). However, tine high

immtensity of the 30,000 cm’ ban-id militates strongly
against the possibility that an n-rr� trnunsition con-

tributes sigmmificantly to the total absorptiomm of the

band conmplex (29, 30). Immtense n�i* tramusitionms

( t = 100-6000) Immuve beemu nuoted mm isolmited in-

st-anices (31 ) , hint t lie ci eel ron ic st rime t oral con-

conmitamuts of such fl�7�.* imutenusificmut-ion (32) do not

apply to the thioxanthonues.
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sulated from t lie tlmi(Ixmunutiomme ring by 2

mncthvlene residues. Hence it sinoinld effect

onmhy a sligimt perturbmtiom-i Oti f-i-ic electromuic

tnanm.sitions of f-inc comujugatcd ponti(Ini of time

molecule. Spectral studies of a nmumbcn (If

t-iuoxanth(Imme denivm-it ives, perf(Inmeoi mn t imis

laboratory, mirnplv confirm time inmsemmsit ivit y

(If f-he band frequcnmcv t(I various st ructurmul

multenat-iomis it-i thuis region-i (If time side chain.

Spectnnu of tine base mmmd time mono- and

(lihvdlnochilonide’ (If 1 1 -met-imyllucminutione mi-
cheat-c tint-it- time proximal (N11) amimme grOt1�)

exerts stn(Ing c(Imujugat-i(Im effects despite

St eric inmimibit toni (If rcs(Immance . Conmsequcmit ly
its lone l)ain electroiis mine not remtdilv mivmiil-

muble for imyc!rogcn bommding.

1mmviemm (If t inc nubove, time spectral shifts (If

time 39,()()O mu-tic! 30,000 cm� bntnd enmvehopes

(If time �V,,-metimvl derivative in methanol
nnav be attributed l)rimtinilY to l)nOtOn
bommding betmmcen ti-ic solvenut anol the ton-
bomno!inmg 2p orbit-mu! of time cu-urbonyl fummction.
Time n-ibsen-ice (If n-i-simift- (If comparable magnii-

tude mm time spectrum of lucatitimonie indicates

that the lomme pmuir electrons of its oxygen
mit (Ifli mire unumuvmtilmuble for proton-ic in-it ernie-

ti(Itm mm-it-i-i ti-ic solvetmt.

The fmmilure (If cit-i-icr the 22,700 or 30,000

cnn’ banni of lucnmnutlmone to manifest sig-
niificanit- spect rmul shifts in acetom-ie suggests

thin-it the prot-onm (It-i N,, is similarly inmcapable

(If pnurticipmitinmg in time formation of n-in-imuter-

nolleculmur imydrogeni bonid.
Time finidinmgs anmd intcrpret-at-iomms cited are

in-i null respects c(Impmit-ibhe mvit-h tine presemice
(If a stable, immtrtumolecuhar N--H . . . ()�C
inyolnogeni honid.

It-i summmiry, tine solvcn-it--inu(iuce(I fre-

(lItenc� simifts (Itte to m’munious combimimtiomms of
dispersion-i forces, dipole oniemut mit-ion-i mind

inuluct iottm forces, mind f-I-ic elect nclstmitic

Frmunck-Conndomi effect mine virtitmullv ic!emut ical
for tine 1 mm.(I thnoxnimutinolrle dcnivnut ivcs. The

t mmo conj)oltmn(ls differ signuificatit hy � )mmly in

timeir cm-ipmu-city t-o funmct-ioim mis inydnolgetm-
bommding bases. The �t-ruct-urmul bnusis for t imis

differen-ice resi(!es I)nin-immnily, if mnot- exclu-

sively, itu t he mnat-une of tine cnurbomyl sub-

St it uemmt : speeilicmully, time mivailabihit y of its

2/) h0ti(� l)m�11� elect nonns for immtcract R)li mmitii a

imyo!nogemm-bomndinmg acid. Time mmbovc Cot-

sidernutiotus (�st nublisiu tine presenuce (If nu st n’ong

inmtramolecuhnun- mumuMnno-cnunb(Imuyh j)rotonm hon-id

mm lucant imonie.
I ibrational s/)ectra. Time infnnurecl mubsorp-

tiomu fnequenmcv of t he N-�-H stnetchinmg vibra-

t lOti (If unmussocimut cci secommd!mury anuinmes is

3500-3:300 en-i-’ (3S). Any!- nummc! imetenoaro-

mntie-ahkvlamitmes mine assigmueo! to fl-ic upper

portion-i of this negionu, n-it mippnoxinm-telv
3450 cnvt (38, :39). It is mmeli estabhisimed f-hat
imigim clectronm m-ilhiuitics of time aromatic or

iuctenomuno)nmnutic ninug (19, 39, 40) amid lomv

electronu c!enmsities of time nunilne niltrogeni

mutoni (41, 42) mire nussocinited mvitin imigim

N-H st net chinmg fneqimenncies . This relmut iom-

slum im(Ildls for c(Inmjugate(! rung systems corn-

pnising hot im a-nuinie nit-id cm-irbonyl funct ion-is
( 40) , nitni applies e(lUnillV to j)rimary n-in-id

seconnc!arv anuincs (20, 39, 40). The I)otcnt

elcct-non-mm-itimdramvinmg effect- of f-I-ic t imioxa-n-
t-imonc rimg is evidenmccd by time very iomm’

ionmiznut-idlmm constmummt of ti-ic proximal (Ni,)

ninninme substit-uctt (If lucatmtimone {pI’�� =

-0.20 (4)]. Accordingly, in-i time abscmmce of
other influences, mu- higim N-H strctciming
frequenicy might be reasonmably anticipated.

Hydrogen boniding commonly results it a

small but significant decrease in absorptiot
frequenmcy (14, 20). Suthcnlmunol (43) specified
time N-H stretcimitug fneo�uenmcy of the

proton-bon-ided ammo-cmurbonyl complex
(-N-H . . . O==as 3320-3240 cm’. The
pent in-icnmt band fnequenncy of lucant hone,

nupproximnutclv 3255 cm’, is mvell mvitimitm this

range.

Time carbot-ivi st-retching frequency of un-

substituted timioxnutim(Ine has been identified

n-is n-i multiplet mmith mit-i absorption maximum
nit 1650 crn’ (44). Time lomm frequenmcv of timis

banmc! in-i �)OhynuUciemur, anonmmitic, mummo!sulfur-

c(Itt mmininmg ineteroanon-inut ic ket (ItiCs is wcll

docunemmted (19, 20, 44, 45). Tine additional

decrease mmtime fnequetmcy of timis mtbsonption

humid in-i hucammtim(Itc relmutive to unisubstituteci
thioxmummtim(Ine is conusist emit mm-iti-i inydnolgenm

bonmdinmg. H Immevcn, the observed difference
is equally attnibutmmble to mu decrease in the

canbonmyl bomd order concomitammt- mm-iti-i ritg

substitution-i, Pninticulmut’hY to tine preset-ice of

t i-ic elect nonm-donm�t inmg, mcs( )nmenic anmine

nuliety n-ut C, (45).

Tine pneceditmg discussiotu sutggests that

inifnmuneol mibsorpt ion-i fne luetmeics mine inideed
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compmutible mmitim, b-itt (10 nnot umnme(�uiv(Iemully

dcfinme, time preset-ice of hydnogenm honids.

Protomi-bon-idec! systems absorb oven a ivide

rnunmge of frequemncics. Ti-ic nimugniitudc of time
anticipated chnatmges in mmmuvelengtim, bmuid-

mvidtim, or infemmsity is vnmniabic mmd, in-i time
case of amines, may be quite smmi-ll (20, 30,

46) . Finmiuly, as in-i ti-ic cmmsc of the carbom-iyl

bat-id , tin-i alt crnnutive explartation for time
spectral fitmdit-igs may be applicable. Vibrnu-

t-ionmal spectra mmw be used mm a much nuore

definitive mm-it-it-icr if the initin-il observm-itions
arc supplemented by studies of pimmise timid

c(Imicenmtnmltion dcpendence (14).
Ti-ic hucantim(Ine molecule comprises a

imydrogetm-bonditmg acid , t i-ic seconc!muny
amine ; mimd tmmo proton-bonding bmuses, t i-ic

carbonmvl and tertiary amitic substituem-its.

Sucim compounds normmilly forn-i mt enmolecu -

hi-n imydrogeni bonds mmcommccntrmmted sohu-

tionm, mind ParticulmurlY it-i time solid pimmusc (14).

Consequent � t imc pert itient stret cimimng fre-

(luen-icies n-ire concentra-tion-dcpendeimt , simce
ti-ic cimanige from conccttratcd sohutiot, or

solid, to dilute solution-i in tutu inent nuechiun

involves rupture of ti-ic intermoleculmun pro-

toni bonds. Typically time infrared spcctrnu (if

such substances reveal hypsochromic shifts,

reduced baimdmvidtlm , mutid decreased nelmutive
p initen-isity of time miffecteci mibsorptioimu bmuniols

concomitmint mvith dilution. Ti-ic recluction mu

conmcentration nuav be accompminied by bnumud
split t ing, in-idicn-it ing ti-ic simultaneous pres-

ence of both free mit-id associated forn-is (14).
Time pertin-ict-it inmfrmmreci mubsonption bmutds of

lucmunut honme mmmnuifest nuOl sigtmi ficatit vmuriat iou

oh cimanginug fromn time �olid jlinmise to olilute

solution-is iti carboti tetrtucim bide.

Tine coimbinationm of n-i1(1mm-trmunsitiolni eniengy

for time N--H stnetchmimug vibrmtion mmith time

virtumul mubsence of comucemmtrat iotm on pimmuse

depen-idem-ice for bothm the N--H amid (‘=1)

mibsorpt lolti frequencies immclicnut cs t ime l)t�’�cn-ic’

I of a stmublc intrmumoleculmur munilto-cmurborivl

prot on bolt-id in-i lucmunmtimome.
The above finmchings amid miterpret mitionms

inuj)ly timat tine neoluced biological mumnol bio-

cimcnuical n-uctivity conconitnumt mmitin N,1-

methyl substitutionm (If 1 -(!imuhkylmunminmonul-

kylamino-4-met imyltimioxnummt imolnmes is nait mit -

tnibutablc to mu dinilnisined cmupmucitv to forum

intermolecular lmydnogenm bommds. Iii fmuct , time-

st tuJies (If sollvent effects onu clcctnolnnic spectra

immohicmute t imnit t Inc cmupabilit y of ltmcmunntimonmc it

timis regard is lommen timmuim timmit (If its biologi-

cmull�- at-ic! biochemically less muct ive N -nmuethnvl
c!cnivnitive.
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