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nOSTRACT 

Photochemical Studies on 2-Hydroxy - and 2-Methoxy-1.4-

naphthoquinone 

by 

Solomon Libsu 

Research Advisor, Dr. Berhanu Abegaz 

Photolysis of a dilute chloroform solution of 2-hydroxy 

1.4 naphthoquinone with diffuse day light yielded 2-chloro-3-

hydroxy-1,4-naphthoquinone (SB) and an unidentified compound 

(SA). Compound 58 was characterized by spectroscopic 

methods. Its photoformation from the materials used in the 

present study is unprecedented. 

The photochemical reaction of 2-hydroxy-1.4-naphtho­

quinone is carbon tetrachloride failed to yield to compound 

SB. On the other hand. the room temperature reaction of 

thionyl chloride or phosgene with the hydroxy quinone 

afforded a compound Y/hich. by comparative TLC. was identified 

as compound SO. The significance of these results is 

discussed, 

Photolysis of a dilute chloroform solution of 

2-methoxy-1.4-naphthoquinone also gave a major reaction 

oroduct (SC) which has not been fully elucidated. 
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7. 
The photochemistry of the methoxy quinone .:t, on the other hand, 

has been dealt with to a greater extent than its hydroxy analogue l. 
Photolysis'of 2-methoxy-l,4-naphthoquinone has recently been shown 

to give the cyclobutane photodimer l(15,16)(R=OMe). Moreover, 

cyc lobu tane and tetrahydropyran adduct formation with 01 efi ns, (17 , it 

nucleophilic substitution reaction at C-3,(12,19)demethylation and 

dimerization of the demethylated product to yield compound i(R=OH) (] 

constitute the photoprocesses recorded,for qUinone.:t. Interestinglj 

there is no report'un photoinduced cyclization of the methoxy group 

either onto the nearby carbonyl oxygen in a manner similar to the 

photoformation of the methylenedioxy compound 7,(20) or onto C-3 

to yield 2H-naphth [2,3-b)oxet-3,8-diol_~. The literature reports 



summarized dbove constitute the current state of knowledge on the 

photo-chemical behavior of qui nones 3 dnd 4. 
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Eventhough a number of workers have been dealing with light­

induced reactions of 1,4-naphthoquinones in a variety of solvents in 

the presence or absence of other substrates, similar work dona in 

chloroform is scanty; a fact which justifies the present study. 

An example(21) of the case in point, hO\~ever, exists in the 1,4-

benzoquinone series whereby 2,5··bisdimethylamino-3,6-dimethYI-

1,4-benzoquinone photocyclizes in chloroform (as well as other 

solvents) to give the benzoxazoline 9. -

The \~ork described in the pl'esent report is the first example of 

photoreactions of qui nones land 1 carried out in chloroform, and 

as such repl'esents the fi rs tins tance of photoch I ori na ti on of the 

hydroxy quinone at the 3-position. PhotoflJrrnation of the 3- chloro­

derivative of quinone 1, discussed shortly, is preceded by only one 

report that appeared a decade ago. (22) 

1,4-quinones are known to photoadd hydrogen to give quinols 

following lrradi,ation in alcohols.(45,47,62)Several derivatives 

of 1,4-benzoquinone have been reported to undergo side-chain 



The 

fillllHLion uf c'o'>:}" (winol lias "-1"11 \'Cpln-i:(>ri froll: the photoreaction 
'h( , 

of 1,4-11<'. ,,11 ti '(lqu -, nOI1(' and ,hiP t <11 elf> i-"~ d". \ .)i! Ana logous 

photoinvestigi,tj0ns of 1,4<-q'.I:r.u<1l's ;nclllo\'oform are rare in the 

chemical lit8riltllre. l'artiC';1at"ly, the\'e is no documented 110rk 

on the photochemical behavior of 1,4-naphtitoquinone or its derivativ' 

in chloroform. The study undertaken presently was thus believed to 

throw some light on the reaction consequent upon exposure of 

chloroform solutions of 1,4-naphthoquinones to sunlight. 

The structures and nubering systems used for 1 ,4-benzoquinone, 1,4-

naphthoquinone, 1,2-naphthoquinone, and 9,10-phenanthraquinone are 

shown below by structures (a) through (eI), respectively, in Fig 1. 

7 

( :' / (d) 

Fig.I. Structures and numbering systems of some quinones~ (a) 1,4-

benzoquinone (b) 1,4-naphthoquinone (c) 1,2-naphthoquinone (d) 9,10-
'. ) , 

phenanthraquinone. 



i)h(ri.:(~c:ic'lrJu(jdititH1S ;d- i~l~;fi:I~; J.i1G oi,:i'v<: to th:::; co.toonyl 

grvLlp (.1'1:: pl\r,~(~·b~;n;~uqu·in~-)j'l;;;S \'lur • ..;' ShvWii to l(;·~ud to spir l)=oxctu,1S (30) 

,1('" 5plrO-pjl','il~, (31) r,.,,~;p.'.ctiv.~lj. Ohfins ·1rc' also kno'HIl to 

pilO"(:Of8uC''; Id ih iil0 C=C ,joubl e [,,'i,d d tikse qU'i ,1M,oS to ii e 1 d 

(fIQii~)'~~HHJ 0isG'oc~Jclt)uut'\lk: ndducts) 10 dnd il:t respi:!ctiv~lJ.'. (32) 

Sililil,lf phJtOciQU iV, u<i r8ilct i (j115 11ith 1 ,4-ndphthoqui non,' cl'2fi vat i v«s have 
.• '. ." , , (18,33-35 

b~,~,t 1'0POft'A to ,;! l' r on, beth OXI,WIl'.li-<.nd eye 1 ODU tiOl'i<:-I'] n9 compounds. 

'r'" , 'l'k'"'' 'It'f 0;.: l,r·lHijuropyy'.:..n fl719 cumpouHos 1 C .=l:.. (laVe lJD(;n 1 $0 a 'thJ rom 

piloto",iditil)ilS 01' %-,dkoxj-l",'-Ii,~phl.;iOqllinont's with oi'JfiIIS. (17 ,:16,37) 
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lhl: pilotoadducts D till'o\lgh 1.'> have been descr'ibed to arise 

from th,~ ;'hH,tion of 2-bl'olJlo,-:3-rnethoxy-l,4-naphthoquinone \'Iith the 

1In',atul'dt<:ci compounds ~ tlwou(jh 1i), respectiVI!ly. (38,40) The 

sulfur-illl'"IO(j!1e of cOinpound 13, shov.'n bj structure .1J, vliJS obtained 

fur the first t'jmr> photochemically ~t'OIfi ,he )'f'action of the Sdlne qui 

I'li th I-pheny ~ - J .. (2- th i eflyl) ethyl efle. (41) B, B-lJimethyl d j hydrofurano-

1,4-naphtlwt)uinone ~Q, '1'1ich is similar to compound ,1'1:, \'las reportee 

in 1950 by [ttl il1(Jer(42) as one of the products isolated fo11O\.ling 

exposlI\'e of iJ soluti0n of 2-hydroxy-3':isobutYl-l,~, .. naphthoquinol1e 

to sun I i ght. 
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8 
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H C C~ HC~-CR 
?, ::: 'v 

.l'l 18 

20 

Several other polycyclic quinonps like 21 have been shown to arise 

from similar photochemical reaction of 2-halogenated 1,4-naphtho­

quinones with 1,I-diarylethylenes in a variety of solvents like 

benzene, ethanol, ethylacetate, and chloroform. (18,43,44)The 

photochemical access to benz-[a]anthracene-7,12-dione deY'ivatives 

like 21 offers a conveil"ient route to the corresponding aromatic - , 

hydrocarbons vi.51. reduction. 

Photocycloaddition reactions have also been shoVin to take place 

between olefins and phEnanthrilquinone, leading to the formation of 

1,4-dioxins. (45) 



~')o, 

1 .2. l'ho,:(Jch(:I~jfQL,ilY~'lJ51eJ1 __ t\.Qs.t£'2.c ti_on~e"l~~i_ons,. 
1.2. 1. l_Qt,el:l~.£>Ji!£.Lllc~r 

A numh"r of examples of ii\jhi>-i0dllced reactions of 

1,4"qvinones \'lith o,ubstt'iI~es carrying dbstra(i:abie lIydrogen atoms 

are available. (46) The quillolle-oldehyde system is llne of the most 

wi de 1y s tudi ed of qui none photochemi s try. (47) I t has been demons tra ted 

through these, studies that irradiations of Q.i!!a-benzoquinones in the 

presence of acetaldehyde yielded mainly the acetyl qUinols(48,49) 

while the use of aromatic aldehydes afforded the quinol monoesters 

exclusively or together with small aOlounts of the aroyl quino]s. (49) 

1,4-Naphthoquinone and its 2-methylderivative behaved similarly 

9'ivin9 the ring-acylated quinols 22 and 23, l'espectively, following 

photolysis in the pl'eSenCf) of acetaldehyde. (50) This regioselectivity, 

22: 

23: 

R=H;RI= CH3CO 

R=CH RI= CH CO 
3; 3 

illso noted from the product distY'ibution in the photochemical 

reactions 1,2-naphthoquinone or it5 derivatives with aliphatic 

and ~romatic aldehYdes,(48,5I)has been discussed in terms of the 

polarity of the dcy'l or aroyl rdd'icals as well as substituent 

groups on the quinone ring.(52,53)An extension of these 

stUdies to mono-and diphenyl acetaldehyde revealed that a mixture 

of the photoadducts 24 through ?'-~ \',ere obta i ned from the reaction 

of 1,2-naphthoquinone with phenyl acetaldehyde while the diol 

~2 Vias the only product isolated when dipilenyl acetaldehyde was 

employed as the substl'ate. (54) 
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cQx¢r°;1 
l.HRPh 

26: R=H 

27: R=Ph 

Phenanthraquinone also behaves analogously 91v1ng 1.4-addition 

prociucts 2e when photoreacted with aldehydes,(55)ethers,(56) and 

esters. (57) Adducts of type ?8 and 2~ hove been reported for the 

corresponding reaction with toluene~, (58) 

1.2.2. lntramolecu'lar ---.. -------~ 

Formation of cyclobutanols by in~ralliolecular hydrogen abstraction 

react ions tha t proceed through six-membered trans iti on states 

is a well-studied photochemical reactioll of aliphatic ketones 

carrying a r -hydrogen atom. (59) Similar reactions of 1.4-quinones 

bearing side-chains that contain fairly easily abstl'actable 

hydrogen atoms are knowil to lead to photocyclized products. 
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neutral media as well o.s ac.etic ac'd yiel'Jed the dihydl'o-benzofurans 

}O and;g,respectively. (60)ThyrnoG,uinone also behaves similarly 'in 

methanol giving the benzofuran 32 as one of the photoproducts. (61) 

A spirocyc'lopropyl of type ~1 or its ionic form 34 has been postulated 

as an intermediate to ilccount for these resvlts.(62)But-3'-enyl-

1,4··benzoquinone gives a low yield of 1,4 .. 

o o 
• 

3') c_ 

30; R:.fI 

dihydro-5,8-dihydroxynaphtha!ene, which is believed to arise by 

intramolecular abstl'action of the 2' .. hydrogen of the s'ide-chain 

~ia a favvrable <;ix-·rnshlbered tran~ition;tilte follo~led by 

electron-pairing.in the biradical ~~'thus formed.(63) 

\ 



1,Ij~naphthoq!JinJ.li\r; ~;,~I'i:,':, i,~, i-d,'O, ;·i(rlt:vPt'~ iY'r-acii(1tion of an 
') 

ethanolic solution of trw isoPY'G,)~d ndphthoquirlont~ }.~ has been- sho~m 

to afford the chroilieno 1 ( ofi) ?d <' -. 

( Ii 

37 

1,4-quinones carrying side-chains that contain a hetero-atom(oxygen 

or nitrogen) also behalf(, - In a manner similar to those that carry 

only hydrocal'bon side-ella-ins. Various benzoxazolines of type 38 or 

39 are obtained from irradiations of diamlnated derivatives of 3,6-

disUbstltuted-l,4-benzoquinones.(21,66) 

2 ,5-Dlmethoxy-3 ,6-dlrnethyl-l ,4-benzoqui nor;2, howev~r, failed to 

give the dioxole analogue of the benzoxazoline 38(R=CH
3

)(21,67) 

2 ·-Oi me thy 1 ami no-I, 4 -naphthoqu I none 1 i ke··wi se yl e 1 ded the 

photolsomer-ized prodllct1Q_~(8)PilotoIYSes of acetic anhydride 



io,.,tll',l' :'."l!', the p'lOto .. Fr'ies l'ealTangement 

product li3 in tile.' fvl'[Iler (l'J ?O) '. , ,,' . 
,;,.\:;c. ,. Incermefhacy of the dll'adlCal 

44 thot undergoe:.; 2'lect.ron .. LY'cnsfel' to the nucleus to yield a dipole 

45 was postulated to leiJd to photopt'oduct J£ by direct ring-closure. (20) 

44 

?~-' 
If\'j('~'/;) 
Q;~~R~ 

0/2' 

41; R=CH3;R'''CH3CO;R2=H 

42; IHI;R'~CH3co;R2=Br 

43: R=CH3;R'=H;R2=CH3CO 

From these results, it has been infelTed th(1t a six-membered 

transition state is essential for the intramolecular photo-induced 

hydrogen abstraction reactions discussed thus far. (62) 

1.3. Photosubstitution 

Photochemi ca lly i ndLiced nuc I eophili c substi tuti on reacti ons of 

0<..' naphthoqu'inone systems in'e know~ to take place on both the 

benzenoid(69,70)and quinonoid rings, (19) The reaction of 5-methoxy-

1,4-naphthoquinonB \'Ii th illethylamine l'esulted in photoproducts 

dUl! to substitution of the methoxy and the hydrogen at position-8 

by the sUbsLr'ate(70)while thr! corresponding reaction \'lith the 
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l!llt~II;.iphtlllJquillon~ bl_:tI\tV(:~'; ddl' 1I):)uu$l~f ,'ihuii ~)h0tOr'f~l\Ct;;~d lid til 

thii.·pII,"i'(i'l) Oy, -im'ttn(72)';Oriv;ltiv'JS '.jiJiWl ;JroduC(.s ill \'Ihicil 

Tilt: iljci:'oxj runct; on has <.l i $0 fl",,!; i ntroJuc0ct i lite the 'Ill; floi d 

(7') '1'" (1) c<Jmpound:~. 3 Tlt(; pil(Jtol.)"":~ of 2 .• lwdrDxy-, \ h)2"Ill"t.ilOXY~ I. iHHi 

2"'ii\llil:'D"'1?/~=i-l~lP:-ltiloqu·jal)fl\J(7i~)in 'int8t rf~sult;~_(i ill roplac~1I12nt of 

IlydrDSi;n at pos i d Go-3 by tit" Ii.i'(lrox~' (ifvUp. ;; 197(; r(~port (22) 

p;lOtoi'0riniltion 0fci;;s compoll;)I). 



emodin I.loiar;throne, 12., which was "bsGilt in the original crude 

extract of the fruits of BhamllusYJ~tnoj;,GS, was isolated uS un 

clxp"rimentitl artlduct following purific&cion on silica gel column 

chromato9raphy using chlorofoY'ln/cUu"j iJ>:i,tat() as the ellrf;llt. Tilclt 

compuund 46 S,) obtained is ill(.le"d il~)i; i: genuine lIi.1tural plant 

metabolite WilS amply verifeIF by til,: fdct tha'.; it was not i~o'l"t(;:d 

When the enid" extract was chromatc']I'i.ij.lll<:<j on il co 1 umn of ac"tyl iltee) 

polyamiut!. (7S) This p;Aovoked tik slispicicrt th,lt 1-I911t, th", aO!iod)"ln; 

(silica 9"'1) or both might have [k"n 'ir,volved ii, till' fonnaV,:;) of 

0),' 
I 

4,6 -
ThJ 1 iterilture t'<;v<:al S that c,~n" i 11 compounds ilre uns ta.il L~ wl;"n ~dSo,'i)"iJ 

on inorganic supports. 7 -;'iGthyljU91 0112 und2rgo2s transformoti ons i il dk 

ail rk kc'tcli ng to oXY!Ji"lla t ion und di m2r-i 211 ti on products whoen adsorb(;'; 

on siUca gel. (7G) II recent repnrt by r'li\zur and (lronovitch(77) 

disclosed the formation v1' b8illOphenone following exposur'2 of' 

l,l-diplwllylothylene adsorbE:d 011 chromat()!jraphic grade siliCit !le'l 
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to air and la\)(.ra'i:ol'Y li:iht. ~rk'r2ns th" transformation of 

"1' , I ' l' I ' I ' " (7S) 7~mJtllylJIlU Olk d050r!Jloti on ~l let. (i" )~; II"II-P luwe klilleal, 

tlwoxidat'iun of l,l~diphl!i)ylethyh:n" didnot occur in tlie oilt'k. U7i 

Exposure of u cll l.oroform so 1 ut hlfl of compollnu iJ, 7 ;)Qsoroed on s i l'i n g0l 

to 'laboratory 'Ii:Jht in tilis laboratOl'Y hns also been nOV~cl(Ji3)to yi(~ld 

the dimel' 4ti. 

- (79 80) , In view 01' tlHose and oth'or r.:sults, ' prelilijlnary work was 

und8rtabr. with tile objectivt, of find'jng out which of th" variilbh!s 

(light or si lica g"l) was rosponsllJlt.) for the transformation of 

compound (fJ to 46. The IW)re rigorous t,lsk of isuldtion and 

chat"jcterili)tion of COlltpound 46( in those cases \<Ih"re its formation 

was dctect"d by TLG) ~m$ ham~cl'(!d by scal'city of the starting 

0xp"ri.lldlts calTied out inuicate thJt j;lw conversion of compound 47 

udSOI'O,"(; on chl'm,m tO~)r"pl1i c 911(\(1..: s i1 j ca ge'l to its dirm?r 46 occurred 

in tll(? dark while th" correspondi:1g light ref,ctiollS also 5110\1"d a 

slight sign of formatiull of compound (,u (TLC) 'Iihich, howevt,r, vms 

seen to vunish with the passdU,,' of time 'CO give thl; o>:idation product 

emodin (3Q) as toe ollly reaction product d,)tl!ctabl0 by TLC. 

1i8 -
Th<: work was further extellur)d to i ncl ude simp 1() l,4-napllthoqui none 

derivatives wl1ich, as Sl!CI1 frufII the) prC!CGUil'iJ i iterlltur" revi,)w, are 

known to und"rgo a vuri"ty !)f light-induced r"(lctioils. The photostudiclS 

carrkd out on dihrc,,,(lO,·3ii ) chl<;l'oform solutions of 2~hydroxy-and-

2-ln(~thoxy-l ,4-nuphtlwCjui 1100<0 form trw major rurt of the present work. 



1';'1':: ,)!,.!rni.li~lr} ~_-"i" li·~~;r';~t:ut·;~ rt;;p~lt't~~ ~',Ir',-"_,;~~/)tt~j ;)l.:r'"t; .. :r' iJ,-", pi"ic.tod-t.;:mi(>..\l 
I 

i'lyur\;A~' tJi}i"iv~,;;i\h~ ;1i..tS r~~Cil::.\I;;!fl t~h: lb:t:",i.: f.':ttuntif)rJo Th\~' app0~ir~hIC0 

()f Giliy 'C{lfJ \::s'.;~:nti,_dly ~i\lii'liit~ t(_por·t~~.(1i.:~13)oV,!r ~\ SP[~H (l'{ m~H"'"? thdrJ 
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The 0112 w,,,d<··1ong phvcor,'::iction of ,I ciilut," chlorofunn so"iLltion 

of th2 titll! quinone (l.l-~i'\lO"\"i) uild(,r td} utlt:IISp;'~.H·t;: 0';; nitr·o~}.'n 

]",d to til;.; ho'iation of tI..;" [f;)jol' phntoproducts, lab~ll(!d Sf, ,li1d 

Sfl,in n combined yhdd of 9r\;aLor tlh1i1 90%. Otller f<2w minor Ol)"S 

'ilf~r'~ also r,ot"d (TLC) to hav." b"',1i foriiv,d in trace quantities. 

Compound Si; has a lOW0Y' f<f valuc' than its coproduct, SA-(O.125 ~nd 

0.25, r'];;,,,,etiv,,ly, Phlli EtOi\c/HOi',c, 70/30/1). No si,]n of formation of 

dark l'0(tc:tiof: f\'()!fi which th" starting m&tGl'ial viaS quantitatively 

[JhotG~)I'()duct$. f\ d hcuss ion of the: hknt ifi c~ti Gil i)f thC!se conlpOUI1US 

structure is ~ho'illt b" low. 

Sf; 



, db' ()h ~ "" 'h "'00 -1 ' t th 'tl SIIO'll,-, U 1'0,1(; i:l1}SOrpt1"n DitM' 1i1 '(; t, "" em r;"91on oge ar ~11 '1 

caruonyl str.:tcilin!,i fr0(1U<!ncy dpp.;"rillv ;,t 1680 c:n- 1 l\si(,0 from th", 

clwrilct"ristic aromiltic C~C sk .. ~j(.;t~,l I'ibntthn ,1110 lJ-1i dr:formatiuo 

Oill1US apP'3(,rinu in tfiG l!iOO-1GOO and 1400 cm- 1, r8spectiv0ly, the> 

absurpthJI1 fl'L'QU811CY "t 7(;0 <:;);\-1 is part'iculitrly significant (is it 

is indic,)tivfl of no orthiJ-disllbstitutl?(~ \),)!lZl1lhl l'ing, This latter 

quino!);' is 1IIlaff,'ctJ(; b~' tit;. pilG];otrimst'orrnatiol1 leading to compound 

most dlli'in fhdu p.l';r of ,nu'ltipl"ts up~':''iriilg ,It S 7:92 ~nd 7.89 ppm 

ar" ,lttribut·}bl" ttl thl" tl'JO peri- ;w:ltuns ~Ihih those singnals at 

6 7.79 an<i '1.57 ppm <11'" ,)scri b<lb h; to th" hydrog<'lI1s u t c .. G alld C-7. 

Thc;se proton signals occurr2d ill thv sum,' intGIl!;ity ratio ilS that 

rUljuir(Jd by th~ 'furmulc,t2d structur<.: of compc)und SB. ffloreover, 

this patt(1rn of r8SClrt<1nCe 'lilkS, coup'lvd \'Iith tile ilbsorptirJn bullc} 

c,t ,40 em- l in it~ infriJl',~d "p,}ctrurft, conclusively dilmonstrate 

tlmt the b'"lminvi;j ri ng .)f the p.:,r"nt comp(!UlHi is i nti1ct 'j n ph,')t­

pr;)duct Silo Th" cCtmpl.:tc' and p0rtiidly "xp~\fldoci l}j Ni:iR sp2ctra G-r 



1.0 

uf th:; photupro(/uct sho\'lin9 th(lt (;··3 j, tho site of flttilCk in the cuurse 

of tiH! photocilemi Cil 1 trilns ie-l'mat i on to compound S8. 

1.1.3. Mass Spectrum 

of c;urllpt;und SU at 111/1. 20H ~Ihich b 35 mil~;S uilits higher than the 

IfFJli.'cul.w vlJi~;ht vI the par2nt Curnp.lUfl<J minus olle hydrogtln atom. . . 

intensity CJf (Jil2-third tiMt :)f -elk p.mmt p()ak is inliicativlJ of incor-

pUln.}tiGIl of d cill.lt'in<l (Iturn in til," photf)proJuct. The inclusion M the 

C10H5CW3, !;U(HJ12stdl fel' t~l" ol"cul.':riull spc·ci";3, nicely accommod-

~t>.iS til," furf.>go·lng. Otlier signific'Jllt p>.iilks '.!isplay.:d in the m~ss spectrum 

include tlIOS,' at m/z 173 iInd 145 c.;rr"sponding to SuccQssive 

losses of ch10rilw (In,j cilrbomoonoxi(;" 'fl'C>ni the lI1ulecula)' ion 

pc;ak. Th" bas" peak a;;p0ilred at mlz 105, dll~ to the; benzoyl cation. 

This peak is cil(lr:lcteristic of tlt2 ~ii;~ctril of i1itphthoquinon"s cont­

(lining ilC-2 or C-3 hydroxy SU&st'itu.,mt. (81) 

ThE: fr,1grm,ntdtiun :lilttern \if this COlll[JCU,ld b<3ars out a 

!01\ 
quinol18 by (;;,;m'"ron dnd C0wol'kers. ID. ) fl corn~iH'is()n 0',. OUI' IflilSS 

spectrill .. dotUIP.Gf compuur,d S8 'ilitll that cf thl! 1 ib.!rc'\ture for 



or thil stuning mid;~riiJl is intactir: cornp")und SI1 wli(Jr<:)-'ls the hy(;rclgen 

at position -:~ mllst lli'.ve D""n photosubstitut"d. The mas,; s[",:ctrUin of 

the phut(';wC'rluct undoubte,l'Iy indicCltijs that thee spGcies replacing th" 

Suic: hydro9c!I) must be chlorine:. 

TABLE I. (;omparis,m (.1i' til;) rnrtss Srl<!ctY'ulll 'if 2-chloro-3-hydroxY-l,4-

naphthocjuinon(J (81) vlith that of comp0unc1 5B. 

Com;nulld 
, 

I 
761 '0' i 105 (~~~ ?10 2-chloro-3- , m/z I 77 1. " i 145 173 180 18< 

I 

hYl:r(..xy-l:l(~~ 
I 

Ilnphthoqui nC'Il2. 
He'l.lilt. 21 13 1(i 11 2id 30 41 19 100 1%) -

Sil m/z 76 77 JO·l 105 145 173 180 182 20~ 
(M. ---

R,,1. tnt. '-0 Itf~ • 18 100/ 10 18 26\ 3 3i f 0;) " , • I , 

1.1.4. 13C ij,'!f; S\!(Jctrum 

show(:d a t,yt" 1 llf nill(! ci\ro:m sign:l1s whos'2 ch(Jmici;\l shift v<,lues 

in S ppm appenr(!d at 179.8(C-l,C-4); 168.6(C-3); 135.7((;-6); 13<'.S(C-2) 

133.0(C-7); 131.3(C-4a); 129.4(C-81); 127.6(C-8); and 126.7(C-5). 

40 

2lC 

1, 

, 



C-1 and C-4 on ttll: basis uf knr)I'i;' substituent r;ff,:cts. 

1111 UXyguH substituellt at C-3 d l,il-twphthoquino!'oe (;xerts a 

shidding effect of 1:"7 .-,1"" ()J.6ppm an, respectively, C-Il and C-2; 

deshi81ds til" site of l\ttnchllh"nt by 21.~ ppm but hilS no sigllifiCilnt 

effect on tho.? r"SOllilIlCG 1 in" of C~L Simili1l'1y, introducing ch-Iorine 

i.\t C-3 of 1,4-napilthquinon" (ksilkldS tIll; sit;; clf substitution 

by 77 ppm \'Iililc C .. 1, C-C imG C-'; iW<o shi.Jld0l' by 2.3, 2.7, and 7.0 ppm 

(32 83 8(i) Ii_' thelir;'lt Dr thse r",ults, it is evident resfjGc1:ivt'ly. ' , ~ 

that tlk l:xtl'ot of shieldin" inc;uccc. on C-'l of o:mp,jund S3 by 

both U10 hyUl';IXY ilfld eli lewi ('c sUb:;;;j tUdltS 1 S com~arab 1 e to the same 

",ff0Ct til" 1 i'l tt ~ r subs t i tlh:nt ~x"rt5 u,-, C~ 1, Thus, the fIl0S t dovm 
p 

fiek lillG of _,bsorption -ill tli," "e i'l,·iR sp .. !ctrum of photoproduct 

Sil is r'"i.l~<)nClbly JttribuwrJ to buth C~l .'inel C~4. This assignment is 

further cOYT_laOr!) t"d by its lW,W ly tlVu~ fo 1 d i nt"ns i ty compar(1d to tlK' 

t'eSflnanCl! 1 i 0'2$ of th,,, fdUi'; ni n9 qUJ ternnr) c.) tb.Jl1 i\ toms. 

, 1 5 "" . bl -- b - t . S ~ ". . • ,1 S 1 '" H :ic.rp lOn puc "rum 

TI1" visibk absorption sp,~cttlum of com;:lOund S8, Fi9.6,.1maxU1eOH)~ 
47 Iil1m(E=1315i;j-1cm- 1j, is in iJccOrr;,tilC;' with its id.mtification as 

2-h,y:lroxy-l,il-napllthoquinonc: cow;isb: cf, among oth,TS, il ykak 

qUi;'OI)l)id 8kc~;-'[)lItrunsf2r o1\/ld i:t 3iiOnm(E=750) l'ihich is sensitive to 
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which .\'i01d,~d compound Sll "s th,_ Illi1jor pt·v(iuc:~:. (65%). Tlwt C\Jillpou,ld 
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Compound S;'\, th(-:rm1llly stilbk Upt0 JOUQC, is ttl2 secolld major 

phui;oprocuct (,:5-31J% ~'khi) ubtiiiilcd -(rom the photolysis of 

bdl.:l'lior of th" C'jmpGUi~c: in i\H~,ll il1>! solution is in contrdst to that 

SOlutllj(l W"S not ilCi;()lflp.l,1i0d LV ClI,.l' lIoticr,;'.ble \jJ.S l;volution. 

The vi sib h! 3.iJsorpt i 011 spectrul:I of comp:;unc! $/\ stH1WtG 

~ Inilx(P,,,OH) iit ',SInaI. Its iHfl'ilrer~ spectrum, d"picted in FiU.ll, 

c;"ljldj'"d (If, (ius0rptioil band c;u" to U-H str£?tciling froqUi~nc'y at 

3'150 cm- 1• Til" solubility of the compoulld in diluto illkalilld IIM]iUlO, 

to\1I; tll2r Wit~1 " cons i Juril t i on of its ori 9 i n 5U9\)\;5 i; that til;? hydroxy 

grou,) i$ mClst lik~-Iy phenol ie. The stretching fn,qu~ncy at 1690 em-1 

is 1 ,lUi e" i;i V<2 of carbunyl funct i ollali ty. The '100 nHZ If! NNR sp(?ctrum 

(J),V,!;,HJ6 ). shown in Figs. 12 ilnd 13, c(lnsist~d of two closely pl.-1c2d 

C()Ubll!ts at 1.8-7.'u5; t'/IO s"ts 0-(.' tripl;;t:; Cf!l1tercd at 7.57-7.62 and 

7 .52-1.GpPi11 tog"th,~r with () siilgl:t at 5. i ;7ppm. Thc'.(~ sign"ls occurred 

i 11 til" i nt"ns ity r0 ti 0 of 2: 1; 1: 1. Compari sun with the iH NM, sp"ctrUlo 



Si\)lhlls shown in the: SpdctrlllTI ,A this clllnpUUnt1, in C(ll;:junctioll v,ith 

tll", ilDSOI'fjtioll innd i't 730.::n- 1 in t,v., illfl'0r.)() s\,(;ctrum strongly 

inuicat" that tlw aromatic ring of the ;;tortin!:: In'lt'll'idl is int<\ct 

in th is !JilOt.)[))'oduct. Trl,; 100 JI hHz 13C N,'iP. 5 ;J<?ctrum (fJlilSO-d:) of 

photoprcduc t S/\, f"produc\!u in Fi 9 .ifl, COlltti (15 " tota 1 of t8i1 co rboli 

signals ~pp0aring at 188.0ti, 181.25, 171.35 135.47. 133.89, 131.27, 

13Q.uO,12~.2;:, lLS.Ol, ;mu 101;.u9 PIlI!.. It is intriguing to Hute dlilt 

wht,r""s till: ltt N,\i( spt!ctrum OT' this compounc' (Fi9.)2) indicates JbSlmC'e 

(;f til.:! ~lJ'clrolJ'1n ,;It C-3 uf ti1~ st(lrtili~l in(\t8ri(',1, tik 13C [,j'ii<. spectrum 

(l'i9. 14) Uil th" utile)' l!ClllCi, cine,lin" a st'r'ollg signal at lu6.~9ppm, 

c,\rixns C .. 1 "nr.! C-I; oi 2 -m"thoxy-l ,I:·-II,lphthoqu i ;\(l(:" r"SUOJ 'Ci) at 

rc:sp<Jctiv,"ly, Hlu.u '"iid lU'f.lvpm whiho C-3 nbsol'ils ut 109.3ppm. (d4) 

It is ther,,-j'orc; ilpparcnt thilt til,? P:lOt()tr,JI],forillation of the hyurol\}' 

forilh:r compound while "",(lving C-1 and C-:l r.;l"tiv"ly ullufft)ctcd. 

The: 1lF1SS s{:,,-'ctrum of the compllunll undor consilltrutir,1\ (Fig 15) 

shov/'od OJ l'i2uk nioleculul' i0[; peDk ut m/z 330 "hieh is W llI?ss units lower 

tlieln Un; mol"clIlilr )Ieight oi ,; dimer of til" purl:lit quinoik. Thl' most 

illt"1l5i~ p'",1ks occurred ,it !n/z IFf and 105 \loth of ylhich 1150 

ilPfJ,,(lr i.\S the most jJroiOin,"fi'c i011 pC0.ks ill Ow spl~ctruffi of 2-hYGroxy-

1 ,4-naph thoqu i non". (31) I'll iss itud ti on knds i t~0 'If to sugg.!S ttha t 

\ 
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th"L the hY(it'ox.y ~Jroup of compounci Sf, is .lOt iJttachf!d to the 

b\~I1Zdnoid rilla/(ill) It is ·tik.jly from the for"!1dling discussion that 

the c<lrbollyl group (C~{f) of ::-hyliroxy-l/f .. nuphi:hoquinone must have 

Compoui1d SI; V/ilS "S8tJ'latcd (ik20/PY., rOllm tdnperature) \~ith 

tlh' llbjectivc: of 9')nerating Jate; 1'0\' its .1cetdte so as to enhullce 

ch'lr,\ctc'riililtioll ofch,> ,1hotOP1'()GUCt. I~ddition of dcHic anhydrich~ 

time. Til" y"no\'l c0lm' was !Haint.,ia(,r: throughout the acetylation 

p"ri'Jd. ,iork-up f(,l \ow8d by purific,,\.i(,11 on i( microc;JIUln;1 using 

chromatGgrilphi c 9r"J(~ $ iIi Cil Ut:1 "s til" ildsorbent and b'?lllene as th(~ 

ele"nt y;"lueQ .} .l'",l1ow C~l11pOlliid itS the, major product, which is 11l;re 

;,ft,;l' lvi'"rr",. to us Srl-lic. Its lH Ni·\R spectrum (CDC1 3), reproduced 

in Fig.16, showed" pair of lIIu1tiplets at 8~1.2 and 7.7-7.8ppm 

tGs"ther '.'lith siogl,-ts i:lt 6.75 and ~.3Bppm. Th':)se signuls occurred 

in the iiltensity rlltio of ;::2:1:3. r. clos\! sCI'utiny disc.1oses thut 

th., IH N;'IR s pee trUITl of compound SA-iic is qu i te simi 1o.r, if 110 t 

id~nticil1, \~ith thilt of 2-,,<;<Jtoxy-l,'l-naphthoqulnOlle (Fig.l7). The 

simi'l,lrity of th,!s" 1.\'10 Sil"ctrJ suggJsts that cOHlpound SA is unstable 

claim tlwt tit" photOPI'oduct is tr.':nsforw"d to the par,:nt quillon,,, u:,Jon 

tr2utmlmt ~ji th til(! acetyl"ting uYI.:nt. 11: is ,11so nc,t0-worthy that 

compOUlld SA tragfllcHlts in th" me'SS :;tlGctromctul' to yield til," pilrp.llt 

qui non" 1'"c1ic~d Ci\tiOi1 itS tlk most int,mse (l8ilk. 

\ 
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Di:~pitf; tild c(Jq~~·ic,·:r,:.~.ulic~ tiH1UWlt :.)i- (;iiL: ~l~CUIllU·i\·;t;~C;J ,) positivu 

hi~:ilti'fic{)ti0ri uf phuU;prufJUct SI\ ~l'-:S Ii(.t i>.!~n (1Ctli\.';V(:d. 
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2. Photoexperiment with 2-Methoxy -1,4-

The reaction consenuent upon exposure of a chloroform 

solution of the title Qudnone (10 3M) in a pyrex flus\; 

flushed \-lith nitrogen, to diff.use daylight during 1,5hrs. 

resulted in a rapid change of the original faint yellow 

color of the solution to red. Purification bV PTLC led 

to the isolation of a red compound labeled SC, as the 

major photo product (about 30% yield based on the start--

iog material consumed) together with several other minor 

ones. Abou t 

recovered at 

23~ of unreacted starting material was 
end of the . 
the~reactioo, The corresponding dark 

reaction was seen to leave the Quinone unaffected. 

Comrollnd SC, \>Jhi,,: decomposes at around 1400 C, is 

red in color and is much more polar than the parent 

Quinone. It dissolves in polar solvents like DMSO as well 

as dilute alkaline medium. The comp~und chan,'es its ,0 

color to yellow when treated with trace of acid. Addition 

of base to th~ acidified suhstance doesn't restore the 

color. On the other hand. the compound dissolves in 

alkaline solution without loss of color. These 

observations demonstrate that photoproduct SC is acidlabilB. 



The spectral data of this compound, discussed below, 

have not 8rla~1~3d an assi~nm8nt of structure ~ltlich is 

comratible IJJith all the aVid labl" data, 

1 
2 . 1 . 1. !:I.J'!N!3.., S'p~~!rum 

1 Comparison of the H NMR soectrum (DMS~-dEI of 

compound SC with that of the starting material (CDC1 3 1. 

both 0' which have been reoroduced in Figs. 18 and 19 

respectively, shows that the signals of both the l'1GthoxYl 3.9rrml& 3-H 

(86.15PPml of the latter compound have vanished in'the 

spectrum of the photooroduct. Moreover, the reasonance 

lines of the aromatic protons of compound SC are shifted 

upficld by U.3PPm relative to those in the mcthoxy compound. 

whose spectrum had also beGn obtained in OMSO-d5 " Tho 

proton si~nalu disnlayud by ths photo product occur at 

67.G-7.9(ml and 5.4(sl pom in the intensity ratio of 

nearly 5.1, 

The candidacy,of the meth~18ne dioxy comnound iQ as 

a possible structure for the comround under discussion 

in ruled out on the ground that neither the methylene 

protons nor the hydrogen at C-4 arc observed in the 1H NMR 

spectrum of the photoproduct. resides whereas photolysis 

of 2-bromo-3-mothoxy-1,4-naphthoquinone in AC 20 has"baen 

noted(201 to afford compound 49(R~~I.R1~AC.R2~Brl the 



analogous reaction of the halogen free methoxy quinone 

failed to 'fiuld thl' corrssronding 4Q(r("r,2"1:,[,1"I',C), 

Photolysis of 2 _ 5 -dimethoXv--3,6-J rcmoth'.'l-1 ,.4-benzoouinone 

has also basn reported (21,67) not to afford the exoscted 

msthylenodioxy compound as opposed to the corresponding 

reaction of tho 2,5--diaminatod d8rivatjv~ which readily 

)-/. -I 
i 

~,' ____ \-0 r f., 
~) ,r; Ii 

Sf 
A second structure speculated for photonroduct SC 

was that represented by 
8 

structur8'ltlhich mif"ht be envisaged 
/\ 

as arising from ,nhotocyclization of thd mr,thoxy side chain 

onto C-3 of the parent nuinono. Tlls absorption positions 

of tlw msthyl(lOo and methino protons of oxetens _5_Q and 

2j, roported (93,94) to occur at 85.27 and 5.81rnm, 

(92) together '.ith the suggestion that 

hydrogens a - to oxygen in oxetanos Bppear at'~ 4.0-5.0 

ppm,' tsnd to suggest that tho multiplet at 6 7.6 - 7.9 and 

tho singlet at 65.4ppm in the 1HNMR spactrum of photo-

product SC may be attributad to the bonzenoid and msthylone 

protons, respectively, of the speculatod struLturo ~ . 

However, tho observed intopratcd ratio (6:1) deviatos 
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from that ~xp8ct8d (2,1] for structure 8. 

2.1.2. 13 C NMR Sp~ctrum 

13 A DEPT CNMR spoctrum (O~50-d6) of compound SC 

displayed a total of sleven carbon si~nals. six of which 

are dUB to quaternary carbon atoms. Th~ resonance lin~s 

of these carbons appeared at f167.80, 143.04, 137.78, 

136.29, 131,77, and 12B.B8 ppm. Four of the remaining 

five signals are dUE to CH carbons whose absorption 

lines are centered at ~135.52. 132.59. 127.54, and 

127.29 ppm. A CH l unit is indicated by the signal at 

6128.02ppm. 

The C-3 signal of the starting material, expected at 

(84) . 10S.3ppm ,is not observed in the spectrum of photo-

product se and therofore must have shifted downfield. 

Likewise tile two carbonyl carbon signals which have 

(54) bean reported to resonate at 180.0 and 154.7ppm. are 

absent in the spectrum of compound SC suggesting that 

their absorption lines have shifted upfield. On the 

other hand, the chemical shift valuas of the benzenoid 

carbons C-5 through C-8 of the parent quinonG, which 

(84) absorb at ~126.1, 134.3, 133.3. and 126.6ppm. 

respectively, are affected only slightly by the photo-

transformation relative to the quinonoid carbons 
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C-1 to C-4. This is supported by the chemical shift 

values (sou abovel nf the four CH c3rbons of plloto 

product SC. A similar inferrence is derived ~,h8n one 

compar~s the absorption positions of the ring junction 

carbon atoms C-48 and C-5a of the starting material 

which rosonato(54l at 8132.0 and 131.1ppm. respectively. 

with tllOSS signals appearing at &131.77 and 128.88ppm 

in the spectrum of photoproduct SC. 

It is thorefore clear that the Quinonoid portion 

of the PAr8nt compound must have bt'en affuoted by th8 

photnprocess leading to compound SC while the banzenoid 

ring remniGs intact~ 

2.1,3. Mass Sp~ctrum 

A high resolution mass spectrum of compound se, 

renroducGd in Fig. 20, showed th~ parent peak at 

188.048 (r81.lnt., gl corresponding to a molecular 

formula of C11 HS03 , This compnsition shows that 

photo product BC is an isomer of the starting material 

The \v8ak ion peeK at m/z 204 (reI. Int., 3% 1 in the 

mass spectrum is n8~lcct8d AS it roquires incorrorBtion 

of an oxygen atom into tho startin[ material. which is 

difficult to substantiate consid8rin~ the conditions 
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C(;m'J[Jrison of th" l'''n I ' th I' I ~ - u DC'3 <'3 cemmer. l0 8 Ill£;-I 

muss r8~ion of tho spsctr0 of both BtBrtin~ mnt~rial(A1) 

ond compound SC, dopicted in Tahle II, revoals D high 

variation in the rel~tive intensitiss of thBse ion 

peeks, FurthsrmorB, thB peaks at m/z 174,149,147,146 

and 106, which are abundant in the spectrum of photo-

product SC, are completely absent in the correspondin~ 

, (81) spectrum of the parent qUinone, . ThesB features. 

coupled with the absence of the methoxy signal in the 

1 HNMR spectrum of compound SC, rule out tlw lik81ihood 

that thos8 ion peaks common t~ bntl, thB sp8ctra (Table II) 

could b8 due to fragments of the starting material, 

which mipht be susoBctcd to be a contaminant of compound 

SC. 

The oomposition C10H603 indicated in the moss 

spoctrum (Fig. 20) for the basG p8ak at m/z 174 shows 

that the preferred mode of cleavafs of photoproduct Be 

in the m2SS sl'8ctromatcr leads to the formation of 2-hydroxy 

-1,4- naphthoquinone radical cation. This clAim is 

(81 1 strengthened by the characteristic decomposition products 

of this sp801es. 
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Table II. CompArison of the hirh moss rerrion ion peaks 

common to the s-'Gctra of 2-methoxy-1,4"narhtho-

, (51 1 qUinone and photoproduct SC 

\ i :Compound 

i 

I M/z 89 '102 • 104 105 • 158 ; 159 i 173 1158(~L+l , 
! + i- --'-. , , 

N~OMel re 1. • 
, 

! I 
46 38 10 f3 36 

, 
20 3(J 

, 
100 I , 

! int .. 

I , (%1 
" I j , 

i 105 1159 188(W+l; SC m/Z 8'l i 1 02 : 104 1 158 173 
i j 

, 

! 
, 

,T ; I I i roL i I 
i 

lint., ' ! 
, 

15 5 " q>" r; 4. 4 9 , ~O , 
( % 1 : I I 

\ 

+ N00Me 2-mi)thoxy.1.4-naphtl1oouinons. 

2.1.4. InfrAred and Visible 

A~~orDhon Spectra 

Ths infrar6d spectrum of compound SC sholiod absorption 

bands at 3450(0 HI and 1560cm-1 • both of which are absent 

in th3 corrcspondinc spectrum of the parent quinone. On 

the other hand. the band at 1460cm-1 , which is clearly 

secn in the ir spoctrum of the parent quinone and which 

is attributed to the C-H deformation vibration of the 

methoxy side chain, has completely vanished in the 

spectrum of the photoproduct. TI,is demonstratos that 

the methoxy rrour of the rarellt compound must have been 

! 
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involvod in the photochemical reaction. The presence of an 

ortho-disubstitutod henzene rin~ is indic8tod by the 

-1 ahsorption frequency at 730 cm which SU~~8Sts that 

the aromatic ring of the methoxy quinone is intact 

in photoproduct SC. As was noted e~rli8r tho NMR 

spectra of compound SC also lead to the same inferrences. 

The visible absorption spectrum of comilcund BC exhibited 

A labs. EtOH) at 44Bnm. max 

2.1,5. ~tt8mpt8d Acetylation of Compound SC 

Acetylation of phctoproduct se with AC 20/Py. at room 

temperature was undortaken with the VidW of getting 

spectrBI data for the resulting acotBte sO,as to enhance 

the characterization of the comoound, Compound se 

experienced Cln immediate color chang8 from red to yellow 

when dissolved in the acetylating agent. The yellow 

color was maintained throu~hout the acetylation period, 

Work-up of the reaction mixture followed by purification 

on a microcolumn silica gel chromatography using 

benzene as the elvent afforded a yellow compound which 

behaved similarly in every aspect on TLC with 

2 acetoxy 1,4 naphthoquinone. Bestdes, the 1HNMR 

spectrum (CDCI 3 , Fig. 21) of this compound. designated 

aE SC-AC, dispbyod si[Cnals at oB.1 (m), 7.75(ml 'O.75(S) and 

2.3B(s) in tho intensity ratio 2,2,1,3. Comparison 
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of this spDctrum \1ith that of2"acutoxy-1,4-naphthoquinone 

1 07 (CDCl 3 , Fig. 17) which is the same os literature valuDs. 

discloses no distinction iletween the two, It is tllue 

seen that tho ocetylation of compound SC did not 

yield the Gxpected acctate, The similaritv cf these 

two spectra also makes structureBSpecJlated for compound 

SC doubtful, 

In summary, the spectral data generated for photo·· 

product SC Ilave not led to an identification of a 

structure which would best reorosent it. 

The synthesis and charactorization of 2-chloro-3-

hydroxY"1,4-naphthoquinone by photolysis of i'l dilute 

chloroform solution of 2-hydroxy-1,4-narhthoquinone 

has boon dascribed in the predeodinr pagas. It has 

also been noted that work documented on photoproc8Bs 

leading to the formation of this compound from the 

materials used in the present 

The literature disclosas only 

study is non-existant, 

(22 ) 
000 report on the 

photoformation of tbis' compound as onu of several minor 

photoproducts from 2,3-dichloro··1,4-naphthoquinone. 

(95) 
2-Chloro-3-hydroxy-1,4-naphthoquinone.first reported 

7 k t h t . j 1 (96) 11 in 188 • is nown 0 ave UmOrCl(O BS we as 



, , , ~ 

1 

,--
ITt o ,- '. ' •• 1 

; .... ,: ;.- " -' " 



i' 

j'~O'!1.1111t.{Wt I.i-n 
i~"":i{JF()~ ~ll ~ 

1M,. llP.f'):~" :$1]:) 
IHiSli .. W,,!;V HH~ ?.!}JJ"iJ .. i ~i'(:O , 
TU~J 1$~i9~l! • 
({fIGS S1fl1li;a: :'it.J.~J;l;H " ;'.ja,~9J·1 
tH~ 'Hi Tnl.</1I1f,C, 31~.;'( 2~f;/ k i'k 

(: Ct:. n (j ji;{V ;--l'!:~t15 JiHS .rWfS ~mr .& 1 u 

II 0 '1 "~ t. r 2{j4.0t;:.1~ 22 3.0-1 

11 a (, 3 [t ,:, 1r,),e4e,< '" ," o,r;o 
!J \). ., 

"'.1.3 • irS.S]}:!! 4·1 12.4!1 

10 I' 6 :) ·0.~ 1,4.(1311 :t.l H)(l,On I.! I. S l 4.3 

lB 6 g ~ O.l fll.H2<'lJ ~9 4,01 ;) I 4 ~ 0.7 

lHlIY w: MTfl 

lilt< 

9~ 

00 

,0 

-r~--···--·-'''-·---·-·'''-'--·'·····--:-·-·----·''~·-:,-·-·_W~-'--'-~--'-"~"--'--'l 

~ . I 
6ll 

fi~ 

4~ 

:m 
~'l 

m 

6 

I I 
~I ' I 

1'Tfi'j rn'n I n'ljTiT IT1Trl1 nnTIlIl ! nn lTl'TTJTI fTT)'IT' Fnl1n'1TfTnTTTrrqn.rrnj~~Trrf':rf1J 
too 

!)oJ 

~9 

;'8 

~!·m 2(·:') ~Oi' 1i!€:l ~20 ~4J' ·jse 3tH} 4$il r,:::, 
~1'''-'~''-''----''~'''-~''-'-~'-'''-'''''''' "'~~-"''''--'''-''~''''---T''--'--'''-'--'--' 

.' ~1 

·i 
6ll 

63 

49 

30 

1.0 

10 

6 

:1 

j I I 

:l, I ,1.li,i' 1",.11.)11, ~.","IA,~I,."l~\lh''''1 "Iil !, II'" I· rn''''':'/''' pJII, " "i'I'"'' " I, 'T' ".j" , ""I",."n rmJ 
fhi f;6 £iQ: ,em i~H J<!!l ilJO lto ~fJ\) ?la 

.... 



· , , 



6', 

of 50me , (ljO,', nil) , , 
kindn ef bBcterl~ whIle ltS copDar 

salt is relJOrtad to be a disinfect (iD') 

Whilo several preparative methods 1,0ve been oovelODed 

for the synthesis of this compound. some of them involve 

very stringont conditions like refluxing(102), or the 

use concentrated hydrochl()ric acid al high8r temporaturus(10,'l 

. (104) \vhereas othors suffer from the draloJback of lmoJ YHlld. 

The rhotochemicBl route to 2-chlJro-3"hyd~oxy-1.4-

naphthoqulnone discussed in the pres8nt work, despite 

the relFtively long time it required. is simple and 

affords ~he compound in an acceptable synthetic yield. 

AnEllysi:J ofi;h8 spectral dElta (IR,NMR,MS,'1j Lble 

absorpt~on spectrum) of this photorroduct and thos8 of 

its a-state accorded with its identification. The m81~ing 

point Jf this compound and its mass spectrum are in 

t ' t 't' l't . d' (81,102) rBflSO'ia :3 ngre8m8n \-11 11 1 erA·cure ata~ 

Comnound SA. which is the sacond major rhotoprodl'c~ 

of the photolysis of the hydroxy quinone. has not bGcn 

fully chenacterized. 

Though an unambibuous idcntification of compound SC. 

which is the m2jcr reaction product obtained from irradia-

tion of 2-m8~hoxy-1,4-nBphtho~uinone I~ chloroform, 



c ' 
C.:. 

has not boon achieved. its s08ctrnl ~0~a (IR.MS.NMRI 

strongly indicate that the a~omatic rin~ of ~h8 starting 

material is intact in tho rhotoIJrod~ct. It is ~lso 

evident from those data that the ouinoid ~ol·tion of the 

formation leading to comr 'Jnd SC. 

I, 
:\ 
,I 

V 
1 

I 

! , 

" 

J 
I 
( 



V. EXrJ8rimgntal _. . 

1. G EJner', 1 
- ---

r~eltinp; points werr3 ciotermined using a Thomas-

Hoover capillary melting point apparatus and are uncorrected. 

Unless stated otherwise, NMR spectra were recorded using 

a Jaol FX9OC1FT Nuclear Magnetic Resonance S;lBctrometero 

Spin multiplicity is denoted by s(singlet), d(doublet), 

t(triplet), and m(multiplet), Visible absorption spectra 

were measured on a Beckmann Model 24 instrumento IR 

spectra were measured as KBr pellets on aPerkin-Elmer 

7278 spectronhotometec 400MHz NMR and all the mass 

spactra were recorded at Ruhr-Universitaet Bochum and 

the Institute of Or[anic Chemistry and Biochemistry of 

the University of Gonn(FRG). 

Analytical thin layer chromatography wero run on a 

0.25mm thick layer of silica gel GF 254 (Merck). Adsorbent 

useci for column chromatography was silica gel 60(Merck). 

2. Sourcos of Comeounds Studied 

2.1. Emodin anthrone 

This compound was obtained following the procedure 

published in the literature.(75) 

2.2. 2-Methoxv-1,4-naphthoguinone 

An impure samplR of the title quinone, prep. r.'Gd 

earlier in this laboratory, (105) ~JaS purified by recrystallization 
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ethanol which yielded pale yellow nBodles of 

M~ 183-184 oC Ilit. 110G )Mp 183.SoC). IR v
Kor 

, , max 

the cumpound. 

cm- 1 ,1695, 

1 1660,1620,1580,1460. H NMRICOCI 3 ), 68.17Im,H-5,H-8),7.73 

1m, H- 6 • H --71, 6. 1 5 ( S, 3 -H) , 3. 9 (S , or1e) . 

2.3. 2-llydroxy-1,4-naphthoquinone 

This oompound was obtained in pure form by basic 

hydrolysis of its methyl ethor according to a published 

procedure I 2 Mothoxy-1,4-naphthoquinone (3g,O.016mol) 

WIS disGO I v8d in aqueous 0, 5M _ NaOH" (40ml) solut ion and 

the mixture was heated to the boilinp point for about 10min. 

followed. immodiately, by filtering the resulting deep 

rElld_!lolution undGr vacuum. The filt 'rate vias acidified 

while still hot by adding 6N HCI 14ml) slowly, and with 

continuous stirring. Th8 resulting yellow suspension 

o of hydroxy naphthoquinono 1.'2S coolud to 0 C and allow3d 

to stand for 2hrs. The compound was colleoted by suction 

filtration, washed with cold water. dried overni~ht in 

a dessioator, and finally to constant weight at 50-BOo C 

to give bright yellow. granular 2-hvdroxy-1,4-naphthoquinone. 

MP.189-191°C .:iec !lit. (105)MP 188-1890 C(dec.ll. IR )ZRr Cm- 1 : 
max 

3200,1690,1580,1580. 1H,NMR(OM50-d 6): 6B.1-7.B(m,H-5.H-6,H-7, 

H-8), 6.2 's 3-H) 
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31. Emodin Anthrnne 

5 m~ of the compound in 10ml of each of distilled 

aoetone, ebhylaoetate, met.hanol, and ohlorofcJrrn/methanol 

(1,1) was nlaoed into four, erarate test tube~, (nyrex) 

8ilOh oontnining 0.15[, of ohromatograrlhio Grade silion 

gel (silioa gel 60 Merok), Tl e 6e were exposed to day 

laboratory light while another set of solutions of 

the same substrate, f,repared in the same way, was rlaoed 

in the dnrk. 

The dnrk reaotions were found to yield the dimer 

within a day js evidenced by comrarative TLC (PhMe/EtOAc/ 

HOAo, 80/15/5) using an authentic specimen of emodin 

bianthrone(75) as the reforence. The ~im8r formed in 

the oorr8s~onding light reactions was, howaver, short-

lived, Its intensity diminished prOGressively with tho 

passage of timo ITLC). The major reaotion produot in 

these oa.ses \'IBS the photooxidized [lroduot, 8morHn ~4l\. 

In a preliminary experiment, 10mg of the quinone was 

dissolved in 50 ml of distilled chloroform. The solution 

was placed in a 50ml r'yrex flask, purged with nitrosen for 

about 15min. amd 8x~oRed to diffuse sunlight reaohing 

the flask througt. the laboratory window gless. TLC 



66 

monitc,ri.ng of the prop,rcss of tho rhotoreaction inclicntod 

apn~arBnce of raaction product~ nftur about 40 min. from 

the onse~ of the ruaction. after which time the reaction 

mixture rapidly d8velo~ed B red color with concomittant 

format iun of, among others, one) major react ion product 

which is designated as SC(R f O.33, PhH/EtOAc/HOAc,70/30/1). 

The reaction mixture was worked-up after 1.5hrs. of 

irradintion which led to recovery of 23% of unreacted 

starting material. 

Tho ~hotol"sis was carried out on a ~roparative scale 

as described above by dissolving 100ml', of the nu1none 

in 500ml of disti1l8d chlorcform. Follo"Jing concentration 

under reduced pressuro. purificatIon by orepnrativo 

TLC (PhH/EtOAc/HOAc,70/30/1) led to tho isolation of a 

red compound, labeled SC (third band), as the major 

ohotonroduct (30% yield). M~ 1400 C/dac.) IR v KBr cm- 1 , 
.! -' max 

3450.1690,1670,1GOO,1580,740. 1H NMR (OMSO-d
6

): 611(m). 

• + 
5.4(s),MS m/z (rel.lnt.%): 18i1,0482 (8.6,f1 , C;:llc. for 

C
11

HS0
3 

188.1824), 174(100), 173(4), 160(3), 159(4) 

158(§), 149(10), 146(20), 105(931. 13 C Nf1R (OMSO-d
6

): 

8167.80, 143.04, 137.78, 136.29. 135.52, 132.59, 131.77, 128 

128.88. 128.02, 127.64, 127.29. Vis Amax (obs. EtOH)nm: 

448. 
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3.3.1. Photolysis in Chloroform 

The preliminary photoGxperiment was carried out as 

described in soction 3.2. TLC monitorinr of the ~rogress 

of the photolysis shovlBcI .3CW8nranCE- of f1hotorroducts only 

after about Shrs. of irradiation while leaving a 8ubstantial 

amount of unreacted startlnv material. A similar situation 

was noted following nhotolysis for throe consecutive days. 

TLC analysis of the reaction mixture aftar sevan days of 

irradiation revealec tho i'l[-'pec\1~anC8 of hom major I~.hoto­

'-jrociucts v)hoso formation '!iBS alsl) noted during th,} 

earlior hours of the photolysis. A !,urification method 

was developed for the isolation of the major nhotorroduct 

prio~ to carryins out the !lh2toreaction on a f1rerarative 

scale as described in section 3.2. 

For large scale photolysis, 10Dmr of the quinone 

in 500 ml of distilled chloroform was ~lflced in a 500ml 

pyr8x flask. The solution w~s purRed with nitrogen for 

about 20min. and exposed to day laboratory light for 

S8ven days as described in section 3.2. Solvent removal 

under reduced pressure and subsequent 2urification by 

nreparative TLC (PhH/EtOAc/HOAc,70/30/1, or CH2CI 2/EtOAc/ 

HOAc, 60/20/1) ilfforded rhotDr,roducts S \ and 58 in CI 

combined yield of greater than 90%. The latter product 



has bS8n identified 8S 2-chlQrn .3 ·hydroxy_1,4·nanhthn, 

quinone. MP 217-2190C(lit~02Mr 2~50[ IR vKBr cm- 1 , 
max 

3500,1580.1600,1560,1400,1300,840,740. 1H NMR (OMSO-d
6

), 

iS7 .92 (m, H - 5) ,7 .82 (m, H -8 ) ,7 .72 (m, H .. E ) , 7 . 57 (m, H-7) 

MS m/z (rel.int.%): 210(12), 208(34,M+), 182(fl), 180(26), 

173(18).145(10),105(100), 104(18),77(44),76(50)' 

13 C NMR(~leOf,-d4)' (~179,8, 16fL6, 135.7, 134.9, 133.0, 

13103,129.4,127.6,126.7. Vis. A (MeOH)nm,474. 
ma:< 

o . KBr 1 Comnound SA:MP>300 C. IR v cm: 3450,1690,1635, 
ffiflX 

1600,1560,1480,1400,1360,1290,1140,980,840.780,740 

1+\ Nf1R(OWCD-d 6 ) 67· 85'(d, J=7 .12Hz), 7.81 (d ,J=7 .12Hz), 

7.69(t."J--7.12Hz), 7.57 (t, J=7 ,12Hz). i'le, m/z (rel.int.,%) 

330(7,['1+)" 13C NMR(OW::0-d 6 ),o188.0G, 181.25, Pi'.: J, 

1 35. 47 , j3 3 ,.89, 1 31 . 27, 13 0 . 60, 125 .22 , 'j 2" . 0 1 , 1 0 6 . 13 9 . 

Vis. A (MeOH)nm:451. max 

A solution of 10m~ of 2-hydroxy-1,4-naohthoquinone 

is 50 ml carbon tetrachloride (BOH) was placed in a 50 ml 

pyrex flaski' flushed with Ilitrogen for about 15min. and 

exposed to day laboratory :.ight as described in section 

3.2. fer one week. ILC eY~mination of the reaction mixture 

at the end of the reBction time showed a large amount of 

unreacteG starting material, The formation of ccrnpound 

similar to photoproduct 8 waG hardly detectable by TLC. 



4 0 1~8fl r>t ~ C.I 1,li .:: h -::1 i u :-:v} \~ h:~ c:::--::" de ..• __ ~. _ _ .• _. __ _ ~_ .. _'~.' ~. __ .~.l".,~. ~~._. _~ c_~ __ 

nClphthoql"cnOI18 in 20~r.;. b8nzene 1'/iJS Dddod 

allo\'Jod to P:d:;::188rJ at ~.-·00iTI tsrnpBl.'atur'e in a 

'~d with continLous stirrins. The formation 

of a compou;ld -:::!,a'c sxhi0i tec; ;] Ln'.lar chromato-

graphic behavio~ with tllBt ~f compound S 1 was notad 

v,ithin 2tlI·S. of l'[JfJction V.~:\8 C,LC e;;amination). 

Lll!ino'le, 20m!. l,en;;:el1e and 5 c"l cf thlonyl 

chloride was placed jn Q ~Oll~d-bo~tom flask 

was h8ated garltly (40--50o C) ovor' a water-battl 

l)uJ. ... :ifiGCJtion by 

silica f~G~ co}umn ciE--orr:c1-::ogr'aphy (sil::~ca r:s1 
- - -

60 Nc'rck) 

5,6 mg of a yollow com~ound which is less 

poliJ~ than t."co tnethoxYOldnone (-.Le). This 

1'8action product is simiJ.i3r rte1ther to photo" 

product S nOl' S 

l"his gas was g8nLra~8d Dccordin~ to a rrocedur8 

bl ' h d' 'h 1" , (108) ptl 15 8_ 1ft L 8 .. l'CUi"'aLLT'G] 
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Into a dry 25 ml flask conteinins 15 mg of 

Compound S j 

or Compound SA 

or Compound SC 

or 2-hydroxy-1,4-naphthoquinone 

was added 5 ml of AC 20 and a few drops of dry pyridine. 

Compounds SA and SC underwent a rapid color change from 

red to yellow when dissolved in the acotylating agent. 

The acetylation reaction was carried out for 4 hrs. at 

room temperature with continuous stirring. The reBction 

mixture was then ooured into a clean beaker containing 

ice-cold water. Subsequent extraction with CH2C1 2 or 

CHC1 3 followed by purification on column chromatography 

(silica gel 60 Morek) using benzene os the eluent yielded 

compounds S''l-i\o (8.6mg), !l~-Ac (9.3mf,), SC··1\c!10,nr.;), and 

2-acetoxy-1,4-naphthoquinone (12mg). 

Compound Sa"Ac is a yellow crystalline acetate 

which was identified as 2-chloro-3-acetoxy-1,4-naphtho­

quinone. Mp 129-131 oC (lit. (87) MpH2.SQS l. IR \)KBr cm- 1 : 
max 

2990, 2900, 1800, 1690, 1640, 1460, 860, BOO, 720, 690. 

1 H NMR [COC1 3 ): 8B.18(m,H-5), 8.13(m,H-8), 7.77(m,H-6, 

H-7), 2.43 (s,CH3CO) M5 m/z (rel.int.%) : 252(0~85). 
+ 250(2.5.M ), 215(1), 210(6), 208(20), 182(4), 180(10), 

431100), 



Compound S", .. [,c: \i WlR (COC1
3
), 60,1(m), 7.7(m), 

6.75(8), 2.37(s), 

1 Compound 5C-Ac: H NMR (COC1 3 ): oO,1(m), 7,7(m). 

6.75(s), 2.38(s). 

2·A.cetoxy 1,4 naphthoquinone; 1H NMR(COC1 3 ): 08.1 

(m,H-5,H-8), n7lm H-6,H -7), 6.75(5,3·H), 2.38(5,CH3CO)' 
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