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ADSTRACT

FPhotochemical Studies on 2-Hydroxy - and Z-Methoxy-1,4-

nanhthoquincne

by

Solomon Libsu
Research Advisor: Dr., Berhanu Abegaz

Phatolysis of a dilute chloroformAsolution of 2-hydroxy
1,4 naphthoguinone with diffuse day light vyielded 2-chloro-3-
hydroxy-1,4-paphthoquinone {SB) and an unidentified compound
{(SA). Compound SB was characterized by spectroscopic
methods. Its photoformation from the materials used in the

present study is unprecedented. ’

The nhotochemical reaction of 2-hydroxy-1,4~naphtho-
quinone is carbon tetrachleride failed to yield to compound
SB8. ©On the other hand, the room tsmperature reaction of
thicnyl chleoride or phosgene with the hydroxy guinone
afforded a compound which, by cemparative TLC, was identified
as compound SB. The significance of these results is

discussed.

Photolysis of a dilute chloroform sclution of
2-methoxy-1,4-naphthoquinone also gave a major reaction

nroduct {SC)} which has not beesn fully elucidated,
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The photochemistry of the methoxy quinone 4, on the other hand,
has been dealt with to a greater extent than its hydroxy analogue 3.
Photolysis of 2-methoxy-1,4-naphthoquinone has recently been shown
to give the cyclobutane photodimer 1(15’16)(R=0Me). Moreover,

cyclobutane and tetrahydropyran adduct formation with o}efins,(”’1t

nucleophilic substitution reaction at C¢3,(12’19)

demethyiation and
dimerization of the demethylated product to yield compound.g(R=0H)(]
constitute the photoprocesses recorded}for quinone 4, Interestingly
there is no report-on photoinducéd cyclization of the methoxy group
either onto the nearby carbonyl oxygen in a manner similar to the

photoformation of the methylenedioxy compound 1,(20) or onto -3

to yield ZH—naphth‘[2,3mb30xetn3,8—d101‘§. The Titerature reports




summarized above constitute the current state of knowledge on the

photo-chemical benavior of quinenes 3 and 4.

Eventhough a number of workers have been dealing with Tight-
induced reactions of 1,4-naphthoquinones in a variety of solvents in
the presence or absence of other substraies, similar work done in
chloroform is scanty; a fact which justifies the present study.

(21)

An example of the case in point, however, exists in the 1,4~

benzoquinone series whereby 2,5-bisdimethylamino-3,6-dimethyl-
1,4-benzoquinone photocyclizes in chloroform (as well as other '

solvents) to give the benzoxazoline 9,

The work described in the present report is the first example of
photoreactions of quinones 3 and 4 carried out in chioroform, and
as such represents the first instance of photochlorination of the
hydroxy quinone at the 3-position, Photoformation of the 3- chloro-
derivative of quinone 3, discussed shortly, is preceded by only one

report that appeared a decade ago.(zz)

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

45,47 ,62)

following vradication in alcohols.( Several derivatives

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



. . s ) . (67 §
slkoxylation when frradiated in aeinany! oy euhano1.l' ) The

formaLion of ccotyi auinotl bas been yeporied from the photoreaction
_ R ol et Al e e WOOT oy
of 1,d-nachtboquinone and aced alde p; Ao, Anatogous
photoinvestigations of [,4-quircnes inchloroform are vare in the
chemical literature. Particularly, theve is no documented work

on the photochemical behavior of 1,d-naphthoquinone or its derivatiw
in chloroform. 7The study undertaken presently was thus believed to
throw some 1ight on the reaction consequent upon exposure of

chloroform solutions of 1,4-naphthoquinones to suniight.

The structures and nubering systems used for 1,4-benzequinone, 1,4-
naphthoquinone, 1,2-naphthoquinone, and 9,10-phenanthraquinone are

shown below by structures {a) through {d}, respectively, in Fig 1.

Y Y (¢, (d)

Fig.l. Structures and numbering systems of some gquinones: (a) 1,4-
benzoquinone (b} 1,4-naphthoquinone, (c) 1,2-naphthoquinone (d) 9,10-

phenanthraguinone,
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beait reportad o afford buth oxuitanvi-and cyclobutane~ring compounds,
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s oy i 7 g T T ST A S SN aiine (17,36,37)
phctoacditions of Z-aikoxy-1,de-naphinoquinones with olefins.

18,33-33
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The phetoadducts 13 through 15 have becn described to arise
from the reaction of 2-bromo-3-methoxy-1,4-naphthoquinone with the
tnsaturated compounds 16 through 18, respectivu]y.{38’40) The
sulfur-anatogue of compound 13, shown by structure 19, was obtained
for the {irst time photochemically trom Lhe reaction of the same qui.
with T-phenyi-1-(2-thienyl) ethylene.(4l) B,B-Dimethyldihydrofurano-
Lyd-naphthoguinone 20, “thich is simitar to compound 14, was reportec
in 1950 by Ett1inger{42) as one of the products isolated fotlowing
exposure of a solution of 2~hydrexy*3¢isobutylpl,4mnaphthoquin0ne

to sunlight.
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Several other polycyclic quinenes like 21 have been shown to arise
from similar photochemical reaction of 2-halogenated 1,4-naphtho-
guinones with 1,1-diarylethylenes in a variety of solvents like
benzene, ethanol, ethylacetate, and chloroform.(18’43’64)The
photochemical access to benz-[a]anthracene-7,12-dione derivatives

like 21 offers a convenient route to the corresponding aromatic

hydrocarbons via reduction,

Photocycloaddition reactions nave also been shown to take place

between olefins and phenanthraquinone, leading to the formation of

1,4-diox1ns.(45)




uu)‘,.
1.2. Phorochemical Hydrogen absiraction Reactions.
L.2.1. intermolecuiar

A rumber of examples of Vight-induced reaclions of

thyd-quinones with substrates cavrying abstractabie nydrogen atoms

are availab]e.iqﬁ) The quinone-cldehyde system is one of the most

widely studied of quinone photochemistry.(qy) 1t has been demonstrated
through these. studies that irradiations of para-benzoquinones in the

presence of acetaldehyde yielded mainly the acety) quino}s(48’49)
while the use of aromatic aldehydes afforded the quinol monoesters
exclusively or together with small amounts of the aroyd quiho]s.(qg)

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

giving the ring-acylated quinols 22 and 23, respectively, following

(50)

photolysis in the presence of acetaldehyde. This regioselectivity, |

S

| ﬁ?;; |
OO
| S

22; ReH3R'= CH,C0
93; ReCH.R}= CH,C0

et 3}

also noted from the product distribution in the photochemical
reactions 1,Z2-naphthoquinone or its derivatives with aliphatic
and éromatic a]dehydes,(QS’Sl)has been discussed in terms of the
polarity of the acyl or aroyl radicalg as well as substituent
groups on the quinone ring.(Sz’Ss)An extension of these

studies to mono-and diphenyl acetaldehyde revealed that a mixture
of the photoadducts 24 through 26 were nbtained from the reaction
of 1,2-naphthoguinone with phenyl acetaldehyde while the diol

2/ was the only product isclated when diphenyl acetaldehyde was

.
employed as the substrate. o%)
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26: R=H

.

Y
[
™

27: R=Ph

Phenanthraquinone also behaves analogously giving 1,4-addition

(65) (56)

prouucts 28 when photoreacted with aldehydes, ethers, and

esters.(57)Adducts of type 28 and 29 have been reported for the

corresponding reaction with to?uenes‘(ss)

1.2.2. lntramolecutar

Formation of cyclobutanols by in@ramo]ecular hydrogen abstraction
reactions that proceed through six-membered transition states
is a well-studied photochemical reaction of aliphatic ketones
carrying a;g’-hydrogen atom.(Bg) Similar reactions of 1,4-quinones
bearing side-chains that contain fairly easily abstractable

hydrogen atoms are known to lead to photocyclized products.




Irradiation of t-buiyl-or Z,6-di-t-butyi-1,4-benzoquinone in
neutral wmedia as well a5 acetic acid yielded the dihydro-benzofurans
30 and'Qg,respective1y.(GO)Thymﬂquinﬂne also bebaves simitarly in

methanol giving the benzofuran 32 as one of the phutoproducts.(SI)

A spirocyciopropy!l of iype 33 or its ionic form 34 has been postulated

as an intermediate to account for these results.(Gz)

But-3'-enyl-

1,4-benzoquinone gives a low yield of 1,4~

30: R=H

31: R=t-Bu

dihydro-5,8-dihydroxynaphthalene, which is believed to arise by
intramoiecuiay abstraction of the 2'-hydrogen of the side-chain
via a favorable six-mewbered transition state followed by

electron-pairing in the biradical §§Ithus formed.(63)

il

A
LI
g o

AR
R
eifla




~

While reporis on sinilers phetoprosasses of I,4-benzoguinones

54} ,
have also besn vecordec 5?%wwhﬁfe;()"dﬁ61090us woerk done in the
Lyd-naphiboquinman gering 15 caecn.  Housver, irradiation of an

. fj
ethanolic solution ot the isopraiid maphithoquinone 36 has beerr shown

2 [} 2 { =7f'-‘
to afford the chromenol gie‘d‘)

3 37
1,4-quinones carrying side-chains that contain a hetero-atom(oxygen
or nitrogen) also behave in & manner similar to those that carry
only hydrocarbon side-chains., Various benzoxazolines of type 38 or
39 are obtained from irradiations of diaminated derivatives of 3,6-

disubstituted-1,4-benzoquinones, (21260

éﬁ. 22 (nal,2,5)
2,5=-Dimethoxy-3,6-dimethyl-1,4-benzoquinone, hawevér, failed to

give the dioxole analogue of the benzoxazoline §§(R=CH3)(21’67)

2-Dimethylamino-1,4-naphthoquinone 1ike-wise yielded the

phetoisomerized product _@9468) Photolyses of acetic anhydride




L3

solutions of Z-isoprapog, 1,4 aenidbacimons o ¢-bromo-3-methoxy-
Lifi-naphihoguinone offercd ihe covcesnonding methyienedioxy compounds
4} and A2, vesvooltively, tosether with the photo-Fries rearrangement
i el 4 k i

s : {16,20) . . L
product 43 in the former cosz, Intermediacy of the diradical
44 that undevrgoes alectron-transier to the nucleus to yield a dipole

A5 was postulated to lesd to photoproduct 12 by direct ring=closure.(20)
R

8%
o,

O

OR'
40 41: R=CHy3R'=CH,CO;R%=H
42: ReH3R'=CH,CO;R =B
~ . . Dofl eD'elieDOx
. GH, 43: R=CHy 3R =H;R =CH,C0

H

From these results, it has been inferred that a six-membered
transition state is essential for the intramolecular photo-induced

hydrogen abstraction reactions discussed thus'far.(sz)

1.3, Photosubstitution

Photochemically induced nucleophilic substitution reactions of

o~ naphthoquinene systems are known to take place on both the .. :

N (69,70) (19)

henzenocid and quinonoid rings. The reaction of 5-methoxy-

I,4-naphthoquinone with nethylamine resulted in photoproducts

due to substitution of the methoxy and the hydrogen at position-8

L470)

by the substirate while the corresponding reaction with the
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ceciony Taomer precgeced with Nigh veniospacificity leading to

. (i3},

veplacummt oF hydraten o posioion-2 by the amine, 4y a=01shlovg-
Lofe-maphthoquinone behaves waotoguusty ohen ohotoreactad with
(71}

eiupiai oy furun(Tﬁ)dirivatives Giving oroducts in wnich oue

of the halogens has bsen replacey by The subsuralie,

The hydroxy function has also buen introduced inte the quinoid
ring of 1,4-naphthoquinons auclaus photochemically.  irradiation of
bufizr suiutions of Ld-napithoguinone and 1is 2-methy] devivative
i she wbsence of oir afvorded the corvespohding monohydroxylatad

¢

compound:.(73) The photolyses of Znhydroxyus(lq}znmethoxyL(lz)and
Enaminonlgﬂanhphthoquinoﬂe(yg)in water resulted in veplacement of
hydrogen at positisn-3 0y the hydroxy ovoup., & 1979 report(ZE)
wentioned the fommaticn of Z-chiors-3-hyiroxy-1,4=-paphthoguinoma

as oie o several minor photoproducis volloning ivradiation of 7,3-
dichitoro-1d=-napinehoquinone In a mixture of beazene and g-propanol.
Aosuryey oF the TiteratUre vevealsd no otiker documented work on the

pactotoviaation of this compou,




1il. Stevement of The Research Problenm

The werk described herein was initiated by the cbszrvation that
anodin bolanthrone, 46, which was absent in the original crude

extract of the fruits of Rhamnus prinoidies, was isolated as an

experimental artevact following purificacion on silica gel column
chromatouraphy using chloroforin/ethyi acetate as the elwent. That
compuund 46 so obtained is indead nnt ¢ geauine natural plant
metabolite was amply verited by the fact that it was not isolated
when the crude exfract was chromatesraphed on a column of acetylatec
po]yamide.(yﬁ) This provoked the suspicicn that Tight, the adsorbeng

(silica gel) or both might have besa ipvelved in the formation of

compound 46 From its moncumer 47 which was also obtained from

(75)

R.prinoide

4.6
The Titerature reveals that certain compounds are unstabls whon adsembosd
on inorganic supports. /-viethyljugions undergoes transformstions in e
dark luading to oxygenation and dimerization products when adsorbod
on sikiica 9616(76) A recent report by fHazur and Aronovitch(77)
disclosed the formation of benzophenone following exposure o¥

1,1-diphenylethylene adsorbed on chromatographic grade silica gel




to air and laboratory Tight, Mhoreas the {ranstormation of
F=methytguglone adsorbed oa silica ol is nvnnphutochemica19(76)
the oxidation of 1,1-diphenylethylen didnot occur in the Gark.(77)
Exposure of a chlorofora solution of compound &7 adsorbad on silica gel
to laboratory tight in this Taboratory has also been noted(ya)io yield
the dimer 4o,

In view of these and other resu1ts,(79980) preliwinary wirk was
undertaken with the objective of finding out which of the variables
(Tight or silica ga1) was vesponsible for the transformation of
compouna 47 to 46, The more yigorous tésk of isvlation and
characierization of compound 46(1in those cases where iis formation
was detected by TLC) was hampared by scavcity of the starting
material, 47, Neveriheless, the results derived vrom the preliminary
eXperinents carried out indicate that the conversion of compound 47
adsorbag on chromatographic grade silica gel to its dimer 46 occurred
in the dark while the corresponding Vight reactions also showad a
stight sfgn of Tormation of compound 46 (TLC) which, howaver, was
seen to vanish with the passage of time ©o give the oxidation product
emodin (48) as tne only reaction product detectabie by TLC.

] o QOH

48

The work was fur{hur exiendad o include simpie 1,4-naphthoquinone
derivatives wiich, as seen from the praceuing Titerature review, are
kaown to undergo a variely of light-induced veactious. The photostudies
carried out on di]ute(10"3n) chioroform solutions of Z-hydroxy-and-

2-methoxy-1,4-naphthoguinone form the major part of tha present work.
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TV, BESULTS AND DISCUSSTONS

+

Lo feto-axucvriments on Z-dvsroxs-i, d-napithegyinone

The one week-tong photoreaction of a dilute chloroform sotution

]

of the title guinene (1.15450776) Gader an afmosphere oF nitrogen

Ted to the isolation of two major photoproducts, laballed SA and

8B, in a combined yield of grealer than 90% . Other fow minor ones
wera also noted (TLC) to have been furazd in trace quantities.
Compound S8 has a Jower Rf value than 1is coproduct, SA-(0.125 and
0.25, veapectivelys Phi/EtOAC/HUAC, 7073071}, No sign of formation of
etthor ¢F Lhese tve compounds was datected by TLC in the corraspomding
dark reaction from which the stariing material was guantitatively
recov;rcda The non-apmearancs oF compounds SA and SB in the latier
experiment dumonstrates that those subsiances are indocd genuine
photearoducts. A discussion of the identification of these compounds

is the subject of $hiis secticn,

1.1, Comprundg Si

Compound 58, w.p. £17-219%, is i orange crystalline compound
obtained in about 65% yiold {'Based on the starting waterial
consumad). 1T is soluble in polar snlvents iike wethanol or
dimethyl-sultoxide a5 w211 as diluts alkaline wmedium.  On the basis of
these properties and 1os specteel data, photoproduct S5 has boeen
established o be 2-chloro-3-hydrexy-1,4-naphthoquinone whase
structure is shown below,

.
!

o | 4 H
<8
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A3 Zatrared Specirum

The intrared spectium of photeproduct S, reprocuced in Fig.?,

showaed 2 broad Oh absorpiicn vaad in the 3500 cm“i region togather with

carbonyl stratching frequency appearing 3t 1680 an ~.  Aside from the
characteristic aramatic C=C skelatal vibration and U-H deformation

banus appaaring in the 1500-1800 and 1400 cm"1

s respactively, the
absorption froquaency at 760 cm’l is particularly significant as it
is dndicative of an ortho-disubstituted benzene ring. This latter
absorpiticn bana suggests that the arcmatic ring of the parent
quinoenc is uaffected by the phototranstormation leading to compound

SB and, therevore, is intoct in phoioproduct SH,

-~

The 400 »i{Z lH MEiC spactrum of this compound, run in hexade-
utoruaiimethyl sulfoxide, dispiayed Jour distinci scts of multiplets
appropriate to the varicus benzenoid proions of compound SE.  The
most down tield pair of multipiets appeariag 2t 8§ 7:92 and 7.89 ppm
are attributable to the two peri- arotons while those singnals at
$ 7.79 anu 7.57 ppm are ascribadble to the hydrogons at €6 and ¢-7.
These protca signals occurrad in the same intensity ratio as that
required by the formulatad structure of compound SB.  Moreaver,
this pattern of resepance liaes, couplud with the abserption band
et 740 (;m"'1 in 1ts infrared spectrum, conclusively demonstrate
that the bunzenoid ring of the parent compound iz iatact in phot-
product S8.  The cunplete and partially expanded 1H Wik spectra of

this compound are uisplayad in Figs. 3 and &, rospectively.




0,

Comparison with tne corroesponding specirum of the parent quinone
(Umsa-dﬁ), dopicted in Fig.d, shows that the signal due to the
ydrogen at C-3 of the Tatter compeund has vanished in tho spectrum
GY the photuproduct showing that C-3 i5 the site of attack In the course

of tihe photuchemical transicrmation to compound SB.

A tow resolutiun mass spectrum showed the molcculer ion peak
of computnd SB at m/z 208 which is 35 mass units higher than the
motocular weicht of the parent compound minus one hydrogen atom.
Furthermore, the appearance of an fon peck at m/z 210 with a relative
intensity of oae-third that oFf the parent peak is indicative of incor-
puraticn of a ciloving atom in the photoproduct, The inclusion of the
nalogen is furither vorified by the characteristic 3:1 relative
ntensity rotio of the ion peaks ot 18U and 182 which arise by luss of
carvomuonoxide from the parvent ion. A molecular formula of

C10H561039 sugyested for the olecularion species, nicely accommod-

Y

ates the foregoing., Other signiticant peaks displayed in the mass spectrum

include those et m/z 173 and 165 corresponding to successive
Tusses of chlorine and carbommonoxide from the molecular ion
peak, The base peak apponrved at w/z 108, due to the benzoyl cation.
This peak is characteristic of the spectra of anaphthoquincnes cont-

:‘{!
aining aC-2 or C-3 hydroxy substituaat.(t“)

The fragmentation pattern of this compound bears out a

stmilerity tu that reporied ¥or Z-chioro-3=hyudraxy=1,4-naphtho-

g

: . . 81) ) .
quincne by Cameron and coworkers, 'Ot A COMPerison oFf Our mass

spectral.cetumcf compound SB with that of the literature for




Z=chlora=3=hvidroxy-1 d=naphthnoouinon: 15 shown in Table 1.

It had alveady bouen interroc (Yid: Supra) that the aromatic ring
cf the starriﬁg material is intact in compound S8 whera-as the hydrogen
at nosition -3 awst have been photosubstituted. The mass spectrum of
the photenreduct undoubtedly indicates thet the species replacing the

sai¢ hydrogen must be chiorine,

TABLE I. Compaviscn of the mass spectrum of 2-chloro-3-nydroxy-1,4-

naphthnquinone(al) with that of compound SB.

Compaund
2-chiora-3-  |*. wiz | 76] 77 {104 | 105 145 | 173 | 180] 182 59? 210
hyerexy=1,b4- - : 2
naphthoquincae Roiiﬁﬂt' arf 13 s 17l 2al 30f a1 19] 100] 40
. L . 208f |

. m/z | 76f 77 1104 108 145 173 180}182 210

S8 (i,
Rf%;‘“ﬁ° sol 4ol 18] 100 10 18] 261 8| 34 12

1.1.4, 130 Hel Spectrum
The B¢ NMR spactirum (MEUH—GQ) of the compound under discussion

showed a total of nine carbon signals whose chemical shift values
in 8 ppm appearad at 179.8(C-1,C-4); 188.6(C-3); 136.7(C-6); 134.5(C-2)
133,0(C-7}; 131.3(C-4a); 129.4(C-81); 127.6(C-8); and 126.7(C-5),



1
13,

The abseace 6 reporis on the “70 N spactrum of 2-chloro-
Jehypdroxy-Ld-naphtnoquinone vrecludsd us vrom making 2 direct
comparison with ouy datum Tor eompownd 35, tovertheless, attemot
is mzde to substantiate th: coincidance oF the vosorance lines for

€~1 and C-4 on the basis of known substituent effects,

Al uxygen substitucat at -3 of L,d-napnthoquinone exerts a
shielding effect of 4.7 and 28.0ppim on, respectively, C-4 and C-23
desnields tne stte of atiachment by 21.Y ppm but has no significant
offect on the rescnance line of C-1. Similarly, introducing chlorine
at -3 of L,4-naphthquinone deshiclds the sito of substitution
by 77 ppn while C-1, (-2 and C-n are shiolded by 2.3, 2.7, and 7.0 ppm
respectiva?y.(82°83’84) T the Tighi of thse results, it is evident
that the extent of shieldiny inducen on C-4 of compound SB by
both the hydroxy and chlurine substitucnts 1s comparable to the same
effoct tihe labicy substituent ckeris v €-1, Thus, the most down
field Vine of absorption in the 130 MR spactrum of photoproduct
5B 1s raasonably attridbuted to both -1 and C-4. This assignment is
further corraborated Gy 1ts nearly two-Toid intensity compared to the

resonance Tines of the remzining quateoranary carbon atoms,

1.1.5, Visible Absorption Spectrum

The visible absorption spectuum of compound SB, Fig.ﬁ,/’lmax(MEUH)“

474nm(£=1315ﬁ“1cm'1), is in accordanca with its identification as
25chloro-3-hydroxy-1.4-naphthoquinonc,  The clectronic spectrum of
Z=nyirexy-l,d-naphthoquinone consists of, ameng others, 2 waak

quinonuid elvwctirontranster band et 380nm{E=750) which is sensitive Lo




Fig. 2, IR spectrum of compound
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H NMR Spectrum of compound
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8 gesitivt oF Lpaenaphthoguinone barving oh slacuron-uunatingd oroup

At the 2-maifioan ds Koewr S shifn ihe visiblo haad pathochraamicatiy.
REpnchiont of the aalogen ap eitany oF the attoraaiive benzonota S
auaitions (D=5 or C-8) of compoeund 5B 15 ruled bt an the ground

that the resulting fsomeric structures would D inconsistent with

the rost of b data generated for it.

Thotgh he Forzgeing is coaviencingly in agreoment with the
ovaes o sbruciuee of the compouad, contirmatory ovidence was ubtained
From the 2nsuing ciscussion 27 spectral dote preduced for 1S

st Guedignatad as SH=AC.

1.4, Comy e ShH-AL

o

The Tow aoiustlity of campound 58 n common organic selvents
hod boen @ wador pronlem i genorating mead spectral data, Tts
aoetylation with cevtic anbydride/pyriding at room Temperalur: was
ihargfmré gncsariaker with the vicw of getting more simTivizd
shectral cata,

TiC({silica plates) monitoring oF the progress of the acedylation
venction ravealae only cne major spet which sluwly acquired o vaddish
brovie rolor 2 short while efter the chromatogram nad been developed,
The same Hituation was ncted when nevtral 2luming plate was used @s the
sdsarbont. 1Y owas eviteab thot S3-o¢ wikkireeat adsorbent-induced
tronsformiiion e Field sume svodust wiich wos aontivied Ly conpa-

rative TLU 35 the parent compounu, SB.  This was cchicved as

follows:  buveicping the chromatogram mnediately after applieation
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& Ui dapsn of 10 or 36 mia, setweon sumde cpplication and

vy Dhantah L1 e Shrotatogvam, hosod oy, Proygressiv. ly largor

aiutin®y of tiw recdica-orod metedisd was shservod 2t the base Vine,
Comparative TLO using compound S& a5 tow roforence indfcaﬁgd that

wig Branstoraation product of cuompound Se-Ac oa TLC had an iduaticad
ﬁ{ vl (Borzena/Ethylacetsle/ acetic acid, 70730/1) with its

pEret Campound, 58, Though we statomont of roason was given,
charamaiograsiic purivication of 2-chlaro-3-acetoxy-1,4-nanrhtheouinnn:,
with wiich compounn 5é-Ac fias sesi Tdencitied, was achieved using

7
ceio masheudiuminn as T ;dsor&&nto(”') The conversion of

computtis Sh=rd €9 88 was 2180 notud uring the work-up procadure,

ruridication of the acutylntiun roasction mixture on a microe
cobuitie using benrene as the Cluent yiclded s pellow compound, wh.p.
L20=131°C, wiich was exceedingly soluble in cownon organic solvants.
Its speceral dota discussou wolow are in precfse agraument with s

characeorizanion ai L-chigroe3-acotosy-1,3-naphthoquinone.
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bomeds fofrared Spostelm

The Badracca spacirun o this cnapound, venrauc-¢ in Fie.?,

.

acicates w dien of O-d sirciching frogusscy,  The Sppearaice of
2hsarpiion bands ot 2950, ZBOG(CHB); L0 acetexy carbensl); and
500 sm“l(CmUmC) (<11 o which are nosewid ttond 10 the coressponding
spettrum of corpount SE(Fig. 2. jeoupled with 1ts enbancz¢ solubility
retagive o 18s parant compound SBedc 10 im0 @i acotate,

Toeos Til s Spectrum

!

The =40 aliz by el spectrum (Cﬁc13) G cumpound SH-Ac exhibitad
o 2106y bliced nuliiplets ot 6,06 ond 8013 ppmowhich aps
atiributanlc oo the pori-protons Al €-5 a0l C-8.  The signals
due Lo hgdregens ot Ce6 2ud C-7 coineidid Lo give a mulciplat ol
507 me The resonsacs Tins of ¢he eoctyl areiuns LINSAYCG A3
cosinglet 6t £ c.adpmin Tiess signels occare:d 16 the saw intonsity
retie ot 1310203 25 requived Ly e siructure vormlatos for CLENtUT
sB=nc.  The complete and partial, expanded lﬁ Wil speoera of this

compuuna are shown i Figs. § aau §, vespectivaly,

1.2.3. _hass Spacirum

A high resolution mass spsctrws of compounsd S3-4c (Fig, 10)
Tnaicated aaoivcular weight of ©50,0023 correspoading i a

pe)

wolaculor formiuta of ijﬁyuﬁCE. This Dise feeak cocurrved at o/ 33 which is
¥ ¢

belivved 6 be due te the wovliug cation.  Gther signivicant

Paiks eeardsd do khe bigh wons vonfon anpaared st a/z 2150sy

ot ehloringg, <06(195s oF Ketone), 186(T0s5s of katens and carbon




wsioive f, dad 30 (loess o mateas an ehlorine),  Each of the
T woes oS Shly G, L qan 103 vy cesaimpondad boan
{moicy vk WNOse relative thtunsiiy 07 vieotnded of Lo Yower ion
PV G PR Ty S HI LA

The spactral date ddocunsad thus far claariy justity the charge
cterization oF compounds SBenc wad SB s, resptactivaly, D-chiori-

FubCatoRy~ ana d-cnlore-S-hyaroxy-1, d-naphthoguinonc.

1.3 Toencitiaevione ot The sett Probanla

Calorinating Aneii

Having estaolisied the structurs oi protupraauct SB, 1T was
natural Lo starch Yo the dst grooabio chawmical species that has
survad as a duaer o ehlueiae atoms. Lo s evident that the quinsie
MUSL BaVe Tateracy=t With one oy v vodchive species produced from
e solveni during toe pioiolysis.  Dizvitizd enlorotorm, which
is bh: solvent used in the present phwtochemical work, has boep
kKhowa to undergn oiddetive breakdown to give chloavine, hydrechloric

(88,91)

utid, phosuene, carwvon dioxide, end water Tollewing projonged

eApesure to aunlighc,  Wadle the duvelvensnt of epch of the Tirst

T

Wi o7 these reactive species in ohe ebservad phatochlorination

R N N g nat . N . PR X N ey - PR . £ B

o the Bydroay Guinens 2 the 3-posttion may not be ruled cut,
thy evidenca presented below fovores phosyens ©o be  the demisant

source of chlorine atoms.

Tractmeny 6F de-nydrexy-1, d=-nzphincouinon: 16 Senzene with
J t

thivngl chloride at roum tompervature indicaiad foraation of a cumpound
that exhibiced similay chramatographic behavior with phoiopreduct

Y
i

B Aany woipnotachanical chlorinations effacted usiag thisayl
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Fig. 7 IR Spectrum of compound
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H NMR Spectrum of comp
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Fig.%9, Partial expanded .t NMR?
Spectrum of owsmomba . :
SB-Ac
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Fig. 10, MS of compound
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chiorias pave also boon roalicea with plosgenc,  Bowever; wWe ars

Now sy OF wils Uiy oF Aot e tusnlueinations cchisved by cithar of
Tese reagenils o s be obdtataed by the other,  Ssverthaeloss, the
chvious sovucturat similoviey betweenr chiom lentoride and phosgan:,
cotfiled #ith the formetion of 2 combotind stniiar o photaproduct

Sb trom the rzaction buetween the former vagent zod the quiaona, iends
itsely’ 1o sugyast that phusgens, whose primary phetochemical procass
is generaily accepted to be the «fTicient splitiing iute chlorine
atums,(sg)is Thie most vrobabls doser or chlorine atoms for the

snotochioriaation of the quinche.  This ¢ corvoborated by a

SeCau pluge of evidensz discussed below,

Exposure of the same conceatration (as that used for phato-
1575 1a chlurrurm) oF the gquinonc in carbon tetrachloride, fiushed
With aitrogen for the same perioe of (ime, to Giffuse daylight was
founa to laave a Tergs arount of unrencioed stavting watsrial,  This is in
centrast o the photolysis in chlurovorm ia which virtuaily all
che suustrate was consumued,  bBesides, Tormaticn of a compouad
walogous Lo phetoproduct S8 is hardly discernible by TLC ia this
photu=cxpurineat as upposed Lo dvradiation of tie ouincic in chiorafora
which yielded compound SB as the major product.{65%). That compound
S8 is barely Getecianie by TLC in whe photorzastion iavelviag

arbod Burachloride 11lustrates thet phcesgene, which 18 not expected

<

o be forwed fram this selveat under the copditions of the
photoexpariment, 15 the dominant, 7 not ihe sole, donor of chlurine
atems For the photochiorination of the wdroxyquinsas 1. chioreform.
A msre Giveel avidence Yor the foregoing was derived vTrom ths

chromatographic detection of

oosubsiaics similar to compound SB

folluding trestient of o toluene solution of the hydroxy guinone with




57

@

DMO3Gen. wRIeh woo prectese by e thermal renction of carbon
. .{103)

tetrachloride und concentrataed sulfuric agidag

]

The Tormation of this toxic gas {(phosgune) from chiorefove has
£ VRN
, : . .. . : G0) . A 11
deid Getenstratad DY Dot 1a Vivy ( 7115 well as in Vitrn(J )
SKpirimants.,

1.4 Conpeunc S&

Compound SA, thermally stabic upto 300°C, is the second major
photoproduct (25-30% yicid) obtained ivom the photolysis of
2=hydrogy-1,d-naphithoauinens in chloruform. 1ts rad color changes
to yellow when treated wWith trac: of acid., Addition of base doesn't
restore the color, 11 s soiubls in polar solvents Tike 0S50, The
behavior of the compound ia alkalbing selution is in contrast to that
in acidic madium in that it disselves in the Tormer without loss of
color.  The dissoiutionof thesphatoproduci in & sodium bicarbonate

sotution was not accumpunicd by any noticeabie gas evolution.

The visibie absorplicn spectrunt of compound SA showed
,4lﬂﬂx(mcﬁﬂ) at 491w, 1%t intrared spectrum, depicted in Fig.li,
displayed an absorption band ue to O-H stretching frequency at
3450 cmﬂl. The sotubility of the compound in dilute alkaline mediun,

together with a consideration of its origin suggest that the hydroxy

group is wost Tikely phenolic. The stretching frequency at 1680 cm™

15 Jauicative of carbonyl functionality. The 400 ﬁﬂzlﬂ Nk spectrum
(QMSJ—GE), shown i Figs. 12 and 13, consisied of twe closely placed .
ceubiets @t 7.8-7.05; two scts of triplets centered at 7.57-7.62 and
7.52-7 . bppm together with a singlet at 5.47ppm.  These signals cecurred

in e intensity ratio of 2:1:1:1, Comparison with the 1H il spectrum




ot the parent compouad (Fig.5) roveals absence of the signal due o

the: byarogan at positicn-3 ot the latier compound sid sppearance

of @ new ebsorption Tine 2t 5.47 ppm. The paitern of protog

signals shown in the spactrum ot this compound, in cenjunction with

the absorpiion buand at 730cm"1 i fhe durrareg spectrum strongly
indicate that the arematic ring of the starting material is intact

fn this photoproduct. The 100.4 Hz '°C WP spactrun ((HS0-dg) of
photoproduct SA, reproduced in Fig.14, conteins a total of ten carbon
signacls appearing at 188,05, 181,25, 171,35 135.47, 133.89, 131,27,
130.00,125.22, 125,01, and L0G.8Y spm. It is intriguing to notd that
Wireas the Nakt spectrum of Lhis compound (Fig.12) indicates absence
6T the hydrogea at C-3 of the starting material, the 13C fai spectrum
(Fig.14) on the other hand, cintains a strong signal at 106.89ppw,
suGgesting that C=3 of the pareat compound undszrgoes 1ittle or no
Changa2, 'Thu rasonancs: Tine at 188,00 15 too dwofizld o be
attributable te C-4 of the starting material.  For example, the carbonyl
curvoas Co1 and Ce-4 of Z-methoxy-i,4-naphthoguinone resonate at
respectively, 180.0 and 184.7pom while C-3 absorbs at 109.3ppm.(84)

it is thergforﬂ“apparhnt that the phototranstormation of the hydroxy
quincite to compound SA aust have entailed deshiolding of C-4 of the

foriner compound while Teaving C-1 and C-3 relativoly unaffectcd.

The wass spectrum of the compouind uader considevation (Fig 15)
shoved o wzak melecular oo poek at w/z 330 which is 18 mess units lover
than the molecular weight ot 2 dimer of the parent quinon:. The most
Titense peaks occurred ot w/z 174 and 105 both of which 1lso
appear as the most prowinent iou peaks in the svectrum of 2-hycroxy-

[
194-naphth0quinone.(°*) This situation Tends itself to suggest that




A0
photoproudet SA underyoas fissien in the wass spectromter mest
preferrandy o vield radicael cation of the parent quinonc., The
guitplete absence of an mfz 120 don 10 the mass spectrunm indicates
that the hydroxy group of compound 54 s wot ettached to the

{81) It is Tikely frowm the Toregéing aiscussion that

benzenoid ring/
the carbonyl group (C-4) of d-hydroxy-1,d-naphthoquinone wust have

veaen a¥fected by ihe photoprocess,

Compound Sh was ocelylated (ACEOIpy.g room temperature) with
thi objective ofF generating date fov 1ts acetate so as to enhance
characterization of che photoproduci. Addition of acetic anhydride
to compouina SA resulted in color change from red_to yellow in no
thne, The yellow color was maintained throughout tha acetylation
period.  dork-up Tollewed by purification on a wicrocalumit using
chromatographic grade silice gel as the adsorbent and benzene as the
elgent yielded 2 yellow compound as the major product, which is here
after reivrres to as SA-ac.  Iis 1H NAR spectrum (CDC?S)S reproduced
in Fig.16, showed o paiv of multiplets at 8-1.7 and 7.7-7.8ppm
together with siaglets ﬁt 6,75 and £.38ppm.  These signals occurred
nothe tatensity ratio ot 2:2:1:3. A cluse scrutiny discloses that
the 1H NAR spectrum of compound SA-AC is quite similar, 17 not
identical, with that of Z-acetoxy-1,4-naphthoquinone (Fig.17). The
stmitarity of these two specira suggests that compound SA is unstable
under the conditions of the acetylatics voactions. It is tempting to
claim that the photuproduct is transiorimed to the parant quinone unon
trewtiment with the acetylating agent, It is also aote-worthy that
compound SA fragments in the mass specirometer to yield the parent

uincne radical cation as the wost intense peak.
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© o

Paspite the cousiceradle wiount ot data accwutoted, a nositivo

fGentivication of PROLOBrOGUCE SA has fGL Dowen achieved,
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2. Photoexperiment with 2-Methoxy

naphthoguinone

The reaction consecuent upon exposure of a chloroform
solution of the title quinone (10 ) in a pvrex flask
flushed with nitrogen, to diffuse daylight during 1.5hrs.
resulted in a ranid change of the original faint yellow
color of the solution to red. Purification by PTLC led
to the isolation of @ red compound. labeled SC, as the
major photo product {about 30% yield based on the start-
ing materisl consumed) together with several other minor
ones. About 23% of unreacted starting material was

end of the

recovered at thesreaction. The corresponding dark

reaction was seen to leave the quinone unaffected.

2.1. Compaund SC

Compound SC, whic. decomposes at around 14DOC, is
red in color and is much more poiar than the parent
quinone. It dissolves in polar solvents like OMSO as well
as dilute alkaline medium. The compignd changes its
celor to vyellow wﬁen treated with trace of acid. Addition
of base to the acidified substance 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 acidlabile.




%9
The spectral data of this compound, discussed below,
have not enanlad an assignment of structure which is
compatible with all the availabls data.

2.1.1. 1.*1_&9‘1?__ Spectrum

Compnarison of the !

H NMR spectrum (DMSUHdB] of

compound SC with that of the starting material (CDC§3]ﬁ

both of which have besn renroduced in Figs. 18 and 18
respectively, shows that the signals of both the methoxyl 3.9ppm)& 3-H
{(86.15PPm)} of the latter compound have vanished in the
spectrum of the photonroduct. Morsover, the reasocnance
lines of the aromatic protons of compound S€ are shifted
uptield by 0.3PFPm relative to theose in the methoxy compound,
whose specirum had also been obtained in DMSO~d6, The
proton signals disnlayed by tha photoproduct occur at
§7.6-7.8(m} and 5.4(s) ppm in the intensity ratieo of

nearly B6:1,

The candidacy-of the methvlene dioxy comnound 48 as
a possible structure for the compound undar discussion
in ruled out on the ground that neither the methylens

protons noi* the hydropen at C-4 are ohserved in the 1H NMR

spectrum of the photoproduct. Hesides whereas photolysis

of 2-bromo-3-methoxy-1,4-naphthoquinone in AC,0 has heen

2
(20) 1 2

noted to afford compound 48{(R=H,R =AC,R"=8Br) the

i DT e
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analogous reaction of the halogen free methoxy guinone

1

failed to yicld the corresponding Qg(R$R2=H,R =AC) .

Photolysis of 2.5-dimethoxy-364 dmethyl-1,4-benzoouinane

(21.67) not to afford the expected

has also basn reported
methylenedioxy compound as opnosed to the corresponding
rogaction of the 2.5 -diaminated derivative which readily

yields the henzoxazoline.

2
I LR
f‘_) L \
7 i .
PN //1\ ;{.;) 7 _-__...._//
> - - 1 : .
| { > H j, J 4 I% } fl
. i\\'"""‘ :'\ R / L - «.‘.) ' !l et e -
‘IJ ~ Sl // s A r;’_ /\ U
5 "
S H

L*_ t.f e’ i—/ 6 7
A second structure spmeculataed for photonroduct SC

£z

b
was thal repressnted by structure which might be envisased
A\ ’

as arising from nhotocyclization of the mothoxy side chain
onto C-3 of the parent auinone., The absorption positions

of the methylene and methine protons of oxatens 50 and

13 .9
(93,84} to occur at 65.27 and 5.81nnm,

{92)

51, reported
respectively, together with the sugpestion that
hydrogens o - to oxygen in oxetanes appear at & 4.0-5.0
ppm,” tend to suggest that the multiplet at 6 7.6 - 7.9 and
the singlet at g5.4popm in the 1HNMR spactrum of photo-
product SC may be attributed to the benzenoid and methylene

pratons, reaspectively, of the speculated struiture 8

However, the ohbserved intesrated ratio (6:1) deviates




from that expected (2:1) for structure §.
2.1.2.13¢ MR Speotrum

A DEPT 13CNMR spoctrum (DMSO—dGJ of compound SC
displayed a total of eleven carban signals., six of which
are dus to nuaternary carbon atoms. Ths resonance lines
of these carbons appeared at §167.80, 143,04, 137.78,
136,29, 131,77, and 128.88 ppm. Four of the remaining
five signals are dug to CH carbons whose absorption
lines are centered at &6135.52. 132.59, 127.64, and
127.29 ppm. A CH, unit is indicated by the signal at

- 8128 . 02npm.

The C-3 signal of tha starting material, expected at
109,3ppm{84), is not observed in the spectrum of photo-
ppoddct SC and thercfore must have shifted downfield.
Likewise the two carbonyl carbon signals which have
boon peported(aq) to resonate at 180.0 and 184.7ppm, 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 benzenqid
carbons C-5 through C-8 of the parent quinonz, which

absorb(ga}

at ¢126.1, 134.3, 133.3, and 126.6ppm,
rosnectively, sre affectad only slightly by the photo-

transformation relative to the quinonoid carbons
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£-1 to C-4. This is supported by the chemical shift
values {sze¢ above) of the four CH carbons of photo-
product SC. A similar inferrence is derived when one
comparss the absorption positions of the ring junction
carbon atoms C-4a and C-8a of the starting material

(843 .t 6132.0 and 131.1ppm, respectively,

which resonate
with those signals appearing at 6131.77 and 128.88ppm

in the spectrum of photorroduct SC.

It is therefore clear that the quinonoid portion
of the parent compound must have pegn affected by the
photoprocess leading to compound SC while the benzencid

ring remaine intact.

2.1.3, Mass Douctrum

A high resolution mass spoctrum of compound SC.
reproduced in Fig. 20, showed tho parent psak at
188.048  (pel.Int., 9) corresponding to a molecular
formula of 811H803' This composition shows that

photonroduct €C is an isomer of the starting material.

Tha weak ion peek at m/z 204(rel,Int.,3%) in the
mass spectrum is neplected as it recuires incornoration
of an oxygen atom into the starting material, which is
difficult to substantiate considerinpg the conditions

of irradiation,
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Comparison of the ivn neaks commen in the high
mass region of the spectra of both starting material(ﬁﬁ)
and compound SC, depicted in Tabhle IT, rsveals a hieh
variation in the relativs intensitiss of these ion
peaks. Furthzrmore, the peaks at m/z 174,149,147 ,148
and 106, which are abundant in ths spectrum of photo-
product SC, are completely absent in the corresponding

spectrum of the parent quinona,{aq)u

These features,
coupled with the absence of the methoxy signal in the
1HNMR spectrum of compound &C, rule out the likelihpod
that those ion peaks common ta both the spectra (Table IT)
could be due to fragments of the starting material,

which mizht be suspectcd to bg a contaminant of compound

&C.

The composition C1DHBU3 indicated in the mass
spactrum (Fig. 20) for the bass peak at m/z 174 shows
that the preferred mode of clsavage of photoproduct SC
in the mess srectrometer leads to the formation of Z-hydroxy
-1,4- naphthoauinone radical caticn. This claim is
strengthenad by the characteristic decomposition pPDdUGt8(81]

of this spscies.
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Table Y. Cemparicon of the hirh msss repion ion peaks

common to the s sctra of 2-methoxy-1,4-naphtho-

(81)

quincne and photoproduct SC

|
Compaund

. M/, 89 '102 ;104 105 (158 {159 1173 |188(M.")

1
|
i
!
1
i

+ ; | !
; . 1 ' | i f !
 NeoMerrele 45 038 100 sl 36 20! 39 100
1 (%) i % * ' |
! T ; f {
{ s€  {m/z 89 {102 :104 {105 158 {159 | 173 1 188(M" ")
i . : : i i —
; a: T R |
; f rol i i ? ! i ! "
; bint.. 15 5 4 ' ab 5.4 4 9 g
J (%] ‘ }

[P S

+ NOOMe - Z-mathoxv-1,4-naphthoouinone,

2.%.4. Infrored oand Visible

Abscrption Spectra

The infrared spectrum of compound SC€ showed absorption
bands at 3450{0 H; and 15600m“1, both of which are absent
in tha corresponding spectrum of the parent guinona. On
the other hand, the band at 1480em™ ', which is clearly
seen in the ir spectrum of the parent aguinone and which
is attributed tec the C-H deformation vibration of the
methoxy side chain, has completely vanished in the
spectrum of the photoproduct. This demonstrates that

the methoxy group of the parent compound must have been
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involved in the photochemical reaction. The presence of an

ortho-disubstitutsd benzene ring is indicated by the
absorption frecuency at 730 om—1 which sugpests that

the aromatic ring of the methoxy quinone is intﬂet

in photoproduct SC, As was noted earlisr the NMR

specira of compound SC also lead to the same inferrences.
The visible absorption spectrum of compound SC exhibited
A (abs. EtOH} at 448nm.

Mmax

2.1.5. Attempted Acetylation of Compound SC

Acetylaticn of phectoproduct SC with ACZD/Py. at room
temperature was undertaken with the view of getting
spectral data for the resulting acetate so.aes to enhancs
the characterization of the comnound. Compound SC
experienced an immediate color change from red to vellow
when dissclved in the acetvlating avent. The yellow
color was maintained throughout the acetylsation period.
Viork-upn of the reaction mixture followed by purificetion
on a microcolumn silica pel chromatography using
benzene as the elvent afforded a yellow compound which
behaved similarly in every aspect on TLC with
2 acetoxy 1.4 naphthoquinone, Besides, the 1HNMR
spectrum (COCl,, Fig. 21) of this compound, designated
ag SC-AC, displayed signals at 68.10(m),; 7.75{m) 5.75(S) and

2.38{s) in the intensity ratio 2:2:1:3. Comparison
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of this apsctrum with that of Z-acutoxy-1,4-naphthoquinone
(CDClB, Fig. 17) which is the same as literature V61U88;107
discloses no distinction between the two. It is thus
saen thaot the acetylation of compound SC did not

yield the expected acetate, The similaritv cof these

two spectra also makes structursgspeculated for compound

SC doubtful.

In summary, the spectral data generated for photo-
product SC have not led to an identification of a

structure which would best renpresent it,

3. Summary of Regults

The synthesis and charactsrization of 2—chior0—3—
hydroxy-1,4-naphthocuinone by photolysis of a dilute
chloroform solutien of 2-hydroxy-1,4-naphthoquinone
has been da2scribed in the predecding pages., It has
also bkeen noted that work documented on photoprocsss
leading to the formation of this compound from the

materials used in the present study is non-existent.

)

The literature discloses only onc PEpOPttzz on the

phaotoformation of this- compound as one of several minor

photeproducts from 2,3-dichloro-1,4-naphthequinons.

2-Chloro-3-hydroxy-1,4-naphthoquinone, first reportedtgs]

{96)

in 1887, is known to have tumorcidal ™ as well as

i
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(27)

funpicidal nrpnerby,  Besides, it inhibtits the growih

(96-10:0)

of some kinds of bacteria while its copner

salt is reportzd to be a disinfect ,('3‘)

Yhile several praparative methods have been ceveloped
for the synthesis of this compound, some of them involve

{4
very stringent conditicons like reFluxing"DZ), or the

. . 1001
useg concentrated hydrochloric acid al highee temperatures[tg )

whereas others suffer from the drawback of low yield.(104)

The 1hotochemical route to 2-chloro-3-hydroxy-1,4-
naphthoquinone discussed in the pressat work, despite
the relrtively long time it required, is simnle and
affords :he compound in an acceptable synthetic yield.
Analysis of the spectral data (IR,HNMR,MS,vi ible
absorption spectirum) of this photoproduct and those of
its anetate accorded with its identification. The melsing
point 2f this cohpound and its mass spectrum are in

reasonat 2 agresment with literature data581’102}

Compound SA, which is the second mejor photopraducl
of the photolysis of the hydroxy guinone, has not been

fully chearacterized,

Though an unambibuous identification of compound 350,
which is the majcer reaction product ohtained from irradia-

tion of 2-methaxy-~1,4-naphthoquinone in chlorcform,




[

$)}

has not been achisved, ils soectral dasa (TR,MS,NMR)

Ny

strongly indicate that the avomatic ring of the starting
material is intact in the photoprodrct. It is also
evident from these data that the ouinoid rortion of the
parent . "none is involved in thz rheo achzmizal trans-

formation leading to comr 'mnd SC.
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V. Exnerimantal

1, General

Melting points were determined using a Thomas-
Hoover capillary melting noint apparatus and are uncorrected.
Unless stated otherwise, NMR spectra were fecorded using
a Jeal FX900FT Nuclear Magnetic Resonance Bioectrometer.
Spin multiplicity is denoted by s(singlet), d{doublet),
t(triplet), and mi{multiplet), Visible absorpticn spectra
were measured on a Beckmann Model 24 instrument. IR
spectra were measured as KBr pellets on aPerkin-Elmer
7278 spectronhotometer 400MHz NMR and all the mass
speectra were recorded 2t Ruhr-Universitaet Bochum and
the Institute of Organic Chemistry and Biechemistry of

the University of Bonn(FRG).

Analytical thin layer chromatography were run on a
0.25mm thick layer of silica gel GF e p (Merck). Adsorbent

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

2. Sources of Compounds Studied

2.1, Emodin anthrone

This compound was obtained following the procedure

nublished in the literature.!’?)

2.2. 2-Methoxy-1,4-naphtheauinoneg

An impure sample of the title quinone, pres red .

(105)

eariier in this laboratory, was purified by recrystallization




o4

ethanol wnich yielded pale yellow needles of the cumpound.

~ KBr
(108)ms 183.59C). IR v em 11895,

Mo 183-184°C (14t.
N max

1660:152051580,1460,1H NNR(CGCl3}: &§6.17(m,H-5,H-8).7.73

(m,H-6,H~7), 6.15(8,3-H),3.2(5,0Me),

2.3, 2-Hydroxy-1,4-naphthoguinone

This compound was obtained in pure form by hasic
hydrolysis of its methyl ether according to a published
procedure: 2 Methoxy-1,4-naphthoquincne (3g,0.016mol)
was dissolved in aqueous 0.5M NaGH (40ml) solution and
the mixture was hsated to the boiling point for about 10min.
followed, immediately, by filtering the resulting deep
red.solution undar vacuum. The filt -rate was acidifiad
while still hot by adding BN HC1l (4ml) slowly, and with
continucus stirring. The resulting yellow susnension
of hydroxy naphthoquinone was coonled to 0°C and allowed
to stand for 2nrs. The compound was collegted by suction
filtration, washed with cold water, dried overnight in
a dessicator, and finally to constant weight at 60-80°C

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

{(106) GRBr -1
max )

MP.189-191°¢ soe (1lit. MP 188-188°C{dec,)). IR Cm

3200,1690,1680,1580. 1H,NMR[DMSD-d8): §8.1-7.8{(m.H-5,H4-6,H-7,

H-8), 6.2 S 3-H)
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3. Irradiations and Purification of Photoproducts

5 mz of the compound in 10ml of each of distilled
acetone, ethylacetate, methanol, and chloreform/methanol
(1:1) was nlaced into four ceparate test tubss (pyrex)
each containing 0.15¢ of chromatographic grads silics
gel (silica gel 60 Merck]), Tie®se were exposad to day
laboratory light while ancther set of solutions of
the same substrate, ~repared in the same way, was placed

in the dark,

The dark reactions were found to yield the dimer
within a day ds evidenced by comparative TLC {(Phie/EtDAc/
HOAc, 80/15/5) using an authentic specimen of emadin

bianthrona[75]

as the raference. The dimer formed in
the corresronding light reactions was, howsver, short-
lived. Its intensity diminished progressively with the

passage of time (TLC). The mejor reaction product in

these cases was the photooxidized product, emodin. 48,

3.2. 2-Methoxy-1,4-naphthoquinone

In a preliminary experiment, 10mg of the guinone was
dissolved in 50 ml of distilled chloroform. The solution
was placed in & 50ml pyrex flask, purged with nitrogen for
about 15min., amd exnosed to diffuse sunlight reaching

the flask through the laboratory window gless. TLC
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monitoring of the progress of the photoreaction indicated
apnearance of reaction products aftur about 40 min. from
the onset of the reaction, aftsr which time the reaction
mixture rapidlv develcned a red color with cancomittant
formation of, among cthers, one mojor reaction product
which is designated as SC(RfDEBS, PHH/EtDAc/HDAc,?D/30/1).
The reacticn mixture was worked-up after 1.5hrs. of
irradi-ation which led to recovery of 23% of unrcacted

starting material.

The photolvsis was carried out on a rreparative scale
as described above by dissclving 100mg of the nuincne
in 500ml of distilled chloroform. Following concentration
under reduced pressure, purification by preparative
TLC (PhH/Et0AC/HOAC,70/30/1) led to the isolation of a
red compound, labeled S€ (third bkand), as the major
nhotoproduct (30% vield). M- 140°C/dec.) IR vggi cm"1:
3450,1690,1670,1600,1580,740,1H NMR (DMSD~dB): 8§72 (m) .,
5.4(s),MS m/z (rel.int.%): 188.0482 (8.6,M", Calc. for
611H803 188.1824), 174(100}), 173(4), 160(3), 159(4)
158(5), 142(10), 146(20), 105(83). 'C NMR (DMSO-d):
6167(88; 143.04, 137.78, 136.29, 135.52, 132.59, 131.77, 128
128.88, 128.02, 127.64, 127.28. Vis Amax {(abs. EtOH)nm:

448 .
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3.3, Z2-Hydroxy-1,4 nagnthoguinone

3.3.1, Photolysis in Chloraform

The preliminary photoexperiment was carried out as
described in section 3.2. TLC monitoring of the nrogress
of the photolysis showed annpgarance of nhotonraduets only
after about Bhrs. of irradiation while leaving a substantial
amount of unreacted starting matsrial., A similar situation
was noted following nhotolysis for three consecutive days.
TLC analysis of the reaction mixture after seven days of
irradiaticen revealed the apneorance of two major photo-
nroducts whese formation was alsn noted during the
garlicr hbours of the nhotolvsis. A nurification mathod

was developed for the isclation of the major photoproduet
prior to carrying out the photoresction on a nrenarative

scale as described in section 3.2.

For large scale photolysis, 100mg of the quinone
in 500 ml cof distilled chloroform was ~laced in a 500ml
pyrex flask., The solution wos nureed with nitrogen for
about 20min. and exposed to day laboratory light for
seven days as described in section 3.2. Solvent removal
under reduced pressure and subssquent purification by
nreparative TLC (PhH/E£DAc/HOAG,70/38/1; or CH2C12/EtDAc/
HOAc, B0/20/1) aftforded nhotoproducts 94 and 83 in o

combined yield of grzater than 80%. The latter product




has been identified as 2-chlorn.3 -hydroxy -1, 4-nanhtho-

quinone. WP 217-218°C(lit! “Znr 2:5%C 1R vi?i em 1
1 :

3500,1680,1600,1560,1400,1300,840,740. 'H NMR tDMgD»dS)Q
§7.92(m,H-5),7.82(m,H-B),7.72(m, 1~6),7.57 (m, H-7)

S m/z (rel.int.%): 210(12), 208(34,M"), 182(8), 180(28),
173(18).145(10), 105(4100), 104(18), 77(44), 76(50).

e NMR(MeO~d,): §179.8, 168.6, 135.7, 134.3, 133.0,

131.3, 129.4, 127.6, 126.7. Vi3°lmqv (MedH)nm:474.

oiBr 1 3450,1890, 1635,
A X

Comnound SA:MP>300°C. IR
1600,1560,1480,1400,1360,12930,1140, 960,840.780,740
Ty NMR (D0 ) 67 85(d,3=7.12Hz), 7.81(d,3=7.12H2),

7.89(t,357.12Hz), 7.57 ( 3=7.42Hz). M2 m/z (rel.int.3)

330(7,m%y. 13

C NMR(DMSDvdB};6188,OS, 181.25, 171775,
135.47,133.89,131.27,130.60,125.22,125.01,106,89.

Vis. Amax[MeOH}nm:45i,

3.3.2. Photelysis in Carpon tetrachleride

A solution of 10me of Z-hydroxy-1,4-naphthoquinans
is 50 ml carbon tetrachloride (RBOH) was nlaced in a 50 ml
nyrex flask; flushed with nitrogen for about 15min. and

exposed to day laboratory Light as described in section

3.2. for ane week. ILE eramination aof the reaction mixture

at the end of the resctien time showsd a large amount of
unreacted starting material. The formation of ccmpound

similar to photoproduct B was hardly detectable by TLC,



4. Reacticn with Thionyl dhicride

{i) Into a soiutinn cf 10 wg of Z-hydraxy-1,4-
naphthoquinons in 26’ banzene wos added
5 ml of thiogny:l shicride. The reaction was
allowed to pyuoaeed at room temperature in a
wad with contintous stirring. The formation
of a compound that exhibited similar chromato-
giraphic behavior with that af compound 83 was noted
within Zhis. of reoaction time {(TLO examination).
(i) Aomdxture of 10 mg of Z-methoexy-1,4-naphtno-
attinone, 2l henzensg and 5 w1l of thionyl
chloride was placed in a rouad-bo%iom flask
equipped with a reflux condenzer to which
was actached & drying-wuwbe., The mixuo.
was heated pantly (40-509C) over a water-bath
for about & hos. in a food. Purification by

]

lica gel column cheomatagraphy (silica gel

[}

w
i

o)}

0 Merck) using benzene as the elient afforded
5.6 mg of a yellow compound which 15 less
polar than t>3 mathoxyauinone {(TLC). This

3 ]

reaction product is similar neither to phote-

pvroduct € . nor £ .,

5. Generation of Mhosgens

This pgas was gencraved according to a procedure

) . . : 40
publishsed in the 11£U?BLUF6,{i B)
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&. Acotylations

Into a dry 25 ml flask containing 15 mg of
Compound 8§73
or Compound SA
or Compound 88
or Z2-hydroxy-1,4-naphthoquinone
was added 5 ml of ACZD and a fsw drops of dry pyridine.
Compounds EBA and 82 underwent a rapid color change from

red to yellow when dissolved in the acatylating agent.

The acetylation reaction was carried out for 4 hrs. at
room temperature with continucus stirring. The reaction
mixture was then ooured inte a.clean beaker containing
ice-cold water. Subseguent extraction with CH2E12 or
CHCl3 followed by purificaticn on cnlﬁmﬁ chromatography
(silica gel 60 Merck) using banzene as the eluent yielded
compounds S53-A (8.6mg), £3i-Ac (9.3mg), SC-Ac(10.mg), and

2~acetoxy-1,4-naphthoquinone (12mg}.

Compound $3-Ac is a yellow crystalline acetate

which was identified as Z2-chloro-3-acetoxy-1,4-naphtho-

(87) Q KBr -1
Mpi42.57°C). IR Voay €M

2980, 2800, 1800, 1690, 1640, 1460, 860, 800, 720, 690.

quinone. fp 128-131°C (1lit,

"H NMR (COC1,): €6.18(m,H-5), B.13(m,H-8), 7.77 (m,H-6,
H-7), 2.43 (8,CH,C0) M5 m/z (rel.int.%) : 252(0:85),

250(2.5,07), 2150(1), 210(6), 208(20), 182(4), 180(10),
431100).




7'17..

Compound SA-Ac: 1H MMR (CDClg}: §8.49(m), 7.7(m},
6,75(s), 2.37(s).

Compound 5C-Ac: 'H NMR (CDC1y): 68.1(m), 7.7 (m),

6.75(s), 2.38(s).

2-pocstoxy 1,4 naphthoguinone: 1H NMR(CDCl3}: §8.1
(m,H-5,H-8), 737 (m H-6,H-7), 6.75(5,3-H), 2.38(5,CH3CD),
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