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Abstract - Two novel compounds, 2'-(1,3-dicarboxy-2-hydroxyprop-2-yl)- 
quinine and the corresponding deoxyquinine derivative. have been 
identlfied together with deoxyquinine as major products of the frradiatlon 
of quinine in aqueous citric acid solution. 

INTRODUCTION 

Despite being known for more than a century 1 the photolability of quinine (1) has received scant 

study. Stenberg and co-workersz'a showed that deoxyquinine (2) was formed in 10% yield when 

quinine was irradiated in aqueous hydrochloric acid solution and Epling and Yoon 4 reported the 

cleavage to C-methoxyqufnoline (3) and 5-vinyl-quinuclidfne-2-carboxaldehyde (4) in ncthanol. In 

view of these contrasting results it was of interest to establish the nature of the photoreactions 

responsible for the loss of quinine that occurs when a solution in aqueous citric acid is exposed 

to light.5 

RESULTS AND DISCUSSION 

A solution of quinine hydrochloride (0.54 d) in aqueous citric acid (0.02 H) was irradiated with 

a medium pressure mercury lamp using a Pyrex filter. The course of the reaction was monitored by 

HPLC using UV detectlon at 250 nm. In the early stages of irradiation the solution showed three 
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peaks on the chrwaatograa In addltlon to that for qulnlne (Flgure 1). After prolorqcd lrradlatlon 

the solutlon no longer gave these three peaks suggestlng that the compounds responslble reacted 

further to fom products not detectable at 250 mn. The optlnun yield of the three early forrd 

photoproducts was attained after one hour's lrradlatlon when approximately 80X of the qulnlne had 

reacted. . 

b 5 d lb 2b 
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Fig. 1. HPLC separation of qulnlne (1) and photoproducts on LiChrosorb RP8. 

Only that photoproduct corresponding to the slowest elutlng HPLC peak uas directly recoverable 

from the lrradlated solutlon by solvent partltlon. It was obtalned together with unreacted 

qulnlne when the lrradlated solution was baslfled and extracted with chlorofom. The 

photoproduct was separated fra qulnlne by preparatlve TLC and shown to be deoxyqulnlne (2). 

After extraction of qulnlne and deoxyqulnlne the lrradlated solution was acldlfled and passed 

through a preparative Cl* HPtC colon. The remalnlng photoproducts were retalned on the colon 

uhlch was then freed from acid by washlng with water. Subsequent elutlon wlth methanol gave the 

photoproducts as a nlxture not amenable to separatlon by TLC. Following evidence of the presence 

of carboxyl group(s) the mixture was esterlfled wlth mthanollc MC1 and examined by TLC. Two 

major caponents were detected and these were Isolated by preparatlve TLC. 

The mass spectrum of the more polar component showed d weak Ion at m/z 498. Chemical lonlsatlon 

mass spectrometry conflnwed that thls was the molecular ion and mass measurmnt gave an accurate 

mass consistent wlth the fowla Ca7HsCN207. The base peak observed In the spectrum at a/z 136 

indicated that the photoproduct had retained the vlnyl qulnuclldlne ring system of qulnlne. The IR 

spectrum contained bands Indlcatlve of hydroxyl groups (wax 3480, 3300 cm-*) and at least one 

carbonyl group (vmax 1735 cm-l). Cxamtnatton of the 'Ii MtR spectra showed a three proton aromatic 

wthoxyl slgnal at 6 3.89 and a SIX proton signal for two ldentlcal ester methoxyls at 6 3.56. The 

aromatic proton reglon resembled that of quinine but the absence of the proton slgnal at lwest 

field (6 8.55) suggested that substitution had occurred at C-2' of the qulnollne rlng. These 

results are best accavaodated by structure 5a for the derlvatised product and 5b for the orlglnal 

photoproduct. \ 
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The other cstcr(flcd product nas shown on the basts of the spectral data to be the corrtspondlng 

deoxyquintne derivative, 2'-(1.3-dtncthoxycarbonyl-2-hydtoxyprop-2-yl)dcoxyquinlm (6a). 

The saponlficstion products 5b and 6b derived from 5a and 6a, respectively. corresponded in HPLC 

rctentlon time to two of the major peaks shown by the solution in the early stages of irradiation. 

The photo-induced forratton of 5b and 6b from quinine and citric acid is analogous to the know 

photo-alkylatlon of qutnoline at the 2- and 4-positlons by aliphatic acids in benrene.6*7 A 

plrustble nechanism could involve the fowtion of radtcals 5 and b frm citric acid. Nhlle these 

radicals are formed on flash photolysis of aqueous cttrlc acid solutiona the use In the present 

study of a Pyrex ftlter opaque to light of wavelength <300 m would have precluded their fowtlon 

by this route. However, a posstble source of the rsdtcals is UV ltght activation of a 

quinine-citric acid complex (or salt). 

,W=Wi 
.C(OH) 
'CH,Cwi 

.c4H 

B b, 

It has been establtshed that 6b is for#d If either 5b or deoxyquintne is irradiated in aqueous 

citric tctd solution. There 1s no evidence that one or other pathway 1s particularly favoured but 

the simultaneous appearance of deoxyquinlne and 6b durtng the trradiatlon of 

that these products artse from a comon intermcdtate. 

qulntne my suggest 

EXPERIMENTAL 

Irradiations of quinine were carried out In a Hanovla 10 litre photochalcal reactor quipped with 
a 500 Watt ndirra pressure mercury larp iwrsed tnstde a urter cooled Pyrex thlnble. till-scale 
irradiations of deoxyqulnlne and 5b were perforncd in d test tube external to the Pyrex thlmble. 

'H-and lY_-I+IR spectra were recorded on a Jeol FX 90 Q spectronter uslng tetrarthylsilane (nrS) 
ds internal standard (4 = 0). The samples were prepared In deuterrted chlorofom. 

Mass spectra (probe analysts) were obtained on a VG 70/70F mass spectroncter equipped with a VG 
2250 data system. Accurate MSS rasuremnts were carried out by peak matching. Chrmtcal 
tonlsation MSS spectra uere obtrlned ustng alnonia as reagent gas. 

Ultra-vlolet absorption spectra uere recorded on a Perkln-Elmer L&a 3 W/VIS spectrometer in 1 
cm path length cuvettes. Samples were prepared in wthanoltc HCl. 

Infra-red spectra were recorded as thln films on a Pet-kin-Elncr 175G spectromter. 

Analytlcal high perfomance ltqutd ChKnatography (HPLC) was carried out on an Altex/Beckman 
Sertes 340 ltquid chraratograph ccxsprising two 112 Solvent Oellvery Modules, a 165 UV/VIS vartable 
wave-length detector set at 250 nm, a 421 Controller, and a Universal injector fitted with a 20 ul 
loop. HPLC grdde solvents, methanol and water, from Rathburn were used. Elutlon of photoproducts 
was effected frm a LiChrosorb RPB column (25 cm x 4.6 m i.d.) using d concave gradient over 
thirteen minutes at a flow rate of 1.5 ml niti-*. The prlnary eluent was a solution of 
methanol-water-60s perchlorlc acid (15:84:1. v/v/v and the secondary eluent was a solution of 

1 rthrnol-water-60% perchloric acid (60:39:1. v/v/v . Both mobile phases were degassed by 
ultrssonicatton for ten minutes prior to use. 

Preparative HF'LC was undertaken on a Waters Preparative LC 500 System fitted with a reversed-phase 
Prep. PAK C a Cartridge (30 cm x 5.7 cm). 

t 
Analytical TLC used Merck Stlica-gel F254 (0.25 m) 

plates deve oped wtth hexsne-acetone-dlethylmlne (5:3:2. v/v/v). Photoproducts were detected on 
the fluorescent plates by quenching of 254 m UV light and by fluorescence In 366 m UV ltght. 
Vlsualisation with potasstrm iodoplatlnste spray reagent was also used. All alkalold photoproducts 
gave a violet colour with this reagent. 

Qulnine hydrochlortde dth drate 
(40.0 0) ln water (100 mL T 

(2.0 g) was dissolved in a solutlon of citric acid monohydrate 
. This solution was transferred to the photochemical reactor and dtluted 

to vol&e (IO L) with distilled water. The 200 pp qulnlm solution was irradiated for one hour 
uhilst stlrring nechrnicrlly. At regular intervals 2 rl allquots were tclloved from the lrradlatd 
solution and were subjected to analysis by )(p1C and by ultra-vlolet spectroaetry agrtnst a 
reference solutlon of 0.4% cltrlc acid. 

The irradiated quinine solution (10 L). brsifted to pH 11 by the addition of sodiu hydroxide 
solution (100 rsl. 5 M), was extracted with chlorofolr (2 x 10 L). The ccubtned extracts w?re dried 
over anhydrous magneslm sulphrte and the solvent was removed under reduced pressure. The 
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resulting brcun residue (500 mg) was shorn by TLC to consist of quinine (R = 0.40) and a less 
polar compound (R = 0.55). Separation by TLC followed by crystallisation rai ethanol gave the F 
photoproduct as cdlourlcss plates. 

MS: m/r (tel. int.), H*' 308(3.9). 307(2.3) 293(2). 198(4), 186(a), 185(7), 136(100). 81(6), 
55(8). 42(e). 41(7), Accurate mass H*'308.1857 (talc. 308.18G9) for C20H2,,N20. 

The compound had Identical IR, UV, NMR and mass spectra to an authentic sample of deoxyquinine 
syntheslsed by the method of Pouwels and Vcldstra.9 

The aqueous phase (10 L) remaining after chlorofom extraction was acidtfied to pH 2-3 with 
hydrochloric acid (50 nl, 10 H) and pumped at a flow rate of 50 nl min-l onto a Prep. PAK Cla 
Cartridge (30 cm x 5.7 cm) that had been ntted with methanol (1 L-1 follcued by water (2 L). The 
cartridge was washed utth water (3 L) at a flow rate of 50 ml ain until the aqueous eluate was 
free from acid. The photoproducts were l luted with HPLC grade methanol (2 L) and the resulttng 
solution was evaporated to dryness under vacuun to yield an amber residue (1.859). Treaknt of 
this restdue with dry wthanolic HCl afforded a mixture uhich was shown by TLC to contain the two 
esterifted photoproducts (5a) and (6a) with Rf - 0.53 and 0.64, respectively. Purtftcation by 
preparative TLC gave:- 

Coqound 5a 

lH-Mi (90 MHz): 6 l-0-3.0 (m, llH, quinuclidinc ring protons), 3.15 (m. 4H, 2xCH2). 3.60 (s, 6H, 
2xOCHl). 3.85 (s, 3H, OCRs). 4.80 - 5.10 (m. ZH, 2xH-II). 5.50 - 5.70 (m, lH, H-10). 5.92 (broad s, 
lH, H-9), 7.15 - 7.45 (m, 2H. J = 2.5, H-7'. H-5'). 7.89 (d. lH, J = 9, H-8'). 7.96 (s, lH, H-3'). 
RS : m/z (rel. Int.) H*' 498(0.2), 467(2), 136(100). 81(r), 55(2). CIHS : a/z (rel. int.) (H+l)* 

NO), 425(11), 136(56) Accurate mass H" 498.2371 (talc. 498.2366) for C27HscN207. IR: Rex 
(OH), 1735 (ester C=O), 1630. 1590, 1505. 1435, 995, 915. W: amax 
258 (25.200). 321 (3900). 345 (4300). 

C-pound 6a 

'H-WiR (90 MHz) : 6 1.00 - 3.00 (m. 11 H, qutnuclidine ring protons), 3.15 (a, IH, 2xCH ), 3.60 (s, 
g, MlCHsi,73j85 (s, 3H. OCHs). 4.80-5.15 (t. ZH, 2xH-II), 5.60-6.00 (m, lH, H-10). 7.10-7.45 (m, 

7.60 (broad s 1H H-3') 7 91 (d. IH, J = 9, H-8'). HS :-n/r (rel. int.) H" 
481(2), i51i2; ill(l) 409(2) 1;6(1& 8liSj CIHS : m/z (rel. int.IR(H+~,3:~~~~~40~~~, 
136(13) Accurate mass'H*' 482.2385 (caic. 482r2417) for C27H3 NsOs. 
1745 (Cm0 ( 

I 
1625. 1600, 1500. 1440. 1030, 1000. 925. UV: )rMx m) c(L Lle-lcn -I) 258 {25,1&), t 

323 (3920 , 346 (4310). 
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