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Abstmet: Upon exposure to intense simulated sunlight, CI-981 (1) readily decomposes into three major by-products. 

This paper reports on the products formed when I is decomposed in acetommlelwater solutions under intense 

simulated sunlight, ult~~~olet b&t filtered at 254 mn and visible light, In&ded is a dim&on of the isOkZhOn of 

the major by-products and passable mechamsms for the photooxi&ive processes which lead to them. 

INTRODUCTION 

Previous articles from our laboratories have documented that CI-981 m-(R*,R*)]-2-(4-fluorophenyl)- 

S,~~y~oxy-5-(l-methylethyl)-3-phEnyl4[~h~ylamino)c~~nyl]-1H-pyrrole-l-heptanoic acid 

hemicalcium salt (1) functions as an efficient inhibitor of HMG-CoA reductase.’ Upon exposure to intense 

simulated sunlight, the compound in solution readily decomposes into three major by-products (Scheme 1). 

HO HO 
R= -COO- 1/2ca* 

2 a (-) lamer 
b (+I immw 4 a (-) laomar 

b (+) leaner 

Scheme 1. Photodecomposition of 1 Under Intense Simulated Sunlight 
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This report difasscs the possible mechanisms for the formation of the photodegradation products of 

1. The lactam products (-)-5-(~~u~yll>23-dihydro-B,6dihyd 

3-[@henylamino)carkmyl]-lH-pynole-lheptanoic acid hemicakium salt (2a) and (+)-S-(4-fluorophenyl)- 

2,3-dihydro-s,6dihydroxy-3_(1-methylethyl)-2oxo-4-phenyl-3-[@henyl~o~l]-lH-~le-l- 

heptanoic acid hemicakium salt (2b) snd the diketoepoxide product 3-:(4-fluorophenyl)carbonyl:-2-(2- 

methyl-l-oxopropyl)-N,3-diphenyl-2-oxiranec arboxamide (3) require visible light, a sensiker and triplet 

oxygen. The ph omdecomposition of pyrroles to 2$diketo-3&poxy products has been reporte@ 

Previous articles have reported lactam formation from pyrrole photooxidation.~* Migration of the 

5su~~ttothe4position,asdemonaratedintherearrangementoftheisopropylgroupinlactams2 

(a snd b), has also been qmt.ed.~45*g~10 ‘he formation of the phenamhmne pmducts (->9-fhloro-23- 

dihydro-l3,&iihydroxy-3-( lnethylethyl)-2-oxo-3[@hmylamino)carbony 

acid hemicalcium salt (4a) and (+)-9-fluoro-2,3dihydro-gJdihydroxy-3-(l-methylethyl)-2-oxo- 

3[(phenylamino)carbonyl]-lHdibenx[e,glind acid hemicalcium salt (4b) requires the 

hadiation of 2 (a and b) with light from the ultraviolet region. e formation from the 

photocyclixation of stilbenes has been reported.‘u14 

EXPERlMENTfi SECTION 

Photodecomnosition of 1: One hundred miMiters of a 0.50 mg/mL solution of 1 in 60140 
acetonitrile/water was irradiated in an open beaker in an Atlas SunchexO exposure instrument (Xenon arc 

lamp, set to 0.35 W/m2 at 340 mu) at a distance of 100 mm from the lamp source. The solution was 

assayed by HPLC at 15minute intervals. Figure 1 shows an HPLC cbromatogrsm of the solution after 

60 minutes. 

FIGURE! 1. 

After 90 minutes. the peak corresponding to the star@ material had completely disappeared 

0 Time (mintIt-) 
20 

HPLC chromatogram of a 0.50 m&nL solution of 1 in 60/40 acetoniuile/water after 

60 minutes of exposure to mtense simulated sunlight. Analytical HPLC conditions are 

described in the Experimental Section. 
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The analytical HPLC system used to monitor photo&composition reactions included an Alltech 

Econosphere@ 5 p Cl8 column (150 mm x 4.6 mm I.D.), 57:23:20 0.05 M citric acid (pH 4.0 with 

NI$OH):CH$NTHF, 2.0 mL/minute, 254 run detection. 

Wavelength-specific photodecomposition experiments were also carried out on similar solutions of 1 

in 60/40 acetonitrile/water. The solutions were irradiated in an open beaker for 3 hours at a distance of 

100 mm from the following lamp sources: 254 nm (Spectroline@ Model CX-20), 365 nm (Spectroline@ 

Model CX-20). and visible (100 W, 120 V, tungsten spotlight). The same experiments were repeated with 

0.50 ug/mL methylene blue added as a sensitizer. Table 1 summarizes the formation of the major 

by-products expressed as a normal&d percentage of the total HPLC area of known products under the 

reaction conditions described above. 

TABLE 1. Formation of By-Products of 1 

% Area Normalization (HPLC) 
hu Source Sensitizer 

1 2 (a + b) 3 4 (a + b) 

Sunchex@ 0 44 8 48 

254 run 79 7 1 14 

254nm Methylene Blue 79 8 1 12 

365 run 0 20 16 64 

365 nm Methylene Blue 0 21 15 64 

Visible (W) 100 0 0 0 

Visible (W) Methylene Blue 0 69 31 0 

Premuative Chromatoaranhv: Isolation of the individual by-producta outlined in Scheme 1 required 

both reverse-phase and normal-phase preparative chromatography. The conditions for reverse-phase 

chromatography were: 

Column: Rainin Dynamax@ 8 p C18.300 mm x 41.4 mm I.D. 

Mobile Phase: 50:30:20 0.05 M citric acid (pH 4.0 with NH~OH):CH$NTHF 

Flow Ran% 25mL/minute 

The conditions for normal-phase chromatography were: 

Column: Rainin Dynamax 8 p silica gel, 300 mm x 41.4 mm I.D. 

Mobile Phase: 60:36:4 hexane:CHClg:MeOH 

Flow Rate: 25 n&/minute 

The preparative chromatographic fractions were combined baaed on their purity by HPLC. Rotational 

data conducted on isolated compounds 2 (a,b) and 4 (a,b) was used to de&rate each isomer at (+) or (-). 
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Isolation of 3: Ten grams of 1 was dissolved in 4.5 L of 7Of30 acetonitrile/water and irradiated in 

open beakers for 25 hours under intense simulated sunlight in an Atlas Sunchex@ exposure instrument. 

The acetonitrile was evaporated off in vacua forming 8.8 g of a water insoluble oil. This oil was dissolved 

in 25 mL of acetonitrile and sonicated for 10 minutes. The crude 3 which precipitated out of solution was 

recrystallized from 3 mL of 2/l hexane/chloroform. Crystalline 3 (100 mg) was recovered. The FAB 

mass spectrum of 3 has a molecular ion peak at m/z 432 (M+l). Signals at 189.9 ppm and 206.6 ppm in 

the 13C-NMR of 3 in CDCl, correspond to the two ketone carbons. Chemical shifts at 74.2 and 70.8 ppm 

are assigned to the quaternary carbons bearing the epoxide oxygen. 

Isolation of 2a and 2b: The mother liquor from the first precipitation of 3 described above was 

preparatively chromatographed under reverse-phase conditions. The fraction corresponding to purified 2 (a 

plus b) was concentrated to aqueous and extracted with chloroform. Separation of the individual (-) and 

(+) isomers (2a and 2b, respectively) required lactonization of the mixture with HCl at 60°C, normal-phase 

chromatography to separate the resulting lactones and base hydrolysis of the individual isomers at 6YC 

with 1.0 M sodium hydroxide. The FAB mass spectrum of 2a (Na+ salt) has molecular ions at m/z 597 

(M+l) and at m/z 619 (M+Na)+. The FAB mass spectrum of 2b is identical to that of 2a. A signal at 

177.2 ppm in the 13C-NMR spectrum of 2a in d-DMSO corresponds to the newly-formed lactam carbonyl. 

In a two-dimensional r3C-r3C INADEQUATE” experiment, a quaternary carbon signal at 68.5 ppm 

demonstrates connectivity to the lactam csrbonyl, the benzamide carbonyl, the methine carbon in the 

isopropyl moiety and an unsaturated alicyclic carbon bearing a phenyl group. 

Isolation of 4a and 4b: The reverse-phase column described in the isolation of,Za and 2b also 

separated the individual (-) and (+) isomers 4a and 4b. Each isomer was lactonized with HCl at 60°C and 

further purified by preparative normal phase chromatography. Base hydrolysis of the individual isomers 

with 1.0 M sodium hydroxide at 65’C formed the sodium salts of 4a and 4b. The FAB mass spectra of 

both 4a and 4b (Na+ salts) have molecular ion peaks at m/z 595 (M+l) and m/z 617 (M+Na)+. ‘H and 

13C-NMR spectra are consistent with the assigned phenanthrene structure. 

RESULTS AND DISCUSSION 

In 1960, Wasserman and Liberles reported a 4,4disubstituted lactam product from the irradiation of 

2,3,4.5-tetraphenylpyrrole with a 150-watt flood light in the presence of methylene blue.* The same article 

reports the formation of a tetraphenyl diketoepoxy photooxidation product of the starting pyrrole. Rio, 

et sl.16 have suggested that these products srise through a hydroperoxide intemmdiate. which in turn is 

derived from an endoperoxide formed at the 2.5 position in the pyrrole ring. Scheme 2 shows a possible 

mechanism in the oxidative rearrangements leading to 2 (a,b) and 3. $crmediate 5, an endopcroxide 

formed at the 25 position in 1, fmther reacts to the peroxy bridged dimer 8, which is derived fkom 6 and 

7 in equilibrium. From 8,2 (a,b) and 9 are fommd, and 9 continues on to the diketoepoxide 3 in the 

presence of H,O. Photocyclization of 2a and 2b in the presence of ultraviolet radiation produces 4a and 

4b, Tespectively. 
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Scheme 2. Photodecomposition of 1 

Upon exposure to ultraviolet light for 3 hours at 254 nm, 1 is photodegraded to lactams 2a and 2b 

and further to phenanthrenes 4a and 4b at a relatively slow rate when compared to exposure to 365 mn 

(Table 1). The reaction rate is not affected by the presence of methylene blue at 254 nm. Complete 

photodecomposition of 1 to by-products 2 (a, b), 3, and 4 (a, b) occurs rapidly at 365 run regardless of the 

presence of methylene blue. Only under visible light are the energy transfer properties of methylene blue 

required for the rapid photooxidation of 1. The starting material is completely converted under the visible 

tungsten spotlight in the presence of methylene blue; in stark contrast, no reaction occurs under visible 

light in the absence of photosensitixer. The photodecomposition of 1 under simulated nmlight proceeds 

rapidly in solution without a sensitizer added. There is, however, increasing amounts of phenanthrenes 

4 (a and b) generated from 2 (a and b). These products are capable of acting as sensitizers allowing 

energy transfer in order to form triplet oxygen at lower wavelengths (e.g., 254 and 365 run). The “low 

visible” wavelengths in the 365 mn range of the broad-spectrum simulated sunlight are most responsible 

for the rapid photooxidation which converts 1 to 2a and 2b. 
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The snalysis of the stability of phatmaceuticaIs such as 1 require! simulated sunlight sources which 

unlike most good lamps, do not filter out ultraviolet light. In the photodecomposition of 1 in solution, the 

presence of oxygen, low wavelength visible light and phcnanthtencs 4a and 4b acting as scmhizers ate 

necessary for the formation of lactams 2a aud 2b. Also, the formation of lactams 2 (a and b) and the 

presence of ultraviolet light arc necessary preconditions for the photocyclixation reaction leading to 4 (a 

and b). The apparent inte&pcndence of 2 and 4 in the accelerated photodecomposition of 1 suggests that 

the presence of a trace amount of either product in the statting solution is necessary for the process to 

begin. 
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