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Abstract: The oxidation of (tl-2-ethyl-1.5-dimethyl-3,3-dfphenylpyrroliniun 
perchlorate (1, EOOP) with m-chloroperbenzoic acid (HCPBA) afforded diastereo- 
merfc 2-(4',4~-dfphenylheptan-5'-one-2'-yll-oxaziridine (21, 4.4-diphenyl- 
2,5-heptanedione (31, and the knorm caapounds 2-ethyl-5&thyl-3,3-diphen l-l- 
pyrr line 

P 
(5. EMOPT and 1,5-dimethyl-3.3-diphenylpyrrolidcne (i, OOPl. Jc 

and H lU4R results for the new compounds and mechanisms for their formation 
are discussed. 

Lusinchf and coworkers have shown that peroxidation of N-methylpyrrolfdfne derivatives of the 

alkaloid conanine can lead to open chain keto-oxazirfdines, dicarbonyl canpounds, cyclic oxazfrf- 

dinimn salts, lactams, pyrrolfnes and related cappounds2a-c. During a study on the synthesis 

of deuteriun labelled (*l-methadone (C-dimethylamino-4,4-diphenyl-3-heptanone) and its metabo- 

lites3a. we observed a similar array of products when the MPBA oxidation of the salt of the 

methadone major metabolite, (*I-2-ethyl-1.5-dimethyl-3,3- diphenylpyrrolfniun perchlorate 

(EDOPl3b.c (Ll, was investigated as a source of potential noncyclic metabolites. 

RESULTS AND DISCUSSION 

Two new oxidation products were characterized, the oxaziridine, 2-(4',4'-diphenylheptan-5'- 

one-2'-yl)-oxazfrfdine (11 and the 1,4-diketone, 4.4-diphenyl-2,5-heptanedione (31. The expected 

oxidation product, 1.5-dimethyl-3.3-dfphenylpyrrolidone (DOPI (41. a known metabolite. 2-ethyl-5- 

methyl-3,3-diphenyl-1-pyrrolfne (EMIP) (51 and minor byproducts were detected by GLC-mass spectro- 

metry (GCMS). The oxaziridine 2 underwent a facile thermal isaaerization to 6-fonamido-4.4- 

diphenyl-3-heptanone (21. which was identical by GCMS to a conjugated biliary methadone metabolite 

of rats4. 

+ 

There are very few examples of methylene oxaziridines that have protons alpha to the ring 

nitrogen. These include 2-n-butyloxazfridine5a and 2-cyclohexyloxaziridine5b. Both caa- 

pounds were synthesized by peracid oxidation of the 1,3.5-triazane obtained when the corresponding 

primary airte was condensed with formaldehyde. These oxaziridines isanerized to the formamide on 

heating or standing. Enznons noted that bulkier N-alkyl groups stabilized the oxazlridine 

ring5a, which may account for the stability of the oxaziridine described here. 

The best yield of the oxaziridfne gwas obtained with two equivalents of MCPBA and a NaOH 

wash during workup. The ratio of products in the mixture varied, with two N.C-diastereaaeric 

oxazirfdfnes accounting for up to 36% of the product. These were separated by silica gel flash 

chromatography6. This separation is similar to that achieved for RR and SR diastereaaers of the 

oxaziridine, 2-C(R)-cl-phenylethyll-3,3-dimethyloxaziridine7. The diastereoisanerisn that allows 

this separation is due to the high inversion barrier of the oxaziridlne nftrogen8arb. 

The oxaziridine was also observed by GCHS when the enanine free base of EOOP was oxidized 

with MCPBA. However oxidation of EOOP in the presence of two equivalents of suspended K2Ctl3 

did not afford oxazfridine. and cyclized the diketone to a cyclopentenone. 
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The 'H 181R cherplcal shifts of 3.17 and 3.62 (major dlastere~rl and 3.42 and 3.94 (minor 

dfastereaner) for the oxazlrldine ring protons (JAB = 10Hz) were similar to 3.66 and 3.77 ppn 

resonances reported for 2-t-butyloxazlrfdfneg. The upffeld doublet Is nomally presuned to be 

the proton trans to the lone pair of the oxazlrfdine nitrogen atcnl0a.b. The 13~ NMR 

oxaziridine ring carbon resonance was at 72.54 ppn and SFDRD revealed a doublet of doublets. The 

alpha carbon resonance was at 64 ppm. The ring and alpha carbon resonances of t-butyloxazfrfdlns 

were at 65.5 and 58.1 ppm, respectfvelyg. Small differences in chemical shifts (0.04. 0.00. 

0.04 pps for aranatic CH. 0.15 ppn for aranatfc C-C) were present between corresponding resonances 

of the two aromatic rings. The non equivalence of aranatlc ring resonances has been observed in 

the mesftyl ring of 3,3-dfphenyl-2-(l-mesftylethyl)oxazfrldine, but was attributed to a sterically 

dominated rotational barrier. due to the bulky phenyl substftuents of the oxazlrldine rfngl1a.b. 

Thermal Isanerization of oxatlrldines to formamides is well known5a, llc. The oxazfrl- 

dine isanerized In the BC Inlet to give the secondary fonnamlde g4. The formamide was also 

obtained as an 8:6 mixture of rotamers (NMR results) by refluxfng the oxazlrldine overnight in 

m-xVlene. High resolution mass spectrolnetry of the oxaziridine at a low inlet temperature (12O'C) 

shows that CHN containing fragments are enhanced relative to peaks characteristic of the form- 

amide. 

Follcmfng isolation of the oxazlrfdlne 2. the flash chromatography column was stripped with 

ethyl acetate to elute any of the Isonerlc methylens nltrone I, since this was also a potential 

breakdown product of the oxazlridines and a possible thermolabile drug metabolitel2a.b. The 

nitrone was not a product of the oxidation. Attempted synthesis of the nftrone using the dlketone 

as a starting material failed. A nltrone has been described as a possible Intermediate in the 

KPBA acid oxidation of L-acetylmethadol13. 

The other major product of the peroxidation of EDDP perchlorate was the dfketone zwhich has 

been mentioned as a potentfal synthetic precursor for methadoneI). We have also obtained this 

product in 1~ yield via Jones oxidation of 4,4-diphenyl-2,5-heptanedlol15. The diketone was 

separated from the major product, 2,2-dlphenyl-4-valerolactone16 by recrystalllzatlon. Aldol 

condensation of 1,4-diketones results in cyclopentenone forrPatfon17. Reflux of the diketone 

In 0.75 M methanolfc sodfun hydroxide afforded only 2,3-dimethyl-5,5-diphenylcyclopent-2-enone 8. 

NMR results show that none of the regiolsanerfc 3-ethyl-4.4-diphenyl-cyclopent-2-enone was 

fonaed. 

The peracfd oxidation of imlnes proceeds by a two step Baeyer-Vlllfger type mechanism. with 

oxidant addition to the C=N bond as the rate determining step18. Ring closure with loss of 

KBA follows in the second step to give an intermediate of type A. Lusinchf and coworkers 2a-c 

have Incorporated this type of intermediate Into their proposals for the mechanism of peroxidation 

of N-methylpyrrolinfun salts and free bases. They propose that elfmlnation of the ring proton 

alpha to nitrogen In a accounts for their observation of keto-fmfne, C-dfsubstituted keto-oxazfrf- 

dine and dfketone oxidation products. Their mechanism, modified to EDDP In Scheme 1 accounts for 

the dfketone 2 possfbly by thenaolysls of oxazfrldine k. Be speculate that ellmfnation of the 

alpha proton on the N-methyl carbon of a In a similar manner accounts for both EMDP 2 (In accord 

with the results of Milllet), as well as the methylene oxazfrfdlne~ (Scheme 2). Mflllet et 

a12a have also shown that oxidation of structurally related pyrrolidfnes with a single eqUi- - 
valent of KPBA followed by alkaline workup should result in an open chain keto-imfne of type 2. 

Canpound 5 or its Scheme 2 homologue d would be the conventional Imlne precursors of oxaziridlnes 

a and 1 respectively. but were not observed. The methylene lmina d is presunably unstable and 

could form a variety of cyclic and non cyclic polymerseo, themselves mnenable to peroxida- 

tion5a. 

Hilliet et a1.2a have Indicated that the Initial addition of WPBA is a reversible reac- 

tion unaffected by oxidant concentration. This accounts for the presence of unreacted EDDP with 

KPBA in excess of two equivalents. The diphenylpyrrolfdone (DDP) iarises frap oxidation of the 

enamine tautaer of EWP by known mechanfsms2a.21. although the endocyclfc double bond 

position Is preferred In acid solutlon22. 
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Scheme 1 Scheme 2 

CONCLUSION 

Peracid oxidation of (*l-EWP gives rise to a mixture of cyclic and non cyclic compounds 

according to variations of knovm mechanisms. Two new capounds have been characterized, a methyl- 

ene oxaziridlne and a 1.4-diketone. The oxaziridine converted to an isanerlc secondary formamide 

on heating. The diketone cyclized in alkali to 2,3-dimethyl-5,5-dlphenylcyclopent-2-enone. 

EXPERIMENTAL 

(*I-EDDP perchlorate 1 was synthesized in this laboratory3a. All 1H and 13C FEIR 
spectra were recorded in Cm1 at the Department of Chemistry, University of British Columbia. 
Infrared spectra were record J as liquid films or nujol mulls on sodiun chloride discs on a Unicam 
SP-1000. GCMS analysis was performed on a Hewlett-Packard 5700A gas chranatograph interfaced to a 
Varian MAT-111 mass spectraaeter. 
sure 5.0 x 10-6 

Electron impact spectra were recorded at 7OeV. ion source pres- 

1.d.l 
torr, source temp. 250-C, emission current 300 uA. A glass column (2m x 2 mm 

mL/min . P 
acked with 3% OV-17 on loo-120 mesh Gas chran Q was used with heliun carrier gas (20 

Colunn temp.; 150 to 28O'C at 4' per min., inlet temp. 250-C. Ultraviolet spectra were 
recorded on a Beckman Model 24 UV-Visible spectrometer in 1 an path length cells. Elemental 
analyses were done by the Canadian Microanalytical Service Ltd., 5704 University Blvd.., Vancouver, 
B.C., V6T lK6. High resolution mass spectra were recorded with a source temp. of 120 on a Kratos 
MS-50 high performance mass spectraneter with an ionizing voltage of 7OeV at the Department of 
Chemistry, University of British Colrrmbia. 

META-CHLOROPERBENZOIC ACID OXIDATION OF EDDP PERCHLORATE 

To a solution of 1 
added 100 m9 (5.2 x 10‘ 80 

mg (2.6 x 10m4 mol) (e) EDDP perchlorate in 5 mL CHC13 at O'C was 
mol) NCPBA in 5 mL of O'C CHCl?. After 12 hours. the solution was 

filtered and washed twice with cold 1.5 M NaOH solution: twice with water-then dried over 
K2CO3 a;&;v;porayd. The yellow 011 was analyzed by GLC-mass spectrometry. Major products 
were: 

P 
18.2 min; EDDP 1, TV = 20.0 min; diketone 3. TV = 21.8 min; ODP 4, TV 

- 24.2 min; haz ridine 2 (as the f&mamldel 
J j* 

= 29.5 min. The residue was flash -dhraaato- 
graphed in 1:9 ethyl acefate. pet. ether (30 -6 1 on a 1 x 15 an colLwn. The diastereaneric 
oxaziridines gave partially resolved black spots when visualized by Dragendorf's Reagent on TLC 
plates. The clear oil deposited cubic crystals fra WC13 which melted at BO'C and decaposed 
at 150-16O'C. CHN anal, calc.for C OH NO (309.411): C. 77.64; H. 7.49; N, 4.52; 0, 10.34. 
Found: C, 77.61-5; N. 4.52; 6, f&4!!. NW (400 MHz): 
CH -CH2l; 
d d 

0.84 d (3H. CHJ-CH); 1.8, m (lH.-CH 
(lH, CH Hb-CH); 2.80, dd (1H CH Ha); 

oxaz. ring 3; 7.3 (lOH, Atom.). (IkO MHz) 6pixn (minor diast.) 0.56, d(3H, CH -CHl. 0.85, t(3H. 
CH -CH l; 1.8. m (1H. CH -CH-); 2 45 
33 ddflH CH H -CH), 3.$2 a(lH, 

b 1 d (2H 

Aran.). iR &?ml: 
bxfz'f ryig!, 3.92, 

s -~~~H~~~,'.f:~,"":lr~l~~bC!:)j (lOH 

vmax 3000 cm- 
1448 (ml.-I380 w-m), 1350 (w-m), 1250 

(ml. 1710 (s, C - 0 strl' 16OO’(m-w) 1585 iw)’ i495 (;I 
I (ml oxaz. ring, 1150 (wim), 1110 (m-s), 1050’(m), 935 iw) 

oxaz. ring; 770 (s, Arl, 757 (m-s, Arl. 702 (s. Arl. UV (Nethan ): amax 296 mu (k = 502); 265 (E 
- 5481; 254.5 (c = 480, r-m *Arl; 207.5 (E - 21. 168 n-r -?i&&NER: (Najor D1ast.l (Broad 
Band and SFORD at 100.6 NHzl appm 9.18, q(CH -CH2; 21.29. q(CH -CHl 33 04 t(CH CH3l; 211.26, 
s(weak C=Ol* 65.46 s(weak R -C-Ar 1. 42 6-t?CH2-CHl-64 00 ?i($H-CHd)- j2 54 l&H 

E 
-oxaz.)- 

127.42. 127:46 (AZH-I- 128.&i-(Ar~H:)* i29 37 129 i7 iAriCHIY 141.5; 141 69 (Ar. -C weak) 
By GCHS; (identical to'for&i~e 6)'m/z 309 &3X). 72ilWl: 207(72), ;3(601.' 
253(42). 129(30), 57(22l, 291(E)_ HI h Resolution (Source Temperature 120'); m/z 

Hf. 1.5%); 56(C3H6N;80%); 222 (C16H16 -#Tfonnamlde daninates 
the mass spectrum. 72 m/z (C3H6NO. 100%). 253 (C17H1gNO. 60%); 207 (C16H15, BD%l, etc. 
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SYNTHESIS OF (2) C-FORMAMIDO-4,4-DIPHENYL-3-HEPTANONE (f$ 

The oxarfrfdfne 2 (108 sg, 3.2 x 1O-4 mol) was dissolved in 10 nL dry, m-xylene, and 
refluxed under nftroggn overnight. The yella, solution was evaporated and flash chrmtographed. 
After a 50 mL prarun of 50% pet. ether (30-60.1 fn ethyl acetate, the afde was eluted wfth ethyl 

1445(m), 138O(mw). lMO(rsw), llOO(ma-doublet), 1035fm1, 9Mw-m broad), 755im), 730(m). 700(s). 

SYNTHESIS OF 4.4-DIPHENYL-2,&HEPTANEDIONE (2) 

Jones reagent was added dropwlse to 4,4-dfphenyl-2,bheptanedfol15 in acetone, on an ice 
bath. The solution was diluted with water and fsopropanol, then extracted wfth ether. The yellow 
oil crystallized upon trfturatfon with pet. ether (30-60'1. 
(30*&O*) separated 54, dfketone, fran the m 

"t 

Crystallization from eth@pet. ether 

Elemental Analysis, Calculated for Cl H2 02 
or product, 2,2-dfphenyl-4-valerolac~ne . 
mol. wt. 280.37): C, 81.3%; H, 7.1%; 0, 

x Found: C 81.14%. H 7.1% 8 !l 76% * . 
Mass S ectruat: I& 262 (t&l& 2%): 4&1oi)), 57(15), 223021, 181(101, 2D6(8), 29flO). lH 

fl2H, C&-C -Ar ) 7.3 (lDH, Ara&fc). 
~~ 6ppm, 0.94 t (3H, CH -CH2); 2.0 o(3H C% -C=D); 2.39 q (2H, CH -C%]; 

:: s'rk, (2O!H21 
149ODn 146D(s, CH bend) 137O,T360 (n-s) 1180 (a) 1120(m) 770, 750 hn.*A~~’ 700 (s, 

IR (mull): v max 1710 CIII-~; and 170 % 
3.58 - 

cm 

{0-2&l ppa) 8.8 (CH -CH )* 31.24 (-CH -CH 1. 33.04 fCH3-C(=O$ 
52.; (CA~2-C(-O))i 63.92 (Ar$R;); 12ZD?, 1$8:23. 129.15 fArA ;H); 142.34 (Aran CiCt. 

The dfketone was refluxed In 0.75 Hmethanolfc sodfun hydroxide solutfon then dfluted with 
water and extracted wfth ether. The clear hygroscopfc aldol product was exclusfvely 2.3-dfmethyl- 
-5,5-dfphe~l~clopent-2~no~ 8, Mass S ctrum: 
25:$22', 165(22). 'H NMR (270 !8fr . T-T&-T7 

m/z 262 fM?, looX), 185f801, 247(52), 233(52), 

, -CH2-1; 7.12-m (10 H, Aran.). 
8 s(3H, C&-C-CH2); 2.13 s(3H, C$-C-M); 3.32 

The singlets were broadened by long range couplings. 

-7,819, Aran.) 256[burfed). 
fCH3CNI &sax (~1; 316[419, R band cyclopentenone); 240(8122, K band cyclopenten- 

g (film): vmax 1697 (s, C+ Strl; 1655 (s. C=C strl. 
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