Notes

to methadone metabolites, together with a new compound
6.

Oxidation of methadone with neutral potassium perman-
ganate proved to be very rapid under mild conditions. Thus,
when 1 was stirred with the excess oxidant at 25 °C, the re-
action was complete in minutes and afforded in a high yield
a mixture of two neutral, crystalline compounds, 5 and 6, in
a 4:1 ratio.!? The ratio of these products was independent of
the temperature and concentration of the reactants. The
major compound was characterized as 1,5-dimethyl-3,3-di-
phenyl-2-pyrrolidone (5) by comparison with an authentic
sample.'* According to Pohland’s observations, it underwent
nearly quantitative reaction with ethyllithium to yield the
metabolite 3.* The transformation of 3 with hydroiodic acid
to the second metabolite 4 has already been reported by other
workers.?4 The above procedure thus represents a convenient
method for preparation of methadone metabolites from the
drug.

The minor product analyzed for C19H;9NOs, showed two
carbonyl absorption bands at 1660 and 1735 cm~! in its IR
spectrum, and exhibited a 60-MHz proton NMR spectrum
very similar to that of 5 except in the aromatic region, where
it displayed a ten-proton multiplet. The UV spectrum of 6
showed a long wavelength n—7* transition at 340 nm due to
an «-dicarbonyl system.!516 Its mass spectrum showed a weak
molecular ion at m/e 293 (6%) followed by a base peak at m/e
265 (M* ~ CO). The peak at m/e 265 and subsequent frag-
ments were identical with those for 5, thereby indicating their
close structural relationship. Based on the above data, the
minor product is considered to be 4,4-diphenyl-3-keto-2-
piperidone (6), and the structure is in accord with its 1C and
300-MHz proton NMR spectra (see Experimental Section).

Experimental Section!?

Oxidation of Methadone | with Neutral Potassium Perman-
ganate. Formation of Pyrrolidone 5 and a-Keto Lactam 6. To a
stirred solution of methadone hydrochloride (9.0 g) in water (125 mL)
at 25 °C was addec dropwise 10% agueous sodtum hydroxide solution
until the reaction mixture was distinctly basic (pH 10-12). The so-
lution was extracted with ether, and the extract was dried and evap-
orated to afford free methadone as a thick, colorless oil (ca. 8 g). The
oil was dissolved in acetone (700 mL)j, and to this was added a solution
of potassium permanganate in acetone/water (2 L, 1:1). The reaction
mixture was vigorously stirred for 20 min at room temperature and
then cooled in an ice bath. The excess oxidant was removed by
hubbling sulfur dioxide through the cold solution until it was nearly
colorless. The solution was filtered through a bed of Celite, and the
tiltrate was concentrated on a rotary evaporator. After an oily material
had separated. the aqueous solution was extracted with ether. The
organic extract was washed with 5% aqueous sodium carbonate and
water. Removal of the solvent from the dried extract gave a mixture
ol 3 and 6 as a thick. pale vellow oil (6.4 g}. Preparative silica gel TLC
(chlorotorm/methanaol, 9:1) afforded 1,5-dimethyl-3.3-diphenyl-2-
pyvrrolidone (3) as a white, crystalline compound (3.7 g. 55%) which,
when recrystallized from ethanol, had mp 120-121 °C (lit.!2 mp
125 -122 °C) and showed the following spectral data: sy.¢ (KBr) 1680
em~ L NMR (CDCLy) 6 1,27 (d, Jf = 6 Hz, 3 H), 2.05-2.4 (m, 2 H), 2.9
5.4 Hj, 3.8-3.8 (m 1 H), and 7.3 (broad singlet, 10 H); mass spectrum
(70 eV, mie 265 (M™. 100}, 250 (13), 208 (32), 193 (58), 179 (25), 165
(290, 130 (32), 115 (4, 91 (29), and 56 (40).

Anal. Caled tor CisHgNO: C. 81.51; H, 7.17; N, 5.28. Found: C,
3184 H,7.04; N, 517

The second compound, 6 (1.1 g. 15%), was crystallized from ethanol,
mp 212--213 °C, and it showed the following spectral data: 1. (KBr)
1660 and 1735 em™1: NMR (CDCl3) 6 1.35 (d, J = 6 Hz, 3 H), 2.5-2.9
(m) and 2.85 (s) (total 5 H), 3.0-3.6 (m, 1 H), and 6.8-7.5 {m, 10 H);
Amax (EtOH) 258 nm (¢ 3700) and 340 (75); 13C NMR (CDCly) 6 21.0,
3140 39.3, 50,0 (N-CHy), 58.5 (>CPhg). 126-129 (aromatic), 136.7 and
140 taromatic quaternary carbons), 158.5 (CONH,), and 191.5
{C==0):!* mass spectrum (70 eV), m/e 293 (M, 6), 265 (100), 250 (11),
208 (36), 193 (701, 172 (301, 165 (26), 130 (45), 115 (44), 91 (30), and
HH (200,

Anal. Caled for CoHgsNO«: C, 77.81; H, 6.48; N, 4.77. Found: C,
TT.29 HL 644 NL 478
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The 300-MHz NMR spectrum (CDCl3) exhibited signals at § 1.35
(d,J =6Hz,3H),2.66 (dofd,J = 15.0and 10.5 Hz, 1 H, H,), 2.85 (s,
3H), 299 (dofd,J = 15.0and 4.5 Hz, 1 H, Hy}, 3.43 (m, 1 H, H.), and
6.97-7.50 (m, 10 H).

Preparation of Metabolite 3. The methadone metabolite 3 and
its perchlorate salt were prepared according to Pohland et al.4 and
found to be identical in all respects with the previously synthesized
material.#
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A recent synthesis of indeno[1,2,3-de]quinolin-2-ones in-
volves the acid-catalyzed cyclization of 2,2-dichloro-N-sub-
stituted B-ketoamides of type 1; compounds 1 are derived by
sulfuryl chloride chlorination of the corresponding amide 2.1
We present here an alternative route to 1 which obviates the
need for 2 and its prerequisite N-alkylarylaminel-? and uti-
lizes as substrate the usually more accessible 3-ketoamide 3.
Indeed, compound 2 itself can be obtained, if desired, using
this method.

To our knowledge direct N-alkylation of 3 as a preparative
route to 2 has not been described. When treated with sodium
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d,R=C.H,;R, = 3,5diCH,; R, = C,H,CH,
e, R=C,H,, R, = 3,5-diCH,; R, = C,H,
f,R=CH,;R, = H; R, = C;H,CH,
g, R=CH,;R, = 3,5'-diCH,; R, = C,H,

hydride and an alkyl halide, in dimethylformamide or in ab-
solute ethanol, 3 is normally C-alkylated, and the product is
often accompanied by some O-substituted derivative. On the
other hand, related substrates, such as a-benzoylacetamide,
are N-acylated with sodium hydride and methyl benzoate in
refluxing monoglyme,® and N-acetylated by acetic anhydride
and boron trifluoride diacetic acid.® The latter procedure in-
volves an intermediate boron difluoride complex,® and we have
extended its scope to the preparation of N-alkylated 3-ke-
toamides 1 and 2. In essence, the analogous difluorooxyborane
47 is deprotonated and the anion® reacted with an alkyl halide.
The N-alkyldifluorooxyborane product 5 is hydrolyzed to 2,
or, alternatively, is treated with sulfuryl chloride to afford
1.

The method (Scheme 1) is outlined for the preparation of
2d and 1b, respectively. Amide 3¢ in benzene was converted
to 4¢ (95%) with boron trifluoride etherate. Treatment of 4¢
in dimethylformamide with sodium hydride followed by al-
kylation with benzyl bromide at room temperature gave 5d
(75%); no significant amount of C- or O-alkylated material
appeared to be formed. Compounds 5e-g were similarly ob-
tained in satisfactory vields.? The IR characteristics and mass
spectral fragmentaticns® of the respective difluorooxyboranes
4 and 5 confirmed their structures. In the instances where
solvent solubility permitted, *H NMR spectra of 5 were re-
corded (CDCl3); the singlet olefinic proton (H-2) absorbed
near 5 4.8 in the 1-methyl derivatives 5f and 5g, and near § 5.4
in the 1-phenyl compounds 5d and 5e.

Heating 5d with sodium acetatel® in aqueous dimethyl-
formamide resulted (71%) in N-benzyl-3’,5’-dimethylben-
zoylacetanilide (2d) (~50% overall yield, based on 3¢). It is
noteworthy and convenient that difluorooxyborane 5 can be
utilized as substrate in the Knorr quinolinone synthesis. Thus,
5e and polyphosphoric acid gave 6 in 88% yield.

* The effect of excess sulfuryl chloride on 5e in acetonitrile
solution was studied. Chlorination was fortunately accom-
panied by concomitant removal of the BFy moiety, presum-
ably from the action of liberated hydrogen chloride; on sub-
sequently adding water, the product proved to be the desired
2;2,4’-trichlop<)anilide 1b, contaminated with minor dichloro
material. With no acetonitrile in the reaction and retention
of hydrogen chloride, the major product likewise was 1b. An
excellent conversion of 5b to the 2,2-dichloro derivative 1a was

also achieved, and the sequence 3 —>4 — 5 — 1 constitutes a
new approach to the preparation of 1.

The reaction of 5e with sulfuryl chloride (in the absence of
acetonitrile) took an unexpected and different course on al-
lowing hydrogen chloride to escape into the atmosphere; ad-
dition of water afforded a mixture which now contained a
substantial proportion (>47%) of a new substance, A", and
only minor 1b. The production and nature of **‘A” are being
further investigated, as are also the alkylation and acylation
of the anions derived from 4 and related metal chelates of
3.

Experimental Section!l12

Difluoro([1-phenyl-2-(3’,5'-dimethylphenylcarbamoyl)-
vinylJoxy)borane (4¢). This compound was prepared (method B)
from anilide 3¢ (16.0 g. 60 mmol), suspended in dry benzene (160 mL),
and excess boron trifluoride etherate (Merck, Darmstadt; 40 mL); the
sparingly soluble 4¢ commenced to separate from solution within
minutes. After 1 h at room temperature, the mixture was chilled and
the solid 4¢ was collected by filtration, washed with benzene and ether,
and dried (17.9 g, ~95% yield; mp 240 245 °C) at 50 °C; pale yellow
crystals (from agqueous dimethylformamide);’3 mp 251-253 °C; IR
3325 (s, NH), 1620 (s, coordinated amide C==0) cm~!; mass spectrum,
m/fe 315 (M%), 296 (M — F), 195 (C¢HsC(OBF;)=CHC=0), 169
[(CH3)sCeH3NHBF3), 121 [(CHj3)9Ce¢H3NHy}, 105 (CeHsCO).

Anal. Caled for C17HgBFoNOq: C, 64.79; H. 5.12: N, 4.45. Found:
C, 65.09; H, 5.10; N, 4.29.

Compound 4¢ dissolved in dimethylformamide and was sparingly
soluble in ethanol, tetrahydrofuran, chloroform. ether, and ben-
zene.

N-Benzyldifluoro([1-phenyl-2-(3',5'-dimethylphenylcarba-
moyl)vinylJoxy)borane (5d). A solution of 4¢14 (3.15 g, 10 mmol)
in dry dimethylformamide (25 mL) was added dropwise over 20 min
to a stirred mixture of sodium hydride (0.60 g of a 70% dispersion in
mineral oil, ~17 mmol) in dry dimethylformamide (5 mL) under Ny
at room temperature. After another 10 min, benzvl bromide (3 mL,
24 mmol) was added and stirring was continued for 2 h; the vellow
color of the mixture was discharged within a few minutes, indicating
a rapid alkylation. The mixture was poured into ice water (~50 mL)
and extracted with chloroform (2 X 30 mL). The organic phase was
washed with water, dried (NasSQy), and concentrated to a few milli-
liters under reduced pressure. The residue was triturated with ethanol
to give 5d as a white solid which was chilled, collected by filtration,
washed with ethanol, and dried (3.05 g, 75%; mp 178-180 °C): colorless
tiny crystals (from aqueous ethanol); mp 181- 182 °C; IR 1600 em™!
(s, coordinated amide C=0); 'H NMR [CDCl; {CD.COCD.)] 5 2.28
(2.28) (s, 6 H, ArCHy), 5.01 (5.12) (s, 2 H, CH,Cy4H3), 5.44 (5.62) (s,
1 H, CH), 6.62 (6.90) (s, 2 H, ArH), 7.06 (7.12} (s, 1 H, ArH), 7.2-7.8

i
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(7.2-7.8) (m, 10 H, ArH); mass spectrum, m/e 405 (M), 386 (M — F),
295 (M - Cg¢Hs CHgF 259 [(CHjy) 2C6H3N(BF2)CH2C6H5] 211
[(CH3)2C6H3NHCH2CGH5] 210, 195 (CgH5C(OBF3)=CHC=0), 146
(CgHsCOCH=C=0), 105 (CgH5CO0), 91 (C¢H5sCHa).

Anal. Caled for Co4H9oBFoNOo: C, 71.13; H, 5.47; N, 3.46. Found:
C,71.65; H, 5.50; N, 3.42.

The reaction was also conducted in ethanol solvent; substrate 4¢
(3.15 g, 10 mmol) was added portionwise over 20 min to a stirred al-
coholic solution of sodium ethoxide {constituted from absolute ethanol
(30 mL) and sodium hydride (0.51 g of a 70% dispersion, 15 mmol)]
under N3 at 20 °C. The procedure above was continued, and 5d was
isolated in 70% yield.

N-Benzyl-3',5’-dimethylbenzoylacetanilide (2d). A mixture of
5d (1.0 g), sodium acetate trihydrate (2 g), water (3 mL), and di-
methylformamide (7 mL) was kept at ~90 °C for 0.75 h with inter-
mittent stirring and then was poured into ice water. The product was
extracted into ether, and the ethereal phase (~50 mL) was washed
with water, dried (NaxSOy), and evaporated. The residual oil (0.8 g)
was triturated with a few milliliters of aqueous methanol containing
several drops of 2 M HCl and chilled when it solidified. Filtration
afforded 0.62 g (71%) of 2d (mp 89-91 °C): colorless crystals (from
aqueous methanol); mp 92-93 °C; mass spectrum, m/e 357 (M*), 211
[(CH3)2CgH3sNHCHCgHs), 210, 147 (C¢gH;COCH,CO), 105, 91.

Anal. Caled for Co4HosNOo: C, 80.64; H, 6.48; N, 3.92. Found: C,
80.68; H, 6.56; N, 3.86.

N-Ethyldifluoro([1-phenyl-2-(3',5'-dimethylphenylcarba-
moyl)vinyljoxy)borane (5e). Anilide 4c!* (3.15 g, 10 mmol) was
alkylated with ethyl bromide (6 mL, ~70 mmol) in dimethylform-
amide as for 5d. Reaction for 8 h gave 5e (2.25 g, 66%; mp 188-190 °C):
colorless tiny crystals (from aqueous ethanol); mp 189190 °C; IR 1610
cm~! (s, coordinated amide C=0); 'TH NMR {CDCl3) 5 1.26 (t,J =
7 Hz, 3 H, CH,CHa), 2.38 (s, 6 H, ArCHj3), 3.92 (q,/ = 7 Hz, 2 H,
CH,CHj), 542 (s, 1 H, CH), 6.84 (s, 2 H, ArH), 7.12 (s, 1 H, ArH),
7.2-7.75 (m, 5 H, ArH); mass spectrum, m/e 343 (M%), 324 (M - F),
197 [{CH3)2CeH3N(BF2)CoHs), 195 (CsH;C(OBF3)=CHC=0), 149
[(CHQ)QCGH[{NHCQH;’J, 105 (CeHsCO).

Anal. Caled for C1oHo3BF;NQg: €, 66.50; H, 5.88; N, 4.08. Found:
C,66.75; H, 5.78; N, 4.06.

Product 5e was identical (IR, mixture melting point) with that
derived from anilide 2e (mp 63-64 °C) and boron trifluoride etherate
(method A).”

In a variation of the procedure, dry tetrahydrofuran (50 mL) was
added in one portion to a stirred mixture of 4¢ (3.15 g, 10 mmol) and
sodium hydride (0.60 g of a 70% dispersion, 17 mmol) under Ny, and
stirring was continued for 30 min; the sparingly soluble 4¢ dissolved
with evolution of Hg, and reaction was accompanied by a fair exo-
thermic effect. After addition of ethyl bromide (5 mL, excess) and
alkylation for 8 h, 5e was isolated in 60-65% yield.!?

5,7-Dimethyl- N-ethyi-4-phenylquinolin-2-one (6). A mixture
of 5e (1.0 g) and polyphosphoric acid (10 g) was heated at 145-150 °C
for 1 h with intermittent stirring and then was cooled somewhat and
diluted with ice water. The product was extracted into ether (~50
mL), and the ethereal phase was washed with water, dried (Na2SOy),
and evaporated to yield 6 as a solid [0.70 g, 88%; mp 112-114 °C; one
spot on TLC (benzene)]: colorless needles (from aqueous methanol);
mp 110 °C; mass spectrum, m/e 277 (M*), 276 (M — 1), 262 (M — 15),
249 (M — 28), 234 (249 —15).

Anal Caled for C1gH1gNO: C, 82.28; H, 6.90; N, 5.05. Found: C,
82.55; H, 7.07; N, 5.15.

Action of Sulfuryl Chloride on 5e. Formation of 2,2,4'-Tri-
chloro-3',5'-dimethyl- N-ethylbenzoylacetanilide (1b). To a
suspension of 5e (0.30 g) in acetonitrile (1 mL) contained in a 25-mL
conical flask was added an excess of sulfuryl chloride (1.5 mL). The
flask was immediately stoppered and left to stand at room tempera-
ture for 2.5-3 h; reaction rapidly occurred with liberation of gas and
dissolution of the 5e, and the (glass) stopper was momentarily loos-
ened now and then to alleviate the pressure in the flask. Ice water was
added, and the mixture was stirred intermittently until the precipi-
tated material had solidified. This was filtered, washed with water,
and dried (0.31 g, 88%; mp 98-118 °C); IR, MS, and TLC (benzene)
established the product to be 1b! mixed with minor dichloroamide
and negligible tetrachloroamide.'® Chlorination for a shorter period
(1-1.5 h) led to mixtures containing a decreased proportion of 1b.
Treatment of 4¢ (0.30 g) in acetonitrile (1 mL) with sulfuryl chloride
(1.5 mL) for 3 h, as for 1b, afforded 2,2,2’ 4’-tetrachloroanilide 1c,
associated with minor trichloro material [MS and TLC (benzene)],
in almost quantitative yield. Chlorination of 5b (0.30 g) for 2 h as for
1b gave amide la {IR, MS, TLC (benzene)] in >90% (crude) yield.
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The attempted conversion of 3,4-dihydro-2(1H)-quinoli-
none, 1, to the corresponding imidoy! chloride, 2, using thionyl
chloride in DMF gave instead of the expected imidoyl chloride
a number of unusual and unexpected products. The nature
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