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Experimental Section

1-Methyl-4-piperidone (III).——Methyldi(ﬁ-carbethoxye:chyl)-
amine was prepared by the Michael addition of met}}ylamme to
ethyl acrylate, 78% yield, bp 117-119° (0.5 mm) [ht.f‘5 reports
bp 118-119° (0.5 mm)]. The latter underwent a Dleckrr}ann
condensation with potassium tert-butoxide to give the cyclic 8-
keto ester, which upon hydrolysis and decarboxylation yieldefi 1-
methyl-4-piperidone, bp 67-79° (19 mm), n*p 1.4580 [Lit.*
reports mp 56-58° (11 am), n®p 1.4580, yield 58%]. .

1-Acetyl-4-piperidone.—A Michael addition of ammonia to
ethyl acrylate gave di(g-carbethoxyethyl)amine, bp 154—1'64°
(1.5 mm) [lit.?” bp 150~164° (1-2 mm)]. The N-benzoyl deriva-
tive was prepared and had bp 192-197° (0.4 mm), n*Dp 1.5020
{lit.2” bp 192-194° (0.4 mm), n®p 1.5040}. The Dieckmann
reaction was then carried out with the aid of sodium and furnished
1-benzoyl-3-carbethoxy-4-piperidone, mp 39-60° (lit.¥ mp 54~
56°).

4-)Piperidone hydrochloride was prepared by hydrolysis of the

(25) 8. M. Mc¢Elvain and K. Rorig, J. Amer. Chem. Soc., T0, 1820 (1948).
(26) E. A. Prill and 8. M. Mc¢Elvain, ¢bid., 55, 1233 (1933).
(27) 8. M. McElvain and G. Stork, ibid., 68, 1049 (19486).
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previous compound by refluxing with 6 N hydrochloric acid until
carbon dioxide evolution ceased. The solution was filtered to
remove the benzoic acid, and the product was taken up in ether.
The ether solution was evaporated to dryness and the product
was decolorized with charcoal and crystallized from ethanol~
ether. It was then taken up in acetic acid-sodium acetate and
acetylated with acetic anhydride, bp 135-136° (0.3 mm), n®D
1.5016 [lit.?8 reports bp 124-128° (0.2 mm), n®p 1.5023].

Dipole Moments.—The apparatus and method? and the de-
tails of the computations® have all been described previously, no
allowance for atomic polarization being made in line with
earlier conclusions.®

Registry No.—IIJ,
N-methylpiperidine,
618-42-8.

(28) 8. M, McElvain and R. E, McMahan, ¢bid., T1, 901 (1949).

(29) N. L. Allinger, M. A. DaRooge, H. M. Blatter, and L. A. Freiberg,
J. Org. Chem., 26, 2550 (1961).

(80) N. L, Allinger and J. Allinger, ¢bid., 24, 1613 (1959).

(31) N. L. Allinger, J. Allinger, and M. A. DaRooge, J. Amer. Chem. Soc.,
86, 4061 (1964).
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As part of the preparation of a compound containing
the 3-(10-methylphenothiazinyl) group, it was neces-
sary to use a Friedel-Crafts acylation in one of the syn-
thetic steps. Although hundreds of phenothiazine com-
pounds have been reported we were unable to find a
high-yield procedure for the Friedel-Crafts acylation
of 10-methylphenothiazine.

The literature reports that N-alkylphenothiazine is
3,7 directing and N-acylphenothiazine is 2,8 directing
in Friedel-Crafts acylation.!~®* Both mono~ and di-
substituted products are formed but were not separated
in the reported crude yields. Acylation takes place with
higher yields with N-acylphenothiazine than with
N-alkylphenothiazine.

For example, when 1 mol of 10-methylphenothiazine
was acylated with 1 mol of acetyl chloride in carbon di-
sulfide with aluminum chloride, the crude yield of 3-
acetyl product was 259 (reported as the hydrate) with
42.59%, utilization of 10-methylphenothiazine.!® In a
recent attempt to duplicate the reaction, the major

(1) A.Burger and A, C, Schmalz, J. Org. Chem., 19, 1841 (1954).

(2) E. Gipstein, W. A. Hewett, and O. U, Need, J. Polym. Sci., Part 4-1,
8, 3285 (1970).

(8) G.Cauquil and E, Casadevall, Bull, Soc. Chim. Fr., 1061 (1955).

(4) G. Cauquil, E. Casadevall, and R. Greze, 1bid., 500 (1964).

(8) R. Baltzly, M. Harfenist, and F, J, Webb, J. Amer, Chem. Soc., 68,
26873 (19486).

(8) G. Cauquil and A. Casadevall, Bull, So¢. Chim. Fr., 768 (1985).

product found was the 3,7-diacetyl derivative.? With
2.5 mol of acetic anhydride, the yield of 3,7-diacetyl
product was 39%,.3

Acylation of 10-acetylphenothiazine with 1 mol of
B-carbomethoxypropionyl chloride in carbon disulfide
with aluminum chloride gave 58%, of crude 2-acylated
product.’ A 949 yield of the 2-acetyl product was ob-
tained using 1 mol of acetic anhydride,® while the 2,8~
diacetyl derivative was obtained in 529 yield using 4
mol of acetyl chloride.?

Results and Discussion

In this laboratory, it was found that the aluminum
chloride—carbon disulfide system gave rather poor
vields of monosubstituted product in the acylation of
10-methylphenothiazine with g-carbomethoxypropiony!
chloride. The effect of solvent and catalyst on the re-
action was therefore investigated; the results are sum-
marized in Tables I and IT and Chart I

The 3 position of the substituent is assigned by
analogy to related cases’” and the nmr spectra. The
chemical shift of the aromatic protons in 4 (r 2.18, 2.27,
3.14 for a;, a5, and b) agree well with those calculated
for a 3-acyl-, 5-alkylthio-, 6 dialkylamino-substituted
benzene (7 2.19, 2.22, 3.34), using a recent table of
aromatic chemical shifts,® but not for the corresponding
2-acyl derivative (r 2.70, 2.72, 2.77).

Product 5 presumably arises by acylation of a sec-
ond mole of phenothiazine by the monosubstituted
product, leading to the tertiary aleohol which de-
hydrates to 5. Compound 5 gave a single peak in thin

(7) G. A. Olah, Ed., “Friedel-Crafts and Related Reactions,” Vol. III
Part I, Interscience, New York, N. Y., 1964, p 99.

(8) L. M. Jackman and 8. Sternhell, “Applications of Nuclear Magnetic
Resonance in Organic Chemistry,” Pergamon Press, Elmsford, N. Y., 1969,
p 202,
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TasLe I
FriepeL-CraFTs REacTiONs. Yrirnps oF Probucts As A FUNCTION OF
CATALYST, SOLVENT, AND REAcTION CONDITIONS

Mol of Time, Temp, Recovered mol of Yield

catalyst® Solvent hr °C 1 3 4 5 of 3,/
0.1 H,804 c 3.5 70 0.00
0.1 H,80, C8, 3.5 40 0.00
2 AICl, ¢ 3.5 70 <0.05? >0.108 >0,10°
2 AlCL, CS, 3.5 40 <0.05® >0.100 >0.10
0.7 AlCL CHCI; 0.6 64 0.41 0.06 0.21 0.14 10
0.3 AlCl, CHCJ; 1.4 45 0.60 0.08 0.15 0.03 20
0.5 ZnCl, c 1.5 75 0.00 0.16 16
0.5 ZnCl, C8. 4.0 46 0.82 0.07 0.02 0.02 39
2 ZnCl, CS8. 4.0 48 0.71 0.14 0.03 0.02 49
0.4 ZnCl, d 1.0 93 Tars 0
0.4 ZnCl, e 0.5 82 0.44 0.37 0.10 0.03 66
0.4 ZnCl; CHCl; 4.5 63 0.55 0.36 0.02 0.01 80

¢ Based on 1 mol of 1 plus 1 mol of 2.
¢ sym-Dichloroethane.

TasLe I
NumR SpecTRA 0F COMPOUNDS
Compd H Area 7, ppm J, eps
3 ax} 9 2.19 (d) 8.5,2.0
2 2,28 (s)
bis 5 2.60-3.30 (m)
c 3 6.60 (s)
d 2 6.78 (t) 6.0
e 2 7.25 (t) 6.0
f 3 6.29 (s)
4 al} s 2.18 (d) 9.0,2.0
a2 2.27 (s)
b 2 3.14 (d) 8.5
c 3 6.56 (s)
d 4 6.76 (t) 6.0
e 4 7.25 (t) 6.0
f 6 6.28 (s)
5 bi-7 14 2,66-3.42 (m)
c 2 6.71 (s)
4 6.67 (s)
d 1 3.90 (1) 7.5
e 2 6.88 (d) 7.5
f 3 6.30 (s)

e Ortho and meta splitting. » Meta splitting not visible be-

cause of overlap.

layer chromatography; analysis and nmr confirmed the
gross structure assignment and mechanism of formation.
However, the glassy nature of 5 and the presence of two
NCH; peaks in the nmr spectrum which did not coalesce
or move together up to 90° indicate that this product
is not a single compound. The nmr data suggest the
possibility of conformational isomers with a high energy
barrier to rotation, but this is not proven.

Catalysts and Solvents.—Sulfuric acid does not act
as a catalyst for the acylation. With aluminum chlo-
ride the solution became red immediately; this is prob-
ably a reaction of the catalyst with the electron donor,
10-methylphenothiazine, to form an oxidized complex.®
Also, there was much black tar, indicating further side
reactions on the monoacylated and vinyl produects.
Yields improved with lower aluminum chloride levels,
and by use of chloroform instead of earbon disulfide or
nitrobenzene. With AICl;, 4 is produced in better yield
than 3, and in many cases 5 is also present in higher
yield than 3.

(9) Y. Sato, M. Kinoghita, M. Sano, and H. Akamatu, Bull. Chem. Soc,
Jap., 42, 548 (1969).

b Estimated from thin layer chromatography.
7/ Yield of 3 based on 10-methylphenothiazine reacted.

¢ Nitrobenzene. ¢ sym-Tetrachloroethane.
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Zing chloride is insoluble in all the solvents used. In
nitrobenzene or earbon disulfide, black tars formed on
the surface of the catalyst, and the reaction rate is
therefore reduced considerably by blockage of the
surface. The initial product, 3, insoluble in these sol-
vents, remained on the surface of the zinc chloride and
thus was available for further reactions which even-
tually produced tars. In chlorinated solvents, however,
the reaction product, 3, was dissolved from the zinc
chloride surface, and the zinc chloride stayed clean and
active. This also led to a better yield, since the amount
of side reaction was reduced. At 95° (run 10) only tars
were obtained; the reaction proceeded too far. With
ZnCl, catalyst, the relative amounts of products formed
were vastly different from reactions in which AlCl; was
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used. The monoacylated product, 3, predominated.
This indicates that ZnCl, is operating by a somewhat
different mechanism than AlCls. o

In general it seems that aluminum chloride is too
active a complexing agent with 10-methylphenothiazine.
While complexed with 10-methylphenothiazine, alu-
minum chloride probably prevents acylation; therefore
acylation tends to take place on uncomplexed material.
As the monoacylated product is less basic than 10-
methylphenothiazine, it tends to be uncomplexed and
is therefore preferentially acylated. This leads to
multiple acylations and correspondingly poor yields
of monoacylated product. Also, complexed 3 can
acylate starting material to produce 5 and is removed by
that path as well. In the case of 10-acylphenothiazine,
the acyl group reduced the electron-donating proper-
ties of the phenothiazine and therefore reduces the
strength of the complex with aluminum chloride. This
can account for the better acylation yields for this com-~
pound reported in the literature.

Acylation apparently takes place on the surface of
the insoluble zine chloride. However, solvents such as
chloroform can remove the acylated product and reduce
secondary reactions. Another factor in favor of zinc
chloride is that it is too weak a Lewis acid to complex
irreversibly with the products. While this lowers re-
action rates, they now tend to be related to the re-
activity of the starting materials. Since the acid chlo-
ride and 10-methylphenothiazine are the most reactive
materials present, formation of 3 is favored.

Experimental Section

10-Methylphenothiazine.—A method was used which is more
convenient but similar in principle to those methods in the litera-
ture.1' 1In this case, the strong base for removing the N proton
from phenothiazine was made and used immediately in the same
reaction vessel. Sodium (23 g, 1 g-atom) was added slowly in
small pieces to 500 ml of dimethyl sulfoxide!?!? under nitrogen
with cooling to below 40° and stirring. After all of the metal had
reacted, 100 g (0.5 mol) of phenothiazine was added slowly to
maintain a temperature of 40°, Methyl iodide (142 g, 1 mol)
was then added dropwise at 40°. The product was precipitated
in water, filtered, and dried. The crude material, 107 g, was
then chromatographed on a 1 X 30 in. silica gel column. The
material eluted with benzene was recrystallized twice from
ethanol-acetone (4:1), yield 91 g (869%), mp 97-100° (lit.** mp
99.5°).

Typical Procedure for Friedel-Crafts Reaction.—Chloroform
was washed with water, and then dried over anhydrous calcium
sulfate. Dry chloroform (700 ml), 85 g (0.4 mol) of 10-methyl-
phenothiazine, and 60 g (0.4 mol) of B-carbomethoxypropionyl
chloride!¢ were mixed. Anhydrous zinc chloride (22 g, 0.16 mol)
was added and the flask was heated to reflux at 63° with stirring
for 4.5 hr. Formation of products was followed by thin layer
chromatography in order to optimize the amount of monoacylated
product. The reaction was quenched by cooling and addition
of ice. After washing with water, the chloroform solution was
evaporated. The products were dissolved in a minimum amount
of benzene and chromatographed on a 1 X 28 in. silica gel
column. Elution solvents were first benzene, then chloroform,
then ethyl acetate. The eluted solvent was divided into 100-ml
portions, which were evaporated separately. Separation of com-
pounds was checked by tle, and fractions containing two com-
ponents were rechromatographed.

Unreacted 10-methylphenothiazine was eluted in the first
300 ml of benzene. There was a slight overlap with compound 5.

(10) H. Gilman, R. D. Nelson, and J. F, Champaigne, Jr., J. Amer. Chem.
Soc., T4, 4205 (1952).

(11) A. Ledwith and N. McFarlane, Proc. Chem. Soc., 108 (1964).

(12) D.E. O’Connor and W. I. Lyness, J. Org. Chem., 80, 1620 (1965).

(13) H. Gilman and R. D. Nelson, J. Amer. Chem. Soc., T8, 5422 (1952).

(14) G. M. Robinson and R. Robinson, J. Chem. Soc., 127, 180 (1925).
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After rechromatographing, recovered 1 weighed 47 g (0.218
mol). ‘

Methyl 4,4-Bis(10-methyl-3-phenothiazinyl)butene-3-oate (5)
(Probable Assignment).—Compound 5 was eluted with benzene
in the 300-1000-ml fractions. The fractions which overlapped
with 1 were rechromatographed on silica gel with benzene. In
drying, an amorphous, glassy solid, 5, was obtained which had a
single peak in tle, weight 2.18 g (0.0042 mol).

Anal. Caled for CaHN2S:0y: C, 71.4; H, 4.97; N, 5.36.
Found: C,71.36; H, 5.00; N, 5.56.

Methyl 4-(10-Methyl-3-phenothiazinyl )-4-oxobutanoate (3).—
Elution of the column with 800 ml of 50:50 chloroform-benzene
and 500 ml of CHCI; and solvent evaporation then produced 3,
crude yield 47 g (0.145 mol). 3 was first recrystalllzed from
cyclohexane-benzene (2:1) ‘and then from methanol-acetone
(2:1), mp 113-116° (half width on a Du Pont 900 DTA at 20°/
min).

Anal. Caled for CisHi:SNO;: C, 66.1; H, 5.20; N, 4.28.
Found: C,66.07; H, 5.21; N,4.41.

Dimethyl 4,4'-(10-Methyl-3,7-phenothiazinylene)di(4-oxobu-
tanoate) (4).—Further elution of the column with 800 ml of chloro-
form eluted a yellow band of 4 in substantially pure form. It
was recrystallized from 50:50 methanol-acetone, weight 2.36 g
(0.0054 mol), mp 142-145°,

Anal. Caled for CsHuNOsS: C, 62.6; H, 5.21; N, 3.17.
Found: C,62.46; H, 5.22; N, 3.24.

Registry No.—1, 1207-72-3; 3, 33214-29-8: 4,
33214-30-1; 5, 33214-31-2; AICl;, 7446-70-0; ZnCl,
7646-85-7.
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Ring opening of oxazoles with nucleophilic reagents
such as ammonia,!~* hydroxide,® and 2,4-dinitrophenyl-
hydrazine® has been reported. We now wish to re-
port the facile ring opening and subsequent recycliza-
tion of 4- and 5-acetyloxazoles with the nucleophile,
malononitrile, in the presence of a base.

When 4-acetyl-2,5-dimethyloxazole’ (1, R = CHj)
is allowed to react with 1 mol of malononitrile in the
presence of potassium acetate, a small yield of the ex-
pected dicyanovinyl condensation product (2, R = CHjy)
can be isolated. However, when 1 or 2 mol of malono-
nitrile reacts with the acetyloxazole in the presence of
sodium hydroxide, 2 is not obtained, but a different,

(1) 8. Minovici, Chem. Ber., 29, 2097 (1896).

(2) G. Theilig, 1bid., 88, 96 (1953).

(3) J. W, Cornforth and H, T, Huang, J. Chem. Soc., 1960 (1948),

(4) A.Dornow and H, Hell, Chem. Ber., 98, 1998 (1980).

(8) J. W. Cornforth, et al., J. Chem. Soc., 1549 (1949).

(6) M. Ionescu and C. Makkay, Stud. Univ. Babes-Bolyai, Ser. Chem., 121
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(7) A.Treibs and W, Sutter, Chem. Ber., 84, 96 (1951).



