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Studies on Benzothiazoline Derivatives. IIL.D Reactions of
2,2-Disubstituted Benzothiazolines with Haloacyl
Halides or Acid Anhydrides?
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A new ring transformation of benzothiazolines to 3-ox0-2,3-dihydro-4H-1,4-benzo-
thiazines or benzothiazoles was found in the reactions of 2,2-disubstituted benzothiazolines
(3-—5) with haloacyl halides. N,S-Bis(haloacyl) o-aminobenzenethiols were key inter-
mediates of the reactions. In the case of benzothiazoline (1) and 2-methylbenzothiazoline
(2), N-acylated products were obtained.

Reactions with acid chlorides or acid anhydrides gave the N-acylated compounds in
good yields.

Keywords benzothiazoline; 2,3-dihydro-4H-1,4-benzothiazine; haloacyl halide;
N,S-bis(haloacyl) o-aminobenzenethiol; ring transformation; benzothiazole; acid anhy-
dride; N-acylation

Previous papers from this laboratory have described the synthesis of benzothiazolines
by the reaction of benzothiazolium salts with LiAlH, or Grignard reagents, together with
their pharmacological activity,” and the mechanism of the oxidative ring-opening reaction
in the course of their synthesis.®)

Ring transformation of thiazolium salts has been reported by some research groups.®
Takamizawa et al. reported the ring expansion of benzothiazolium salts to 3-oxo-2,3-dihydro-
4H-1,4-benzothiazines by the use of diethyl acylphosphonate,®® but the mechanism of the
reaction was entirely different from that of the reactions described in the present paper. In
this paper we report a new ring transformation of benzothiazolines to benzothiazines or
benzothiazoles, found in the reaction of 2,2-disubstituted benzothiazolines with haloacyl
halides or acid anhydrides.

The reactions of benzothiazolines and chloroacetyl chloride are shown in Chart 1.

Benzothiazoline (1) and 2-methylbenzothiazoline (2) formed N-chloroacetylated products
6 (96%) and 7 (499,), respectively. In contrast, 2,2-dimethylbenzothiazoline (3) yielded ring-
expanded products, 3-oxo-2,3-dihydro-4H-1,4-benzothiazines 9 (119) and 10 (99), and
2-chloromethylbenzothiazole (11, 47%) along with 8 (17%,). The reaction of 2-methyl-2-
phenylbenzothiazoline (4) gave 10 (36%), 11 (25%,) and acetophenone (12, 58%,). Under
the same conditions, 2,2,3-trimethylbenzothiazoline (5) afforded only the ring-expanded
product 13 (57%). Results obtained from the reaction of compounds 1, 3 and 4 with chloro-
acetyl chloride are summarized in Table I.

These results show that the bulkier the substituents at the C, position of compounds
1—5, the more easily the benzothiazoline ring is opened.

1) Part II: M. Hori, T. Kataoka, H. Shimizu, Y. Imai, and H. Fujimura, Yakugaku Zasshi, 98, 1019 (1978).
"2) A part of this work has been published in preliminary form; M. Hori, T. Kataoka, H. Shimizu, and Y.
Imai, Hetevocycles, 9, 1413 (1978).

3) Location: 5-6-1 Mitahova-Higashi, Gifv. 502, Japan.

4) M. Hori, T. Kataoka, H. Shimizu, Y. Imai, and H. Fujimura, Yakugaku Zasshi, 95, 634 (1975).

5) @) W. Friedrich, F. Kroehnke, and P. Schiller, Chem. Ber., 98, 3804 (1965); &) D.J. Adam and M.
Wharmby, Tetrahedvon Lett.; 1969, 3063; ¢) A. Takamizawa, H. Sato, and Y. Sato, Chem. Pharm. Bull.
(Tokyo), 20, 892 (1972); d) H. Koga, M. Hirobe, and T. Okamoto, ibid., 22, 482 (1974); ¢) Y. Tamura,
H. Hayashi, and M. Ikeda, Synthesis, 1974, 126.
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TaBrLe I. Product Distribution in the Reaction of Benzothiazolines
with Chloroacetyl Chloride
Products and product ratio®
Compounds Molar ratlo of benzothiazoline to CICH,COCl
2:1- » 1:1.5 1:5
1 1(1), 6(1) 6 6
3 3(10.6), 8(1), 11(6.7) 3(9.7), 8(1), 11(6.5) 3(0.2), 8(1), 10(0.94),» 11(2.4)
4 4(1.76), 11(1) 10(0.65), 11(1) 10(2.6), 11(1)

a) The product distribution was measured by NMR spectroscopy.

b) Although the reaction of 8 afforded 9, as depicted in Chart 1, 9 was not detected as a product here.
The difference between two reactions is due to the treatment of the product by TLC on silica gel
followed by exposure to iodine. Treatment of an authentic sample of 10 on silica gel TLC plates
with iodine caused dechloroacetylation to give 9 quantitatively.

We next investigated the reactions of 3 with various haloacyl halides; the results are
shown in Chart 2 and Table II. A solution of 3 in ether or benzene was allowed to react with
an excess of haloacyl halides (3—>5 mol) in the presence of a base and then treated with aq.
NaHCO,. On treatment with «- or f-bromoacyl chloride, 3 yielded a ring expansion product
such as 14, 15 or 16. On the other hand, the reaction with trichloroacetyl chloride afforded
2-trichloromethylbenzothiazole (20) in 969%, yield, and the reaction with ethyl chloroformate
gave 3-ethoxycarbonyl-2,2-dimethylbenzothiazoline (17) together with the disulfide 21.
Moreover, in the case of acetyl or propionyl chloride 3 produced only the N-acylated benzo-
thiazoline 18 or 19.
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Tasre II. Products of the Reaction of 3 with Acyl Halides
Reagents Products (% yield)
Br
|
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BrCH,CH,COCI 16(16)
C1,CCOCl 20 (96)
CICO,C,H 17(55), 21(34)
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CH,CH,COCI 19(62), 3(22)
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The results obtained from the reactions in Chart 2 show that haloacyl halides cause the
ring transformation of benzothiazolines to benzothiazines or benzothiazoles.

To obtain mechanistic information on this ring transformation the following reactions
were examined further.

When the reaction mixture was worked up without aq. NaHCO,, N,S-bis(chloroacyl)
o-aminobenzenethiol, 22 (649,) or 24 (769,) was obtained from the reaction of 3 or 4 with
chloroacyl chlorides, respectively. Compound 22 was identical with an authentic sample
synthesized from o-aminobenzenethiol and chloroacetyl chloride. Treatment of 22 with aq.
NaHCOj resulted in the formation of 10 (249;) and 11 (729%,). The nuclear magnetic resonance
(NMR) spectrum of the reaction mixture of 3 and chloroacetyl chloride (5 mol) in CDCl,
showed peaks at ¢ 2.43 (3H, s, =—CH,), 2.94 (3H, s, =—CHj,), 4.43 (2H, s, CH,) of S-(2-iso-
propylideneaminophenyl)thiochloroacetate (25) hydrochloride, and these peaks disappeared
on addition of aq. NaHCO,. In contrast, the reaction of 3 and trichloroacetyl chloride gave
the enaminoketone 23 (1569,) which was hydrolyzed quantitatively to 2-trichloromethyl-
benzothiazole (20) on standing.

On the basis of the results described above, we propose that the mechanism of the reaction
of 2,2-dimethylbenzothiazoline (3) and chloroacetyl chloride, as an example of the reaction
of benzothiazoline and haloacyl chloride, is as shown in Chart 4.

Compound 8 was inert to acyl halide. Consequently it is not associated with the ring
transformation.

Tautomerism between benzothiazolines and Schiff’s bases has been discussed in several
reports. Goetz has reported that 2-acylbenzothiazolines behave as the closed ring tautomer
under the conditions of infrared (IR) and ultraviolet (UV) measurement in the solid state
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or in solution, but they were easily ring-opened by reaction with potassium #-butoxide.®
On the other hand, Braithwaite ef a/. and Uhlemann ¢f al. found that benzothiazolines were
ring-opened to Schiff’s bases in their reactions with metallic salts.” Tautomerization of 3
yields the Schiff’s base 26, which is acylated to 25 by chloroacetyl chloride. Acylation and
hydrolysis of 258 yields 22, which yields 27 by S—N acyl migration in competition with the
hydrolysis of the thiol ester to 28.9 Compound 27 cyclizes to 10, which is acylated to 9 during
thin-layer chromatography (TLC) on silica gel and successive exposure to iodine. On the
other hand, cyclization of 28 yields 11.

A mechanistic interpretation of the reaction of 3 with trichloroacetyl chloride is also
shown in Chart 4. The initial intermediate 29 isomerizes to the enamine 30, which is further
acylated 23. The enaminoketone 23 decomposes to 20 on standing. This reaction did not
yield benzothiazine derivatives, but the benzothiazole derivative 20.
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Anticipating ring transformation, we also investigated the reaction of 3 or 4 with acid
anhydrides as shown in Chart 5. The acylated products 18 (939%,) and 31 (81.8%,) were
obtained by the reaction of 3 and 4 with acetic anhydride, respectively. However, the
reaction with chloroacetic anhydride gave 11 (94.19,) and 2-phenylbenzothiazole (32, 43.79,).
Compound 22 was thought to be an intermediate of the reaction of 3 and chloroacetic
anhydride. In fact, when 22 was refluxed in toluene for 4 hr, it was transformed into 11 in
a yield of 87%,. Heating of 4 with chloroacetic anhydride resulted in the formation of 32

with elimination of methane.l®
Experimental

Melting points were measured on a Yanagimoto micromelting point apparatus and are uncorrected.
Infrared (IR) spectra were determined on a JASCO IRA-1 machine. Nuclear magnetic resonance (NMR)
spectra were determined on a Hitachi R-20B spectrometer; chemical shifts are given in parts per million

6) F.J. Goetz, J. Heterocycl. Chem, 5, 509 (1968).
7) A.C. Braithwaite, C.E.F. Rickard, and T.N. Waters, Tvansition Met. Chem. (Weinheim, Ger.), 1,5 (1975)
[C.4., 84, 1153424 (1976).]; E. Uhlemann and V. Pohl, Z. Anorg. Allg. Chem., 397, 162 (1973) [C.4., 78,

1432759 (1973)].

8) Hydrolysis may be caused by traces of water in dry ether, (F. Chioccara, G. Prota, R.A. Nicolaus, and
E. Novellino, Synthesis, 1977, 876.)

9) A.J. Collings and K.J. Morgan, Tetrahedron, 20, 2167 (1964).

10) R.C. Elderfield and E.C. McClenachan, J. Am. Chem. Soc., 82, 1982 (1960).

NII-Electronic Library Service



1978 Vol, 27 (1979)

relative to tetramethylsilane as an internal standard. Mass spectra (MS) were taken on a Hitachi RMU-6E
spectrometer at an ioning voltage of 70 eV.

Reaction of Benzothiazoline (1) with Chloroacetyl Chloride Chloroacetyl chloride (6.746 g, 60 mmol)
in dry ether was added to a suspension of 19 (1.637 g, 12 mmol) and K,CO; (12.358 g, 90 mmol) in dry ether
and the mixture was stirred for 24 hr at room temperature then filtered. The filtrate was washed with aq.
NaHCO,, dried and evaporated down. The residue was recrystallized from hexane to give 3-chloroacetyl-
benzothiazoline (6) (2.454 g, 969%,) as colorless prisms, mp 118—120°.  A#nal. Caled. for C,H,CINOS: C, 50.58;
H, 3.78; N, 6.56. Found: C, 50.56; H, 3.75; N, 6.75. IR »X%cm~!: 1660 (CO). NMR (CDCly) d: 4.26
(2H, s, COCH,CI), 5.35 (2H, s, S-CH,-N), 6.70—7.70 (3H, m, ArH), 7.70—38.30 (1H, m, ArH).

Reaction of 2-Methylbenzothiazoline (2) with Chloroacetyl Chloride——Chloroacetyl chloride (2.732 g, 25
mmol) in dry ether was added to a suspension of 2! (0.731 g, 5 mmol) and K,CO; (5 g, 36 mmol) in dry ether.
The mixture was stirred for 17 hr at room temperature and filtered. The filtrate was washed with aq. Na-
HCO,, dried and evaporated down. 2-Chloromethylbenzothiazole (11) and 4-chloroacetyl-3-oxo-2,3-dihydro-
4H-1,4-benzothiazine (10) were not present in the residue as determined from the NMR spectrum. The
residue was chromatographed on silica gel using benzene as an eluent to give 3-chloroacetyl-2-methylbenzo-
thiazoline (7). This was recrystallized from ether—pet. ether as colorless needles (0.54 g, 49%), mp 79—81°.
Anal. Caled. for C;oH,,CINOS: C, 52.74; H, 4.43; N, 6.15. Found:C, 53.01; H, 4.46; N, 6.21. IR v} cm~1:
1680 (CO). NMR (CDCly) d: 1.61 (3H, d, J=7.5 Hz, CH,), 4.26 (2H, AB q, Jas=12.5 Hz, Avap=6.3 Hz),
5.95 (1H, broad q, J=7.5 Hz, C,-H), 6.90—7.90 (4H, m, ArH).

Reaction of 2,2-Dimethylbenzothiazoline (3) with Chloroacetyl Chloride A mixture of 319 (0.825 g,
5 mmol), K,CO, (3.45 g, 25 mmol) and chloroacetyl chloride (2.825 g, 25 mmol) in dry ether was stirred for
8 hr at room temperature. After removal of the inorganic material the filtrate was washed with aq. NaHCO,,
dried and evaporated down. A mixture of EtOH-pet. ether was added to the residue and the crystals formed
were collected by filtration. Recrystallization from EtOH-hexane gave 4-chloroacetyl-3-o0xo-2,3-dihydro-
4H-1,4-benzothiazine (10) (0.113 g, 9%) as colorless needles, mp 112—113°.  Anal. Caled. for C; HCINO,S:
C, 49.69; H, 3.34; N, 5.80. Found: C, 49.44; H, 3.40; N, 5.59. IR »3i} cm~': 1690 (CO). NMR (CDCl;)
8: 3.48 (2H, s, S-CH,CO), 4.85 (2H, s, COCH,CI), 7.00—7.65 (4H, m, ArH). This sample was identified by
comparison of its IR and NMR spectra with those of an authentic sample synthesized from 9 and chloroacetyl
chloride and by mixed melting point determination. An oily residue from the filtrate of a mixture of EtOH-
pet. ether was separated by preparative TLC on silica gel developing with benzene into 3 products, 3-chloro-
2,2-dimethylbenzothiazoline (8) (0.201 g, 17%), 2-chloromethylbenzothiazole (11) (0.436 g, 47%) and 3-oxo-
2,3-dihydro-4H-1,4-benzothiazine (9) (0.093 g, 11%). Compound 8 was recrystallized from EtOH as colorless
prisms, mp 104—106°. Awnal. Calcd. for C;;H;,CINOS: C, 54.65; H, 5.00; N, 5.79. Found: C, 54.64; H,
5.09; N, 5.85. IR%XE: cm~: 1660 (CO). NMR (CDCly) 0:1.95 (6H, s, C(CHj)s), 4.29 (2H, s, CH,), 7.05—7.35
(4H, m, ArH). Compound 11 was a colorless oil, bp 118—120° (1.15 mmHg). NMR (CDCly) 0: 4.92 (2H, s,
CH,), 7.20—7.70 (2H, m, ArH), 7.70—8.25 (2H, m, ArH). The sample was identical with an authentic
sample!® with regard to the IR and NMR spectra. Compound 9 was recrystallized from EtOH as colorless
needles, mp 183—184°. Anal. Calcd. for CgH,NOS: C, 58.18; H, 4.27; N, 8.48. Found: C, 58.09; H, 4.14;
N, 8.39. IR »X8 cm-': 3300 (NH), 1650 (CO). NMR (CF;CO,H) 6: 3.63 (2H, s, CH,), 6.90—7.60 (4H, m,
ArH), 9.95 (1H, broad s, NH). The sample was identical with an authentic sample!® on the basis of IR
and NMR spectra and mixed melting point determination.

4-Chloroacetyl-3-0x0-2,3-dihydro-4H-1,4-benzothiazine (10)——Sodium metal (0.345 g, 15 mmol) was
added to a solution of 9 (1.65 g, 10 mmol) in dry xylene and the mixture was heated for 3 hr. A solution of
chloroacetyl chloride (1.695 g, 15 mmol) in dry xylene was added in the cold, and the mixture was stirred for
9 hr at room temperature. Aq. NaHCO,; was added and the organic layer was separated. The aqueous
layer was extracted with ether. The extract was combined with the organic layer, which was then dried and
evaporated down. Crystals obtained were recrystallized from EtOH-hexane to give colorless neecles (0.995
g, 41%), mp 112—1138°.  Amnal. Calcd. for C(H CINO,S: C, 49.69; H, 3.34; N, 5.80. Found: C, 49.61; H,
3.30; N, 5.75. IR »X3 cm~': 1690 (CO). NMR (CDCly) o: 3.48 (2H, s, COCH,S), 4.85 (2H, s, COCH,CI),
7.00—7.65 (4H, m, ArH).

Dechloroacetylation of 10 to 9 by Chromatography on Silica Gel A solution of 10 (0.100 g) in CHCI,
was subjected to preparative TLC on silica gel (Wakogel B2-10), developing with benzene, and the TLC plates
were exposed to iodine for 10 min. The product was extracted with CHCl,; and identified as 3-oxo0-2,3-
dihydro-4H-1,4-benzothiazine (9) (6.065 g, 95.5%). Compound 10 was also decomposed by column chromato-
graphy on silica gel {Wakogel C-200).

Reaction of 2-Methyl-2-phenylbenzothiazoline (4) with Chloroacetyl Chloride K,CO; (10.35g, 75
mmol) and an ethereal solution of chloroacetyl chloride (5.65 g, 50 mmol) were added to an ethereal solution

11) M. Claasz, Chem. Ber., 45, 1015 (1912).

12) H.Larive, A.J. Chambonnet, and J. Metzger, Bull. Soc. Chim. France, 1963, 1675 [C.4., 60, 2735b (1964)].
13) V.M. Zubarovskii, Zhur. Obshchei Khim., 26, 797 (1956) [C.4., 50, 14713¢ (1956)]1.

14) a) O. Unger, Chem. Fer., 30, 607 (1897); ©b) J. Krapcho, Ger. Offen., 1910302 [C.4.,72,21702g (1970)].
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of 419 (2.27 g, 10 mmol). After stirring for 24 hr at room temperature, the reaction mixture was filtered
and the filtrate was treated with aq. NaHCO, for 1 hr. The organic layer was separated, dried and evaporated
down. The NMR spectrum of the residue indicated the presence of 10, 11 and acetophenone (12). The
residue was treated with EtOH-pet. ether to give crystals of 10 (0.88 g, 36%). The filtrate was evaporated
to dryness and separated by preparative TLC on silica gel using benzene to give 11 (0.451 g, 25%) and 12
(0.697 g, 58%). These 3 products were identical with authentic samples as regards IR and NMR spectra.

Reaction of 2,2,3-Trimethylbenzothiazoline (5) with Chloroacetyl Chloride——Chloroacetyl chloride (3 g,
25 mmol) in dry ether was added to a suspension of 5% (0.895 g, 5 mmol) and K,CO, (5 g, 37.5 mmol) in dry
ether and the mixture was refluxed for 4 hr with stirring. The cooled mixture was filtered and the filtrate
was dried and evaporated down. The residue was purified by column chromatography on silica gel using
ether—pet. ether (1: 1) as an eluent and recrystallized from EtOH-hexane to give 4-methyl-3-ox0-2,3-dihydro-
4H-1,4-benzothiazine (13) (0.51 g, 57%) as colorless prisms, mp 53—54°. Anal. Caled. for CHGNOS: C,
60.31; H, 5.06; N, 7.82. Found: C, 60.13; H, 5.02; N, 8.12. IR »X2% cm~1: 1670 (CO). NMR (CDCl;) é:
3.37 (2H, s, C,-H), 3.42 (3H, s, N-CHy,), 6.86—7.52 (4H, m, ArH).

NMR Measurement of the Products from Reactions of Benzothiazolines (1, 3 and 4) with Chloroacetyl
Chloride A solution of chloroacetyl chloride in dry ether was added to a suspension of benzothiazoline
and K,CO, (5 eq.) in dry ether. The resulting mixture was stirred for 18 hr at room temperature and excess
K,CO, was filtered off. The filtrate was washed with aq. NaHCO,, dried and evaporated down. The residue
was dissolved in CDCl, and subjected to NMR measurement. Peaks used for the measurement were (CDCl;)
8:1:4.83 (CH,); 3: 1.72 (C(CH,),); 4: 2.02 (CH,); 6: 4.24 (COCH,CI), 5.32 (NCH,S); 8: 1.95 (C(CH,),), 4.29
(COCH,C); 10: 3.43 (SCH,CO), 4.85 (COCH,Cl); 11: 4.93 (CH,Cl). The results are listed in Table T.

Reaction of 3 with g-Bromopropionyl Chloride A solution of a-bromopropionyl chloride (5.145 g, 30
mmol) in dry acetone was added to a mixture of 3 (1.65 g, 10 mmol) and Et;N (4.545 g, 45 mmol) in dry
acetone. The mixture was stirred for 8 hr at room temperature. The precipitate was filtered off and the
filtrate was concentrated under reduced pressure. The residue was dissolved in CH,Cl, and aq. NaHCO; was
added. The resulting mixture was stirred for 1 hr at room temperature. The organic layer was separated,
dried and evaporated down. The residue was separated by preparative TLC on silica gel using ether-pet.
ether (1:6) as an eluent. 2-Methyl-2-0x0-2,3-dihydro-4H-1,4-benzothiazine (14) was obtained as colorless
needles (0.394 g, 22%), mp 132—133° by recrystallizatior from pet. ether. Amnal. Caled. for C,HNOS:
C,60.33; H,5.06; N, 7.82. Found:C, 60.54; H, 5.11; N, 7.80. IR »E: cm~1: 3300 (NHj, 1660 (CO). NMR
(CDCL,) 6: 1.49 (3H, d, J=7.0 Hz, C;~CH,), 3.57 (2H, q, [==7.0 Hz, C,- H), 6.80—7.50 (4H, m, ArH), 9.95
(1H, broad s, NH).

Reaction of 3 with a-Bromohexanoyl Chloride An ethereal solution of «-bromohexanoyl chloride (6.405
g, 30 mmol) was added to a suspension of 3 (1.65 g, 10 mmol) and K,CO, (6.21 g, 45 mmol) in dry ether and
the mixture was refluxed for 8 hr. The inorganic material was filtered off and aq. NaHCO; was added to the
solution. The mixture was stirred for 1 hr at room temperature. The ether layer was separated, dried and
evaporated down. Chromatography on silica gel developing with ether—pet. ether (1: 1) gave 2-n-butyl-3-
0x0-2,3-dihydro-4H-1,4-benzothiazine (15) as colorless needles (0.399 g, 18%), mp 96—97° by recrystalliza-
tion from pet. ether. Aual. Caled. for C,H,;NOS: C, 65.14; H, 6.83; N, 6.33. Found: C, 65.02; H, 6.86;
N, 6.07. IR »XEr cm~1: 3300 (NH), 1650 (CO). NMR (CDCl) 6: 0.60—2.40 (9H, m, (CH,),CH,), 3.20—3.65
(1H, m, C,-H), 6.70—7.55 (4H, m, ArH), 10.05 (1H, broad s, NH).

Reaction of 3 with g-Bromopropionyl Chloride——A mixture of 3 (1.65 g, 10 mmol), f-bromopropionyl
chloride (8.575 g, 50 mmol) and K,CO; (9.7 g, 70 mmol) in dry ether was stirred for 24 hr at room temperature.
After removal of the inorganic material the filtrate was treated with aq. NaHCOj, for 1 hr at room temperature.
The organic layer was separated, dried and evaporated down. The residue was purified by column chromato-
graphy on silica gel developing with benzene. 4-Oxo0-2,3-dihydro-5H-1,5-benzothiazepine (16) obtained
was identical with an authentic sample!® by comparison of their IR and NMR spectra and mixed melting
point determination.

Reaction of 3 with Ethyl Chloroformate——X,CO, (3.5 g, 25 mmol) and then an ethereal solution of
ethyl chloroformate (2.713 g, 25 mmol) was added to an cthereal solution of 3 (0.825 g, 5 mmol). The
mixture was allowed to react for 6 hr at room temperature, but the reaction scarcely proceeded. It was then
refluxed for 3 hr, but the reaction proceeded only to the extent of about 7.59,. Therefore, an excess of
Et,N was added to the mixture. The resulting reaction mixture was refluxed for 6 hr at room temperature
and then filtered. The filtrate was concentrated under reduced pressure and the residue was dissolved in
CHCl;. The CHCI, solution was stirred with aq. NaHCOj, for 0.5 hr, separated, dried and evaporated down.
The residue was chromatographed on silica gel using benzene to give 3-ethoxycarbonyl-2,2-dimethylbenzo-
thiazoline (17) (0.65 g, 55%) and o-(N-ethoxycarbonylamino)phenyl disulfide (21) (0.335 g, 34%). Compound
17 was a colorless oil, bp 118—120° (2 mmHg). Anal. Calcd. for C;,H;;NO,S: C, 60.73; H, 6.37; N, 5.90.
Found: C, 61.15; H, 6.52; N, 5.66. IR X% cm-1: 1710 (CO). NMR (CDCl,) 6: 1.39 (3H, t, /=7 Hz, CH,-

15) A.I. Kiprianov and V.A. Portnyagina, Zhur. Obshchei Kkim., 25, 2257 (1955) [C.4., 50, 9378F (1956)].
16) W.H. Mills and J.B. Whitworth, J. Chem. Soc., 126, 2738 (1927).
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CH,), 1.94 (6H, s, C(CH,),), 4.29 (2H, q, J=7 Hz, CH,CH,;), 6.75—7.15 (3H, m, ArH), 7.50—7.80 (1H, m,
ArH). Compound 21 was recrystallized from pet. ether as colorless needles, mp 95—96°. Anal. Caled. for
C1eHpoN,0,S,: C, 55.08; H, 5.14; N, 7.14. Found: C, 55.04; H, 5.15; N, 7.11. IR »%2i cm—': 3360 (NH),
1740, 1700 (CO). NMR (CDCly) 6: 1.30 (3H, t, =17 Hz, CHj;), 4.19 (2H, q, J=7 Hz, CH,), 6.75—7.15 (1H,
m, ArH), 7.20—7.80 (3H, m, ArH), 8.10—8.36 (2H, m, ArH). MS m/e: 392 (M), 151 (100).

Reaction of 3 with Acetyl Chloride——Acetyl chloride (1.57 g, 20 mmol) in dry ether was added to a
suspension of 3 (1.65 g, 10 mmol) and K,CO, (4.2 g, 30 mmol) in dry ether. The mixture was refluxed for
24 hr, cooled and filtered. The filtrate was washed with aq. NaHCO,, dried and evaporated down. - The
residue was distilled n vacuo to give 3-acetyl-2,2-dimethylbenzothiazoline (18) as a colorless oil (1.98 g, 96%),
bp 118—120° (1 mmHg), which solidified and was recrystallized from pet. ether as colorless prisms, mp 49—
51°.  Amnal. Calcd. for C,;H,,NOS: C, 63.73; H, 6.31; N, 6.74. Found: C, 63.57; H, 6.13; N, 6.56. IR X2
cm~t: 1670 (CO). NMR (CDCly) §: 1.95 (6H, s, C(CHy,),), 2.37 (8H, s, COCH,), 6.95—7.30 (4H, m, ArH).

Reaction of 3 with Propionyl Chloride Propionyl chloride (4.7 g, 50 mmol) in dry ether was added
dropwise to an ice-cold suspension of 3 (1.65 g, 10 mmol) and K,CO, (11 g, 75 mmol) in dry ether. The
resulting mixture was refluxed for 12 hr and filtered. The precipitate was washed with dry acetone. The
filtrate and the washings were combined and concentrated under reduced pressure. The residue was dissolved
in dry ether and the insoluble solid was collected by filtration. It was recrystallized from a mixture of dry
acetone and dry ether to afford 2,2-dimethylbenzothiazoline hydrochloride (0.441 g, 229%,) as colorless needles,
mp 137° (dec.). IR yE5% cm~!: 3000—2200 (NH,+). NMR (CDCly) 6: 2.05 (6H, s, C(CH,),), 7.00—7.40 (3H,
m, ArH), 7.40—7.70 (1H, m, ArH), 9.83 (2H, broad s, NH,*). It was hydrolyzed very easily by water to
form acetone. The filtrate was concentrated and distilled i% vacuo to give 2,2-dimethyl-3-propionylbenzo-
thiazoline (19) (1.365 g, 62%,) as a colorless oil, bp 104—106° (0.8 mmHg). The oil solidified on standing
and melted at 30—31°. Awnal. Calcd. for C,,H,;NOS: C, 65.12; H, 6.83; N, 6.33. Found: C, 65.23; H, 6.76;
N, 6.25. IR»E}N cm~1:1670 (CO). NMR (CDCl,) d: 1.24 (3H, t, J=7.5 Hz, CH,CH,), 1.95 (6H, s, C{CH,),)
2.65 (2H, q, /=17.5 Hz, CH,CHy), 6.95—7.30 (4H, m, ArH).

Reaction of 3 with Trichloroacetyl Chloride——K,CO; (4.14 g, 30 mmol) and then trichloroacetyl chloride
(2.73 g, 15 mmol) were added to a solution of 3 (0.825 g, 5 mmol) in dry benzene. The mixture was refluxed
for 8 hr, cooled and filtered. The filtrate was stirred with aq. NaHCO, for 0.5 hr, separated, dried and evap-
orated down. The residue was chromatographed on silica gel, developing with benzene-hexane (1:2), to
give 2-trichloromethylbenzothiazole (20). Compound 20 was distilled 4% vacuo as a colorless oil, bp 133—135°
(1 mmHg) (1.208 g, 96%,). Anal. Caled. for CgH,CI,NS: C, 38.04; H, 1.60; N, 5.55. TFound: C, 38.33; H,
1.60; N, 5.96. NMR (CCl,) ¢: 7.25—7.80 (2H, m, ArH), 7.80—8.30 (2H, m, ArH).

Reaction of 3 with Chlroacetyl Chloride without ag. NaHCO, Treatment——Chloroacetyl chloride (5.5 g,
50 mmol) was added to a suspension of 3 (1.65 g, 10 mmol) and K,CO, (9 g, 65 mmol) in dry ether. The
resulting mixture was stirred for 8 hr at room temperature and then for 0.5 hr under reflux. The cooled
mixture was filtered and the filtrate was concentrated to dryness. The residual solid was recrystallized from
EtOH-hexane to give N,S-bis(chloroacetyl) o-aminobenzenethiol (22) (1.782 g, 649%) as colorless prisms,
mp 80—81°. Anal. Calcd. for C;(H,CI,NO,S: C, 43.18; H, 3.26; N, 5.04. Found: C, 43.26; H, 3.25; N, 5.02.
IR vi5% em~1: 3300 (NH), 1690 (CO). NMR (CDCly) d:4.18 (2H, s, CH,), 4.30 (2H, s, CH,), 7.00—7.75 (3H, m,
ArH), 8.20—8.50 (1H, m, ArH), 8.85 (1H, broad s, NH).

N,S-Bis(chloroacetyl) 9-Aminobenzenethiol (22) K,CO, (9 g, 65 mmol) and then chloroacetyl chloride
(6.6 g, 50 mmol) were added to a solution of o-aminobenzenethiol (1.25 g, 10 mmol) in dry ether. After
stirring for 15 hr at room temperature the mixture was filtered to remove the inorganic materials and the
filtrate was concentrated under reduced pressure. The residue was recrystallized from EtOH-hexane to
give colorless prisms (2.3 g, 83%), mp 80—81°. IR »X2 cm—1: 3300 (NH), 1690 (CO). NMR (CDCl) 4:
4.18 (2H, s, CH,), 4.30 (2H, s, CH,), 7.00—7.25 (3H, m, ArH), 8.20-—8.50 (1H, m, ArH), 8.85 (1H, broad s,
NH).

Hydrolysis of 22——A solution of 22 (1.15 g) in ether was stirred with aq. NaHCO, (ca. 5%). After
evolution of carbon dioxide had ceased, the organic layer was separated and the aqueous layer was extracted
with ether. The organic layer and the extract were combined, dried and evaporated down. The NMR
spectrum of the residue showed that it was a mixture of 10 and 11 in a ratio of 1: 3. A mixture of EtOH-
pet. ether was added to it and crystals formed were collected by filtration. The crystals were 11 (0.545 g,
72%y). TFrom the filtrate, 10 (0.24 g, 249%,) was obtained.

Reaction of 3 with Trichloroacetyl Chloride without aq. NaHCO, Treatment A solution of trichloro-
acetyl chloride (2.73 g, 15 mmol) in dry ether was added to a suspension of 3 (0.825 g, 5 mmol) and K,CO,
(4.14 g, 30 mmol) in dry ether, and the resulting mixture was refluxed for 8 hr. Inorganic material was
removed by filtration and the filtrate was concentrated. The residue was recrystallized from pet. ether to
give S-[0-(5,5,5-trichloro-2-methyl-4-0x0-2-penten-2-ylamino)phenyl] thiotrichloroacetate (23) (15%) as
colorless prisms, mp 134—135°. Awnal. Caled. for C;;H,ClNO,S: C, 34.24; H, 1.99; N, 3.07. Found: C,
34.23; H, 1.95; N, 3.13. IR »33; cm—1: 3260—2800 (NH), 1710 (CO), 1580 (C=C-CO). NMR (CDCly) 6: 2.10
(8H, broad s, =~CHy,), 5.86 (1H, broad s, =-H), 7.20—7.80 (4H, m, ArH), 12.00 (1H, broad s, NH). MS m/e:
453 (M*), 163 (100). On standing 27 changed into 15, which was identical with an authentic sample.

>
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Reaction of 4 with p-Chloropropionyl Chloride without aq. NaHCO; Treatment K,CO,; (5.175 g, 37.5
mmol) and then a solution of f-chloropropionyl chloride (3.175 g, 25 mmol) in dry ether were added to a
solution of 4 (1.135 g, 5 mmol) in dry ether. The reaction mixture was stirred for 24 hr at room temperature
and then cooled. After removal of the inorganic material, the filtrate was added to water and the resulting
mixture was stirred for 0.5 hr at room temperature. The organic layer was dried and evaporated down.
The residual oil was solidified by trituration with EtOH-pet. ether. Crystals were collected by filtration and
recrystallized from EtOH to give N,S-bis(B-chloropropionyl) o-aminobenzenethiol (24) (0.543 g, 36%) as
colorless needles, mp 139—140°. The filtrate in EtOH-pet. ether was concentrated and then subjected to
column chromatography on silica gel using benzene as an eluent. Acetophenone (12) (0.454 g, 76%,) and
24 (0.421 g, 289,) were obtained. Awnal. Caled. for C;,H,;,CI,NO,S: C, 47.07; H, 4.28; N, 4.57. Found: C,
47.09; H, 4.21; N, 4.51. IR »¥8 cm~1: 3320 (NH), 1690 (CO). NMR (CDCly) 6: 2.82 (2H, t, /=7 Hz,
CONH,), 3.14 (2H, t, /=7 Hz, COCH,), 3.87 (4H, t, J=7 Hz, CH,Cl), 7.00—8.05 (3H, m, ArH), 7.85 (1H,
broad s, NH), 8.20—8.55 (1H, m, ArH).

Reaction of 3 with Acetic Anhydride A mixture of 3 (1.65 g, 10 mmol) and acetic anhydride (4.08 g,
40 mmol) was refluxed for 4 hr. Aq. K,CO, was added and the resulting mixture was stirred for 0.5 hr. The
organic layer was separated, dried and evaporated down. The residue was distilled iz vacuo to give 21
(1.93 g, 93%) as a colorless oil, bp 118—120° (1 mmHg), which solidified and was recrystallized from pet.
ether as colorless prisms, mp 49—51°. This was identical with an authentic sample obtained from 3 and
acetyl chloride as regards IR and NMR spectra.

Reaction of 3 with Chloroacetic Anhydride A solution of 3 (1.65 g, 10 mmol) and chloroacetic anhydride
(6.84 g, 40 mmol) in dry xylene was refluxed for 8 hr. After cooling, aq. NaHCO, was added. The resulting
mixture was stirred for 1 hr at room temperature. The organic layer was separated and the aqueous layer
was extracted with chloroform. The organic layer and the CHCI, extract were combined, dried and evap-
orated down. The residual oil was distilled i» vacuo to give 2-chloromethylbenzothiazole (11) (1.727 g,
94.1%,), which was identical with an authentic sample on the basis of their NMR and IR spectra.

Thermolysis of 22——A solution of 22 (0.556 g, 20 mmol) in dry toluene was refluxed for 20 hr. A
part of the mixture was concentrated and the residue was checked by NMR spectroscopy. The NMR spec-
trum showed the formation of 8. Aq. NaHCO, was added to the solution, which was then stirred for 1 hr
at room temperature. The organic layer was separated, dried and evaporated down. The residue was
distilled % vacuo to give 11 (0.320 g, 87%), which was identical with an authentic sample.

Reaction of 4 with Acetic Anhydride——A mixture of 4 (2.27 g, 10 mmol) and acetic anhydride (4.08 g)
was refluxed for 4 hr and concentrated under reduced pressure. The oily residue was dissolved in CH,Cl,
and treated with aq. NaHCO, at room temperature. The organic layer was dried and evaporated down.
Distillation of the residue gave 3-acetyl-2-methyl-2-phenylbenzothiazoline as a colorless oil (2.191 g, 81.8%),
bp 165—168° (1 mmHg), which soon solidified. The solid was recrystallized from pet. ether as colorless
prisms, mp 117—118°. Anal. Calcd. for C;;H,;;NOS: C, 71.33; H, 5.61; N, 5.20. Found: C, 71.06; H, 5.68;
N, 4.97. IR »E% cm~': 1650 (CO). NMR (CDCl,) 4: 2.08 (3H, s, C;—CHjy), 2.35 (3H, s, COCH,), 7.00—7.85
(9H, m, ArH).

Reaction of 4 with Chloroacetic Anhydride——A mixture of 4 (2.27 g, 10 mmol) and chloroacetic
anhydride (2.6 g, 15 mmol) was heated for 8 hr at 170—200° with stirring, then cooled. The reaction mixture
was dissolved in CH,Cl, and aq. NaHCO; was added. It was stirred for 1 hr at room temperature. The
CH,Cl, layer was separated, dried and evaporated down. The residue was purified by column chromato-
graphy on silica gel using benzene to give 2-phenylbenzothiazole (32) (0.922 g, 43.79%), which was recrystal-
lized from EtOH as colorless prisms, mp 112—113°. The sample was identified from the IR and NMR spec-
trum and by mixed melting point determination with an authentic sample.
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