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Abstract- The treatment of 3-N-acylamino ketones with Lawesson’s
reagent [LR: 2,4-bis(p-methoxyphenyl)-1,3,2,4-dithiaphosphetane 2,4-
disulfide] afforded the sulfur-containing heterocycles, 4H-1,3-thiazines
in moderate to good yields, along with the corresponding 3-N-

thioacylamino ketones.

INTRODUCTION

The 1,3-thiazines are a class of heterocycles that have received considerable attention' due
to their interesting biological activities.” Several reports on the synthesis of 1,3-thiazines
have appeared,'® but many of them suffer from somewhat problems; for example with some
methods the usage is restricted to synthesizing only ‘the thiazines with a particular
functional group such as amino, cyano, or SR, or the starting material is difficult to obtain.

2,4-Bis(p-methoxyphenyl)-1,3,2,4-dithiaphosphetane 2,4-disulfide, commonly known as
Lawesson’s reagent (LR), exhibits a great ability in converting a wide variety of carbonyl
compounds into thiocarbonyl compounds.” LR is also utilized in the synthesis of phosphorus?
or sulfur-containing heterocycles.’ Recently, we have reported the novel routes to sulfur-
containing heterocyclic compounds such as tetrahydrothiophene-2-imines,?*°

tetrahydrothiophene-2-thione, " thiazolines," benzothiazines" and 2-amino- thiophenes! by
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the reaction of the substrates containing two functional groups, e.g.,w-hydroxy amides,"
w-N-acylamino alcohols' and «-keto amides with LR." In this communication, we report
the simple synthesis of 4H-1,3-thiazine derivatives by the reaction of 3-N-acylamino ketones
with LR.

Figure 1. Lawesson’s Reagent (LR)
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RESULTS AND DISCUSSION

The treatment of 3-N-acylamino ketones (1)'® with LR in toluene at reflux temperature
yielded the 4H-1,3-thiazine derivatives (2) and 3-N-thioacylamino ketones (3) (Scheme 1)."
The 4H-1,3-thiazine derivatives with various aryl and alkyl groups substituted at the C-2,
C-4, and C-6 positions can be easily synthesized by this reaction (Table 1). The structures of
the 4H-1,3-thiazines (2) and 3-N-thioacylamino ketones (3) were determined based on their
spectroscopic data, elemental analyses and chemical evidence. In the "H-NMR spectrum of
the 4H-1,3-thiazine (2¢), the peaks of the methyl protons at C-4 and olefinic proton at C-5
appeared at 0 1.67 and 5.94 as doublets, respectively, indicating the position of the double
bond to be between C-5 and C-6 as in Scheme 1. In the *C-NMR spectrum of the thioamides
(3), the thioamide carbonyl group exhibited a downfield shift of about 30 ppm compared to
the amide carbonyl of 1, showing that the thionation had occurred at the amide group. The
4H-1,3-thiazines (2a and c¢) thus obtained were treated with diphenylketene to afford [2+2]
cycloadducts, (-lactams (4a and c), in moderate yields (Scheme 2). The structure of the (-

lactams (4a and c¢) was characterized by the spectral data and elemental analyses.
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Table 1. Yields of 4H-1,3-Thiazines (2) and 3-N-Thioacylamino Ketones (3) in the Reaction
of 3-N-Acylamino Ketones (1) with LR?

Molar Ratio Yield (%)

R R? R3 LR/ 2 3
1a Ph Ph p-Tol 1 66 26
1a 0.5 11 72
1aP trace 10
1b p-Tol p-Tol p-Tol 1 86 4
1b 0.5 11 79
1c Ph Me Ph 1 11 34
1c 0.5 trace 28
1¢° 1 31 22
1d Ph Ph -Bu 1 59 trace
1d 0.5 5 16
1e Ph Ph Ph 1 41 27
1e 0.5 12 63
1f  Ph Ph p-CICgH, 1 52 34
1f 0.5 5 56

2 Reaction conditions: Reflux in toluene for 15 min. * 1a was refluxed in pyridine for 30 min

with 1 eq. of P,S,,. ¢ Reflux in toluene for 3 h.
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Table 2. Yields of 4 in the Cycloaddition Reaction of 4H-1,3-Thiazines (2a and ¢) with
Diphenylketene

R! R2  Yield of 4 (%)

2a Ph p-Tol 41
2c Me Ph 50

The yields of the products (2 and 3) were dependent on the molar ratio of LR to 3-N-
acylamino ketones (1). The 4H-1,3-thiazines (2) were produced predominantly when an

equimolar amount of LR was used, while with 0.5 equiv. of LR the thioamides (3) were
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mainly produced. The treatment of the thioamide (8¢) with 0.5 equiv. of LR yielded the 4H-
1,3-thiazine (2¢) in 44% yield, where no cyclization occurred when refluxing the thioamide
(8¢) in toluene without LR. These results suggest that in the reaction of the 3-N-acylamino
ketones (1) with LR, the amide group is initially thionated followed by the thionation of the
carbonyl group to yield the 3-N-thioacylamino thiones, which then gave the 4H-1,3-thiazines
(2) by the cyclization and the elimination of H,S. In contrast, the treatment of 3-N-
acylamino ketone (1a) with P,S,; resulted in low yield of the thioamide (3a) and only a trace
of the 4H-1,3-thiazine (2a).

On the other hand, the treatment of 3-N-acylamino esters (1g-i) with an equiv. of LR gave
the 3-N-thioacylamino esters (3g-i) as the sole product (Scheme 3).'® This is probably due to
the low reactivity of the ester carbonyl group toward LR.”

Scheme 3
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Table 3. Yields of 3-N-Thioacylamino Esters (3) in the Reaction of 3-N-Acylamino Esters
(1g-1) with LR?

Reflux Yield of
R'" R? Time (min) 3 (%)
1g Ph Me 15 94
th Me pTol 15 78
1i Ph p-Tol 15 95
1i 300 92

2 Reaction conditions: Reflux in toluene. Molar ratio: LR/1=1.

Based on these results, the reaction mechanism for the formation of the 4H-1,3-thiazines (2)
can be explained as shown in Scheme 4. On treatment of 3-N-acylamino ketones (1) with LR,
the amide carbonyl group is initially thionated to yield the 3-N-thioacylamino ketones (3),
which then undergoes further thionation of the carbonyl group to form the 3-N-
thioacylamino thiones (5). The subsequent cyclization of 5 with the elimination of hydrogen

sulfide yields the 4H-1,3-thiazines (2).
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Scheme 4
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It is noteworthy that the amide group seems to be more reactive toward LR than the
carbonyl group. This tendency has been recently reported by G. Serra et al.' in the reaction
of 2-keto amides with LR. On the other hand, we have previously reported that when
treating N-acylamino alcohols with LR, the hydroxy group tends to be more reactive toward
LR than the amide group.'®" Considering from the above findings, the relative reactivity of

the functional groups toward LR is given below."”

Relative Reactivity Toward LR
n 9 9
R-OH > R-CNHR'> R-C~R' > R-C-OR

In conclusion, the procedure described here represents a useful method for the preparation
of 4H-1,3-thiazines.
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