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The synthesis of a cyclic a-amino phosphine oxide and sulfide with an incorporated benzo- 
thiazine moiety is described. The products can be regarded as analogues of the biologically 
active thiazolidinylphosphonates. in which several characteristic functional groups have been 
modified. 

Keywords: 3,4-Dihydrobenzothiazines; P nucleophiles; phosphine oxides; phosphine 
sulfides 

INTRODUCTION 

a-Aminophosphonic acids and derivatives thereof are efficient a-amino 
acid substitutes in physiological processes.['] Their synthesis[21 has 
become an important topic in modem pharmaceutical chemistry. Among 
them, the thiazolidinylphosphonates 1, which can be regarded as N,S-pro- 
tected phosphonic acid analogues of the cr-amino acid penicillamine, are 
described as biologically active compounds.[3] As an efficient strategy to 
design new pharmaceuticals with enhanced biological activity one can 
regard the selective transformation of functional groups while maintaining 
the characteristic molecular structure. In continuation of our research in 
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254 HARALD GROGER er al. 

the field of thiazolidinylph~sphonates~~~~~ and thereof, we 
have been interested in the synthesis of new analogues using the “modifi- 
cation potentials” shown in Scheme 1 as frames in 1. 

The 4-lhiazolidinylphosphonale lead structure ... 

1 

... and analogues previously synthesized: 

H 

”’> R’ 

2 3 4 

SCHEME I Thiazolidinylphosphonates 1 and derivatives thereof 2,3, and 4 

In this connection, we already developed several routes for the prepara- 
tion of phosphine sulfides 2 and phosphine oxides 3 as analogues of thia- 
zolidinylphosphonates l.[6*71 In addition, the synthesis of 
1,4-benzothiazinylphosphonates 4 has been reported.[’] 

Such a 1,4-benzothiazine moiety is known to show significant biological 
activity.I9I Recent resultsP1 on anticancer activities of N-acylated 1 ,4-ben- 
zothiazines prompted us to communicate our results on the preparation of 
the novel 1,Cbenzothiazine derivatives, 7 and 9 now. In these compounds, 
7 and 9, the benzothiazine heterocycle is combined with a phosphinoyl (in 
7) and a thiophosphinoyl group (in 9). 

RESULTS AND DISCUSSION 

The synthesis of 7 was achieved by an economical three step route 
(Scheme 2). The starting materials are cheap and readily available, or are 
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DlHY DROBENZOTHIAZINES 255 

6 7 

SCHEME 2 Synthesis of 3.4-dihydro-2H-I ,4-benzoihiazine-3-phosphine oxide 7 [(a) S0,C12; 
(b) 2-aminothiopheno1, base [lo]: (c) (CH3)zPHO. TMSCI; d) HlO; 79 90 (steps c and d)] 

industrial waste materials, e.g. isobutyraldehyde. After preparing the 
a-chloro aldehyde starting from isobutyraldehyde, the N,S-heterocyclic 
imine 5 was obtained according to a procedure described by us earlier.[’0] 
We were pleased to find that an addition of the trimethylsilyl derivative of 
dimethylphosphine oxide to the C=N double bond of 5 led to the desired 
aromatic N,S-heterocyclic phosphine oxide 7. The first step of the reaction 
is the conversion of dimethylphosphine oxide into its trimethylsilyl deriva- 
tive by adding trirnethylsilylchloride to a solution of the phosphine oxide 
in dichloromethane at 0 “C. Subsequently, the irnine 5 reacts with the silyl 
intermediate formed in situ to furnish the intermediate 6. After hydrolysis 
the phosphine oxide adduct 7 was isolated in good yield (79%). 

In order to prepare the corresponding thia derivative 9, another synthetic 
route was chosen. In earlier investigations on the addition of dimethyl- 
phosphine sulfide to thiazolines we found that the route via a trirnethylsilyl 
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256 HARALD GRdGER el af. 

intermediate formed in siru (as in the case of 6) is not suitable for the prep- 
aration of the dimethylphosphine sulfide adduct 9.[61 

As an alternative preparative strategy a thermally activated addition of 
dimethylphosphine sulfide to the imine 8 was canied out to give the 
desired aromatic N,S-heterocyclic phosphine sulfide 9 (Scheme 3). Inter- 
estingly, there is no need for a catalyst for this addition reaction. However, 
the yield (28%) has been remarkably lower in the case of the less nucle- 
ophilic phosphine sulfide. Thus, replacing dimethylphosphine oxide by the 
less reactive dimethyl phosphine sulfide as a starting material led to a 
lower conversion rate. Accordingly, the yields depend strongly on the type 
of the phosphorus nucleophile. 

8 9 
(28% yield) 

SCHEME 3 Synthesis of 3.4-dihydro-2H-1.4-benzothiazine-3-phosphine sulfide 9 

Compared to the biologically active amino phosphonates 1, in the struc- 
ture of compound 9 the alkoxide group is replaced by an alkyl group. In 
addition, the P=O double bond was substituted by a P=S double bond, and 
the N,S-acetalic C-atom has been “changed” to an incorporated aromatic 
ring system. Thus, with the formation of the thiazolidinyl “analogue” 9 we 
succeeded in making use of all of the possible transformations shown in 
Scheme 1 (see frames in structure 1). 

In conclusion, we have reported the synthesis of the 2H- I .Cbenzothi- 
azine-3-phosphine oxide 7 and its sulfide analogue 9, respectively. These 
compounds include a benzothiazine framework in combination with a 
phosphinoyl moiety. Caused by the fact that acylated derivatives are 
known to possess cytotoxic activity, the non-acylated compounds 7 and 9 
further offer an access to new pharmaceutically interesting N-acylated 
structures. 
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EXPERIMENTAL SECTION 

The melting points were determined in an open capillary tube on a DK Lin- 
strom instrument and are uncorrected. The 'H-, I3C- and 31P-NMR spectra 
were recorded on a Bruker AM 300 spectrometer, in CDC13 as a solvent. 
Mass spectra were recorded on a Finnigan-MAT 212 spectrometer. Ele- 
mental analyses were canied out on a Car10 Erba Stumentalione analyzer 
(MOD 1104) and were in accord with the calculated data (20.4%). The 
2H- 1.4-benzothiazines 5 and 8 were prepared as described earlier."'] 

(~)-2,2-Diethyl-3,4-dihydro-2H-1,4-benzothiazin-3-y1 
dimethylphosphine oxide 7 

To a solution of 0.20g of dimethylphosphine oxide (2.5 mmol) and 
0.39 ml of triethylamine (2.75 mmol) in 50 ml of abs. dichloromethane are 
added 0.35 ml of trimethylsilylchloride (2.75 mmol) at 0 "C under argon 
atmosphere (the reaction temperature should not exceed 5 "C!). After stir- 
ring the reaction mixture for 15 min 0.5 1 g 2,2-diethyl-2H- 1.4-benzothi- 
azine 5 (2.5 mmol), dissolved in 10 ml of abs. dichloromethane. were 
added dropwise. After the reaction mixture was allowed to warm up to 
room temperature the mixture was stirred for 8 h at room temperature to 
complete the reaction and was hydrolysed with water (50 mL). The 
organic layer was separated, and the aqueous layer was washed with 
dichloromethane (2 x 15 mL). The collected organic phases were dried 
(MgS04) and concentrated in vacuo to give the crude product (as a solid). 
The solid product was filtered, washed with light petroleum and dried in 
vacuo (ca. 15 mbar). 

Yield: 79 %. mp.: 175 "C. 'H-NMR (CDCl3): 6 = 0.88 [t, 3J = 7.2 Hz, 
3H, CH2CI-13], 1.04 [t, 3J = 7.3 Hz, 3H, CH,C&], 1.55 [d, ,J = 12.0 Hz, 
6H, (CH3),PO], 1.56 - 1.79 [m, 2H, CH2CH3], 2.00 - 2.26 [m, 2H, 
CH2CH3], 3.73 [dd, 3J = 6.6 Hz, 2J = 10.0 Hz, lH, C3-H], 4.94 - 5.00 [m, 
lH, NH], 6.54 - 6.96 [m, 4H, aromat. C-HI. 13C-NMR (CDCI,): 6 = 7.66, 
8.09 [2 x CH&H3], 15.99 [d, 'J =78.0Hz, CHjPO], 16.87 [d, 
'J = 85.6 Hz, CHjPO], 26.00 [CHzCH,], 28.85 [d, 3J = 5.1 Hz, CHzCH,], 
48.19 [C2], 58.31 [d, 'J = 82.7 Hz, C3], 115.15 - 138.23 [aromat. C]. MS 
(CI-Isobutane): m/z (%)=284 (58) [MH+], 206 (100) [MH+ - 

H(O)P(CH3)21. 
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258 HARALD GROCER et af. 

(*)-2,2-Dimethyl-3,4-dihydro-2H-1,4- benzothiazin-3-yl 
dimethylphosphine sulfide 9 

In 30 ml of ligroine 0.29 g of 2,2-dimethyl-2H-l,4-benzothiazine 8 (1.6 
mmol) and 0.19 g of dimethylphosphine sulfide (2 mmol) were dissolved 
and refluxed for 20 h. Subsequently, the hot reaction mixture was sepa- 
rated from the oily residue and the organic solvents were evaporated in 
VLICUO. After dissolving the oily residue in a small amount of diethyl ether, 
the mixture was left to crystallize at -28 "C. Crystals formed after several 
days were collected by filtration, washed with petroleum ether (40/60), 
and dried in vacuo. 

Yield: 28 90. mp.: 128 "C. 'H-NMR (CDC13): 6= 1.57, 1.74 [2s, 6H, 
C(C&)2]. 1.81 [d, *J = 12.5 Hz, 3H, CH,P], 1.88 [d. 2J = 12.4 Hz, 3H, 
CH3P], 3.69 [d, 'J = 4.0 Hz, 1H. C3-H], 5.08 - 5.39 [m, lH, NH], 6.65 - 
6.96 [m, 4H, aromat. C-HI. "C-NMR (CDCI,): 6 =  21.23 [d, 
'J = 53.13 Hz, CH3P], 21.34 [d, 'J ~ 4 8 . 0  Hz, CH,P], 27.41 [C2-CH3], 
32.41 [d, 'J =4.8 Hz, C2-&H3], 42.37 [C2], 64.72 [d, 'J = 52.1 Hz, C3], 
116.02 - 137.62 [aromat. C]. 31P-NMR (CDC13): 6=46.19 [PI. MS 
(CI-Isobutane): m/z (%)=272 (28) [MH'], 178 (100) [MH' - 
(CH&PHSI. 

Acknowledgements 
Thanks are due to the Heinz Neumiiller Stiftung for a Ph. D. course grant to 
H.  Groger, and to Hoechst A.G. for providing dimethylphosphine oxide. 
Also, the ongoing support of the Fonds der Chemischen Industrie is grate- 
fully acknowledged. 

References 
I .  For a review, see: P. Kafarski, B. Lejczak, Phosphorus, Sulfur and Silicon, 63, 193 

(1991). 
2. C.W. Rees. Comprehensive Organic Functional Group Transformations. Vol. 4. 
3. a) K. J. M. Andrews, Eur. Pat. 33919, 1981. Hoffmann-La Roche; Chem. Abstr. 1982, 

96,52498~ 
b) K. Drauz, H. G. Koban, J. Martens, W. Schwarze, US Pat. 4524211, 1985. Degussa 
AG: Chem. Abstr. 101,211458~ (1984). 

4. a) K. Drauz, H. G. Koban, J. Martens, W. Schwane. LiebigsAnn. Chem. 1985,448; 
b) H.. Groger: I.. Martens, Synrh. Commun., 26, 1903 (1996). 

5. For a catalytic enantioselective synthesis of 4-thiazolidinylphosphonates. see: 
a) H. Groger. Y. Saida, S .  Arai, J. Martens, H. Sasai, M. Shibasaki, Tetrahedron Left., 
37,9291 (1996); 
b) H. GrBger, Y. Saida, H. Sasai, K. Yarnaguchi. J. Martens, M. Shibasaki, J.  Am. 
Chem. SOC. 120, 3089 (1998). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



DIHY DROBENZOTHIAZINES 259 

6. H. Groger. J. Martens, J. R. Goerlich, R. Schrnutzler, Phosphorus, Sulfur and Silicon, 
128, 153 (1997). 

7. H. Groger, D. Tehranfx, J. Martens, J. R. Goerlich, H. Thdnnessen, P. G. Jones. R. 
Schmutzler. Heremorom Chem., 8.207 (1997). 

8. H. Groger, J. Manikowski, J. Martens, Phosphorus, Sulfur and Silicon. 116, 123 
(1996). 

9. a) D. Rai. V. Gupta, R.R. Gupta, Heremcycl. Comrnun. 2,587 (1996); 
b) M.K. Nyati. D. Rai, R. R. Gupta, P. K. Dev, In Vivo, 11, 95 (1997); Chem. Absrr., 
126.246490 (1997); 
c )  R. R. Gupta. P. K. Dev, D. Rai, M. K. Nyati, M. K. Nyati, M. Jain. A. Gupta, Six- 
teenth International Congress of Heterocyclic Chemistry. Montana State University, 
Bozernan, Montana, USA, 1997. 

10. H. Groger. J. Martens, Sulfur Lerr.. 19, 197 (1996). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


