This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

i S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290

¢ Silicon

i and the Related Elements

: e SYNTHETIC APPROACH TO NEW a-AMINOPHOSPHONATES

B e DERIVED FROM SIX-MEMBERED, SULFUR-CONTAINING
HETEROCYCLIC IMINES
Harald Groger®; Jens Manikowski®; Jurgen Martens®

i * Fachbereich Chemie, Universitit Oldenburg, Oldenburg, Federal Republic of Germany

F

j

To cite this Article Groger, Harald , Manikowski, Jens and Martens, Jurgen(1996) 'SYNTHETIC APPROACH TO NEW o-
AMINOPHOSPHONATES DERIVED FROM SIX-MEMBERED, SULFUR-CONTAINING HETEROCYCLIC IMINES',
Phosphorus, Sulfur, and Silicon and the Related Elements, 116: 1, 123 — 132

To link to this Article: DOIL: 10.1080/10426509608040475
URL: http://dx.doi.org/10.1080/10426509608040475

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509608040475
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 46 28 January 2011

Downl oaded At:

Phosphorus. Sulfur, and Silicon, 1996, Vol. 116, pp. 123-132 © 1996 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers

Printed in Malaysia

SYNTHETIC APPROACH TO NEW
a-AMINOPHOSPHONATES DERIVED FROM
SIX-MEMBERED, SULFUR-CONTAINING
HETEROCYCLIC IMINES

HARALD GROGER, JENS MANIKOWSKI and JURGEN MARTENS*

Fachbereich Chemie, Universitit Oldenburg, P. O. Box 2503, D-26111 Oldenburg,
Federal Republic of Germany

{Received 30 April 1996)

Dialkyl phosphite adds to the C==N bond in 2H-1,3-thiazines 4 to give a-aminophosphonic acid
esters 6. Starting from 2H-1,4-benzothiazines §, the corresponding phosphonic acid esters 7 were
obtained. For the first time C2-chiral 2H-1,3-thiazines 4a and 4b were used to investigate the
diastereoselectivity of the addition reaction of dialkyl phosphite to those imine compounds.

Keywords: a-Aminophosphonates; 1,3-thiazinan-4-yl-phosphonates; 3,4-dihydro-2H-1.4-benzothia-
zine-3-phosphonates

INTRODUCTION

The a-aminophosphonic acids and their derivatives, defined as phosphorus ana-
logues of amino acids, are of interest because of their applications in pharma-
cological' and agriculture? areas.

In the course of our investigations on the synthesis of 4-thiazolidinyl phos-
phonates® of type 1 as intermediates of phosphonic acid analogues of penicil-
lamine we became interested in the chemistry of the familiar six membered
heterocyclic compounds.

We now wish to communicate* our results on the synthesis of the racemic
1,3-thiazinan-4-yl-phosphonates of type 2 and 2H-1,4-benzothiazin-3-

*Corresponding author. E-mail: martens @hp9000.hrz.uni-oldenburg.de.
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SCHEME 1 Familiar a-aminophosphoneates 1-3.

phosphonates of type 3. We synthesized the desired compounds 6 and 7 by the
termal addition of dialkyl phosphites to the reactive C==N-double bond in het-
erocyclic imines, namely 2H-1,3-thiazines 4 and 2H-1,4-benzothiazines 5. Fur-
thermore we investigated the diastereoselectivity of the addition of dialkylphos-
phites to the imine components 4a and 4b.

RESULTS AND DISCUSSION

The new 2H-1,3-thiazines 4a—-d were prepared in a four component one pot
reaction from 3-chloro-2,2-dimethylpropanol, a second carbonyl compound (al-
dehyde or ketone) in the presence of sodium hydrogen sulfide and aqueous
ammonia as shown in scheme 2.

The 2H-1,4-benzothiazines 5 were prepared as recently described’. In prac-
tice, the synthesis of 6a-h or 7a—c is quite simple, requiring the reflux of a
mixture of the cyclic imines 4 or 5§ with dialkyl phosphite in ligroine for eigh-
teen hours.

HG. CHO  NH, R' HaG_ /=N, R'
50 ol — XK
HaC R? HyC s R

Cl  NaHS
4a-d
4 R’ )4 Yield [%] bp [°C]
4a H C(CHj,), 34 38-47 (0.002 mbar)
4b H C(CH,),CH,CH,C1 20 67 (0.005 mbar)
4c «(CH,),— 36 56 (0.002 mbar)
4d -(CH,)s— 40 73-75 (0.002 mbar)

12lThe product 4a contains small amounts of impurities still after distillation and was used without further purifi-
cation.

SCHEME 2 One pot synthesis of 2H-1,3-thiazines 4a-d.
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We received the dialkylphosphite adducts 6, 7 in satisfying to good yields up
to 62%. The results are summarized in scheme 3. The observed—and earlier
discussed*—spectroscopical data are in correspondence with the structures 6 and
7.

When the C2-chiral heterocyclic imines 4a and 4b were allowed to react with
dimethyl- and diethyl phosphite, the formation of each of the two a-amino
phosphonic acid diester diastereomers in ratios up to 88:12 was observed, de-
pending on the kind of substituent R®. Starting from 2H-1,3-thiazine 4a the
dialkylphosphite adducts 6a (R> = methyl) and 6b (R*> = ethyl) were formed
with diastereoselectivities of dr = 52:48 (R? = methyl) and dr = 60:40 R =
ethyl), respectively. The substitution of the r-butyl group by the 2-chloro-1,1-
dimethylethy] substituent in C2-position of 2H-1,3-thiazines led to increased dr
values of the products 6¢ (R* = methyl) and 6d (R® = ethyl) with dr = 84:16
and dr = 88:12. Due to the bulkier 2-chloro-1,1-dimethylethyl substituent in

w0t
XK e
H¢" \2.g" 'R? H3 2 ¢ R?
4 (R%0);PHO 6
ligroine,
A, 18h (R%0), H
) 0
5 7
6,7 R! R2 R3 Yield[%]) drfa) mp [°C]b)
6a H C(CH3)3 CH3 48 52:48 63-64
6b H C(CH3)3 CoHs 45 60:40 35-37
6¢c H C(CH3),CH,Cl CH3 17 88:12 28
6d H C(CH3),CH,Cl1 CoHs 19 84:16 38-39
6e -(CH3)s- CHj3 12 — 61
6f -(CHy)s- CyHs 41 — 77-78
6g -(CH»)s- CHj 47 — 78-79
6h -(CH3)s- CoHs 54 — 84
7a CHj3 CHj3 CHj 40 — 115-117
7b CHj CHj CpHs 62 — 110-111
Tc CoHs CoHs CyHs 54 — 97

SCHEME 3 Dialkyl phosphite adducts 6 and 7.
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C2-position (as compared with the r-butyl group) diastereoselectivity via 1,3-
induction is increased. Diastereomerically pure a-aminophosphonates could be
obtained from the mixtures of diastereomers by simple recrystallization from
CH,Cl,/n-Hexane. Diastereomerical purity of the isolated pure phosphonates
6a—d (dr = 95:5) was determined by NMR spectroscopy.

In summary we described a versatile two step synthetic route to the new
sulfur containing heterocyclic a-aminophosphonates of type 6 and 7. Asymmet-
ric additions of phosphites to the C==N-double bond of the chiral 2H-1,3-
thiazines 4a and 4b were carried out forming the corresponding «-amino-
phosphonic acid derivatives 6a—d with good diastereoselectivities up to dr =
88:12. Thereby, all the crystallized products 6a—d could be obtained in diaste-
reomeric pure form.

EXPERIMENTAL

Melting points were determined in an open capillary tube on a Dr. Linstrém
instrument and are uncorrected. Elemental analyses were carried out on a Carlo
Erba Stumentalione analyzer (MOD 1104). The 'H-, '3C- and *'P-NMR spectra
were recorded on a Bruker AM 300 spectrometer, in CDCl; as a solvent and
TMS or H,;PO, (*'P-NMR) as an internal standard. The mass spectroscopy data
were recorded on a Finnigan-MAT 212 spectrometer (Datasystem SS 300). The
compounds 3-chloro-2,2-dimethylpropanal® and the 2H-1,4-benzothiazines
5a,b® were prepared as described in the literature.

2H-1,3-thiazines 4; General Procedure (GP1)

25.6 g (213 mmol) of freshly prepared 3-chloro-2,2-dimethylpropanal was
added to a solution of 14.3 g (256 mmol) sodium hydrogen sulfide, 42.6 ml of
aqueous ammonia and 639 mmol of the oxo component in 100 ml of CH,CI, at
5-10°C. After stirring at ambient temperature for 18 h, 100 ml of CH,Cl, were
added, the two phases were separated and the aqueous layer was extracted twice
with 50 ml of CH,Cl,. The combined organic phases were dried over MgSQ,,
evaporated in vacuo and the residue was distilled in vacuo.

(RS)-5,5-Dimethyl-2-(1,1-dimethylethyl)-2H-1,3-thiazine 4a

The preparation based on GP1 from 296 mmol (35.7g) 3-chloro-2,2-
dimethylpropanal, 888 mmol (76.5g) 1,1-dimethylpropanal, 888 mmol (59.2mL)
concentrated, aqueous ammonia and 355 mmol (19.9g) sodium hydrogen sul-
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fide. The product contains small amounts of impurities after distillation and was
used without further purification.

Yield: 18.68 g (34%). Bp.: 38—47°C, 0.002 mbar. n = 1.4479. IR (film): v =
1660 cm ™' (C=N).

(RS)-5.5-Dimethyl-2-(2-chloro-1,1-dimethylethyl)-2H-1,3-thiazine 4b

The preparation based on GPl from 213 mmol (25.6g) 3-chloro-2,2-
dimethylpropanal, 639 mmol (42.6mL) concentrated, aqueous ammonia and 256
mmol (14.34g) sodium hydrogen sulfide.

Yield: 4.70 g (20%). bp.: 67°C, 0.005 mbar. nf; = 1.5102. IR (film): v =
1660 cm ™' (C=N). '"H-NMR (CDCl,): & = 1.04, 1.17 (2s, 6 H, C5-(CH,),);
1.10 (s, 6 H, C2-C(CH,),CH,Cl); 2.49, 2.77 (2d, J = 13.6 Hz, 2 H, 2 X H6);
3.50, 3.79 (2d, J = 10.6 Hz, 2 H, C2-C(CH;),CH,Cl); 4.69 (m, 1 H, H2) 7.46
(m, 1 H, H4). >C-NMR (CDCl;): § = 21.49, 22.63, 25.02, 26.56 (C5-(CH,),,
C2-C(CH;),CH,Cl); 32.00 (C2-C(CH,),CH,CI); 36.22 (C6); 40.67 (C5); 53.74
(C2-C(CH;),CH,Cl); 66.56 (C2); 168.80 (C4). MS (CI, i-butane): m/z (%) =
220 (100), [MH™]. C,oH gCINS (219.1): Calc. C 54.77; H 8.28; N 6.39. Found:
C 54.89; H 8.33; N 6.21.

3,3-Dimethyl-1-thia-5-azaspiro{5.4]dec-4-ene 4c

The preparation based on GP1 from 213 mmol (25.6g) 3-chloro-2,2-
dimethylpropanal, 639 mmol (53.7g) cyclopentanone, 256 mmol (14.3g) sodium
hydrogen sulfide and 42.6 mL concentrated ammonia.

Yield: 13.9 g (36%). bp.: 56°C, 0.002 mbar. nj = 1.5143. IR (film): v =
1645 cm™! (C=N). '"H-NMR (CDCl,): § = 1.11 (s, 6 H, C3-(CH,),); 1.72-1.97
(m, 8 H, (CH,),); 2.58 (s, 2 H, 2 X H2); 7.26 (s, 1 H, H4). ’C-NMR (CDCl,):
8 = 24.32, 31.54 ((CH,),); 25.66 (C3-(CH,),); 36.13 (C2); 42.09 (C3); 70.44
(C6); 165.93 (C4). MS (CI, i-butane): m/z (%) = 184 (100), [MH*]. C,,H,,NS
(183.1): Calc. C 65.54; H 9.36; N 7.65. Found: C 65.69; H 9.17; N 7.60.

3,3-Dimethyl-1-thia-5-azaspiro[5,5 Jundec-4-ene 4d

The preparation based on GP1 from 213 mmol (25.6g) 3-chloro-2,2-
dimethylpropanal, 639 mmol (62.7g) cyclohexanone, 256 mmol (14.3g) sodium
hydrogen sulfide and 42.6 mL concentrated ammonia.

Yield: 16.7 g (40%). bp.: 73-75°C, 0.005 mbar. mp.: 43—44°C. IR (film): v =
1645 cm ' (C==N). '"H-NMR (CDCl,): & = 1.10, 1.14 (2s, 6 H, C3-(CH,),);
1.12-1.41 (m, 1 H, (CH,)s); 1.59-1.81 (m, 9 H, (CH,)s); 2.53 (s, 2 H, 2 X H2);
7.37 (s, 1 H, H4). '*C-NMR (CDCl,): & = 22.33, 25.48, 32.19 ((CH,)s); 25.88
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(C2-(CH,),); 33.22 (C2); 38.90 (C3); 64.97 (C6); 165.20 (C4). MS (CI,
i-butane): m/z (%) = 198 (100), [M-H*]. C,;H,gNS (197.1): Calc. C 66.96; H
9.71; N 7.10. Found: C 67.11; H 9.79; N 7.10.

Phosphonates of the 2H-1,3-thiazines 4 and 2H-1,4-benzothiazines 5;
General procedure (GP2)

A mixture of 5 mmol of the cyclic imine 4 or § and 5 mmol of the corresponding
dialkyl phosphite was refluxed for 18h in 30 ml of ligroine (petroleum ether
90/110). After cooling to ambient temperature and storage for 18h-10d at
—28°C the solid was filtered, washed with ligroine and ether and dried to give
white to pale brown crystals (6, 7).

In the case of 6a—d the diastereomeric ratios of the products were determined
by >'P-NMR spectroscopy (results: see scheme 3).

(2R*,45*)- or (2R*,4R*)-2-(1,1-Dimethylethyl)-5,5-dimethyl-1,3-thiazinan-4-yl-
dimethyl phosphonate 6a

Yield: 0.71 g (48%). mp.: 63-64°C. IR (KBr): v = 3280 cm™! (N-H); 1230
em™! (P=0). '"H-NMR (CDCl,): § = 1.04 (s, 9 H, C2-C(CH,),); 1.16, 1.25 (2s,
6 H, C5-(CH,),); 1.48 (m, 1 H, NH); 2.44 (dd, J = 9.9 Hz, J = 13.2 Hz, | H,
1 X H6); 2.92 (d, J = 13.7 Hz, 1 H, 1 X H6); 3.03-3.07 (m, 1 H, H4); 3.72 (m,
1 H, H2); 3.76 (d, J = 10.7 Hz, 3 H, POCH,); 3.82 (d, J = 103 Hz, 3 H,
POCH,). >)C-NMR (CDCl,): & = 19.98, 28.29 (C5-(CH,),); 26.80 (C2-
C(CH,),); 27.78 (d, J = 3.9 Hz, (C2-C(CH,)3); 35.52 (C6); 44.14 (d, ] = 17.4
Hz, C5); 52.26 (d, J = 7.5 Hz, POCH;); 53.90 (d, J = 6.9 Hz, POCH,;); 64.70
(d, J = 156.3 Hz, C4); 74.90 (d, J = 18.5 Hz, C2). *'P-NMR (CDCl,): § =
23.59. MS (CI, i-butane): m/z (%) = 296 (100), [MH*]. C,,H,¢NO,PS (295.1):
Calc. C 48.79; H 8.88; N 4.74. Found: C 48.70; H 9.02; N 4.70.

(2R*,45%)- or (2R*,4R*)-2-(1,1-Dimethylethyl)-5,5-dimethyl-1,3-thiazinan-4-yl-
diethyl phosphonate 6b

Yield: 0.72 g (45%). mp.: 35-37°C. IR (KBr): v = 3270 cm™! (N-H); 1240
cm™! (P=0). '"H-NMR (CDCl,): 3 = 1.03 (s, 9 H, C2-C(CH,),); 1.17, 1.24 (2s,
6 H, C5-C(CH,),); 1.29-1.34 (m, 6 H, P(OCH,CH,),); 1.47 (m, 1 H, NH); 2.42
(dd,J = 99 Hz, J = 13.6 Hz, 1 H, 1 X H6); 290 (d, J = 13.9Hz, 1 H, 1 X
H6); 2.93-2.98 (m, 1 H, H4); 3.73 (d, J = 12.6 Hz, 1 H, H2); 4.08-4.20 (m, 4
H, P(OCH,CH,),). *C-NMR (CDCl,): 8 = 16.31 (d, J = 5.9 Hz, POCH,CH,);
16.48 (d, J = 5.7 Hz, POCH,CH,); 19.93, 28.30 (C5-(CH,),); 26.73 (C2-
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C(CH,),); 27.78 (d, J = 3.7 Hz, C2-C(CHj,),); 35.48 (C6); 44.17 (d, J = 17.2
Hz, C5); 61.69 (d, J = 7.4 Hz, POCH,CH,); 62.90 (d, J = 6.8 Hz, POCH,CH,);
64.72 (d, J = 155.9 Hz, C4); 74.81 (d, J = 18.5 Hz, C2). >*'P-NMR (CDCl,): &
= 21.10. MS (CI, i-butane): m/z (%) = 324 (100), [MH*]. C,,H;,NO,PS
(323.2): Calc. C 51.99; H 9.36; N 4.33. Found: C 51.82; H 9.41; N 4.24.

(2R*,45*)- or (2R* 4R*)-2-(2-Chloro-1,1-dimethylethyl)-5,5-dimethyl-1,3-thi-
azinan-4-yl-dimethyl phosphonate 6¢

Yield: 0.27 g (17%). mp.: 28°C. IR (KBr): v = 3260 cm~' (N-H); 1235 cm™!
(P=0). 'H-NMR (CDCl,): & = 1.10, 1.11 (25, 6 H, C5-(CH,),); 1.16, 1.24
(2s, 6 H, C2-C(CH,),CH,CI); 1.49 (m, 1 H, NH); 2.45 (dd, J = 9.8 Hz, J =
13.7 Hz, 1 H, 1 X H6); 2.96 (d, J = 13.8 Hz, 1 H, 1 X H6); 3.09 (m, 1 H,
H4); 3.41, 3.69 (2d, J = 10.6 Hz, 2 H, C2-C(CH,),CH,Cl); 3.76 (d, J = 10.7
Hz, 3 H, POCH,); 3.82 (d, / = 10.4 Hz, 3 H, POCH,); 4.05 (m, 1 H, H2).
3C-NMR (CDCL): & = 20.03, 21.54, 22.82, 28.18 (CS5-(CH,), C2-
C(CH,),CH,CI); 27.98 (C2-C(CH;),CH,Cl); 40.03 (C6); 44.12 (d, J = 17.2
Hz, C5); 52.23 (d, J = 7.4 Hz, POCHj); 53.36 (C2-C(CH;),CH,Cl); 53.74 (d,
J = 6.8 Hz, POCH,); 64.40 (d, / = 156.2 Hz, C4); 70.20 (d, J = 19.0 Hz,
C2). 3'P-NMR (CDCl,): 8 = 23.29. MS (CI, i-butane): m/z (%) = 330 (100),
[M-H*]. C,,H,sCINO,PS (329.1): Calc. C 43.76; H 7.66; N 4.25. Found: C
43.57; H 7.81; N 4.15.

(2R*,45*)- or (2R*,4R*)-2-(2-Chloro-1,1-dimethylethyl)-5,5-dimethyl-1,3-thi-
azinan-4-yl-diethyl phosphonate 6d

Yield: 0.33 g (19%). mp.: 38-39°C. IR (KBr): v = 3280 cm™! (N-H); 1240
cm™!' (P==0). 'H-NMR (CDCl,): 8 = 1.10 (s, 6 H, C5-(CH,),); 1.18, 1.24 (2s,
6 H, C2-C(CH,),CH,Cl); 1.30-1.60 (m, 7 H, P(OCH,CH,),, NH); 2.45 (dd, J
=96 Hz, J =137Hz, I H 1 X H6); 292 (d, J = 13.6 Hz, 1 H, 1 X H6);
3.00 (m, 1 H, H4); 3.40, 3.69 (2d, J = 10.6 Hz, 2 H, C2-C(CH;,),CH,Cl); 4.03
(s, 1 H, H2); 4.04-4.21 (m, 4 H, P(OCH,CH,),). *C-NMR (CDCl,): 8 =
16.30 (d, J = 6.5 Hz, POCH,CH,); 16.47 (d, J = 5.7 Hz, POCH,CH,); 19.99,
21.47, 22.78, 28.25 (C5-(CH,),, C2-C(CH,),CH,Cl); 27.97 (d, J = 3.6 Hz,
C2-C(CH;),CH,Cl); 40.01 (C6); 44.21 (d, J = 17.0 Hz, CS5); 53.31 (C2-
C(CH,),CH,Cl); 61.69 (d, J = 7.2 Hz, POCH,CH,); 62.80 (d, J = 6.9 Hz,
POCH,CH,); 64.50 (d, J = 155.9 Hz, C4); 70.12 (d, J = 18.8 Hz, C2).
3IP.NMR (CDCLy): & = 21.01. MS (CI, i-butane): m/z (%) = 358 (100),
[MH™]. C,,H,qCINO,PS (357.1): Calc. C 47.04; H 8.18; N 3.92. Found: C
46.81; H 8.21; N 3.69.
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(4RS)-3,3-Dimethyl-1-thia-5-azaspiro[5.4]decan-4-yl-dimethyl phosphonate Ge

Yield: 0.17 g (12%). mp.: 61°C. IR (KBr): v = 3295 cm™' (N-H); 1240 cm™!
(P=0). '"H-NMR (CDCL,): 8 = 1.11, 1.19 (25, 6 H, C3-(CH,),); 1.68-2.03 (m,
9 H, (CH,)4, NH); 2.22 (dd, J = 9.1 Hz, J = 139 Hz, 1 H, 1 X H2); 2.89 (d,
J=139Hz 1 H, 1 X H2); 3.14 (d, J = 23.6 Hz, 1 H, H4); 3.68 (d, J = 10.7
Hz, 3 H, POCH,); 3.73 (d, J = 10.3 Hz, 3 H, POCH,). *C-NMR (CDCl,): § =
19.80, 28.17 (C3-(CH,),); 23.37, 24.10, 27.44, 37.64 ((CH,),); 41.88 (d, J =
17.2 Hz, C3); 42.41 (C2), 52.25 (d, J = 1.5 Hz, POCH,); 53.94 (d, / = 6.7 Hz,
POCH,); 59.64 (d, J = 156.8 Hz, C4); 70.17 (d, J = 17.6 Hz, C6). MS (CI,
i-butane): m/z (%) = 294 (100), [MH"]. C,,H,,NO,PS (293.1): Calc. C 49.13:
H 8.25; N 4.78. Found: C 49.10; H 8.31; N 4.62.

(4RS)-3,3-Dimethyl-1-thia-5-azaspiro[ 5.4 Jdecan-4-yl-diethyl phosphonate 6f

Yield: 0.66 g (41%). mp.: 77-78°C. IR (KBr): v = 3300 cm™! (N-H); 1230
cm™! (P=0). '"H-NMR (CDCl,): § = 1.19, 1.27 (2s, 6 H, C3-(CH,),); 1.28-
1.35 (m, 6 H, P(OCH,CH,),); 1.72-1.95 (m, 9 H, (CH,),, NH); 2.28 (dd, J =
89 Hz,J = 139Hz, 1 H,1 X H2);296(d,J =139 Hz, 1 H, 1 X H2); 3.17
(d, J = 23.5 Hz, 1 H, H4); 4.08-4.12 (m, 4 H, P(OCH,CH,),). *C-NMR
(CDCly): 8 = 16.39 (d, J = 6.9 Hz, POCH,CH,); 1647 (d, / = 6.6 Hz,
POCH,CHj;); 19.90, 28.41 (C3-(CH;),); 23.54, 24.25, 27.58, 37.78 ((CH,),);
42.12 (d, J = 17.1 Hz, C3); 42.58 (C2), 59.86 (d, J = 156.8 Hz, C4); 61.74 (d,
J = 7.2 Hz, POCH,CHj,), 63.13 (d, J = 6.8 Hz, POCH,CH;); 70.35 (d, J = 17.7
Hz, C6). MS (CI, i-butane): m/z (%) = 322 (100), [MH*]. C,H,sNO,PS
(321.2): Calc. C 52.31; H 8.79; N 4.36. Found: C 52.51; H 8.77; N 4.21.

(4RS)-3,3-Dimethyl-1-thia-5-azaspiro[5.5 Jundecan-4-yl-dimethyl phosphonate
6g

Yield: 0.72 g (47%). mp.: 78-79°C. IR (KBr): v = 3290 cm~' (N-H); 1240
cm™! (P=0). '"H-NMR (CDCl,): 8 = 1.12, 1.18 (2s, 6 H, C3-(CH,),); 1.33-
1.91 (m, 11 H, (CH,)s5, NH); 2.18 (dd, J = 7.8 Hz, J = 140 Hz, 1 H, 1 X H2),
2.80 (d,J = 14.0Hz, | H, 1 X H2); 3.20 (d, J = 23.9 Hz, 1 H, H4); 3.71 (d, J
= 10.7 Hz, 3 H, POCH,); 3.79 (d, J = 10.4 Hz, 3 H, POCH,). *C-NMR
(CDCly): & = 20.57, 27.77 (C3-(CH;),); 21.95 (d, J = 13.0 Hz, (CH,)5); 25.78
((CH,)s); 28.65 (d, J = 4.3 Hz, (CH,)s); 34.20 ((CH,)s); 39.70 (d, J = 16.3 Hz,
C3); 40.36 (C2), 52.14 (d, J = 7.3 Hz, POCH,); 54.11 (d, J = 6.9 Hz, POCH,);
56.64 (d, J = 157.8 Hz, C4); 63.62 (d, J = 17.7 Hz, C6). MS (CI, i-butane): m/z
(%) = 308 (100), [MH"]. C,3H,(NO;PS (307.1): Calc. C 50.79; H 8.53; N
4.56. Found: C 50.60; H 8.66; N 4.70.
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(4RS)-3,3-Dimethyl-1-thia-5-azaspiro[5.5 Jundecan-4-yl-diethyl phosphonate 6h

Yield: 0.91 g (54%). mp.: 84°C. IR (KBr): v = 3280 cm~' (N-H); 1230 cm ™'
(P=0). 'H-NMR (CDCl,): 8 = 1.14, 1.19 (2s, 6 H, C3-(CH3;),); 1.25-1.33 (m,
6 H, P(OCH,CH,),); 1.40-1.90 (m, 11 H, (CH,)s, NH); 2.17 (dd, J = 7.6 Hz, J
=14.0Hz, 1H, 1 X H2);2.79(d, J = 14.0Hz, 1 H, 1 X H2);3.15(d, J = 23.8
Hz, | H, H4); 4.04-4.17 (m, 4 H, P(OCH,CH,),). >C-NMR (CDCl,): § =
16.33 (d, J = 6.2 Hz, POCH,CH,); 16.50 (d, J = 5.6 Hz, POCH,CH,); 20.58,
27.89 (C3-(CH,),); 21.89 (d, J = 12.3 Hz, (CH,)s); 25.81 ((CH,)s); 28.75 (d, J
= 4.3 Hz, (CH,)s5); 34.21 ((CH,)s); 39.82 (d, J = 16.1 Hz, C3); 40.40 (C2);
56.72 (d, J = 157.9 Hz, C4); 61.51 (d, J = 7.3 Hz, POCH,CHj,); 63.14 (d, J =
7.0 Hz, POCH,CH.,); 63.68 (d, J = 17.8 Hz, C6). MS (CI, i-butane): m/z (%) =
336 (100), [M-H*]. C,sH;,NO,PS (335.2): Calc. C 53.70; H 9.02; N 4.18.
Found: C 53.66; H 9.20; N 4.10.

(3RS)-2,2-Dimethyl-3,4-dihydro-2H- 1,4-benzothiazine-3-dimethylphosphonate
7a

Yield: 0.58 g (40%). mp.: 115-117°C. IR (KBr): v = 3220 cm™! (N-H); 1035
em™! (P==0). 'H-NMR (CDCl,): & = 1.54, 1.60 (2s, 6 H, C2-(CH,),); 3.75-
3.79 (m, 6 H, P(OCHj,),); 3.89 (d, 1 H, J = 12.1 Hz, H3); 5.35 (br s, 1 H, NH);
6.60-6.95 (m, 4 H, aromat. H). *C-NMR (CDCl,): 8 = 25.59, 28.31 (C2-
(CH;),); 40.78 (C2); 53.00 (P(OCHjy),); 60.14 (d, J = 148 Hz, C3); 115.44—
138.83 (aromat. C). MS (CI, i-butane): m/z (%) = 288 (46), [M-H"], 178 (100)
[M-H* —H(O)P(OCH,),). C,,H,gNO,PS (287.3): Calc. C 50.17; H 6.31; N
4.88. Found: C 49.94; H 6.05; N 4.49.

(3RS)-2,2-Dimethyl-3,4-dihydro2H- 1 ,4-benzothiazine-3-diethylphosphonate Th

Yield: 0.98 g (62%). mp.: 110-111°C. IR (KBr): v = 3300 cm™! (N-H); 1010
cm™! (P=0). '"H-NMR (CDCl,): & = 1.30-1.37 (m, 6 H, P(OCH,CH,),); 1.56,
1.61 (2s, 6 H, C2-(CHs),); 3.89 (d, 1 H, J = 12.7 Hz, H3); 4.104.21 (m, 4 H,
P(OCH,CH,),); 6.58-6.95 (m, 4 H, aromat. H). '*C-NMR (CDCl,): § = 16.20
(P(OCH,CHy;),); 25.40, 27.79 (C2-(CH;),); 41.00 (C2); 60.66 (d, J = 147 Hz,
C3); 62.45 (d, J = 7 Hz, P(OCH,CH3,),); 115.21-139.14 (aromat. C). MS (CI,
i-butane): m/z (%) = 316 (24) {MH"], 178 (100) [MH™—H(O)P(OC,Hs),].
C4H,;,NO4PS (315.3): Cale. C 53.32; H 7.03; N 4.44. Found: C 53.12; H 7.20;
N 4.41.

(3RS)-2,2-Diethyl-3,4-dihydro-2H- 1,4-benzothiazine-3-diethylphosphonate Tc

Yield: 0.92 g (54%). mp.: 97°C. IR (KBr): v = 3300 cm™! (N-H); 1020 cm™!
(P==0). '"H-NMR (CDCl;): 8 =094 (d, J = 7.4 Hz, 3 H, C2-CH,CH,); 1.00 (d,



18: 46 28 January 2011

Downl oaded At:

132 H. GROGER et al.

J = 7.6 Hz, 3 H, C2-CH,CH,); 1.19 (d, J = 7.1 Hz, 3 H, POCH,CH,); 1.28 (d,
J = 7.1 Hz, 3 H, POCH,CH,); 1.69-2.16 (m, 4 H, C2-(CH,CH,),); 3.84 (d, J =
12.2 Hz, 1 H, H3); 401-4.13 (m, 4 H, POCH,CH,),)); 6.54-7.02 (m, 4 H,
aromat. H). *C-NMR (CDCL,): & = 7.94, 8.17 (C2-(CH,CH,),); 16.24 (d, J =
6.0 Hz, POCH,CH.,); 16.39 (d, J = 6.0 Hz, POCH,CH,); 26.76 (C2-CH,CH,);
28.89 (d, J = 7.8 Hz, C2-CH,CH,); 48.38 (C2); 56.32 (d, J = 151.8 Hz, C3);
61.85 (d, J = 6.5 Hz, POCH,CH,); 62.66 (d, J = 6.7 Hz, POCH,CH,); 115.20—
139.15 (aromat. C). MS (CI, i-butane): m/z (%) = 344 (40) [MH"], 206 (100)
[MH* - H(O)P(OC,Hs),]. C,sH,eNO;PS (343.4): Calc. C 55.96; H 7.63; N
4.08. Found: C 55.64; H 7.40; N 3.90.
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