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ABSTRACT

The addition of dimethylphosphine oxide and its tri-
methylsiloxyphosphorus(III) derivative, generated in
situ, to 3-thiazolines was found to yield dimethyl 4-
thiazolidinylphosphine oxides via three different syn-
thetic routes. The structures of two products were con-
firmed by X-ray analysis; common features include
approximate envelope conformations of the five-mem-
bered rings and hydrogen bonding of the form N–
H• • •O4P. q 1997 John Wiley & Sons, Inc. Hetero-
atom Chem 8: 207–215, 1997.

INTRODUCTION

Although the biological activity of a-aminophospho-
rus compounds [1–6] and their utility, e.g. as herbi-
cides (e.g., Glyphosate) [1,2], have been described in
detail, until now most of the work has been focussed
on the synthesis and investigation of a-aminophos-
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phonic acids and their derivatives [7–17], whereas
much less is known about the corresponding a-ami-
nophosphine oxides [18–20]. In the course of our
studies of the addition of dimethylphosphine oxide
to C4O and C4N double bonds [20–23] and of the
synthesis of 4-thiazolidinylphosphonates and deriv-
atives [24–26], we now wish to describe the synthe-
ses of several new 3-thiazolines and their dimethyl-
phosphine oxide adducts. Such a-aminophosphine
oxides may be interesting substitutes for proline and
other cyclic amino acids in the C-terminal position
of peptides.

RESULTS AND DISCUSSION

According to a method described in the literature
[7,38], the 3-thiazolines 1a–h were synthesized from
a-chloro- or a-bromoaldehydes, ammonia, sodium
hydrogen sulfide, and a second carbonyl component
(Scheme 1).

The reactivity of C4O and C4N double bonds
toward nucleophiles is strongly influenced by the
electron density at the carbon atom [27,28]. Because
of the electron richness of the 3-thiazoline system
and the lower polarity of the C4N compared to that
of the C4O bond, no reaction occurred when
mixtures of 3-thiazolines with dimethylphosphine
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SCHEME 1 Synthesis of 3-Thiazolines 1a–1h

1 R1 R 2 R 3 R 4 Yield c Ref.

a CH3 CH3 CH3 CH3 71 [23]
b CH3 CH3 -(CH2)4- 52 [7]
c CH3 CH3 -(CH2)5- 56 [7]
d C2H5 C2H5 C2H5 C2H5 75 —
e C2H5 C2H5 -(CH2)4- 53 —
f -(CH2)5- CH3 CH3 93 [35]
g -(CH2)5- CH(CH3)2 H 90 —
h -(CH2)5- -(CH2)4- 50 —

a In the case of 1a–e.
b In the case of 1f–h.
c In %.

oxide were stirred at room temperature, whereas the
spontaneous addition of the latter to the C4O bond
in aldehydes and ketones is well known [22,29].

In our case, the addition of dimethylphosphine
oxide to the C4N bond in 1a–h was achieved using
three methods (Scheme 2). The use of equimolar
amounts of potassium tert-butylate as a base [30,31]
led to the generation of phosphinate anions, which
added readily to the C4N bond (method A). In the
case of 1f, the resulting potassium salt was isolated
as a colorless, hygroscopic solid [32]. Subsequent
treatment with water furnished the free adducts
2e–h.

As known for the preparation of dialkylphos-
phite adducts of 3-thiazolines [7], an alternative
route to 4-thiazolidinyldimethylphosphine oxides 2
was provided by the thermally induced addition of
dimethylphosphine oxide to the C4N bond in the
case of 1b,c,e and g (method B).

Good yields of adducts 2a,c,d and g (Table 1)
were obtained under mild reaction conditions when
dimethylphosphinous trimethylsilyl ester [33,34]
was generated in the first step, followed by treatment
with 3-thiazolines and subsequently with water
(method C) [35].

The chiral 3-thiazoline 1g was employed in order
to investigate the diastereoselectivity in addition re-
actions of dimethylphosphine oxide. We expected
the best diastereoselectivities in the case of methods
A and C, because of the relatively mild reaction con-
ditions. Surprisingly, we found in all cases similar

diastereomeric ratios with dr values between 63:37
and 69:31. The best result with dr 4 69:31 was ob-
tained using method A (Scheme 3).

X-RAY STRUCTURE DETERMINATIONS

Compound 2c (Figure 1) crystallizes in the ortho-
rhombic space group Fdd2 [36]. The heterocyclic
system displays an approximate envelope confor-
mation, with C3 56 pm outside a plane through S,
N, C4, and C7 (mean deviation 4.7 pm). The cyclo-
hexyl group displays the expected chair
conformation.

The phosphorus atom shows the expected dis-
torted tetrahedral coordination, with the largest
compression for the angle C2–P–C3 [102.6(2)8]. The
largest bond angles at phosphorus, arising from the
increased steric demand of the P4O double bond,
are observed for O–P–C2 and O–P–C1 [113.6(2)8].

Weak intermolecular hydrogen bonding of the
type N–H1• • •O [N• • •O 316.4(4) pm, N–H1• • •O
157(4)8, O at 1/4 ` x, 1/4 1 y, 1/4 ` z] links the
molecules in chains parallel to the x axis.

Compound 2h (Figure 2) crystallizes in the or-
thorhombic space group Pca21, with two indepen-
dent molecules in the asymmetric unit [36]. Because
they differ only slightly, only one of the two indepen-
dent molecules will be discussed (Table 2).

In contrast to 2c, the nitrogen atom is situated
57 pm outside the plane of the remaining four atoms
of the heterocycle (mean deviation 3 pm). The cyclo-
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SCHEME 2 Preparation of the Dimethyl 4-Thiazolidinylphosphine Oxides 2

pentyl group also displays an envelope conforma-
tion, with C14 60 pm outside a plane through the
remaining atoms (mean deviation 1.4 pm).

As for 2c, chains of hydrogen-bonded molecules
are observed (here parallel to the y axis): N–H1• • • •O
(0.5 ` x, 1y, 1z) with N• • • •O8 317.8(3) pm, N–
H1• • • •O8 163(2)8 and N8–H18• • • •O (10.5 ` x, 1 1
y, z) with N8• • • •O 311.9(3) pm, N8–H18• • • •O 166(3)8.

EXPERIMENTAL

Melting points were determined in an open capillary
tube on a Dr. Linström instrument and are uncor-
rected. Elemental analyses were carried out on a
Carlo Erba Stumentalione analyzer (MOD 1104).
The 1H, 13C, and 31P NMR spectra were recorded on
a Bruker AM 300 spectrometer, in CDCl3 as a solvent.
The mass spectrometric data were recorded on a
Finnigan-MAT 212 spectrometer (Datasystem SS
300). Compounds 1a [7], 1b [7], 1c [7], and 1f [38],

and 2-chloro-2-ethylbutanal [39] and a-bromocy-
clohexyl carboxaldehyde [40] were prepared as de-
scribed in the literature.

3-Thiazolines 1a–h: General Procedure

At a temperature between 0 and 108C and with vig-
orous stirring, the a-chloro- or a-bromo aldehyde
(0.30 mol), dissolved in 30 mL of dichloromethane,
was added dropwise over 0.5 hours to a mixture of
aqueous ammonia (25%, 65 mL), the corresponding
second carbonyl compound (0.35 mol) and sodium
hydrogen sulfide monohydrate (0.35 mol). Subse-
quently, dichloromethane (100 mL) was added, and
the mixture was stirred overnight. The organic phase
was separated, and the aqueous phase was extracted
with dichloromethane (2 2 50 mL). Evaporation of
the solvent of the dried recombined organic phases
under reduced pressure led to the formation of a yel-
low oil, which was distilled in vacuo to give a col-
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TABLE 1 NMR Data of the Dimethylphosphine Oxide Adducts of the 3-Thiazolines 2a–2ha

d (1H), J (Hz) d (13C ), J (H2) d (31P )

2a 1.48–1.64 (m, 18H, CH3), 3.07 (d, 1H,
2J 4 7.2 Hz, C4–H)

16.95 (d, 1J 4 69.2 Hz, CH3PO), 17.42 (d, 1J 4
67.1 Hz, CH3PO), 28.81, 29.05 [C5(CH3)2],
31.97, 32.72 [C2(CH3)2], 62.31 (C5), 69.70 (d, 1J
4 71.7 Hz, C4), 74.08 (d, 3J 4 18.3 Hz, C2)

41.02

2b 1.31–2.12 [m, 20H, CH3, (CH2)4], 2.91
(d, 1H, 2J 4 7.2 Hz, C3–H)

16.79 (d, 1J 4 68.8 Hz, CH3PO), 17.27 (d, 1J 4
66.9 Hz, CH3PO), 23.58, 24.04, 25.41, 40.98,
43.51 [(CH2)4], 28.73, 29.11 [C2(CH3)2], 60.78
(C2), 70.04 (d, 1J 4 72.1 Hz, C3), 83.13 (d, 3J
4 18.3 Hz, C5)

41.20

2c 1.24–1.86 [m, 22H, CH3, -(CH2)5-],
3.06 (d, 1H, 1J 4 7.1 Hz, C3–H)

16.98 (d, 1J 4 69.7 Hz, CH3PO), 17.47 (d, 1J 4
67.1 Hz, CH3PO), 23.53, 25.16, 25.41, 40.98,
41.42 [(CH2)5], 28.97 [C2(CH3)2], 59.74 (C2),
68.64 (d, 1J 4 71.9 Hz, C3), 79.57 (d, 3J 4 17.5
Hz, C5)

41.12

2d 0.84–1.09 (m, 12H, CH2CH3), 1.58 (d,
3H, 2J 4 12.6 Hz, CH3PO), 1.59 (d,
3H, 2J 4 12.6 Hz, CH3PO), 1.63–
2.02 (m, 8H, CH2CH3), 2.56 (br d,
1H, 3J 4 9.1 Hz, NH), 3.17 (br dd,
1H, 3J 4 12.4 Hz, 2J 4 8.6 Hz, C4–
H)

9.33, 9.65, 9.87, 10.05 (4 2 CH2CH3), 17.26 (d, 1J
4 68.0 Hz, 2 2 CH3PO), 27.67, 32.43, 32.64,
33.85 (4 2 CH2CH3), 64.32 (d, 1J 4 72.0 Hz,
C4), 70.37 (C5), 81.70 (d, 3J 4 17.4 Hz, C2)

41.36

2e 1.00 (t, 2J 4 7.7 Hz, 3H, CH2CH3),
1.03 (t, 2J 4 7.0 Hz, 3H, CH2CH3),
1.43–2.14 [m, 18H, -(CH2)4-,
CH2CH3, (CH3)2PO], 3.06 (d, 2J 4
8.3 Hz, 1H, C3–H)

9.99 (2 2 CH2CH3), 17.18 (d, 1J 4 66.9 Hz,
CH3PO), 17.27 (d, 1J 4 65.5 Hz, CH3PO), 23.72,
24.14, 40.82, 43.46 [(CH2)4], 28.03, 32.80
[C2(CH2)2], 65.43 (d, 1J 4 72.7 Hz, C3), 71.31
(C2), 82.48 (d, 3J 4 18.3 Hz, C5)

41.13

2f 1.27–1.64 [m, 22 H, CH3, -(CH2)5-],
2.33 (d, 3J 4 0.28 Hz, 1H, NH), 3.08
(d, 2J 4 9.03 Hz, 1H, C4–H)

16.78 (d, 1J 4 69.2 Hz, CH3PO), 17.77 (d, 1J 4
67.6 Hz, CH3PO), 23.45, 25.39, 27.50, 36.31,
39.38 [(CH2)5], 31.92, 32.52 [C2(CH3)2], 69.89 (d,
1J 4 73.1 Hz, C4), 70.53 (C5), 73.14 (d, 3J 4
19.5 Hz, C2)

42.76

2g major diastereomer: 0.91–2.12 [m,
23H, CH(CH3)2, CH3, -(CH2)5-], 2.75
(d, 2J 4 7.9 Hz, 1H, C4–H), 4.33 (d,
3J 4 6.8 Hz, 1H, C2–H)

major diastereomer: 16.73 (d, 1J 4 68.4 Hz,
CH3PO), 17.84 (d, 1J 4 67.6 Hz, CH3PO), 19.83,
20.39 [CH(CH3)2], 23.41, 25.37, 27.40, 35.55,
39.27 [-(CH2)5-], 33.80 [CH(CH3)2], 67.18 (C5),
72.11 (d, 1J 4 73.2 Hz, C4), 74.75 (d, 3J 4 16.8
Hz, C2)

major
diastereomer:

41.54

minor diastereomer: 0.91–2.12 [m,
23H, CH(CH3)2, CH3, -(CH2)5-], 2.85
(d, 2J 4 8.5 Hz, 1H, C4–H), 4.15 (d,
3J 4 9.0 Hz, 1H, C2–H)

minor diastereomer: 16.57 (d, 1J 4 67.9 Hz,
CH3PO), 17.75 (d, 1J 4 67.9 Hz, CH3PO), 19.64,
20.25 [CH(CH3)2], 23.76, 25.48, 27.28, 35.51,
38.92 [-(CH2)5-], 37.25 [CH(CH3)2], 67.88 (C5),
69.25 (d, 1J 4 74.0 Hz, C4), 74.80 (d, 3J 4 16.8
Hz, C2)

minor
diastereomer:

42.63

2h 1.16–2.18 [m, 24H, CH3, -(CH2)-],
2.54–2.69 (m, 1H, NH), 2.89–2.96
(m, 1H, C14–H)

16.84 (d, 1J 4 68.2 Hz, CH3PO), 17.88 (d, 1J 4
67.7 Hz, CH3PO), 23.69, 23.73, 24.20, 25.50,
27.58, 36.55, 39.51, 41.04, 43.51 [-(CH2)-],
69.23 (C6), 70.52 (d, 1J 4 73.3 Hz, C14), 82.39
(d, 3J 4 19.03 Hz, C12)

41.69

a CDCl3; d (ppm); J (Hz).
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SCHEME 3 Synthesized Dimethyl 4-Thiazolidinylphosphine Oxides 2

2 R1 R 2 R 3 R 4 Method a Yield b dr c

a CH3 CH3 CH3 CH3 C 50 —
b CH3 CH3 -(CH2)4- B 37 —
c CH3 CH3 -(CH2)5- B 51 —

C 65 —
d C2H5 C2H5 C2H5 C2H5 C 50 —
e C2H5 C2H5 -(CH2)4- A 38 —

B 25 —
f -(CH2)5- CH3 CH3 A 35 —
g -(CH2)5- CH(CH3)2 H A 33 69:31

B 36 68:32
C 38 63:37

h -(CH2)5- -(CH2)4- A 60 —
a The different methods are described in the Experimental section.
b In %.
c dr 4 diastereomeric ratio (determined from the 31P-NMR spectra of the crude products).

FIGURE 1 Molecular structure of compound 2c.
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FIGURE 2 Molecular structure of compound 2h (two independent molecules).

orless liquid. The elemental analyses of 1 were not
obtained because of the unpleasant smell of the 3-
thiazolines 1. The confirmation of the structure is
based on spectroscopic data and on the character-
ization of the dimethylphosphine oxide adducts 2.

2,2,5,5-Tetraethyl-3-thiazoline (1d)

Prepared from 30.1 g (0.35 mol) of 3-pentanone and
40.4 g (0.30 mol) of 2-chloro-2-ethylbutanal; yield
29.9 g (75%); bp 58–608C (0.08 mbar). 1H NMR
(CDCl3): d 4 0.87–0.95 [m, 12H, 4 2 CH3], 1.63–1.89
[m, 8H, 4 2 CH2], 6.82 [s, 1H, C4-H]. 13C NMR
(CDCl3): d 4 9.43, 9.45 [4 2 CH3], 31.71, 34.93 [4 2
CH2], 74.62 [C5], 97.37 [C2], 164.34 [C4]. MS (CI-
isobutane): m/z (%) 4 200 (100) [MH`]. C11H21NS
(199.3).

2,2-Diethyl-1-thia-4-aza[4.4]non-3-ene (1e)

Prepared from 29.4 g (0.35 mol) of cyclopentanone
and 40.4 g (0.30 mol) of 2-chloro-2-ethylbutanal;
yield 31.3 g (53%); bp 67–708C (0.005 mbar). 1H
NMR (CDCl3): d 4 0.88 [t, 3J 4 7.4 Hz, 6H, 2 2 CH3],

1.68 [q, 3J 4 7.4 Hz, 4H, 2 2 CH2CH3], 1.65–2.11 [m,
8H, -(CH2)4-], 6.68 [s, 1H, C3–H]. 13C NMR (CDCl3):
d 4 9.81 [2 2 CH3], 24.33, 31.91, 43.78 [6 2 CH2],
76.02 [C2], 96.97 [C5], 163.78 [C3]. MS (CI-isobu-
tane): m/z (%) 4 198 (100) [MH`]. C13H19NS (197.3).

2-Isopropyl-1-thia-3-aza-spiro[4.5]dec-4-ene
(1g)

Prepared from 5.3 g (0.074 mol) of isobutyraldehyde
and 11.7 g (0.063 mol) of a-bromocyclohexyl alde-
hyde; yield 10.9 g (90%); bp 72–748C (0.004 mbar).
1H NMR (CDCl3): d 4 0.82–2.11 [m, 11H, CH(CH3)2,
-(CH2)5-], 0.89 [d, 3H, 3J 4 6.7 Hz, CH3], 0.97 [d, 3H,
3J 4 6.8 Hz, CH3], 5.46 [dd, 1H, 4J 4 2.6 Hz, 3J 4
5.5 Hz, C2–H], 7.00 [d, 1H, 4J 4 2.6 Hz, HC4N]. 13C
NMR (CDCl3): d 4 18.06, 19.58 [2 2 CH3], 23.93,
25.08, 37.35 [5 2 CH2], 34.61 [CH(CH3)2], 71.05 [C5],
88.66 [C2], 167.18 [C4N]. MS (CI-isobutane): m/z
(%) 4 198 (100) [MH`]. C11H19NS (197.3).

7-Thia-13-aza-dispiro[5.1.4.2]tetradec-13-ene
(1h)

Prepared from 6.8 g (0.081 mol) of cyclopentanone
and 13.1 g (0.069 mol) of a-bromocyclohexyl alde-
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TABLE 2 Crystallographic Data

Compound 2c 2h
Formula C12H24NOPS C14H26NOPS
Mr 261.35 287.39
Crystal size (mm) 0.90 2 0.50 2

0.15
0.80 2 0.50 2

0.30
Space group Fdd2 Pca21

Temperature (8C) 1100 1130
Cell constants:

a(pm) 2172.8(4) 1701.7(2)
b(pm) 3617.7(7) 1134.90(14)
c(pm) 709.97(14) 1556.1(2)

V(nm3) 5.581(2) 3.0051
Z 16 8
Dx (Mg m13) 1.244 1.270
F(000) 2272 1248
l (mm11) 0.329 0.312
2hmax(8) 50 55
No. of reflections:

measured 3837 5788
independent 2461 4575

Rint 0.0332 0.0240
wR(F2) (all refl.) 0.0983 0.0762
R(F) (obs. refl.) 0.0422 0.0291
No. of

parameters
153 337

Flack x
parameter

0.10(12) 10.05(6)

S 1.001 1.044
Max. D/r ,0.001 ,0.001
Max. Dq(e nm13) 186 355

hyde; yield 7.1 g (50%); bp 83–858C (0.01 mbar). 1H
NMR (CDCl3): d 4 1.14–2.18 [m, 18H, -(CH2)4-,
-(CH2)5-], 6.92 [s, 1H, HC4N]. 13C NMR (CDCl3): d 4
24.08, 24.41, 25.09, 37.74, 44.24 [9 2 CH2], 72.11
[C6], 95.63 [C12], 164.60 [C4N]. MS (CI-isobutane):
m/z (%) 4 210 (100) [MH`]. C12H21NS (209.3).

Dimethylphosphine Oxide Adducts 2: General
Procedures

Method A. 3-Thiazoline 1 (5 mmol) and potas-
sium tert-butylate (0.56 g, 5 mmol) were dissolved in
dry toluene (50 mL) and a dimethylphosphine oxide
solution (3.67 mL, 5 mmol, and 1.5 M in toluene)
was slowly added dropwise at room temperature. Af-
ter having been stirred for 5 days, the reaction mix-
ture was hydrolyzed with water (10 mL) and neu-
tralized with hydrochloric acid (1N). The organic
phase was separated, and the aqueous phase was
washed with toluene (3 2 10 mL). The combined
organic extracts were dried with magnesium sulfate
and separated from the solvent in vacuo. A colorless,
viscous oil was formed, which crystallized at room
temperature or, better, at 48C in a refrigerator. The
crystals were washed with petroleum ether 40/60
and dried in vacuo.

Method B. The 3-thiazoline 1 (5 mmol) and di-
methylphosphine oxide (0.40 g, 5 mmol) were dis-
solved in 30 mL of ligroin and refluxed for 24 hours.
Subsequently, the hot reaction mixture was sepa-
rated from the oily residue and was left to crystallize
at 1288C. Crystals formed after several days and
were filtered off, washed with petroleum ether (40/
60), and dried in vacuo.

Method C. Trimethylchlorosilane (0.35 mL,
2.75 mmol) was added dropwise in an inert gas at-
mosphere at 08C to a solution of dimethylphosphine
oxide (0.20 g, 2.5 mmol) and triethylamine (0.39 mL,
2.75 mmol) in dry dichloromethane (50 mL) so that
the temperature did not exceed 58C. After having
been stirred for 15 minutes, the 3-thiazoline com-
ponent 1 (2.5 mol), dissolved in 10 mL of dry dich-
loromethane, was added dropwise. Stirring at room
temperature was continued for another 8 hours, wa-
ter (50 mL) was added to the reaction mixture, and
the organic phase was separated. The aqueous phase
was washed with dichloromethane (2 2 15 mL), and
the combined organic phases were dried with mag-
nesium sulfate. After removal of the solvent in vacuo,
the crystalline residue was washed with petroleum
ether (40/60) and dried in vacuo.

Dimethyl 2,2,5,5-Tetramethyl-4-
thiazolidinylphosphine Oxide (2a)

Prepared via method C from 0.36 g (2.5 mmol) of
2,2,5,5-tetramethyl-3-thiazoline [23] 1a; colorless
crystals; yield 0.28 g (50%); mp 73–748C. MS (CI, iso-
butane): m/z (%) 4 222 (100) [MH`]. C9H20NOPS
(221.2); calcd: C, 48.85; H, 9.11; N, 6.33; found: C,
48.32; H, 9.04; N, 5.80.

Dimethyl 2,2-Dimethyl-1-thia-4-aza-
spiro[4.4]non-3-ylphosphine Oxide (2b)

Prepared via method B from 0.85 g (5 mmol) of 2,2-
dimethyl-1-thia-4-aza-spiro[4.4]non-3-ene [7] 1b;
colorless crystals; yield 0.46 g (37%); mp 107–1088C.
MS (CI, isobutane): m/z (%) 4 248 (100) [MH`].
C11H22NOPS (247.3); calcd: C, 53.42; H, 8.97; N, 5.66;
found: C, 53.05; H, 8.89; N, 5.40.

Dimethyl 2,2-Dimethyl-1-thia-4-aza-
spiro[4.5]dec-3-ylphosphine Oxide (2c)

Prepared via method B from 0.92 g (5 mmol) and via
method C from 0.46 g (2.5 mmol) of 2,2-dimethyl-1-
thia-4-aza-spiro[4.5]dec-3-ene [7] 1c; colorless crys-
tals; yield 0.66 g (51%; method B); 0.43 g (65%;
method C); mp 148–1498C. MS (CI, isobutane): m/z



214 Gröger et al.

(%) 4 262 (100) [MH`]. C12H24NOPS (261.3); calcd:
C, 55.15; H, 9.26; N, 5.36; found: C, 55.02; H, 9.36;
N, 5.22.

Dimethyl 2,2,5,5-Tetraethyl-4-
thiazolidinylphosphine Oxide (2d)

Prepared via method C from 0.50 g (2.5 mmol) of
2,2,5,5-tetraethyl-3-thiazoline 1d; colorless crystals;
yield 0.35 g (50%); mp 92–938C. MS (CI, isobutane):
m/z (%) 4 278 (100) [MH`]. C13H28NOPS (277.4);
calcd: C, 56.29; H, 10.17; N, 5.05; found: C, 56.19; H,
10.32; N, 4.96.

2,2-Diethyl-1-thia-4-aza-spiro[4.4]non-3-yl
Dimethylphosphine Oxide (2e)

Prepared via methods A or B from 0.99 g (5 mmol)
of 2,2-diethyl-1-thia-4-aza-spiro[4.4]non-3-ene 1e;
colorless crystals; yield 0.52 g (38%; method A); 0.34
g (25%; method B); mp 139–1408C. MS (CI, isobu-
tane): m/z (%) 4 276 (100) [MH`]. C13H26NOPS
(275.3); calcd: C, 56.70; H, 9.52; N, 5.09; found: C,
56.31; H, 9.22; N, 4.56.

Dimethyl 2,2-Dimethyl-1-thia-3-aza-
spiro[4.5]dec-4-ylphosphine Oxide (2f)

Prepared via method A from 0.92 g (5 mmol) 2,2-
dimethyl-1-thia-3-aza-spiro[4.5]decene 1f. The re-
sulting salt was isolated, characterized by 1H- and
31P-NMR spectroscopy, and hydrolyzed in a second
step; colorless crystals; yield 0.46 g (35%); mp 118–
1208C. MS (CI, isobutane): m/z (%) 4 262 (100)
[MH`]. C12H24NOPS (261.3); calcd: C, 55.15; H, 9.26;
N, 5.36; found: C, 55.03; H, 9.25; N, 5.25.

Dimethyl 2-Isopropyl-1-thia-3-aza-spiro[4.5]dec-
4-ylphosphine Oxide (2g)

Prepared via methods A and B from 0.99 g (5 mmol)
and via method C from 0.50 g (2.5 mmol) 2-isopro-
pyl-1-thia-3-aza-spiro[4.5]decene 1g; colorless crys-
tals; yield 0.46 g (33%; method A); 0.50 g (36%;
method B); 0.26 g (38%; method C). MS (CI, isobu-
tane): m/z (%) 4 276 (90) [MH`], 198 (100) [MH`

-(CH3)2PHO]. C13H26NOPS (275.3); calcd: C, 56.70;
H, 9.52; N, 5.09; found: C, 56.59; H, 9.62; N, 4.98.

Dimethyl 7-Thia-13-aza-dispiro[5.1.4.2]tetradec-
14-ylphosphine Oxide (2h)

Prepared via method A from 1.05 g (5 mmol) 7-thia-
13-aza-dispiro[5.1.4.2]tetradecene 1h; colorless
crystals; yield 0.86 g (60%); mp 167–1688C. MS (CI,

isobutane): m/z (%) 4 288 (100) [MH`]. C14H26NOPS
(287.4); calcd: C, 58.51; H, 9.12; N, 4.87; found: C,
58.80; H, 9.19; N, 4.66.
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