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The [3 + 2] cyclocondensation of 2-amino-1,3-thiazoline, 2-
aminopyridines, 2- and 4-aminopyrimidines, 2-aminopyra-
zine, and 2-aminoquinoline with chloromethyldichlorophos-
phane in the presence of triethylamine yields regio-
specifically 5,6-dihydrothiazolof2,3-e][1,4,2]diazaphosphole
(3), 1,4,2-diazaphospholo[4,5-a]pyridines (12), 1,4,2-diaza-
phospholo[4,5-a]pyrimidines (15), 1,4,2-diazaphospholo[4,5-
elpyrimidine (1%7), 1,4,2-diazaphospholo[4,5-a]pyrazine (19),
and [1,4,2]diazaphospholo{4,5-a]lquinoline (22), respectively.
Using 2-amino-1,3-thiazole (4) and 2-aminobenzothiazoles 8,

we obtained mixtures of the 1,5- and 4,5-anellated 1,4,2-di-
azaphospholes 5/6, 9a/10a and 9b/10b, while in the case of
the methyl derivative 8c only the [1,4,2]diazaphospholo[5,4-
b][1,3]benzothiazole 10c was formed. In the reaction of 2-
aminothiazole and 2-aminopyrazine with chlorometh-
yldichlorophosphane the bis(diazaphospholo)-substituted
chloromethylphosphanes 7 and 20 could be detected. The
new anellated 1,4,2-diazaphospholes are colorless to pale
yellow crystalline moisture-sensitive solids.

Many azaphospholes have been synthesized in the last 25
years, mostly by [4 + 1] cyclocondensation reactions or by
[3 + 2] cycloaddition reactions!>-?l, These syntheses often
parallel those of azoles: When carboxylic acid derivatives
are used for condensation to yield azoles, phosphorus tri-
halides or trisamides take their part in azaphosphole syn-
theses. When acetylenes are employed in the synthesis of
azoles involving cycloaddition, phosphaalkynes are used in-
stead for azaphospholes. A further route to azaphospholes
by a condensation reaction may be understood as a parallel
of the Hantzsch thiazole synthesis, with the part of the o-
haloketone played by chloromethyldichlorophosphane.
Starting from thioamides, we thus obtained 1,3,4-thiaza-
phospholes and starting from amidines, we obtained 1,4,2-
diazaphospholes. Only this route does give access to re-
presentalives containing an unsubstituted carbon ring
member adjacent to phosphorus (i.e. in the 5- or 3-pos-
ition)P). The present paper describes the synthesis of anel-
lated 1,4,2-diazaphospholes starting from heterocycles con-
taining an amidine system, i.e. 2-aminopyridines and 2-
amino-1,3-thiazoles, and in one case a 2-aminothiazoline.

Syntheses

The condensation of equimolar amounts of 2-amino-1,3-
thiazoline with chloromethyldichlorophosphane in the pres-
ence of a threefold molar amount of triethylamine in ace-
tonitrile proceeds regiospecifically to give 5,6-dihydro[l,3]-
thiazolo[2,3-¢][1,4,2]diazaphosphole (3).

When 2-amino-1,3-thiazole or 2-amino-1,3-benzothia-
zoles are used for the cyclocondensation, mixtures of iso-
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meric anellated 1,4,2-diazaphospholes, resulting from both
orientations of the CP unit in 2 with respect to the NCN
fragment in the aminothiazole, are generally obtained.
Thus, the reaction of 2-amino-1,3-thiazole with 2 leads
to thiazolo[2,3-¢][1,4,2]diazaphosphole 5 (70%) and thia-
zolo[3,2-d]-1,4,2-diazaphosphole (6) (10%). The bis(diaza-
phospholyl)phosphane 7, &*'P(CDCl;) = 254.3 (o-P),
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—47.5 (63-P), 2Jpp = 11.3 Hz, formed by reaction of 6 with
excess 2, was detected as a minor side product (up to 5%)
by 3!P-NMR spectroscopy.

The regioselectivity of the condensation of 2-aminoben-
zothiazoles with 2 is remarkably influenced by the substitu-
ents on the benzene ring. Thus, the reaction of 2-aminoben-
zothiazole 8a as well as its 6-methoxy derivative 8b with 2
gives each a mixture of the isomeric [1,4,2]diazaphos-
pholo[5,1-h][1,3]benzothiazole 9 and -[5,4-5][1,3]benzothia-
zole 10, the latter being the major product in both cases.
The reaction of 2-amino-4-methylbenzothiazole with 2,
however, is regiospecific again although the orientation of
2 in this case is reversed as compared to that in its reaction
with 2-aminothiazoline.

The cyclocondensation of 2-aminopyridines and related
aminoazines with 2 yields regiospecifically 4,5-anellated
1,4,2-diazaphospholes. Starting from the 2-aminopyridines
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11a—e, we obtained the 1,4,2-diazaphospholol4,5-a]pyrid-
ines 12a—el.

2-Aminopyrimidines 13 react analogously to form 1,4,2-
diazaphospholo[4,5-a]pyrimidines 15. In the case of 13b,
the diazadiphosphetidine 14b was identified as an inter-
mediate by its 'P-NMR signal (5 = 188.9) and by the
chracteristic pattern of the H-NMR signal of the P-meth-
ylene protons (6 = 4.72, X part of AA’X,X5 spin system,
N = 12.9 Hz)P], when the reaction was performed with less
than three equivalents of Et;N. Upon addition of more
Et;N 14b was converted completely to 15b. This obser-
vation suggests, that in all cases the formation of the 1,5-
anellated 1,4,2-diazaphospholopyridines by this method
proceeds via diazadiphosphetidines in analogy to 14b.

The reaction of 4-aminopyrimidine 16, 2-aminopyrazine
18, and 2-aminoquinoline 21 with 2 under similar con-
ditions gives 1,4,2-diazaphospholo{4,5-c]pyrimidine (17),
-[4,5-alpyrazine (19), and -[4,5-a]lquinoline (20), respectively.
In the synthesis of 19 the bis(diazaphospholyl)-substituted
phosphane 20, §*'P(CDCI;) = 239.5 (62-P), —56.4 (c°-P),
2Jpp = 9.2 Hz, was identified as a minor side product (yield
up to 8%).

Table 1. *'P-, 'H-, and '3C-NMR data for the thiazolodiazaphos-
pholes 3, 5, and 6 (in CDCls, coupling constants J in Hz)
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Table 2. 31P-, 'H-, and '*C-NMR data for the diazaphospholo ben-
zothiazoles 9 and 10 (in CDCl,, coupling constants J in Hz)

3l 5 6
§1p 194.0 1919 2238
§1H 23H 9.06("! 928  8.32
2 J(P,H) 54.8 56.8 31.2
6 J(2-H,6-H) 0.4 0.9
5-H 4.33 6.95 6.38
3:4 J(P,H) 3.6 13
3J(5-H,6-H) 7.3 5.0 4.8
6-H 3.80 6.18  6.06
45 J(P,H) 14 2.1
§13¢ C-23 178.2 1772 1511
11p,C) 54.0 57.9 66.7
LJ(C.H) 183.7 182.8  183.2
C-5 49.0 1189 1193
2J(p,C) 10.5 8.1
Lj(C,H) 147.7 1956  195.6
25(C,H) 2.7 6.6 5.9
C-6 35.4 1153  114.8
31P,C) 27.8
1 j(C,H) 146.0 194.5  193.4
2J(CH) 2.7 9.9 9.5
C-7a 163.2 164.5  155.6
21p,C) 35 18.3

fa] JSH,H) were obtained from a J-resolved 2D 'H-NMR spectrum.

— 0 57(2-H,5-H) = 0.4 Hz.

The isolated anellated 1,4,2-diazaphospholes (see Table

9a 9b 10a 10b 10cl®!
§31p 184.7 184.2 2234 2217 2204
SIH  23-H 9.35 9.33 9.24 9.18 9.53
2 J(P,H) 56.6 57.0 30.8 30.6 32.0
5-H 7.68"! 7.61 7.61 7.48
3 J(5-H,6-H) 7.8 8.9 7.8 8.8
4 J(5-H,7-H) 1.3 1.5
6-H 7.31 6.96  7.31 697 7.7
3J(6-H,7-H) 7.8 7.6 7.5
4 J(6-H,8-H) 1.5 2.5 1.2 24 1.7
7-H 7.38 7.37 7.20
3J(7-H,8-H) 7.8 7.8 7.5
8-H 7.65 717 755 113 746l
CH; 3.84 3.84 2.78
s8¢ C-2,3 177.1 176.5 149.8 1495 153.3
Ljp,C) 56.9 56.8 66.8 67.4 64.0
C-4a 137.1 131.2 1314 126.0 1311
2KP,C) 7.6 7.6
C-5 115.0 116.2 1135 1146 1248
34 J(P,C) 3.8 3.7 0.9 1.4
C-6 126.4 1140 1263 1137 1290
C-7 125.6 1577 1258 1578 1252
8J(P,C) 14 1.5 1.4
C-8 124.0 108.0 1244 108.4  122.0
5J(P,C) 1.4 1.5 1.4
C-8a 131.1 1320 130.7 1323 1309
C-9a 159.6 159.2 1535 1529  154.0
2J(P,C) 3.3 2.7 19.4 18.9 18.5
CH; 55.9 55.9 19.8

5) are colorless to pale yellow crystalline solids having a
characteristic odor; they are soluble in benzene, diethyl
ether and polar aprotic organic solvents. They are highly
sensitive to moisturel® but can be stored at ambient tem-
perature under dry argon.
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el C-3: 1J(C,H) = 183.4 Hz; C-4a: 3J(C,6-H) = *J(C8-H) = 7.6,
3J(C,CH,) = 4.2 Hz; C-5: 2J(C,CHs) = 6.2, *J(C,H) = 8.1 Hz; C-
6: 'J(CH) = 16l.1, 3)C,8-H) = 8.5, 3J(C,CH;) = 5.2 Hz; C-7:
1J(C,H) = 162.3 Hz; C-8: 'J(C,H) = 161.1, *J(C,H) = 8.1 Hz; C-
8a: 3J(C,H) = 9.5 Hz; C-9a: SJ(C,H) = 10.4 Hz, — b 4P H) =
0.7, SJ(5-H,8-H) = 0.4 Hz. — [ SJ(PH) = 0.8 Hz. — ¥ $J(PH) =
0.5 Hz.

Regioselectivity

As mentioned in the introduction, the present method
parallels the synthesis of anellated imidazoles involving
[3 + 2] cyclocondensation of heterocycles like 2-aminopyri-
dines with o-halocarbonyl compoundsl®.. The regiochemis-
try of the two condensations may therefore also be com-
pared. 2-Aminopyridines and 2-amino-1,3-thiazoles have
been shown to exist predominantly in the amino form®l.
Although they exhibit ambident nucleophilic reactivity
their cyclocondensation with o-halocarbonyl compounds
has been reported to proceed regiospecifically, the carbon
atom of the carbonyl end being bound to the nitrogen atom
of the amino group!’l. In the proposed mechanism of the
reaction, the first step involves quaternization of the ring
nitrogen, which is followed by cyclization of the resulting 2-
aminocycloiminium saltl®. The initial formation of the
cycloiminium salt is supported by the isolation of the corre-
sponding salts in the reactions of 2-amino-1,3-thiazole!®!
and 2-aminopyridine® with @-bromoacetophenone.
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Table 3. 3'P- and 'H-NMR data for the diazaphospholo pyridines 12, pyrimidines 15 and 17, pyrazine 19, and quinoline 22 (in CDCl,,
coupling constants J in Hz)

12al®l 12b  12¢c 12d  12¢]  13a 15b 17 19 22[b-]
§31p 1950 195.6 1981 1976 1948 1970 1980 204.5 207.9 194.3
§'H 3-H 887 890 885 877 885 894 886 890 897  9.49
2 J(p,H) 298 293 298 303 304 281 286  30.1 295  29.6
573-H38-H) 1.2 0.9 0.9 1.1 0.9
5-H 814 805 8.06 7.92 8.51dl 8.13lel
3J5-H6-H) 68 68 70 6.8 4.6
6-H 6.73 6.67 6.63 6.6711  6.90 g.72lel 7.84
3J6-H,7-H) 6.8 6.8 6.8 4.1
4j6-H,8H) 1.2 1.7 1.4
7-H 717 7.02 702 7.2008) 868 7.45
3H7T-HS8H) 9.2 93 91 9.6
8-H 7.52 735 741 7520l 720 9.03 744
CHj 259 236 222 260 268  2.85
258  2.50

] From ref.™. — ™ J(I1,H) were obtained from a J-resolved 2D 'H-NMR spectrum. — [l The data in the fields of 3-H, 7-H, and 8-H
in the Table correspond to those of 1-H, 5-H, and 4-H in 22, respectively; J(1-H,5-H) = 0.4, >J(5-H,9-H) = 1.0 Hz; 6-H: § = 7.68,
3J(6-H,7-H) = 7.9, *J(6-H,8-H) = 1.5, 5.1%6-H,9-H) = 0.5 Hz; 7-H: 6 = 7.37, 3.1(7-H,8-H2 = 7.3, 4J(7-H,9-H) = 1.0 Hz; 8-H: § = 7.55,
3)(8-H.9-H) = 8.5 Hz; 9-H: 5 = 7.86. — [ 4J(PH) = 1.0 Hz, *J(5-H,7-H) = 2.2 Hz, — (1 5J(5.H,8-H) = 1.2 Hz. — 11 4J(6.H, CH,) =
0.9 Hz. — 1 5J(7-H,CH;) = 0.4 Hz. — ™ 45(8-H,CH,) = 1.2 Hz. — U 6J(8-H,CH,) = 0.6 Hz.

Table 4. 13C-NMR data for the diazaphospholopyridines 12, pyrimidines 15 and 17, pyrazine 19, and quinoline 22 (in CDCls, coupling
constants J in Hz)

12a  12b 12¢ 12d 12e 15b 17 19 2200]
C-3 151.2 1520  150.8  150.7  147.3 146.3 1471 1511 1493
LJ(P,C) 65.5  65.6 65.6 65.4 63.8 63.8 645 711 64.3
1jc,H) 1819 1809 1819 1810 1813 182.7 182.6  180.3
el 17 2.1 0.9
C-5 127.8 1260 1268 1256  136.1 143.8 147.0 12074 1332
3JP,C) 2.3 2.5 2.6 3.5 2.9 17
1JC,H) 1819 1846 1836 1810 186.5
C-6 1127 1128 1154 1225 1123 109.2 129.6 1232
4J(P,C) 1.5 1.3 1.9 1.9 1.2 0.7
1JCH) 1669 1663  164.9 167.4 167.5 186.8
2JCH) 34,17 4.9 g6l 11 5.5
3J(C,H) 8.9 7.9 6.6 81,48 13.1
C-7 1265 1250  137.7 1297 1264 1615 150.1 128.1
LJCH) 1633 1624 162.1  164.9 165.0
2J(C,H) 1.2 6.7l¢] 6.4l 2.3
3J(C,H) 78 6.6, 46 67 7.6, 4.7 5.6
C-8 1193 1289 1178 1185  117.10] 109.1  144.9!8] 1189
3JP,C) 8.6 9.1 7.6 8.5 9.2 7.3 10.2 7.4
1JCH) 1672 165.4 1678  168.3 189.4 1700
3J(C,H) 8.4 5.7, 5.7l€] 7.3 11.3
C-8a 1521  152.8 1526 1513  153.1 153.6 152.8 146.8  151.2
2J(P,C) 142 153 13.7 14.2 14.0 16.1 13.9 142 143
3XCH) 132,85 © 88,49 9.1
CHjy 18.1 20.9 17.6 19.5 24.4,19.5 22.7, 21.8
LJ(C,H) 128.1 1276 1280  129.0  128.0,130.0
3J(CH) 6.1 51,38 3.8 4.0 1.7, 3.8

18] From ref.1. — (] The data in the fields of C-3, C-5, C-6, C-7, C-8, and C-8a in the Table correspond to those of C-1, C-9a, C-5a, C-
4, and C-3a in 22. C-6: § = 129.0, 'J(C,H) = 160.9, 2J(C,H) = 1.5, 3J(C,H) = 7.9, 3.3 Hz; C-7: 6 = 1254, SJ(P,C) = 1.0, !J(C,H) =
163.5, *J(C,H) = 7.9 Hz; C-8: 8 = 129.3, \J(C,H) = 163.6, *J(C,H) = 8.5 Hz; C-9: § = 116.4, 1J(C,HP = 152.5,3J(C,H) = 7.7, *J(C,H)
2.5, 1.3, 0.6 Hz. — ©l Coupling to 5-H. — [ 25(C,H) = 12.8 Hz. — [ Coupling to methyl protons. — 8 2J(C,H) = 0.9 Hz. — (&1 *J(C,H)
1.7 Hz.
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Table 5. Yields, physical and analytical data for 3, 9, 10, 12, 15, 17, 19, and 22

Colour Yield Formula Caled. C H N
m.p. [°C] (%] M Found

3 colorless 53 C4Hs5N,PS 33.33 3.50 19.44
47-48 144.13 33.46 3.81 19.11
pale yellow CgHsN,oPS 50.00 2.62 14.57
Pa+10a 63-64 28 192.17 4950 3.55 14.18
pale yellow CoH7N2POS 48.65 3.18 12.61
8b+10b 9495 38 22220 4734 365 1143
10¢ pale yellow 16 CoH7N,PS 5242 342 13.59
116-117 206.20 52.42 3.96 12.67
12b colorless 62 C7H7N2P 56.01 4.70 18.66
83-85 150.12 56.31 4.91 17.80
12 colorless 73 C7H7NoP 56.01 4.70 18.66
¢ 112-114 150.12 55.84 5.53 1847
12d colorless 67 C+H:N3P 56.01 4.70 18.66
94-95 150.12 56.03 4.57 18.27
12 colorless 6 C7H7NoP 56.01 4.70 18.66
€ 89-90 150.12 56.11 540 18.54
15b pale yellow a1 C7HgN3P 50.91 4.88 2545
161-162 165.13 50.87 4.54 25.21
17 pale yellow o4 C;HgN3P 50.91 4.88 2545
153-155 165.13 50.81 5.57 25.28
19 pale yellow 47 CsHyN3P 43.81 2.94 30.65
135-137 137.08 43.66 3.02 30.48
22 pale yellow 76 C1oH7NoP 64.52 3.79 15.05
82-83 186.15 64.28 4.09 15.16

Although the condensation of 2 and the condensation of
o-halo carbonyl compounds can well be compared to each
other in principle, the two reagents differ in the order of
reactivity of their two electrophilic sites. In 2 the phos-
phorus atom is expected to be more electrophilic and to
react first. The regiochemistry will thus depend on the rela-
tive reactivity of the amino group and the ring nitrogen
atom towards this phosphorus atom. 2-Aminopyridines 11
as well as aminodiazines 13, 16, and 18 obviously attack 2
exclusively through their amino group. This step is con-
firmed by the observed formation of intermediate 14b. In
the case of thiazole and benzothiazole the ring nitrogen
competes effectively for the phosphorus leading to a mix-
ture of both isomers. Similar differences in the behavior of
2-aminopyridine and 2-aminothiazole have been observed
beforel'®) and are explained on the basis of semiempirical
CNDO/2 calculations, which reveal that the charge density
at the ring nitrogen of 2-amino-1,3-thiazole is much higher
than that at the ring nitrogen of 2-aminopyridine!*!). That
no isomer 9c¢ is formed may be explained by the steric effect
of the 4-methyl substituent which makes the adjacent ring
nitrogen less easily accessible.

In the aminothiazoline 1 the two-coordinate nitrogen
atom is no longer part of an aromatic system and proves to
be more nucleophilic than the amino group nitrogen. It
leads therefore selectively to the isomer 3.

NMR Spectroscopy

The new anellated 1,4,2-diazaphospholes exhibit 3'P
chemical shifts between & = 180 and 225 (Tables 1-3), i.e.

Chem. Ber. 1995, 128, 581—587

in a range characteristic of 83!P of azaphospholes with the
dicoordinate phosphorus bound to one nitrogen and one
carbon atom['?, For the 1,5-anellated diazaphospholes 5
and 9 53'P appears at lower field as compared to the 4,5-
anellated isomers 6 and 10 (Ad = 35). A similar dependency
of 83!P on the position of anellation was observed for 1,2-
(4,5-) and 1,5-anellated 1,3-azaphospholes!?],

The assignment of the 'H- and *C-NMR signals (Tables
1-4) is based on 'H,'H and 'H,!3C shift-correlated 2D
NMR spectra. In the case of the pair of isomers 9b/10b the
data assignment for the individual isomers results from a
'H-NOESY experiment, showing a cross-peak between the
signals of the proton at the diazaphosphole ring and 5-H
only for 10b.

Characteristic of the proton of the —P=CH— moiety is a
low-field NMR signal (6 = 8.3—9.5) and a large two-bond
coupling to phosphorus!!*!3. Remarkably, 2Jpy of the 1,5-
anellated diazaphospholes 3, 5, and 9 (54—57 Hz) is almost
twice the coupling constant observed for the 4,5-anellated
heterocycles (28—32 Hz). In both cases the values are of
the same order of magnitude as found for monocyclic 1H-
and 4H-1,4,2-diazaphospholes, respectively'™.

The '3C-NMR signal for the P-bound carbon atom in the
4,5-anellated diazaphospholes (6 = 146—156) is observed at
higher field as compared to that of 3, 5, and 9 (8=
176—178), and P,C coupling to the carbon atoms of the
diazaphosphole ring is larger for the former ({/pe = 6371
Hz, 2Jpc = 13—20 Hz) than for the latter ('Jpc = 54—58
Hz, 2Jpc < 3.5 Hz). Both couplings are in the order of
magnitude generally encountered for azaphospholes!'4-15,
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Table 6. Mass spectral data for the diazaphospholo pyridines 12 (EI, 70 ¢V, 24°C)

12a

137 (42) [M+1]F, 136 (100) [M]™, 109 (95), 91 (36), 70 (56), 64 (54)

12¢ 151 (90) [M+1]F, 150 (76) [M]T, 149 (100) [M-1]*, 135 (12), 123 (69), 122 (94),

105 (84), 104 (95), 78 (64), 77 (97)
12d
105 (57), 104 (60), 78 (72), 77 (90)

151 (100) [M+1]t, 150 (66) [M]™, 149 (93) [M-1]*, 135 (7), 123 (87), 122 (92),

12e 151 (48) [M+1]%, 150 (100) [M]t, 149 (53) [M-1]*, 135 (4), 123 (61), 122 (75),

105 (30), 104 (52), 78 (55), 77 (31)

In the diazaphospholo-benzothiazoles 10 long-range P,C
coupling to the carbon atoms of the benzo ring over 4, 5,
and even 6 bonds is detected.

Mass Spectrometry

The mass spectral fragmentation of 12a, c—e (Table 6)
resembles that of imidazo[1,2-a]pyridines!!%. The represen-
tatives having a methyl substituent on the pyridine ring un-
dergo fragmentation by two parallel pathways as shown in
Scheme 1 (the relative intensities given in Scheme 1 are
those observed for 12¢). In the preferred mode, the methyl
substituent of the molecular ion loses a hydrogen atom to
form the [M — 1] ion which is expected to rearrange to
the anellated azepinium ion!!%l. The latter fragments further
either by splitting off HCN or P=N. Alternatively, the mo-

Scheme 1
CH,
+
7\
N
- HCN 4 \N -H*
/ * N I « CH2
m P m .
CeHgPN? 150 7\
123 76% N \
69% 4\ N
- P/
-PN l m
CeHe®
78 -~ +
64% \
\N
3
\Y
P’
149
-HCN 100% - PN
A/m' m\
CgHsPN* C/HgN*
122 104
94% 95%
SPN . *-HeN
CeHs
77
97%

lecular ion loses HCN followed by the loss of P=N. As
expected, in the case of 12a, the [M — 1] ion as well as the
ions resulting from its subsequent fragmentation are not
observed.
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Experimental

All reactions were carried out in flame-dried glas flasks under
dry oxygen-free argon using the Schlenk technique. Acetonitrile
and diethyl ether were dried by conventional methods. Triethyl-
amine was distilled from Na/benzophenone under argon. 2-Amino-
thiazoline, 2-aminothiazole, 2-aminobenzothiazoles, 2-aminopyrid-
ines, 2- and 4-aminopyrimidines, 2-aminopyrazine, and 2-amino-
quinoline were commercially available and used without further
purification. — Melting points were determined with a Lintstrém
apparatus and are uncorrected. — 3'P NMR: Jeol GSX-270 at
109.7 MHz; 'H and 13C NMR: Jeol EX-400 at 399.8 MHz and
100.5 MHz, respectively; Chemical shifts refer to external 85%
H;PO, (*'P) and internal TMS ('H, '3C). — MS: Varian MS CH 7.

Chloromethyldichlorophosphanel®>19: In a three-necked round-
bottomed 0.5-1 flask equipped with a reflux condenser, a mechan-
ical stirrer, and a thermometer, chloromethyldichlorophosphane
oxide (502.0 g, 306.8 ml, 3.0 ml) and P,S;, (160.0 g, 0.36 mol)
were heated to reflux temp. (180—190°C) with stirring. After the
temperature of the reaction mixture had reached 160°C, P4S;, dis-
solved and a clear dark brown solution formed. After refluxing for
6 h the reaction mixture was allowed to cool to ambient temp.
overnight. Vacuum distillation yielded pure chloromethyldichloro-
phosphane sulfide (b.p. 90—105 °C/10—40 mbar) as a colorless oily
liquid. Yield: 347.6 g (68.1%); >'P{'H} NMR (C¢Dy): 6 = 74.7 (s).
To 154.6 g (0.843 mol) of chloromethyldichlorophosphane sulfide
thus obtained, placed in a three-necked round-bottomed 0.5-1 flask
equipped with a 250 ml pressure-equalizing dropping funnel, a
mechanical stirrer, and a thermometer, 170.5 g (210.0 ml, 0.843
mol) of tributylphosphane was added dropwise with stirring and
cooling (ice bath) at such a rate that the temperature of the reaction
mixture remained below 5°C (about 1.5 h). The reaction mixture
was allowed to warm to ambient temp. and chloromethyldichloro-
phosphane was condensed under reduced pressure (10~* mbar) into
a flask cooled with liquid nitrogen. Distillation of the crude prod-
uct at normal pressure yielded pure chloromethyldichlorophos-
phane (b.p. 125~-129°C). Yield: 99.5 g (78%); *'P{'H} NMR: § =
158.1 (s).

General Procedure for the Preparation of 3, 5/6, 9/10, 12, 15, 17,
19, 22: To a cooled (0—5°C) and well-stirred solution of the 2-
aminoheterocyclic compound (40 mmol) in acetonitrile (100 ml)
chloromethyldichlorophosphane (6.05 g, 30 mmol) and sub-
sequently a solution of triethylamine (12.14 g, 0.12 mmol) in ace-
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tonitrile (5 ml) were added dropwise. The reaction mixture turned
pale yellow and a colorless precipitate of triethylammonium chlor-
ide formed. The reaction mixture was allowed to warm up to am-
bient temp. and stirring was continued for further 12 h (in the case
of 3 and 9/10 for 3 h) until the reaction was complete 3*'P NMR).
The ammonium salt was separated by filtration and the solvent was
removed in vacuo. The pale yellow solid residue was extracted with
diethyl ether (2 X 100 ml). The ethereal extracts were combined
and the solvent was evaporated to yield the azaphospholes as mi-
crocrystalline solids. 3'P-, 'H-, and '3C-NMR data are compiled in
Tables 1 —4. For yields, melting points and analytical data see Table
5, for mass spectral data see Table 6.

The reaction of 4 and 8a, b with chloromethyldichlorophosphane
by the procedure described above yielded mixtures of 5/6, 9a/10a,
and 9b/10b, respectively. From these mixtures the compounds were
characterized by *'P-, 'H-, and *C-NMR spectroscopy.
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