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Abstract: - The azides 28-1 undergo regiospecific [3+2]-cycloaddition with the phospha-
alkyne1 to form the 1,2,3,4-triazaphospholes 3@-1; in the case of the reaction with
2), an additional silyl shift occurs resulting in the formation of 4. The latter pro-
duct can by hydrolyzed to 8 which has also been prepared independently from 1 and
hydrazoic acid(7) . Flash vacuum pyrolyses of the 1,2,3,4-triazaphospholes 3¢ and 3e
produce mixtures of the isomers 138,b and 14 8,b, respectively, from which the 1,2-aza—
phospholes 14 can be isolated as the major reaction products.

INTRODUCTION

Phospholes with trivalent, tricoordinated phosphorus atoms (A) are well known. In
contrast to these heteroaromatic compounds, the isomeric 2H-phospholes (B) which contain
A302-phosphorus atoms have not yet been isolated. As a result of their 1,3-diene nature,
they can, however, be trapped by Diels-Alder reaction53 or be stabilized by the formation
of metal complexes . By means of the successive exchange of up to 3 carbon atoms in B by
nitrogen atoms, mono-, di-, and triazaphospholes can be prepared. The latter compounds play
a sign;ficant role in the development of the chemistry of low-coordinated phosphorus com-
pounds™.
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Of the triazaphospholes, only the 1,2,4,3-isomersC had been reported previously
whereas the 1,2,3,4-triazaphospholes D were unknown before the start of our investigations in
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this field. Recently, two principle routes for the synthesis of hetercarenes of this type
have been employed. Route 1 consists of the [3+2]-cycloaddition of azides to phospha-
alkyness’g. Route 2 starts from chloro(trimethyisilylalkylidene)phosphanes and involves the
initial addition of azides to the phosphane followed by the thermal elimination of chloro-
trimethylsilane to furnish Dm. In the present paper, we report our results on the syn-
thesis of 1,2,3,4-triazaphospholes by Route 1 in detail and on some selected flash vacuum
pyrolyses of these heterocycles.

CYCLOADDITION REACTIONS

when the phosphaalkyne1 is allowed to react with the azides 3a-i at 0 °C in diethyl
ether, the 3H-1,2,3,4-triazaphospholes are obtained as liquids (3a,f,h,i) or as crystalline
solids (3b-e,g) in 76-100% yields. Other phosphaalkynes (1, l-adamantyl™", isopropy]lz, -
neopentyl1 , l-methyl-l-cyc‘lohexyllz, and 1-methyl-1-cyclopentyl 2 in place of tert-butyl)
react analogously to give the corresponding 1,2,3,4-triazaphospholes in high yields. All of
these cycloaddition reactions proceed regiospecifically, no evidence for the formation of
adducts with the reversed dipole orientation as represented by the structure 5 was found.
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Although the difference in the Pauling electronegativities between phosphorus and
carbon (2.1 and 2.5, respectively) is not very large, the cycloaddition process is apparent-
1y electronically controlled. This is also valid for the 1,3-dipolar cycloadditions of diazo
compounds to phosphaalkynesl‘n’lz. The fact that the reaction of 1 +2 leads to a product
(3) with a minimal steric hindrance of the substituents of both reaction partners cannot
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be attributed to the spatial requirements of these substituents. When this steric hindrance
is minimized as, for example, in the reaction of methyl azide (2a) with methylidynephosphane
(1, H in place of tert-butyl) - the first member of the phosphaacetylene series - 3-methyl-
1,2,3,4-triazaphosphole (3a, H in place of tert-butyl) is formed in spite of the lack of
steric hindrance 3. The parallels to the cycloadditions of azides to mono-acceptor substi-
tuted acetylenes with respect to dipole orientations cannot be overlookedu.

In the TH-NMR spectra of 3a-§, similar resonances for the signals of the tert-butyl
groups in the 5 positions (&6 = 1.32-1.55 ppm) with small 4‘-]H,P coupling constants (0.6-1.8
Hz) are observed. The resonance for the 3-methyl or 3-methylene substituents, as in 3a,h,l
(6 = 3.85, 4.73, and 3.82 ppm) have more diagnostic value; the coupling constants with phos-
phorus (3‘-JH p =7.2, 5.8, and 6.5 Hz) are not in accord with a dipole orientation as repre-
sented by tf’le structure 5. 4‘-]H,P Coupling constants (see also above) are considerably
smaller.

The 13C-NMR spectra of 3a,c-g, and | were recorded. The C-5 ring carbon atoms absorb
at 6 = 197.6-199.4 ppm with lgC,P coupling constants of 54.9-57.3 Hz. The resonances of the
substituents in the 3-position or the magnitudes of their coupling with phosphorus, respec-
tively, are of major importance for differentiating between the possible regicisomers 3 and
5. Thus, the 2‘-]C,P coupling constants of 15.9, 11.9, 21.0, and 10.9 Hz observed for the
carbon atoms directly bonded to N-3 in3af,g and I are unequivocally in accord with the
3H-1,2,3,4-triazaphosphole structure. The corresponding 3‘-’C,P coupling constants that would
be expected for the isomers 5 are considerably smaller (compare with, for example, the phos-
phorus splittings of the tertiary and primary carbon atoms in the tert-butyl groups of 3).
Furthermore, these observations exclude with certainty an R group shift to N-2 as represen-
ted by the formula 4.

The transition from a A3 l

o -phosphorus atom to a Asoz-phosphorus atom in the conversion
of 1 to 3 is also reflected in the enormous low-field shifts of the 31P resonances. For 3a-i
these occur at 6 = 161.8-180.7 ppm (for comparison, 1: 6 =-69.2 ppm in CGDS)IS and thus are
of the same order of magnitude as those of the 1,2,3-diazaphospholes™ .

In the reaction of the phosphaalkyne 1 with trimethylsilyl azide (2]), the cycloaddi-
tion to give 3j is followed by a [1,5]-shift of the trimethylsilyl group to yield4j . Evi-
dence for this rearrangement is given by the absence of a 4g p and a ‘-]C P coupling with
the corresponding nuclei of the silyl group in the lH- and lfaC-NMR spectr"a. respectively,
as would be expected for 3j. Silyl shifts of this type in 1,2,3-triazoles are well knownN.
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The 2-sily1-1,2,3,4-triazaphosphole 4] is rather sensitive to hydrolysis and is even
desilylated to give 6 by simple stirring with diethyl ether over silicagel (without exclu-
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sion of moisture). Silyl substituted 1,2,3-triazoles behave analogouslyu. The same compound
can be obtained independently by the reaction of 1 with hydrazoic acid (7). The NMR spec-
troscopic data of 4 (see experimental section) are in accord with those of other members
of the same series and require no further interpretation.

FLASH VACUUM PYROLYSES OF 3¢ AND 3e

1,2,3,4-Triazaphospholes (3) are potential precursors for the generation of azaphos-
phirenes (9) or their isomeric phosphinidenes (8) and/or carbenes {10) by photolysis or
thermolysis. As no evolution of nitrogen occurs on irradiation with UV light (A 2 280 nm)
and as the heterocyclic compounds are thermally stable (compare with the purification of
some members of the series by bulb-to-bulb distillation), we have concentrated on the flash
vacuum pyrolysis techm‘quela. It was found that 3¢ does not decompose even at 400 °C/10'
mbar. The expected nitrogen cleavage only occurs at temperatures above 500 9C under other-
wise identical conditions. The two isomeric benzo-condensed azaphospholes 14a and 13 aare
formed in a ratio of 4:1 (by 31P-NMR spectroscopy) and the mixture is characterized by a
correct elemental analysis. The 1,2-azaphosphole 14a can be separated (62% yield) by medium
pressure chromatography on silicagel whereas 13a can only be enriched in the mixture with
14a(up to a ratio of 1:1).

A decisive proof for the constitutions of the two azaphospholes is given by the
NMR spectra: that of 14ais characterized by a resonance at 6 = 210.3 ppm; this low-field
position is indicative of a A3cz-phosphorus atom with an adjacent nitrogen atom (compare
with the 31P-r‘esonances of 3). In contrast, the phosphorus atom of 13aabsorbs at rather
high field (6 = 66.3 ppm) which is in harmony with the corresponding resonances of benzo-
1,3-azaphosphole (13, R=H and H in place of Egar_t-but,y])l9 and of the 1,2,4-diazaphos-
pholes™*

The fact that the phosphorusatom in 14a has only one neighbouring carbon atom is shown
by the 13C-NMR spectrum. The resonance of C-3 at 6 = 190.1 ppm is split by phosphorus with a
coupling constant of 58.0 Hz whereas that of C-3a has a phosphorus coupling constant of 11.2
Hz. In the spectrum of the isomeric 13a (the resonances were determined from the isomeric
mixture) by contrast, both neighbouring carbon atoms C-2 and C-3a (6 = 175.3 and 140.3 ppm,
respectively) exhibit l‘-]C,P coupling constants of comparable magnitudes (49.9 and 41.1 Hz,
respectively).

Flash vacuum pyrolysis of 3e gives rise to a similar product pattern as that of 3c.
The naphtho-condensed azaphospholes 14b and 13 bare formed in a ratio of 3:1 (by 1H-NMR
spectroscopy on the basis of the signals of the tert-butyl groups). Product 14b can be iso-
lated in the pure state by fractional crystallization of the mixture. The assignment of the
two isomers as 1,2- and 1,3-azaphospholes, respectively, is again based on 31P-NMR spectro-
scopy (14b: 6 = 180.1 and 13b: &6 = 74.4 ppm).

3,
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For the interpretation of the reaction3-13 +14, it must be assumed that, in the final
analysis, a phosphinidene (8) and a carbene (10) are responsible for the respective product
formation. The two species can undergo interconversion through the azaphosphirine 920. Access
to this system of reactive intermediates by nitrogen extrusion proceeds by way of the anti-
aromatic system 9 or the carbene10. [l,5]-E1ectr'oc,yc11zat1’on21 of the sextet intermediates
(8 -11and 10 +12) followed by a2 hydride shift to nitrogen (11 » 13 and 12 » 14) gives rise
to the product patterns mentioned. To the best of our knowledge, ring closures of the type
8 -+ 11 are not known for phosphinidenes. It is known from the literature, however, that
styrylcarbenes undergo isomerization to indeneszz and a-aryliminocarbenes to indole523 by
analogous mechanisms.
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EXPERIMENTAL SECTION

Melting points (not corrected): Mettler FP 61 (heating rate: 3 °C/min).- Elemental
analyses: Perkin-Elmer Analyser 240.- IR spectra: Perkin-Elmer 397, Beckman IR 20A.- lH-NMR
spectra: Varian EM 390, Bruker WP 200 (tetramethylsilane as internal standard).- 13C-NMR
spectra: Bruker WP 200 (tetramethylsilane as internal standard).- 31P-NMR spectra: Bruker
WP 200 (85% orthophosphoric acid as external standard).- A1l reactions with 1 were performed
in an argon atmosphere (Schlenk tube technique); before use the reaction vessels were eva-
cuated, baked out, and purged with argon. The solvents used were anhydrous and were distil-
led and stored under argon.

General Procedure for the Reaction of Phosphaalkyne 1 with Azides. A stirred solution of
0.50 g (5.0 mmol) of the phosphaa]kynei24 in 10 ml of diethyl ether is cooled to 0 ¢ and
5.0 mmol of the azide 2 or 7, respectively, in 5 ml of diethyl ether are added dropwise. The
reaction is exothermic. After 30 min (or 60 min in the case of 2¢) the mixture is evaporated
at 30 °C/14 mbar. Further purification by recrystallization or bulb-to-bulb distillation is
as described below for the individual products. Temperatures given are bath temperatures.

5-tert-Butyl-3-methyi-3H-1,2,3,4-triazaphosphole (3a)" Reaction of 0.29 g of methyl azide
(28)25. Yield: 0.71 g (91%) colourless liquid with b.p. 48 0(2/10_2 mbar.- IR(Film): v =2950
em! (CH), 1475, 1450, 1360, 1185, 1115, 785.- 1H-MR(CDC13)- = 1.37 (d, 4ap y=0.9 Hz,
9H, tBu), 3.85 (d, 3JP 4 =7.2 Hz, 3H, Me).- 13C-NIR(CDCTS): 6 = 31.6 [d, 34, ¢ 7.5 Hz,
§H3C)3C], 35.0 [d, ng ¢ =16.8 Hz, (H;0),C1, 38.1 (d, zgp c'15 9 Hz, N-CHy), 198.3 (d,

dp ¢ =54.9 Hz, C-5).- 31p. NMR(CDC13) = 173.5.- CgHy,NoP (157.16) calc €,45.85; H,7.69;
N,26.74. Found C,46.0; H,7.47; N,26.7%.

3,5-Di-tert-buty1-3H-1,2,3,4-triazaphosphole (3b): Reaction of 0.50 g of tert-butyl azide
(2b)26. Yield: 1.0 g (100%) oil with b.p. 150 0(2/5‘10'2 mbar that slowly crystallizes.
Colourless crystals with m.p. 73 ¢ (from diethyl ether).- IR(KBr): v = 2980 cm'1 (CH),
1465, 1370, 1210, 1120, 840, 800.- 1H-NMR(CDC13): = 1.45 (d, y = 1.8 Hz, 9H, C-tBu),
1.75 (d, aﬂp,u=°-9 Hz, 9H, N-tBu).- 1P-NMR(C(Dg): & = 161.8. iy Hle 5P (199.24) calc.
c,54.26; H,9.11; N,21.09. Found C,54.1; H,9.10; N,21.1%.

5-tert-Butyl-3-phenyl-3H-1,2,3,4-triazaphosphole (3c). Reaction of 0.59 g of phenyl azide
(2c)27. Yield: 1.02 g (93%) colourless crystals with m.p. 61 ¢ (from cyclopentane).-
IR(KBr): v = 3040 cm™ ! (CH-aromat.), 2950 (CH-aliphat.), 1590, 1485, 1455, 1360, 1270, 1150,
1050, 770.- “H- NMR(CDC13) 6 = 1.51 (d, 4 j =0.6 Hz, 9H, tBu), 7.2-7.3 (m, SH, aromatic-H).-
Be-wr(coc1y): 6 = 31.0 (d, 3y, , =7.9 e (H3C) €1, 34.9 [d, 29,  =16.6 Hz, (Hy0)5C1,

121 7, 121.8, 128.2, 129.3 (aromat1c C), 140.6 (d, 2}\J‘,‘.,'C-IO 3 Hz, aromatic-C), 198.0 (d,

~p ¢ =55.6 Hz, C-5).- 31P-NMR(CDCI3): 5 = 168.6.- Cy H NP (219.22) calc. C,60.24; H,6.44;
N, 19 17. Found C,60.2; H,6.44; N,19.3%.

5-tert-Butyl-3-(4-ethoxycarbonylpheny1)-3H-1,2,3,4-triazaphosphole (3d). Reaction of 0 9 g
of 4-ethoxycarbonylphenyl azide (2d)28 Yield: 1.30 g (90%) 0il with b.p. 150 O¢/5- 10 mbar
that slowly crystallizes. Colourless crystals with m.p. 65 ¢ (from diethyl ether).- IR(KBr):
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= 2980 cm1 (CH), 1730 (CO), 1620, 1520, 1470, 1430, 1380, 1280, 1180, 1110, 1020, 870,
780.- TH-MR(CDCY,): 6 = 1.41 (t, 30, |, =7.2 Hz, 3H, HyC-Ethyl), 1.50 (d, %3, . =1.1 Hz, 9K,
tBu) 4.38 (q, 34{ y=7.2 Hz, 2H, HZC Ethyl), 7.8:9.2 (n, , aromatic-H).- 13c -NMR(C{D) :

- 13.9 gq, dc = 127.0 Wz, Cy-CH3), 31.0 [dg, Jp =7.6 Kz, ', (=128.2 Hz, (H3C)3C],
35.0 1d, 23, o =15.4 Mz, (H0),C1, 60.9 (t, 'g (=108.6 Mz, CH,-CHo], 121.2 (dd, %3,  =8.8
Hz, lﬁH c—165 5 Hz, aromat'nc C-2,6), 130.1 (s, aromatic-C-4), 130.5 (d, c-166 1 Hz,
aromatic-C-3,5), 144.0 (d, —~P c-9 9 Hz, aromatic-C-1), 165.4 (s,CO), 198 7 (d, «P c—55.7
Hz, C-5).- 3, -NMR(CgDg): 6 = 170.8.- CH, N.0,P (291.29) calc. C,57.73; H,6.23; N,14.43.
Found C,57.8; H,6.26; N,14.5%.

5-tert-Butyl-3-(1-naphthy1)-3H-1,2,3,4-triazaphosphole (3e). Reaction of 0.85 g of l-naphthyl
azide (2e)29. Yield: 1.02 g (76%) colourless crystals with m.p. 131 % (from diethyl ether).-
IR(KBr): v = 3060 e (CH-aromat.), 2990 (CH-aliphat.), 1610, 1520, 1470, 1400, 1370, 1290,
1120, 1040, 810, 790, 770.- 1H-NMR(CDC13)- 6 =1.55 (d, ~P g =1.2 Hz, OH, tBu), 7.5-8.0 (m,
7H, aromat1c -H).- 13C -NMR(C¢Dg): & = 31.4 [dq, ..p c=7.4 Hz, IQH ¢ =125.7 Hz, (H 3€)5€1,

35.2 (d, “PC-ISSHz (H c) ¢], 122.5-136.6 (m, aromatic-C), 198.9 (d, c-573Hz,
c-5) .- 31p-NMR(C,Dg) : 6 = 190.5.- C1sHigNaP (269.29) calc. C,66.90; H,5.99; N 15.60. Found
C,67.0; H,6.06; N,15.6%.

5-tert-Butyl-3-vinyl1-3H-1,2,3,4-triazaphosphole (3f). Reaction of 0.35 g of vinyl azide
(2f)3°. Yield: 0.79 g (93%) colourless liquid with b.p. 70 °C/5-10'3 mbar,- IR(Film): v =
3080 cm_1 (CH-vinyl.). 2960 (CH-aliphat.), 1630 (C=C), 1475, 1360, 1250, 1205, 1115, 815.-
IH-NMR(CDC14): 6 = 1.47 (d, “ﬁp 4 =1.5 Hz, 9H, tBu), 5.11 (dd, A-part of an ABMX-system,
2 3, 2 -

3-‘~]H H-l 7 Hz, ~H JH(ci )-8 8 Hz, 1H), 5.76 (m, B-part of an ABMX-system, “J =1,7 Hz,

~H,H
- *3y =
»H H(tr ns) =15.8 Hz, ,\]p H-2 2 Hz, 1H), 7.63 (m, M-part of an ABMX-system, ~H JMH(cis)

3 . 13 N :

8.8 Hz, NH’H(”MS)Z- 15.8%z, %3, y=5.4 Kz, 1H).- PC-MR(COC13): 62314 10, %Yy (= 7.8 e,
(H36)5C1, 35.3 " [d, 2y =16.2 Mz, (HC)5€1, 105.5 (d, 9@ ¢ =11.9 Hz, CH=CHy), 135.3 (4,
34, ¢ =11.9 Hz, CHsCH,), 198.3 (d, lgp ¢ =55.6 Hz, c-5).- 3Ip-NMr(CDC1,): 6 = 175.2.-

CHy NP (169.17) calc. C,49.69; H,7.15; N,24.84. Found C,48.9; H,7. 02 N,25.0%.

Methyl 5-tert-Butyl-3H-1,2,3,4-triazole-3-carboxylate (3g). Reaction of 0.51 g of methoxy-
carbonyl azide (29)31. Yield: 0.92 g (92%) colourless crystals with m.p. 41 o (from pen-
tane).- IR(KBr): v = 2960 cm ° (CH), 1785 (CO), 1475, 1455, 1320, 1195, 1125, 790.- Ly-nmr

(cnc13)- 6 =1.37 (d, 44, y=1.2 Hz, 94, tBu), 3.70 (s, 3H, OMe).- 13C-NMR(CDCI,): & = 32.1
2y,

d, 33, c'17-5 Kz, (HyC)4C1, 38, 23£d dp ¢ =15.5 Hz, (H3C)3C], 172.4 (d, 23, . =21.0Hz, C0),

199.4 (d, gy (=55.2 Hz, €-6).- Pp-NR(CDCTS): 6 = 177.1.- C H N 0,P (201 17) calc.

€,41.79; H601 N,20.89. Found C,41.8; H,5.90; N,20.8%.

5-tert-Butyl-3-cyanomethy1-3H-1,2,3,4-triazaphosphole (3h). Reaction of 0.41 g of azido-
acetonitrile (2h)32, Yield: 0.78 g (86%) colourless oil with b.p. 72 °C/5-10" mbar.- IR
(Film: v = 2960 cm™! (CH), 2210 (CN), 1475, 1455, 1360, 1215, 1120.- M H-NMR(CDC14) : 6

1.32 (d, 4«9 =1.4 Hz, 9, tBu), 4.73 (d, 34, 4 =5.8 Hz, CHy).- Slp-wr(cOC1S): & = 175.8.-
CHy NP (182.17) calc. C,46.15; H,6.09; N,30.76. Found C, 45 0; H,6.00; N,31.1%.
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5-tert-Butyl-3-trimethylsilylmethyl-34-1,2,3,4-triazaphosphole (3§). Reaction of 0.65 g of
trimethylsilyl azide (21)33 Yield: 1,10 g (96%) colourless 011 with b.p. 75 °¢/5-10°2 mbar).-
IR(Film): v = 2950 cm™} (CH), 1475, 1360, 1250, 1115, 855.- IH-NMR(CgDg) : 6 = -0.01 (s, 9H,
Tms), 1.45 (d, 44, w=12 Wz, M, tBu), 3.82 (d, 33, |, =6.5 Hz, CHy-Tns).- 13c-MR(CDCTy):

6 = -2.3 [s, (HyC),Sil, 31.8 [d, 34, ¢ =7.5 Hz, (HyCisCl, 35.3 [d, 20,  =16.5Hz, (HyC) L),
43.9 (d, %y Sp ¢ =10.9 Hz, CH,=Tns) , 197.6 (d, 1~p ¢ =56.3Hz,C-5).~ 31 -NMR(CDC13) 6= 173.2.-
CgpgyPSi (229 34) calc. C,47.13; H,8.79; N,18.32. Found C,47.2; H,8.61; N,18.3%.

5-tert-Butyl-2-trimethylsilyl-2H-1,2,3,4-triazaphosphole (3j). Reaction of 0.58 g of trime-~
thylsilyl azide (2])34. vield: 0.79 g (73%) colourless, moisture-sensitive liquid with b.p.
80 °c/5-1073 mbar that slowly crystallizes at 0 °C (m.p. 48 °C).- IR(KBr): v = 2960 cm™}
(CH), 1475, 1360, 1255, 1075, 850.- LH-NMR(C 6D6): 6 = 0.35 (s, 9H,Tms), 1.49 (d, "Jp |, =1.2
Hz, $H, tBu).- 3. -NMR(CDg): & = 0.54 [s, (H,C),Si1, 34.8 [d, ) dp ¢ =7.6 Kz, (H30)y ci, 3.9
ld, zg‘,, ¢ =13.9 Hz, (H3C),C1, 204.6 (d, 14, ¢ ~58.4Hz,C-5).- IP -NMR(CgDc): & = 183.2.-
CeH 18N3PS1 (215.31) calc. C,44.62; H,8.42; N,19.51. Found C,44.3; H,8. 36 N,19.5%,

5-tert-Butyi-1,2,3,4-triazaphosphole (6). Reaction of 0.21 g of hydrazoic acid (7)35. Yield:
0.62 g (86%) colourless crystals with m.p. 76 % (from pentane).- IR(KBr): v =3030 cm'l(NH),
2950 (CH), 1475, 1455, 1360, 1260, 680.- 1H-NMR(CDC13)- 6=1.43 (d, 4 Jp =141z, 94, t8u),
14.6 (s, breft, 14, NH).- '3C-NMR(CDCT,): 6 = 31.8 (4, dp ¢27.0Hz, (H3C)3C], 35.3 [d,
24, c‘13 7 Hz, (HC)4€1, 190.0 (d, lgp.cnao.g Hz, c-s) 31P-NMR(CDCI3) 6 = 160.8.-
CoigNsP (143.13) calc. C,41.94; H,7.04; N,29.36. Found C,41.9; H,7.02; N,29.2%.

1073

Hydrolysis of 4j to6. A solution of 0.54 g (2.5 mmol) of 4] in 20 m1 of diethyl ether is
stirred with 2 g of silicagel for 30 min without protection from moisture. Filtration, eva-
poration of the filtrate, and recrystallization of the residue from pentane give 0.33 g (91%)
of 6 with m.p. 76 OC. Mixture melting point as well as IR and 31P-NMR spectral data are
jdentical with those of the product obtained from the reaction of 1 with7 (see above).

Flash Vacuum Pyrolysis of the Triazaphosphole 3c. 0.55 g (2.5 mmol) of the triazaphosphole
3care subjected to flash vacuum pyrolysis at 540 °C/10'4 mbar (quartz tube, 1.0X30 cm) for
a period of 3 h. The pyrolysis product is frozen out on a cold finger at -196 %. on warming
to room temperature 0.45 g (95%) of an isomer mixture consisting of 3-tert-butyl-lH-1,2-benz-
azaphosphole (14a) and 2-tert-butyl-1H-1,3-benzazaphosphole (13a) in a ratio of 4:1 (by 3lp.
NMR spectroscopy) is obtained. The yellow, viscous oil gave a correct elemental analysis.

Medium pressure chromatography (Blichi MPLS-681, glass column 46 X2.6 cm) of the isomeric
mixture on silicagel (Merck, 15-20 um) with 500 m1 of chloroform/hexane 3:1 gives in succes-
sion;

a) 0.30 g (62%) of 14a as pale yellow crystals with m.p. 86 % (from cyclopentane).- IR(KBr):
v=3220 cm™} (NH), 3000 (CH-aromat ), 2950 (CH-aliphat.), 1580, 1480, 1210, 730.- ‘H-NMR
(CD(213): 6 = 1,57 (d, -2 2 Hz, 9H, tBu), 7.1-7.8 (m, 4H, aromatic-H), 9.1 (s, broad,
1H, NH).- - NMR(CDC]a) % 3.7 ld, 3 dp ¢ =13.6 Hz, (Hy0)5C), 3.2 14, 2¢,c=17 2 Mz,
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(H3C; ¢l, 113.6, 119.2, 121.0, 123.1 (aromatic C), 120.1 (d31 ,gp ¢ =11 2 Hz, C-3a), 147.5
(d, ~4>c‘2 3 Hz, C-7a), 190.1 (d, J c-580Hz. €-3).- PNHR(CDC13) 6 = 210.3.-
Cy1H14NP (191.21) calc. C,69. 09; H,7. 38, N,7.33. Found C,69.0; H,7.24; N,7.2%.

b) 0.11 g (23%) of the isomeric mixture14a/13a@in a ratio of 1:1 (by 31P-NIR spectroscopy).
The NMR spectroscopic data of 13awere determined from this mixture.- 1H-NMR(CD(:]3): 5=1.40
gd, 4~p y=1.2 Hz, 9H, tBu), 7.0-7.8 (m, 4H, aromatic-H).- 3c-NMR(cnc13): 6 = 31.1 [d,

’IP C-8 5 Hz, (H C)ac],l35 .8 [d, ~P,C—13 .8 Hz, (H C) C] 113.2, 124.3, 128.5, 129.9
(aromatic-C), 140.3 (d, dp ¢ =41.1 Hz, C-3a), 142.5 (d gp ¢ =8-2 Hz, C-7a), 175.3 (d,

lgp’c =49.9 Hz, C-2).- 31 P-NMR(COCT4): 6 = 66.3.

Flash Vacuum Pyrolysis of the Triazaphosphole 3e. From the flash vacuum pyrolysis of 0.67 g
(2.5 mmol) of the triazaphosphole 3e at 580 °C/2~10'4 mbar as described above 0.60 g (99%)
of an isomer mixture consisting of 3-tert-butyl-1H-naphtho(1,2-d]-1,2-azaphosphole (14b)
and 2-tert-butyl-1H-naphtho[1,2-d]-1,3-azaphosphole {13b) in a ratio of 3:1 (by TH-nvR
spectroscopy) are obtained. Fractional crystallization from diethyl ether gives 0.19 g
(32%) of analytically pure14b as colourless crystals with m.p. 135 o.- IR(KBr): v = 3420
cm'1 (NH), 2970 (CH), 1520, 1460, 1400, 1370, 1300, 1220, 820, 755.- "H-NMR(CDCl;): & =
1.59 (d, 4"~]P =2.3 Hz, 9H, tBu), 7.2-7.8 (m, 6H, aromatic-H).- 1:‘IC-NMR(CDC] ): 6 = 31.8
[d, 3gp C-12 6 Hz, (H3C)C]i 35.2 [d, ZAP c=17.2 Hz, (H3C)3C], 120,4-130.4 (aromat1c C),
143.6 (s, c-7a), 177.0 (d, ~P ¢ =40.5 Hz, C-3).- 31p_ NMR(CDC] ): 6 = 180.1.- C15H16N
(241.12) calc. C,74.67; H,6. 68, N,5.81. Found C,75.0; H,6.68; N 5.9%.

The following data for 13 bwere determined from the original isomeric mixture: 1H-NMR
(COC13): 6 = 1.50 (d, *J; |, =1.2 Hz, 9H, tBu), 7.3-8.1 (m, 6H, aromatic-H).- 3'P-NMR(CDCI
= 74.4,

3):
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