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The reaction of tris[trimethylsilylJphosphine (4a) as well as of the lithium 
bis[trimethylsilyIJphosphide· 2 tetrahydrofuran complex (4b) with l-ada
mantoyl chloride (5) results in the fonnation of the phosphaalkene 7 in 67 % 
or 96 % yield, respectively. Subsequent sodium hydroxide or tetra-n-butyl
ammonium fluoride-catalysed elimination ofhexamethyldisiloxane from 7 at 
20190'C gives rise to the phosphaalkyne 8 in 83 or 71 % yield. The phos
phaalkyne 8 undergoes smooth [3 + 2Jcycloaddition reactions with 1,3-
dipoles such as lhe nitrile oxide 9, the diazo compounds 12a-c, and the azide 
1510 produce the phospholes 11, 14a-c, and 16, respectively. The phosphaal
kene 7 reacts with the dipoles 9 and 12a to give the same cycloadducts 11 and 
]4a, respectively. In these two reactions, the primary adducts undergo sponta
neous (10 -+ 11) or sodium hydroxide-catalysed (13 -+ 14a) elimination of 
hexamethyldisiloxane. 

Our knowledge of compounds containing phosphorus
carbon triple bonds (phosphaalkynes, alkylidynephos
phines) is, in contrast to that of alkynes and nitriles which 
have been intensively studied and the synthetic potential of 
which has been systematically utilised, very limited2 , 3. The 
simplest member of the series, phosphaacetylene (1 a), is very 
unstable. It was generated from phosphine by an electrical' 
discharge between graphite electrodes, frozen out at 
- 1% "c, and characterised by I. R. spectroscopl first and 
by other methods later5

. 
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Most of the phosphaalkynes so far reported have also very 
short life-times. They were generated by intra- or intermole
cular elimination of hydrogen halides either with potassium 
hydroxide (1 b6

) or under gas phase pyrolysis conditions 
(l c 7• dB, e8, (8. and g9) and characterised by micro-wave 
speclrometry in the gas phase. From ftuoromethylidyne
phosphine (1 b) even a 31P_N.M.R. spectrum could be re
corded. Phosphaalkyne I hlo was obtained. albeit in traces, 
by a formal substitution reaction of I a with cyanoazide. In 
all cases mentioned above, the preparation of pure com
pounds is difficult and this fact has prevented studies on the 
synthetic applications of these highly interesting 
compounds. 

The phenyl- and trimethylsilyl-substituted phosphaalkynes 
3a and 3b, accessible from the corresponding phosphaal
kenes 2 a and 2 b by thermal elimination of chlorotrimeth
ylsilane (Scheme A), are considerably more stable, but they 
also have only limited half-life-times under normal con
ditions (3a: '1/2 = 7 min at O°C11; 3b: '112 = 50 min at 
20'C t2

). 
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Phosphaalkyne 3c. the first compound of this type which is 
stable at room temperature, was prepared from the corre
sponding phosphaalkene 2c by a sodium hydroxide
catalysed elimination of hexamethyldisiloxane 13 (Scheme 
A). In the present work we describe the synthesis of adamant
l-ylmethylidynephosphine (8), a further thermally stable, 
crystalline phosphaalkyne and its behaviour in cycloaddition 
reactions with some l,3-dipoles. 

I. Syntheses of Adamant- t -ylmethylidynephosphine (8) 

As is also the case with 3C I4
. 15 , starting materials for the 

preparation 01'8 are either tris[trimethylsilylJphosphine (4 a) 
or the lithium bis[trimethylsilyl]phosphide· 2 tetrahydro
furan complex (4 b). Tris[trimethylsilylJphosphine (4a) is 
treated with l-adamantoyl chloride (5) in a molar ratio of 
1: 1 in pentane at 20C After reaction for 7 days t 1 H
N.M.R.-monitoring) the acyl chloride has been completely 
consumed. but some phosphine is still present in the mixture 
as this compound is, at least partially. doubly or triply acy
lated 14. Product 7, however, can be separated as a viscous oil 
from the reaction mixture by distillation. Under the con
ditions mentioned above, the primary product 6 cannot be 
dctected l6 (Scheme B). 
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Lithium bis[trimethylsilyl]phosphide' 2 tetrahydrofuran 
(4b) and l-adamantoyl chloride (5) in a molar ratio of 1: 1 
react in cyc10pentane at - 40°C to give initially 1-
adamantoylbis[trimethylsilyl]phosphine (6). This com
pound can be detected even at room temperature by 31 P- and 
'H-N.M.R. spectrometry. A 31p chemical shift value of 
- 110.6 ppm, which is very similar to that found for the 
corresponding 2,2-dimethylpropanoyl derivative 
(- 107 ppm) 14, and the appearance of only one doublet in 
the trimethylsilyl region (0 = 0.31 ppm; 3 JH,p = 4.3 Hz) 
prove the formation of an acylbis[trimethylsilyl]phosphine. 
As to be expected, the compound rearranges rapidly within 
15 min by the well-known 1.,3-migration of one trimethylsilyl 
group to form the phosphaalkene 7. After the removal of 
lithium chloride and solvent in vacuum, again a viscous oil is 
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initially isolated, but in this case it solidifies in the refriger
ator. The almost pure solid compound could be recrystallised 
from pentane; on distillation it decomposes partially by 
elimination of hexamethyldisiloxane. 

The constitution of phosphaalkene 7 was unequivocally con
firmed by microanalytical and spectral data as well as by the 
cryoscopic determination of its molecular weight. Apart 
from an unresolved multiplet of the adamantyl substituent, 
the 1 R·N.M.R. spectrum obtained from a solution in ben
zene, .shows a singlet (0 = 0.44 ppm) and a doublet 
«(5 == 0.54 ppm; 3 JH,p = 3,8 Hz) assigned to the trimethylsilyl 
groups at the phosphorus and the oxygen atom. A similar 
pattern with two JSi,p coupling constants of very different 
magnitude (O--Si: 0 = 13.9 ppm; 3 JSi,p = 3.2 Hz; P-Si: 
o = - 4.7 ppm; 1 JSi •P == 52.1 Hz) is found in the 29Si_ 
N.M.R. spectrum. Finally the observation of a 31p_ 
(c5 == 120.2 ppm) and a 13C-N.M.R. signal (c5 = 226.8 ppm; 
1 Jc.P == 78.6 Hz) at very low field is characteristic for the 
trivalent, bicoordinate (2\ 0'2) phosphorus atom and the 
olefinic carbon atom of the P=C moietyl7. 

As several authors 18,19 have demonstrated in N.M.R. 
spectroscopic studies on different (Z)/(E)-isomeric phos
phaalkenes, the occurrence of a higher absolute value of the 
Jp,x coupling constant is indicative that the atom X is part of 
a substituent which is arranged cis with respect to the non
bonding electron pair at phosphorus. From a comparison of 
appropriate values for compound 7 (c.f Experimental 
Section) with those of (Z)/(E)-[2,2-dimethyl-1-(trimethyl
siloxy)-·propylidene ]phosphine20 and (Z)/(E)-[l-(t-butyl
dimeth ylsilox y- benzylidene ]-(2,4,6-tri -f -butylphen yl)-phos
phine 19 (c.f Table) it is quite clear that 7 consists mainly of 
the (Z)-isomer. A very weak 31P-resonance at () = 
+ 102.3 ppm with an intensity of only 3 % relative to that of 
the (Z)-isomer might be attributable to the (E)-isomer. 
The constitution of compound 7 is also confirmed by a more 
detailed analysis of its I. R. and Raman spectra. A very weak 

Table. Coupling Constants (J in Hz) and Configuration Assignment in (Z)/(E)-Isomeric Phosphaalkenes 

Phosphaalkene a Ref. 3Jp =c 0 Si 
-------_. -------

(Z)-lsomers 

(E)-lsomers 

/OSi(C H l13 
/p=c, 

H C,Hg- t 

iSi(CH:J2C,Hg-t 

/p=c, 
R2 CsHs 

20 b 

19 b 

14,20 5.5 

thi~ 3_2 
work 

~.-------. 

20 b 

19 

0.9 <0.3 25.0 12.0 0.6 

<().3 <0.3 32.3 10.4 

<0.3 <0.3 24.5 12.5 1.5 

<0.3 <0.3 22.3 12.9 

6.3 0.9 12.5 2.0 <0.3 

H.6" 1.8 14.0 5.5 

--------------_._-----------------_._------_ .. _-------~--,---------------~-.-----
b Not reported. 
C Not resolved. 
d Carbon atoms of the methyl group. 
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I. R. and a strong to medium Raman band at 445 em - I indi
cate the presence of an Si-P bond, whereas the P=C stretch
ing vibration could not be unambiguously assigned [1161 or 
1098 em -1, s-m (Raman); w-vw (I. R.)] due to the presence 
of strong lines of the adamantyl substituent in this region. We 
further observe a strong I. R.-absorption, but an only weak 
Raman line at 878 em -1; this comes from the Si-O stretch
ing vibration which, however, is strongly coupled with the 
corresponding c-o movement in this type of compound. 
The strongest band of the Raman spectrum at 625 em - 1 
must be ascribed to the symmetrical stretching vibration of 
the SiC3-moiety; its I. R.-pendant is only very weak. Fur
thermore, the existence of two differently bonded trimeth
ylsilyl groups can be recognized by a splitting of many of the 
bands characteristic for this substituent. For example, this is 
seen for the symmetrical bending (I. R.: 1275,1253 vs, 1241 s
m, 1215 vs; Raman: 1258 s-m, 1237 m, 1208 s-m) and the 
rocking motion (I. R. only: 845, 835 vs, 758, 751 s-m) of the 
CH3 groups. 

Hexamethyldisiloxane elimination from 7 to form the phos
phaalkyne 8 in an optimized yield of 83 %, can be achieved 
with very small amounts of sodium hydroxide in a solvent 
such as 1,2-dimethoxyethane, in analogy to the preparation 
of 3e13. The reaction can also be performed at 90°C in the 
absence of a solvent using tetra-n-butylammonium fluoride 
on kiesel gel as a catalyst (71 % yield). The phosphaalkyne 8, 
hexamethyldisiloxane formed by elimination, and the sol
vent, if present, are removed from the reaction mixture under 
vacuum and separated by fractional condensation. Com
pound 8 is the first crystalline phosphaalkyne which is stable 
at room temperature to be reported. 

The behaviour of8 in cycloaddition reactions (see Section 2) 
as well as the analytical and spectral data obtained leave no 
doubt as to the correctness of the structural assignment for 
the phosphaalkyne. Considering only the structurally rele
vant P=C unit, this is characterised by the intense stretching 
vibration at v = 1520 cm -1 in the I. R. spectrum, the 13C_ 
N.M.R. signal at 8 = 184.7 ppm which is split into a doublet 
by coupling with phosphorus e Jc,p = 39.0 Hz), and, finally, 
the 31p_N.M.R. signal at 8 = - 66.9 ppm. Comparable 
values were also reported for the phosphaalkyne 3 C13. It 
should also be mentioned that the 13C-N.M.R. signals of the 
adamantyl carbon atoms C-l e Jc,p = 18.0 Hz) as well as 
those of C-2, C-8, and C-9 e Jc,p = 6.0 Hz) are split by cou
pling with phosphorus. The same observation is made for the 
cycloadducts of 8 described in Section 2. 

2. [3 + 2]Cycloaddition Reactions of Phosphaalkene 7 
and Phosphaalkyne 8 

Recently, several authors have reported on the first 
[3 + 2]cycloaddition reactions at the phosphorus-carbon 
triple bond of the phosphaalkyne 3e2l , 22 and have shown 
that these reactions open up completely new possibilites for 
the syntheses of phospholes. This is also valid for the cy
c1oaddition reactions of the new phosphaalkyne 8. Reaction 
of 8 with mesityl nitrile oxide (9) results in the formation of 
the 1,2,4-oxazaphosphole 11. This product is also obtained 
from the reaction of the phosphaalkene 7 with the dipole 9. 
As there is no plausible reason for assuming that the nitrile 
oxide can catalyse the reaction 7 -> 8 and that 8 subsequently 
undergoes cycloaddition with 9, it must be assumed that the 
dihydrooxazaphosphole 10 is formed initially from 7 and 9. 
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Energetic reasons (aromatisation) would then be responsible 
for the subsequent, spontaneous elimination of hexameth
yldisiloxane from 10 to give the final product 11 (Scheme C). 
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The dipole orientations in the reactions 7 + 9 -> 11 and 
8 + 9 -> 11 are such that an optimal separation between the 
adamantyl and mesityl groups results in each case. Thus, the 
phosphorus atom is bonded directly to two ring carbon 
atoms (1,2,4-oxazaphosphole ring) and this is confirmed by 
the 13C-N.M.R. spectral data. Although the resonance for 
C-5 occurs, as is to be expected, at a lower field than that for 
C-3 (8 = 228.0 ppm as compared to 8 = 181.0 ppm), the 
2 Jc,p coupling constants for C-5 and C-3 are of comparable 
magnitudes (65.0 and 61.0 Hz, respectively). Furthermore, 
the phosphorus resonance of 11 at 8 = 74.4 ppm excludes the 
possibility of the opposite dipole orientation (formation ofa 
1,2,5-oxazaphosphole ring) as this would result in a large 
shift to lower field 2 1. 23. 

The diazo compounds 12a-c undergo smooth addition to 
the phosphorus-carbon triple bond of phosphaalkyne 8 to 
give the 1,2,4-diazaphospholes 14a-e. The position of the 
hydrogen atom (shown in Scheme D at N-1) is not certain, it 
could equally well be bonded to N-2. In the case of 3,5-di-t
butyl-1,2,4-diazaphosphole (14; R 1 = R 2 = l-C4Hg ), a 
rapid positional exchange between the two nitrogen atoms is 
observed in the 1 H-N.M.R. spectrum of a deuterochloro
form solution2l

. 

The heterocyclic product 14a can also be obtained from the 
reaction of the phosphaalkene 7 with the diazoalkane 12a 
(Scheme D). In contrast to the previously described reaction 
of 7 with the nitrile oxide 9, the primary adduct 13 can be 
isolated in this case. Although this adduct 13 could not be 
obtained in an analytically pure form, the N.M.R. spectral 
data (see Experimental Section) provide conclusive evidence 
for the given constitution. In addition, the sodium 
hydroxide-catalysed elimination of hexamethyldisiloxane 
from 13, resulting in the formation of the diazaphosphole 
14a. unambiguously supports the dihydrodiazaphosphole 
structure 13. Similar reactions under the elimination of 
chlorotrimethylsilane are known 23 ,24. 
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The NH absorption in the L R. (v = 3160- 3200 em -1) and 
the signals in the 1 H-N.M.R. speclra(l) = 10.3·-11.8 ppm) of 
14a-c indicate that the original diazomethyl hydrogen atom 
is bonded to nitrogen in the product The expected reson
ances are observed in the 1H-N.M.R. spectra; note-worthy is 
only the splitting of the resonance for the t-butyl hydrogen 
atoms in 14a with 4JH,p =, 1 J Hz, which would be hardly 
imaginable for the reverse direction of addition. The 13C_ 
N.M.R. spectra of 14b and c unequivocally confirm this as
sumption. The resonances for the carbon atoms C-3 
(() = 165.0 and 167.8 ppm, respectively) and C-5 (£5 = 192.8 
and 1919 ppm, respectively) each appear as doublets with 
carbon-phosphorus coupling constants in the order of 60 Hz. 
As already mentioned for 11, this would not be the case for 
the opposite dipole orientation. The splitting of the reson
ances of the carbonyl carbon atoms by phosphorus with 
comparable values of the coupling constants (22.9 and 
19.0 Hz, respectively) is also indicative of the assumed dipole 
orientation. The 31p_N.M.R. resonances are observed in the 
expected region; acceptor substituents in the 3-position, 
however, cause a shift to lower field (14b: £5 = 95.1 ppm; 14c: 
() = 103.7ppm)21. 

Finally, the [3 + 2]cycloaddition of methyl azide (15) with 
phosphaalkyne 8 results in the formation of the 1,2,3,4-
triazaphosphole 16 in a specific orientation (Scheme E). 
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The same regiochemistry as for the diazo dipoles can be de
duced from the coupling between the phosphorus atom and 
the methyl group e JH,p = 7.2 Hz). This regiochemistry also 
fulfils the steric requirements of both reaction partners. The 
phosphorus resonance (15 = 174.4 ppm) experiences a large 
down-field shift as a result of the direct bonding to a ring 
nitrogen atom. 

Melting points were determined on a copper block (heating rate: 
3°C /min) and are not corrected. Microanalyses were performed with 
a Perkin-Elmer 240 Analyzer. L R. spectra were recorded on a 
Perkin-Elmer 397 or 684 spectrophotometer, Raman spectra on a 
Coderg spectrophotometer PHO [red line of a crypton gas laser 
(647 nm)J-1H-N.M.R. spectra were obtained with Varian EM 360, 
EM 390, and Bruker WP 60 spectrometers, 13C-N .. M.R. spectra with 
Bruker WP 80, WP 200, and WP 300 spectrome:ters [tetramethyl
silane as internal (6, 7, 8) or external standard (II, 13, 14, 16)J, 29Si_ 
N.M.R. spectra with a Bruker WP 300 spectrometer [tetrameth
ylsilanc as external standard (7)J, and 3Ip_N.M.R. spectra with 
Bruker WP 80 (6, 7, 8) and WP 200 spectromete:rs (11, 13, 14, 16) 
[85 % orthophosphoric acid as external reference]. All solvents were 
anhydrous and were distilled under argon before use. All reactions 
were performed in flame-dried glass apparatus in an argon 
atmosphere. 

(Adamant-l-yl-tri.methylsiloxy)-methylidene-trimethylsilyIphosphine 
(7): 

Method A, from 4a and 5: To a solution of 1-adamantoyl 
chloride25 (5; 55.0 g, 0.28 mol) in pentane (200 ml) is added dropwise 
with stirring tris[trimethylsilyl]phosphine26 (4a; 70.0 g, 0.28 mol) in 
pentane (100 ml). The mixture is allowed to stand at room tempera
ture for 7 days eH-N.M.R. monitoring). Evaporation at 30 uC/15 
torr and subsequent fractional distillation gives product 7 as a vis
cous oil; yield: 63.3 g (67%); b.p. 130-· 135 "C/JO- 2 torr. 

Met hod B, from 4b and 5: To a solution of1-adamantoyl chloride25 

(5; t 1.4 g, 57.4 mmol) in cyclopentane (50 ml) is added slowly at 
- 40'(: with stirring lithium bis[trimethylsilyl]phosphide' 2 tetra
hydrofuran27 (4b; 18.9 g, 57.4 mmol) in cyclopentane (50 ml). I H
N.M.R. monitoring shows that primarily forll1l~d l-adamantoyl
bis[trimethylsilyl]phosphine (6) ( I H -N. M .R. (cyclopentane): 
() = 0.31 ppm (d, 3JH•P = 4.3 Hz, P[Si(CH 3h]2); 3IP_N.M.R. (cy
clopcntane): ,5 = -- 110.6 ppm} rearranges to 7, when the reaction 
mixture is stirred for 15 min at room temperature. After filtration of 
lithium chloride and distillation of the solvent under vacuum, 7 is 
isolated as a viscous oil which solidifies in the refrigerator. Further 
purification of the yellowish compound is accomplished by recrys
tallisation from pentane, adding some seed crystals to the cooled 
solution; yield: lB.6g (96%); m.p. 57 "C. 

C 17 H.l.l0PSi 2 calc. C 59.95 H 9.77 
(340.61 found 59.9 9.58 

MoleCl,lar weight: 348 (cryoseopically in benzene). 

I. R. (film of molten 7\ and Raman (solid): see theoretical section. 

(Z)-7, 1 H-N.M.R. (C6D 6 ): b = 0.44 [s, 9 H, O-Si(CH 3hJ: 0.54 [d. 
JJH.I' =,3.8 Hz, 9 H, P-Si(CH 3h]; 1.7 -2.2 pplll (m, 15 Hadamanty,)' 

(Z)-7, 13C-N.M.R.(C6D6): ,) = 1.4 (d, 2Jc.p = 9.4 Hz, 
P-Si---CH 3); 2.6 (s, O-Si-CH 3); 29. t (d, 4-Jc.p = 2.0 Hz, C-3, 
C-5. C-7); 36.9 (s, C-4, C-6, C-l 0); 41.9 (d, 3JC,p = 12.9 Hz, C-2, C-8, 
C-9); 47.5 (d, 2./CI' = 22.3 Hz, C-l); 226.8 ppm (eL 1 Jcp = 78.6 Hz, 
C=P). 

(Z)·7,~9Si-N.M.R. (CoD6): 0 = ·-4.7 (d, IJSLP = 52.1 Hz, P-Si); 
13.9 ppm (d, 3Jsi.r = 3.2 Hz, O-Sil. 

(Z)-7. 31p-N.M.R.(C6f)6): ,i = 120.2 ppm; (1:')-7, 31p_ 
N.M.R.(C,,!),,): .:) = 102.3 ppm. 

M. S. (70 eV. souree temperature 425 K. probe temperature 300 K): 
m/l' (rd. intcns. %) = 340.2 (M +, 1); 268.1 (M j - SiC 3Hs, 15); 
237.1 (M + - PS·C3 HH, 33); 147.0 (C 6 H I HOSi2 + -- CH~. 95); 135.0 
(CIOH

I
,', 100); 75.0 (C2 H70Si+, 9); 73.0 (C.1llqSi+, 40). 
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Adamant-l-yJmethylidynephosphine (8): 

Met h od A, from 7 by sodium hydroxide ca talysis: I n the presence of 
small amounts of solid sodium hydroxide (about 5 mg), the phos
phaalkene 7 (3.64 g, 10.7 mmol), prepared from phosphide 4b and 
dissolved in 1 ,2-dimethoxyethane (10 ml), eliminates hexamethyldi
siloxane quantitatively within 24 h eH-N.M.R. monitoring). Vola
tile compounds are removed under vacuum at room temperature 
and separated by trap-to-trap distillation (O°C/_ 78 cC). The 
colourless crystalline compound 8 which condenses at O°C, is puri
fied by further sublimation; yield: 1.7 g (83 %); m. p. 69-70 cc. 
Method B, from 7 by tetra-n-butylammonium fluoride catalysis: 
The phosphaalkene 7 (2.3 g, 6.7 mmol), prepared from phosphine 
4a, is heated at 90°C, tetra-n-butylammonium fluoride on kiesel 
gel28 (0.14g, 0.16mmol) is added, and a pressure of 10- 3 torr is 
immediately applied to the reaction flask. The addition of the am
monium fluoride is repeated sometimes until no more 7 is detectable 
in the reaction mixture. The product 8 and hexamethyldisiloxane 
(together with other trimethylsilyl group-containing products) are 
collected in cold traps at 0 DC (product 8) and at - 78 e,c (hexameth
yldisiloxane). The phosphaalkyne 8 separates as colourless crystals; 
yield: 0.85 g (71 %). 
CU H 1SP calc. C 74.14 H 8.48 
(178.2) found 74.1 8.43 

Molecular weight: 179 (cryoscopically in benzene) 

l. R. (film of solid 8) and Raman (solid): v = 1528/1520 cm- 1 

(C=P). 

1H-N.M.R. (C6D6): b = lA-2.0ppm (m, 15 Hadamanlyl)' 

13C-N.M.R. (C6 D6): b = 27.8 (s, C-3, C-5, C-7); 35.7 (5, C-4, C-6, 
C-I0); 38.5 (d, 2 JC.P = 18.0 Hz, Cot); 42.9 (d, 3 JC,p = 6.0 Hz; C-2, C-
8, C-9); 184.7 ppm (d, IJC,p = 39.0 Hz, C=P). 

31p_N.M.R. (C6 D6): b = - 66.9 ppm. 

M. S. (70 eV; source temperature 425 K; probe tempera lure 300 K): 
m/e (reI. intens. %) = 178.0 (M +, 100); 177.0 (M+ - H, 12); 135.0 
(C IOH15 +, 18); 93.0 (C7H9 +, 14); 91.0 (C 7H 7 +, 26); 79.0 (C6H7 +, 

27). 

5-( Adamant-I-yl)-3-mesityl-I,2,4-oxazaphosphole (11): 

Method A, from 7 and 9: To a stirred solution of mesityl nitrile 
oxide29 (9; 1. 13 g, 7.0 mmo!) in pentane (10 m!) at room temperature 
is added dropwise the phosphaalkene 7 (2.38 g, 7.0 mmol) in pentane 
(5 ml). After 24 h the mixture is filtered under suction and the residue 
washed with pentane to leave the colourless, analytically pure prod
uct ll; yield: 1.83 g (77%); m.p. 120 DC (decomp.). 

Method B, from 8 and 9: To a stirred solution of mesityl nitrile 
oxide29 (9; 338 mg, 2.1 mmol) in pentane (5 ml) at room temperature 
is added dropwise the phosphaalkyne 8 (374 mg, 2.1 mmol) in pen
tane (2 ml). The mixture is worked up as described under Method A; 
yield: 606 mg (85%); m.p. 120°C (decomp.). 

C Z1 HI6NOP calc. C 74.31 H 7.72 N 4.13 
(339.4) found 74.2 7.65 4.2 

I. R. (KBr): v = 2900 (CH); 1445 cm -I (phosphole ring). 

lH-N.M.R. (C 6 D6 ): b = 1.5-2.1 (m, ISH.damanlyl); 2.17 (8,311. 4-
H/:-C6Hz); 2.27 [s, 6 H, 2,6-(I::I3C)zC6H2]; 6.81 ppm (s, 2 H.rom). 

13C-N.M.R. (C6D6): b = 21.6, 21.8 [s, ~,4,6-(H3~hC6H2]; 29.4 
(s, C-3, C-5, C-7), 37.3 (s, C-4, C-6, C-I0), 41.0 (d, Jc.p = 10.8 Hz, 
C-1); 43.5 (d, 3JC,I> = 7.1 Hz, C-2, C-8, C-9); 129.3, 129.4, 130.0, 
137.8, 139.5 1 (Carom); 181.0 (d, IJc.p = 61.0 Hz.C-3pho,phole): 
228.0 ppm (d, Jc,p = 65.0 Hz, C-5pho,pholc)' 
31p-N.M.R.(C6D6): c5 = 74.4 ppm. 

5-( Adamant-I-yl)-3-t-butyl-5-trimethylsiloxy-4,5-dihydro-3H-I ,2,4-
diazaphosphole (13): 
To a stirred solution of the diazoalkane 12a30 (1.47 g, 15.0 mmoi) in 
diethyl ether (20 m!) at room temperature is added dropwise the 
phosphaalkene 7 (2.74 g, 8.0 mmol) in diethyl ether (5 ml). After 24 h 
the mixture is evaporated at 20 "C/I5 torr and the residue allowed to 
stand for 5 hat 20"C/I0- 2 torr. The residue is recrystallised from 
pentane to give the not completely analytically pure product 13 as 
yellow crystals; yield: 2.68 g (76%); Ill.p. SO'C (decomp.). 
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1. R. (toluene): v = 2840 (CH); 1250 cm -I (Si-CH3). 

IH-N.M.R. (C6D6): b = 0.23 [s, 9H, OSi(CH3)3]; 0.30 [d, 
3 JH•P = 4.8 Hz, PSi(CH3h]; 1.25 (s, 9 H, t-C4 H9); 1.6-2.3 (m, 
15 Hadaman,yl); 4.95 ppm (d, 2 JH•P = 5.2 Hz, 1 H, H-3). 

13C-N.M.R.(CoD6): b = 1.4 (d, lJc,p = 13.3 Hz, P-Si-<;H 3); 3.8 
(s, O-Si-CH3); 29.7 (s, C-3, C-5, C-7); 29.8 (s, C-CH3); 36.2 (d, 
2JC,p = 18.fHz, <;-CH3); 38.1 (s, C-4, C-6, ColO); 40.2 (d, 
3 Jc,p = 10.7 Hz, C-2, C-8, C-9); 42.8 (d, 1 Jc,p = 24.2 Hz, C-l); 100.4 
(d, IJC,p = 29.0 Hz, C-3); 136.6 ppm (d, lJC,p = 38.2 Hz, 
C-5phosPhole)' 
31p_N.M.R. (C 6D 6 ): f> = 105.1 ppm. 

5-(Adamant-I-yl)-3-t-butyl-1 H-l,2,4-diazaphosphole (14 a): 

Method A, from 13 using sodium hydroxide as catalyst: To a stirred 
solution of 13 (2.68 g, 6.1 mmol) in diethyl ether (10 m!) at room 
temperature is added a catalytic amount of powdered sodium 
hydroxide (- 10 mg). After 24 h the mixture is evaporated at 
20"C/15 torr. The residue is sublimed in a kugeirohr apparatus at 
220°C (oven temperature)/10- 2 torr to give the colourless product 
14a; yield: 1.56 g (93 %); m. p. 234 "C. 
Method B, from 8 and 12a30: To a stirred solution of the diazoal
kane 12a (294 mg, 3.0 mmol) in diethyl ether (5 m!) at room temper
ature is added dropwise the phosphaalkyne 8 (400 mg, 2.2 mmo!) in 
diethyl ether (2 mI). After 24 h the mixture is evaporated at 20 DC/15 
torr and worked up as described under Method A; yield: 563 mg 
(91 %); m. p. 234 'C. The 1. R. spectrum is superimposable with that 
of a sample prepared according to Method A. 

C16Hz5NzP calc. C 69.54 H 9.12 N 10.14 
(276.4) found 69.7 9.23 10.3 

J. R. (KBr): v = 3200 (NH); 2900 (CH); 1450 cm -1 (phosphole ring). 

IH-N.M.R. (CDCl): b = 1.35 (d, 4JH,p = 1.1 Hz, 9H, t-C4 H9); 

1.6--2.1 (m, 15 Hadaman,yl); 10.3 ppm (s, 1 H, NH). 

31 P-N.M.R. (CDCI3): b = 67.0 ppm. 

Because of its poor solubility in the usual solvents, a 13C-N.M.R. 
spectrum of 14a could not be recorded. 

Methyl 5-( Adamant-l-yl)-l H-t ,2,4-diazaphosphole-3-carboxylate 
(14b): 
To a stirred solution of the ex-diazo ester 12b31 (140 mg, 1.4 mmol) in 
diethyl ether (5 ml) at room temperature is added dropwise the phos
phaalkyne 8 (255 mg, 1.4 mmol) in diethyl ether (2 ml). After 24 h 
the mixture is filtered under suction and the residue is washed with a 
small amount of pentane to leave the product 14b as a colourless, 
crystalline powder; yield: 370 mg (93 %); m. p. 191 "c. 
CI4Hl9NP2P calc. C 60.42 H 6.88 N 10.07 
(278.3) found 60.2 6.74 9.9 

l.R. (KBr): v = 3160 (NH); 2900 (CH); 1720 (C=O); t430cm- 1 

(phosphole ring). 

lH-N.M.R. (CDCI3): () = 1.6-2.2 (m, 15H.damanlyl); 3.78 (5, 311, 
OCH 3); 11.3 ppm (s, 1 H, NH). 

13C-N.M.R. (CDC] 3): () = 28.5 (5, C-3, CoS, C-7); 36.2 (s, C-4, C-6, 
C-l0); 37.2 (d, 2JC,p = 13.1 Hz, Col); 43.8 (d, 3JC.p = 6.8 Hz, C-2, 
CoS, C-9); 52.2 (s, OCH3); 164.0 (d, 2 Jc,p = 22.9 Hz, C=O); 165.0 
(d, I Jc,p = 56.0 Hz, C-\hosphole); 192.8 ppm (d. 1 JC•P = 59.8 Hz. 
C-5phosPhole)' 
31p_N.M.R. (CDCI 3): b = 95.1 ppm. 

5-( Adamant-l-yl)-3-benzoyl-lH-I,2,4-diazaphosphole (14c): 
Prepared from the diazo ketone 12c3z (2 t 0 mg, 1.4 mmol) and the 
phosphaalkyne 8 (255 mg, 1.4 mmol) following the procedure de
scribed for 14b above and obtained as a colourless crystalline pow
der: yield: 422 mg (91 %); rn. p. 160C (decomp.). 

C I"H 21 N zOP calc. C 70.36 H 6.52 N 8.64 
(324.4) found 7().3 6.54 8.7 

I. R. (KBr): v = 3200 (NH); 2900 (CH): 1635 (C=O); 1445 cm- 1 
(phosphole ring). 

lH-N.M.R. (CDCI,,): tl = 1.6 2.2 (m, 15Haddmanlyl); 7.3- 8.3 (m, 
S Hdrom); 11.8 ppm (s. 1 H. NH). 
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13C-N.M.R. (1/5 C6D6/CH 2CI 2): 8 = 2S.9 (s, C-3, C-5, C-7); 36.5 (s, 
C-4, C-6, C-I0); 37.7 (d, 2JC ,p = 13.5 Hz, C-I); 44.2 (d, 
3 JC,p = 6.9 Hz, C-2, C-S, C-9); 130.2, 130.3, 133.3, 13S.0 (Carom); 
167.8 (d, Ih,p = 59.5 Hz, C-3phosphole); 187.3 (d, 2 Jc,r = 19.0 Hz, 
C=O); 193.S ppm (d, 1JC,p = 64.3 Hz, C-5phosphole)' 

3IP_N.M.R. (C6D6): i5 = 103.7 ppm. 

5-(Adamant-l .. yl)-3-methyl-l ,2,:I,4-triazaphosphole (16): 
To a stirred solution of the azide 1533 (96 mg, 1.7 mmol) in pentane 
(5 ml) at room temperature is added dropwise the phosphaalkyne 8 
(200 mg, 1.1 mmol) in pentane (2 mt). After 1 h the mixture is 
evaporated at 30 cq15 torr. The oily residue is distilled in a kugel
rohr apparatus at 150°C (oven temperature(10- 2 torr to give the 
product 16 which solidifies on cooling; yield: 235 mg (89 %); m. p. 
76'C. 
C12H 1SN3P calc. C 61.26 H 7.71 N 17.S6 
(235.3) found 61.3 7.89 17.7 

1. R. (KBr): v = 2900 (CH); 1445 cm _.J (phosphole ring). 

IH-N.M.R. (C6D6): i5 = 1.6·-2.3 (m, 15 Hadamantyl): 3.58 ppm (d, 
3JH,p = 7.2 Hz, 3 H, N-CH3)" 

13C_N.M.R. (C6D 6): 8 = 29.8 (s, C-3, C-5, C-7); 37.7 (:;, C-4, C-6, 
C-I0, and N-CH 3); 38.6 (d, 2Jc,r = 15.3 Hz, con; 45.4 (d, 
3.1c,p = 7.6 Hz, C-2, C-8, C-9); 200.4 ppm (d, 1.1c,p = 54.1 Hz, 
C -5phosphole)' 
31p_N. M. R. (C6D6): i5 = 174.4 ppm. 
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