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FIRST SYNTHESIS AND STRUCTURES OF
2H-1,3,2-DIAZAPHOSPHOLE TUNGSTEN COMPLEXES

HENDRIK WILKENS and RAINER STREUBEL*
Institut fiir Anorganische und Analytische Chemie der Technischen
Universitiit Braunschweig
Postfach 3329, D-38023, Braunschweig, Germany.
e.-mail: streubel@mvs.anchem.nat.tu-bs.de

Abstract; Thermal decomposition of a 2H-azaphosphirene tungsten
complex in the presence of various nitrile derivatives yielded 2H-1,3,2-
diazaphosphole tungsten complexes. The overall reaction may be des-
cribed as a 1,3-dipolar cycloaddition of an in situ generated nitrilium
phosphan eylide complex with a nitrile moiety. First evidence for a nitrile
/nitrile substitution reaction leading to transiently formed nitrilium phos-
phane ylide complexes and a novel access to dialkylamino-substituted
2H-azaphosphirene tungsten complexes are reported.

Keywords:  phosphorus heterocycles, cycloaddition reactions,
diazaphosphole complexes, azaphosphirene complexes,
nitrilium phosphane ylide complexes, phosphanediyl
complexes.

INTRODUCTION

Very recently, novel accesses to three-membered unsaturated nitrogen
heterocycles have been described. The first synthesis of a 2H-azirine via
[2+1] cycloaddition of a carbene derivative to benzonitrile was published
1995 and, in 1996, the synthesis of a 2H-azasilirine was achieved, by
reaction of an in situ generated silylene derivative with benzonitrile." It
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is noteworthy, that, up to know, [2+1] cycloaddition reactions of a ni-
trene or a phosphanediyl derivative to a C-N triple bond have not been
reported. 2H-azirines and heteroanalogues thereof are potential pre-
cursors for nitrilium ylides (1,3-dipoles), which should be useful buil-
ding blocks in heterocyclic syntheses. Interestingly, this has been estab-
lished exclusively for 2H-azirines.

In recent years, we were interested in synthesis” and thermally

‘induced ring opening reactions of 2H-azaphosphirene tungsten complex-

es. We have demonstrated, that they could be used as precursors for two
different transiently formed species - a nitrilium phosphane ylide tung-
sten complex (a 1,3-dipole system)®! or an electrophilic terminal phos-
phanediyl complex.”” Here, we report on generation of transient nitri-
lium phosphane ylide complexes, which reacted with various nitrile deri-
vatives to 2H-1,3,2-diazaphosphole complexes. Furthermore, a novel

access to a 2H-azaphosphirene tungsten complex is presented.

RESULTS

Synthesis_of 2H-1,3.2-diazaphosphole complexes via_ three-

component_reactions

Thermal decomposition of the 2H-azaphosphirene tungsten complex 1 in
neat dimethyl cyanamide yielded the 2H-1,3,2-diazaphosphole tungsten
complex 3a as main product. The formation of the five-membered het-
erocycle can be explained by a three step reaction mechanism: thermal
induced ring opening of 2H-azaphosphirene complex 1 gives the cor-
responding phenyl-substituted 1,3-dipole 2a, which then reacts with di-
methyl cyanamide in a nitrile/nitrile substitution reaction to the nitrilium
phosphane ylide complex 2b. Taken the description of 2a,b as a donor
stabilized terminal phosphanediyl complex into account, the formation of
the 1,3-dipole 2b should be thermodynamically favoured. The 2H-

_ 1,3,2-diazaphosphole complex 3a is then formed by a 1,3-dipolar cyclo-
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addition reaction of 2b with dimethyl cyanamide. This subsequent [3+2]
cycloaddition reaction is stereoselective, leading exclusively to the 2H-
1,3,2-regioisomers (Scheme 1).

(OC)SW\ CH(SMe ),

p\ o /W(con R
/ ®
1 —_— "
=N PMC=RK P‘_L‘ (OC)s\V\ ;JCH(SL\{C D2
o yd 22 CH(SiMea): /P\
250¢ ., N N
+ 5_>< MeNCN | -PRCON > A RON_ \\ //
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Me;NC=N W(CO)s /
- R NMe;
(2eq) M “___(9__@/
MeaNC=—=N P, 3a-c
2h CH(Si.\‘[eg)j

R = NMe, (3a), Me (3b), Ph (3¢)

SCHEME 1 Synthesis of 2H-1,3,2-diazaphosphole tungsten com-

plexes 3a-c.

It should be pointed out, that the synthesis of the 2H-1,3,2-diazaphos-
phole complexes 3a-c required the 2H-azaphosphirene metal complex 1
as precursor for the 1,3-dipolar system 2a, a nitrile with a good donor
ability as building block for the reactive intermediate 2b and a trapping
reagent for the [3+2] cycloaddition. Therefore, we suggest the term
»three-component reaction” for those reactions. A remarkable finding
was, that only two equivalents of dimethyl cyanamide (vs. 1) were re-
quired for a selective reaction.

The structures of the 2H-1,3.2'-diazaphospholes 3a,c!™ were confirmed
by X-ray crystallography. The structure of 3a" is shown in figure 1. A
remarkable feature of the molecular structure of complex 3a is the five-

‘membered ring system, which is approximately planar and has localized

C-N double bonds, the latter being in contrast to aromatic 2H-1,2,3-
diazaphospholes™® or 2H-1,2,3-triazols.!"!
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FIGURE 1 Molecular structure of complex 3a, selected bond
lengths [pm] and angles [°]: P-N1 170.7(2), N1-C7 129.6(3),
C7-C6 152.4(4), C6-N2 129.2(3), N2-P 170.2(2); P-N2-C6
107.3(2), N2-C6-C7 113.6(2), C6-C7-N1 113.3(2), C7-N1-P
107.5(2), N1-P-N2 97.2(11).

Ambident reactivity of a nitrilium phosphane ylide complex

towards ethyl cyvanoformate

The use of ethyl cyanoformate as trapping reagent revealed an ambident
reactivity of the nitrilium phosphane ylide tungsten complex 2b towards
a dipolarophile possessing two different multiple bond systems. Ther-
molysis of 1 in the presence of dimethyl cyanamide and ethyl cyano-
formate yielded the corresponding 2H-1,3,2-diazaphosphole complex 3d

as main product and the two diastercomeric A*-1,3,2-oxazaphospholene

tungsten complexes 4a,b as by-products (Scheme 2).°! The formation of
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the complexes 4a,b can be explained by a 1,3-dipolar cycloaddition re-
action of 2b (c¢f. Scheme 4) with the C-O double bond of the trapping
reagent.

(0C)sW, CH(SiMe3)2
AN

P
\ (OC)sW, CH(SiMey)s  (OC)sW., CH(SiMe 3)2
/C/=N ! \p s \P Nl
h vd \N ()/ \N
+
!oluene', 75 °C, \\ // + J\) _//
MeNCEEN 2eq) O /C——C EO SSC ¢
E0O-C NMea NC NMe2
+ : k% 4

E0;CC==N (2 eq.)

SCHEME 2 Ambident reactivity of a transiently formed nitrilium
phosphane ylide complex towards ethyl cyanoformate.

Bonding description_of nitrilium phosphane vlide complexes

The bonding situation of nitrilium phosphane ylide complexes can be
covalently described by two mesomeric forms - the allenyl type (I) and
the propargyl type (II) - or as an Lewis acid/Lewis base adduct (III)

(Scheme 3). In the latter, the nitrile nitrogen lone pair acts as a 6-donor

towards the terminal phosphanediyl complex, which should have a
singulett ground state and, therefore, a vacant p-orbital.!'?

W(CO)s WI(CO)s 99,..“\\W(CO)5

V4 ® or
@\CH(SIMea)z

R@::%:P RC=—N-—R
CH(SiMe3)2 CH(SiMe )
RC=—=N

I u 01

SCHEME 3 Bonding description of nitrilium phosphane ylide complexes
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Ethyl cyanoformate as donating nitrile and trapping reagent
The thermal decomposition of 1 in the presence of ethyl cyanoformate in
toluene yielded the bis(ethylcarboxylate)-substituted 2H-1,3,2-diaza-
phosphole tungsten complex 3e (Scheme 4).°)

R
(OC)s\v\ H . /W(CO)
P\ + E10,CC=N a) toluene, 75 °C = PhC=(f?— PR
C/ N 000=—= b) benzonitrile, 75 °C
/ (4eq.) 23
Ph 1

E10,CCN | -PhCN

© w
0, W(CO (CO)
C=——=C=—N——FR EtO,CC=—=N—VFR
Et0
W(CO
\ o P, (CO)s /
EO,CC===N—7=pR - . >
+EO, ccrxl
(OC)sW, H(SiMea)2
5 \P ;J.C
9
C—=C
EtOzc/ \COZEt

R= C”(SlMC})Q 3o

SCHEME 4 Thermal decomposition of 1 in the presence of ethyl
cyanoformate.

Although benzonitrile should be the stronger donor compared to the elec-
tron poor ethyl cyanoformate, the reaction course was not influenced,
upon changing the solvent from toluene (2) to benzonitrile (b). An effi-
cient clectron delocalisation in the nitrilium phosphane ylide complex 2c,
might be an explanation for this observation (¢f. Scheme 4 and Scheme

"3, type I).
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N-piperidine _carbonitrile _as donating nitrile_and trapping

reagent
Thermolysis of 2H-azaphosphirene complex 1 in the presence of N-

piperidine carbonitrile led to 2H-1,3,2-diazaphosphole complexes 3f,g
and to 2H-azaphosphirene complex 1, all of which have been isolated in
pure form (Scheme 5).°! It scems obvious, that the 2H-1,3,2-diaza-
phosphole complexes 3f,g were formed by 1,3-dipolar cycloaddition
reactions of the transient nitrilium phosphane ylide complex 2d, either
with N-piperidine carbonitrile (2d -> 3f) or with benzonitrile (2d ->
3g) (¢f. Scheme 6). Noteworthy, that 2H-azaphosphirene complex 5
was surprisingly stabile under these reaction conditions.

(OC)sw\p JJR
C/:\N + ppC==N (2eq)
Ph/ 1 |
toluen
75°C
OC R (OC)sW. R
( )5W\Pr‘. 5 \P_rf (oc)sw\ _rrR
" N/ \N P\
|/ S AN
pip/ \pip Ph/ \pip PP
3 3 5

R = CH(SiMe 3)2: pip = (H2C)sN

SCHEME 5 Thermolysis of 1 in presence of N-piperidine carbonitrile.

The relationship between the 2H-azaphosphirene complex 5 and the

acyclic isomer 2d (¢f. Scheme 6) in this reaction is not yet fully un-
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derstood - probably, an equilibrium between 2d and 5 has to be taken
into account too. The product distribution (Table 1) strongly depends on
the N-piperidine carbonitrile concentration and an increasing amount of
complex 5 has been determined (by "*P NMR spectroscopic means), if
the concentration of N-piperidine carbonitrile was lowered.

TABLE 1 Estimated amounts of 3g,f and 5 with respect the N-
piperidine carbonitrile concentration.
3g[%]] 3f [%]] 5 (%]

2 eq. pipCN 30 50 20
4 eq. pipCN 50 40 10
neat pipCN 80 15 S

Proposed reaction mechanism of the_nitrile/nitrile substitu-
tion_reaction

We propose two mechanistic pathways of the nitrile/nitrile substitution
reaction, which transforms one transient 1,3-dipole into the other. This
proposal is consistent with the above described product formation (cf-
Scheme 5) and relies on the observed product distributions in dilute so-
lutions, having a low concentration of N-piperidine carbonitrile, and in
neat N-piperidine carbonitrile. The two pathways have the transiently
formed nitrilium phosphane ylide complex 2a as starting-point in
common (Scheme 6).

Assuming, that the HOMO of N-piperidine carbonitrile is the n-

orbital, then two different transition states should be involved in the fol-
lowing steps (pathway a and b). One is that of an Sy*-type reaction, in
which two different nitriles arc coordinating in a o- and a n-type fashion
to the terminal phosphanediyl complex (pathway a). The other is a ni-type

interaction of a nitrile with the terminal phosphanediyl complex (Sy'-type
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reaction, pathway b). The former transition state may lead finally to 2H-
1,3,2-diazaphosphole complex 3f or, by elimination of benzonitrile, to
the 2H-azaphosphirene complex 5 and/or to the nitrilium phosphane
ylide complex 2d. The latter may be also formed directly via pathway b.
Ring opening of S generates nitrilium phosphane ylide complex 2d,
which, by [3+2] cycloaddition with N-piperidine carbonitrile or benzo-
nitrile, leads to the 2H-1,3,2-diazaphosphole complex 3g or the 2H-
1,3,2-diazaphosphole complex 3f, respectively.

(OC)sW. R

[‘rRe=N Tk \p-‘J
d) — " PCN
| swicoss \é /o«
@ @\CH(SiMea)g oo / \Ph
N -PICN
[ o o I
=— [ ©cpn i — (OC)sW, R
Fre ., - PCN ? \p_rf
R
1 +RCN N/ \N
2 W ’ \\ // Az
(CO)s c—c\
PhC =N —>P°L, l p'p/ oo
| R RCE==N + 1
d) +RCN
W(CO!
ek [ W(CO)S
() YcH(sMe,), c=R—8”
‘—l‘. -
a R
\
(OC)sW, R
AN
P
R = CH(SiMe ); R'= (HC)sN = pip | C/_:_}N
P'P/ s

SCHEME 6 Proposed reaction mechanism for the formation of 3g,f
and 5 and transition states for the nitrile/nitrile substitution
reaction.
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