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SYNTHESIS AND NMR CHARACTERIZATION 
OF HETEROARENE SUBSTITUTED 

N-SILYLPHOSPHORANIMINES 

GARY M. SCI-IEIDE and ROBERT H. NELSON* 
Department of Chemistry, Texas Christian University, Fort Worth, TX 76129 

(Received hiarch 2, 19S9; in f inal form hfarch 22, 1969) 

Several of the title compounds were prepared by application of the Peterson olefination reaction to 
the C-silylated phosphoranimine, Me3SiN=P(OCHzCF3)(Me)CHzSihfe3 (1). Deprotonation of 1 by 
treatment with n-BuLi, followed by addition of acetylarenes of arenecarboxaldehydes, and quenching 
with hle,SiCI, afforded the phosphoranimine derivatives, Me,SiN=P(OCH,CF,)(hk)CH=C(Ar)R 
[3a: Ar=2-C,H30, R=Me; 3b: Ar=2-C,H3S, R = H ;  3c: Ar=2-C4H,S, R =  hte; 3d: A r = 2 -  
C5H,N, K = H; 3e: Ar = 2-C5H4N, R = Me]. These new phosphoranimines (3n-3e), generally formed 
as mixtures of cis and trans isomers, were obtained as distillable liquids in yields of &75% and were 
fully characterized by NMR ('H, ',C, and "P) spectroscopy and elemental analyses. 

Key Bvordr: Phosphazene; phosphoranimine; heteroarene; arene; N-silylphosphoranimine; N-silyl-P- 
trinuoroethoxyphosphoranimine. 

INTRODUCTION 

Poly(alkyl/arylphosphazenes), [R2PN],, a class of phosphazene polymers in which 
all of the substituents are attached via P-C are readily prepared by 
thermal condensation reactions of appropriate Si-N-P precursors such as 
Me3SiN=P(OCH2CF3)Me2. Because of their importance as phosphazene precur- 
sors, we are currently studying the derivative chemistry of these N- 
silylphosphoranimines. Two general modes of reactivity have been demonstrated: 
(1) Si-N bond cleavage (e.g., tran~silylation~), and (2) depotonation/ 
substitution reactions of the pendant methyl groups. The latter process has 
afforded N-silylphosphoranimines bearing silyl: ph~sph iny l ,~  and various organic 
functional groups.6 Moreover, Wisian-Neilson and coworkers' have shown that 
many such deprotonation/substitution reactions can be successfully applied to the 
preformed poly(alkyl/arylphosphazenes). 

Although they do not undergo condensation polymerization themselves, the 
C-silylated precursors (e.g., 1),4 are particularly useful reagents for further 
derivative chemistry. For example, we have recently shown that, by application of 
the Peterson8 olefination process (Equations 1 and 2), they can easily be 
converted into a variety of vinyl substituted phosphazene precursors (2).9 

As an extension of this general synthetic methodology, we report here the 
synthesis and NMR spectroscopic characterization of a series of N- 
silylphosphoranimines which contain heteroarene substituents. These compounds 
are of interest as potential phosphazene precursors and as small molecule models 

Author to whom correspondence should be addressed. 
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I 

for the synthesis of poly(alkyl/arylphosphazenes) bearing the same substituent 
groups. In this context, it is interesting to note that a thiophene derivative of 
[Ph(Me)PN], has been recently r ep~r t ed . '~  

RESULTS AND DISCUSSION 

Treatment of an Et,O solution of the carbanion derived from the C-silylated 
phosphoranimine 1 with 2-acetylfuran, followed by quenching with Me3SiCI, gave 
the N-silylphosphoranimine 3a (Equation 3) in which the furan moiety is attached 
to phosphorus through a -M- spacer group. 

3e:  -- nr  = -Q ; R = nc 

Similar reactions involving thiophenecarboxaldehyde, acetylthiophene, 
pyridinecarboxaldehyde, and acetylpyridine were used to prepare compounds 
3b-3e (Equation 3). All of these new phosphoranimine derivatives were readily 
purified by fractional distillation under reduced pressure and were obtained in 
good yields (ca. 60-75%) as colorless, moisture sensitive liquids. They were fully 
characterized by NMR spectroscopy (Table I) and elemental analyses (Table 11). 

The 'H, 13C, and "P NMR spectral data, summarized in Table I, are 
completely consistent with the proposed structures of these vinyl substituted 
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TABLE I 
NMR spectroscopic 

'H NMR "CNMR . "PNhIR 

Compound Signal 6 JPI I 6 JK 6 

Me3Si 
hle,Si' 
MeP 
M e F  
C-Me 
C-hle' 
P - a  I 
P-CH'  
=Chle 
=Chic' 
C2 
Ck 
CiI3.4 
CHS 
CHk 
Me,Si 
McP 
P-CII 

PCII=CH 

0.05 
0.06 
1 .64 
1.58 
2.16 
2.33 
5.61 
6.13 

3.34 
3.51 
19.06 
19.86 
15.51 
23.75 
115.38 
119.65 
142.18 
140.10 
154.47 
152.50 
110.113* 
143.57 
143.79 
3.72 
18.44 
119.46 

139.39 

140.91 
127- 129* 

3.46 
3.50 
17.67 
19.87 , 

18.27 
29.15 
59.45 

3.9 20.5 
3.7 22.0' 

101.5 
97.4 
7.0 
18.0 
138.4 
126.2 
7.6 
3.4 
21.1 
7.1 

14.7 
14.2 

2.6 
10.3 
17.5 

6.4-7.4' 
6.4-7.4' 
6.4-7.4* 
0.11 
1.57 
6.10 

7.44 

3.6 21.8 
97.4 
135.5 

6.3 

23.0 

14.4 
21.5 
(16.9)c 
21.2 
(16.8)' 

C2 
CII3-5 7.0-7.3* 

0.05 
0.07 
1.29 
1.60 
2.25 
2.47 

4.0-4.4d 

hle,Si 
Me,%' 
MeP 
h l e F  
C-Me 
C-hle' 
OCH, 

P - C H  
P - C W  

3.3 19.9 
3.3 21.0' 
97.6 
97.4 
7.0 
18.6 
4.5 

(36.9)' 
136.5 
131.3 

14.3 
14.2 

(1.6)c 
?.f 

6.00 
5.79 

15.8 
12.0 
(1.3)' 

117.48 
122.56 

=CMe 
=Chle' 
C2 
C2' 
CF3 

C I P  

Me,Si 
hle,Si' 
MeP 
M e F  
P - C H  

146.64 
147.56 
146.17 
141.78 
123.84 

125-129' 
3.17 
3.69 
18.37 
19.71 
125.45 

3.5 
22.3 
22.3 
7.7 
9.8 

(277.6)' 
7.0-7.6d 
-0.14 
0.07 
1.58 
1.78 
6.90 

3.8 21.8 
3.5 22.4' 
99.2 
102.8 
131.1 

14.4 
15.3 
23.4 
(16.8)c 
13.7 
(12.0)c 

P-CII' 

PCH=CH 
C2 
C2' 
C W  
CHs5 

6.07 

7.1-7.2' 

128.89 

143.12 
153.40 
145.55 
150.47 
123- 137* 

122.5 

26.9 
5.8 

8.60 
7.3-7.9 
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TABLE I (Confinued) 

'11 NMR I3C NMR "P NMR 
I 

Compound Signal b JP' I 6 JPC b 

y 3  Me3% 
nr,SIN=P-OCHzCF, Me,Sic 

MeP 
MeP' 
C-Me 
C-hfec 
P - C H  
P-Cl1'  
=Chle 
=CMe' 
C* 
C k  
CH6 
C € P  

-0.17 
0.01 
1.59 14.2 
1.45 14.9 
2.49 
2.22 
5.89 14.3 
6.58 18.3 

8.6 
7.2-7.7d 

3.27 
3.44 

19.54 
19.70 
16.85 
25.76 

124.74 
122.60 
149.25 
148.76 
157.76 
153.06 
153.29 

120- 136* 

3.7 20.4 
3.8 21.5' 

97.0 
98.5 
7.0 

17.9 
132.1 
133.7 

20.7 
6.7 

~~ 

a Chemical Shifts relative to hle,Si for 'H and I3C NMR spectra and to €13P0, for "P 
NMR spectra; coupling constants in Hz; Solvents: CDCI, or CH,CI,. b T h e  'H  and I3C 
NMR data for the CF3CH20 groups showed very little variation throughout this series of 
compounds. The complete data is given for 3c as a representative example. Signals due 
to the minor isomer. dComplex multiplet. cJIIII values in parentheses. 'Irc values in 
parentheses. 

compounds. With the exception of the thiophenecarboxaldehyde product 3b, the 
compounds exhibited two signals in their 3'P NMR spectra due to the presence of 
cis and tram isomers. These isomers were not separable by fractional distillation 
and, typically, isomeric mixtures with compositions of ca. 1.5: 1 to 3:  1 were 
present even after one or more redistillations through a 10-cm column. In the 
case of 3b, however, the proportion of the minor isomer was only about 5% after 
a single distillation. 

Assignment of the structure of 3b as the trnrzs isomer was confirmed by the 
observation of a large spin-spin coupling ('Jr11I = 17 Hz) between the two vinylic 
protons and by the relatively large coupling ('J,, = 23 Hz) between phosphorus 

TABLE 11 
Preparative and analytical data 

Analyses' 
bP 

Compound % yield "C/mm IIg % C  %fl 

3a 70 8610.02 45.99 
(46.01) 

3b 62 81-90/0.15 42.30 
(42.22) 

3c 65 71/0.01 43.71 
(43.92) 

3d 71 83-8910.15 46.67 

3e 65 85-8910.02 47.44 
(47.99) 

(46.42) 

6.41 
(6.41) 
5.74 

(5.61) 
6.76 

(5.96) 
6.33 

6.48 
(6.32) 

(5.99) 

a Calculated values in parentheses. 
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and C-2 of the thiophene ring." The use of similar arguments permits assignment 
of the major isomer of the other four compounds to  the tram structure. In the 
case of the acetylarene derivatives (3a, 3c, and 3e), the 13C NMR signals of the 
C-Me group provided additional structural evidence. In these compounds, two 
distinct doublets are observed in' the C-Me region of the 13C NMR spectrum: 
one wth a small coupling (3Jpc=7 Hz), assigned to the major isomer in which the 
C-Me group is cis to the phosphorus, and another with a large t ram coupling 
(3Jpc = 22 Hz), assigned to the minor isomer. Thus, in all cases, the major isomer 
is that in which the sterically most demanding substituents (ix. ,  the phos- 
phoranimine and heteroarene moieties) are in a tram configuration. 

In summary, this work has shown that a variety of heteroarene substituents can 
be easily incorporated into potential phosphazene precursors via Peterson 
olefination reactions on C-silylated phosphoranimines. The possibility of 
preparing alkyl/arylphosphazene polymers or copolymers containing these sub- 
stituents is currently being investigated. 

EXPERIMENTAL SECTION 

AfaleriaIr and General Procedures. The following reagents were obtained from commercial sources 
and uscd without further purification: n-BuLi, hle,SiCl, acetylfuran, acetylthiophene, acetylpyridine, 
thiophenecarboxaldehyde, and pyridinecarboxaldehyde. The starting C-silyl-N-silylphosphoranimine 
(1) was prepared according to the published procedure? IIexane and ether were distilled from Cali, 

rior to use. Proton and 13C{'H} NhlR spectra were recorded on a Varian XL-300 spectrometer; 

performed by Schwarzkopf hlicroanalytical Laboratory, Woodside. NY. All reactions and other 
manipulations were carried out under an atmosphere of dry nitrogen or under vacuum. The following 
procedure is representative of those used for the synthesis of the new compounds prepared in this 
study. 

Preparation ofthe Aceryl/lcran Deriuafiue (3a). A 250-mL. 3-necked flask, equipped with a magnetic 
stirrer, N, inlet, and a rubber septum, was charged with Me,SiN=P(OCII,CF3)(Me)(CH,Sihle,) (1) 
(12.8 g, 40 mmol) and Et,O (100 mL). The solution was cooled to -78°C. stirred for 30 minutes, and 
then n-BuLi (16.0 mL, of 2.5 hl hexane solution, 40 mmol) was added via syringe. After the mixture 
was stirred for 1 hour, 2-acetylfuran (4.4 g. 40 mmol) was added via syringe and the mixture was 
stirred for ca. 3 hours at -78°C before being quenched with chlorotrimethylsilane (5.1 mL, 40 mmol). 
The solution was allowed to warm to room temperature and the salts were allowed to settle. The 
supernatant solution was transferred by cannula to I I-neck flask and the salts were washed with 
hexane. The ether-hexane solvent mixture was removed under reduced pressure. Distillation through 
a 10 cm column afforded 3a as I colorless liquid (Tables I and 11). Compounds 3b-3c were prepared 
according to the same procedure by using the appropriate aldehyde or ketone in place of 
2-acetylfuran. 

Y I P  { I H) NMR spectra were obtained on a JEOL FX-60 instrument. Elemental analyses were 
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