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THE CHEMICAL SHIFT OF TWO-COORDINATE 
PHOSPHORUS, 11192 

HETEROCYCLES 

KONSTANTIN KARAGHIOSOW and ALFRED SCHMIDPETER 
Institut fur Anorganische Chemie der Universitat Munchen, MeiserstraBe 1 ,  

0-8000 Miinchen 2 
(Received October 9, 1987) 

A compilation of the chemical shifts of two-coordinate phosphorus in fully unsaturated cyclic 
compounds is presented. (Acyclic as well as partly unsaturated cyclic compounds are covered in Part 
I). Data are arranged according to the ring size and to the neighbours to the phosphorus in the ring. 
a3'P tends to lower field in the series C, N. P for the neighbouring ring members; the whole ran e 
extends roughly from a31P = 470 to 0 with most of the shifts between 300 and 50. Parallels to 6' C 
and 6I5N in heterocycles with CH and N, respectively, in place of P are shown. 

B 

Compounds of two-coordinate phosphorus(II1) derive their stability from either 
one of two effects: Bulky substituents can prevent the formation of di- or 
oligomers with phosphorus of co-ordination number three. Or two-coordination 
can be made the intrinsically more stable alternative by including the phosphorus 
into a delocalized n-~ystern.~ The acyclic and not fully unsaturated cyclic 
compounds covered in Part I of this review belong to the one or other group. This 
second part covers two-coordinate phosphorus heterocycles of maximal unsatura- 
tion; they belong to the second group alone. As a consequence their 31P chemical 
shift range (extending essentially from a31P = 470 to 0) is considerably smaller 
than the range in Part I (extending essentially from a31P = 600 to -300).' In the 
majority of the compounds of this part the two-coordinate phosphorus partici- 
pates in a cyclic (4n + 2)n-system. In some cases the cyclic delocalization may be 
debated. Some borderline cases are included here although they are already 
contained in Part I. 

Some 31P chemical shifts of two-coordinate phosphorus in both acyclic and 
cyclic compounds have been collected in recently published 

ORGANIZATION OF THE d3'P COMPILATION 

The compilation (Table I) is meant to include all pertinent data reported up to 
summer 1987. The compounds are arranged according 

(1) to the ring size, 
(2) to the nature of the ring members adjacent to the phosphorus, 
(3) to the remaining ring members, 
(4) to the number of the substituents at the ring, 
( 5 )  to the nature of these substituents. 
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218 K. KARAGHIOSOFF and A. SCHMIDPETER 

For (2) and (3) the ring members are ordered according to the PSE: C, N, P, 0, 
S. Two different locations may result for a ring containing two non-equivalent 
two-coordinate phosphorus members; in such a case the ring is found at the 
second location. The same principle of order as before applies to the a-atom of 
the substituents: H, C, Si, Ge, Sn, N, P, As, Sb, 0, S, F, C1, Br, I. 

Condensed systems are treated together with the parent phosphorus hetero- 
cycle. CT- and n-complexes are also included (in contrast to Part I even if the 
phosphorus two-coordination is not preserved in the complex formation). 

The scheme below shows the known delocalized monocyclic systems of 
two-coordinate phosphorus ordered as in Table I according to points (1) to (3). It 
starts with three- and four-membered rings which may be regarded as 4n-systems 
(triphosphirenide, phosphete and 173-diphosphete) and which are known only as 
q3- and q4-complexes, respectively. Almost all the five- and six-membered 
heterocycles can be considered as 6n-sy~tems.~ Two eight-membered rings 
already contained in Part I are not repeated here. 
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CHEMICAL SHIFTS OF TWO-COORDINATED PHOSPHORUS 219 

h31P RANGES 

In Figure 1 the phosphorus chemical shifts of Table I are classified according to 
the immediate surrounding of phosphorus and to the ring size. The other ring 
members and the substituents prove to be of similar influence however; thus only 
broad and overlapping ranges result. Four of them are enough populated to allow 
some statements nevertheless: Phosphorus is less shielded in six-membered rings 
than in five-membered rings, as shown for the CPC case. A nitrogen instead of 
carbon as neighbour also causes a phosphorus shift to lower field, as shown by the 
five-membered rings with CPC, CPN, and NPN fragments; a much more 
pronounced downfield shift is caused by phosphorus neighbours. 
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FIGURE 1 The chemical shifts a3'P from Table I arranged according to the ring members adjacent 
to phosphorus and to the ring size. 

The effect of an a-substituent on d31P is similar to that in the acyclic case'; the 
2,5-dimethyl-1,2,3-diazaphospholes provide a representative example for it:' 

P 
R 

PSF, 
PSFCl 

PS(OMe), 
PSBr, 
PSClMe 
PSClPh 

PSCI, 

631P R 63'P 

275 POPh, 252 
269 PO(OMe), 247 
25 1 
254 
249 
249 
248 

R 63'P R 631P 

P(CN), 257 
PCI, 249 
PBr, 249 
PPhCl 243 
PPh, 241 
PMeCl 240 
P(OMe)2 240 

C(CF,),OH 237 
SPh 236 
H 229 
Me 226 
Br 217 
c1 212 
NHPh 172 
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220 K. KARAGHIOSOFF and A. SCHMIDPETER 

6 13C/31P AND 6 1sN/31P CORRELATIONS 

The properties of the phosphorus heterocycles discussed here suggest bonding 
situation comparable to that of the parent compounds in which a CH unit 
occupies the site of phosphorus. On this assumption the effects of the molecular 
environment on the chemical shift of this carbon and on d3'P in the correspond- 
ing phospha derivative should parallel each other. For 37 pairs of compounds 
identical except for the CH/P replacement 613C and d31P data were found 
available.' They are plotted in Figure 2 and clearly demonstrate the expected 
parallel between the carbon and phosphorus chemical shift. a31P responds, 
however, much more sensitive (almost five times as strongly) to the effects than 
613C. The shown 6'3C/31P correlation is closely related to the one found for 
methylene and phosphinidene compounds in Part I.' 

250 200 150 100 50 

FIGURE 2 Correlation of a3'P in two-coordinate phosphorus heterocycles from Table I) with 6I3C 
of the CH unit replacing the phosphorus in otherwise identical heterocycles.8 A linear dependency is 
found (correlation coefficient 0.980): 613C = 0.20515~~P - 86.5. 

A specific example for the parallel response of 613C and a3'P is provided by 
the two-step protonation of the pyrazole and of the 1,2,4-diazaphosphole anion. 
The I3C-4 as well as the 31P resonance shifts to lower field in both steps. Here 
again the effect on the former is much smaller than on the latter: 

6l3C-4 103 1 0 5  109 

? - H  + H  H 

c 
P P P 

68  8 3  9 5  A31P 

The comparison between nitrogen and phosphorus chemical shifts in cor- 
responding aza- and phospha-heterocycles is somewhat hampered by the lack of 
615N data. The pairs available' are plotted in Figure 3. 
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d 
A 

O> 250 200 150 100 6 31P 50 

FIGURE 3 Correlation of h3’P in two-coordinate phosphorus heterocycles (from Table I) with b15N 
of the specific nitrogen replacin the phosphorus in otherwise identical heterocycles.’ The strai ht line 
is taken from a broader bI5N/ P correlation.“’ Its slope is much steeper than that of the Sg3C/”P 
correlation: S”N = 0.75b3’P - 209. 
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