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Abstract: Azomethine ylides such as 1 and 4 in which the nitrogen atom is incorporated in a six-membered heterocyclic ring 

undergo regiospecific [3 + 21 cycloadditions with the phosphaakynes 2a and b at 130-l 40 “C to furnish the phosphaindolizines 

3 and 5a-c after elimination of ethyl formate or hydrogen cyanide, respectively. In contrast. dipoles of the type 6 react 

unspecifically with the phosphaalkyne 2a to yield the regioisomers 7 and 8. 

Phospholes with a X3,&phosphorus and other heteroatoms in the ring system play an important 

role in the development of the chemistry of low coordinated phosphorus213. 1,3-Azaphospholes, which 

are a structural component of all the phosphaindolizines to be discussed here, have been prepared by 

cyclocondensation4, by O/P exchange in oxazolium salts with tris[trimethylsilyl]phosphine5, and by [3+2] 

cycloadditions of mesoionic compounds to phosphaalkyne@ or of nitrile ylides to phosphaalkenes7. In 

both the latter procedures, elimination reactions follow the actual ring-forming reaction. 

With the previously unknown reaction of azomethine ylides of the types 1, 4, and 6 with phospha- 

alkynes 2, we now describe a new and generally applicable synthesis of the title compounds. 
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When the pyridinium ylide 1 is heated with the phosphaalkyne 2a, a regiospecific [3+2] 

cycloaddition8 reaction takes place and is followed, under the harsh reaction conditions employed, by an 

elimination of ethyl formate to furnish the [1,3]azaphospholo[l,5-alpyridine 3 (30% yield). The 3rP-NMR 

chemical shift (6 = + 162.4) as well as the 13C-NMR signals of the azaphosphole ring and their respective 

coupling constants [A = 133.4 (‘JC p = 47.3 Hz, C3); 155.1 (‘JC P = 45.1 Hz, Cl); 142.1 (*Jcp = 9.2 Hz, 

C8a)] agree very well with the values for the independently preiared methyl derivative (3; Me in place of 

tBu)g. 

lsoquinolinium and phthalazinium methylides (4a and b, respectively) react similarly with the 

phosphaalkynes 2a and 2b via [3+2] cycloaddition and elimination (in this case of hydrogen cyanide 

which, however, necessitates the addition of triethylamine) and the condensed 1,3-azaphospholes 5a-c 

are obtained (2.540% yield). 
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These reactions are also regiospecific although the dipole orientation is the reverse of that in the 

reactions 1 + 2a=e 3. 

The constitution of 5b - and thus the direction of addition of 4b to 2a - has been confirmed 

unequivocally by an X-ray structure analysis (Fig. 1)‘O. 

Fig. 1. Crystal structure of the phosphaindolizine 5b. - Selected bond lengths [A] 
and bond angles [“I 
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Bond lengths 
N2 -Nl 1.375(4) 
P -c2 1.754(3) 
N2 -03 1.286(4) 
Cl 2 -Cl3 1.431(5) 
Nl -Cl3 1.365(4) 

c3 -c31 1.419(5) c7 -Cl2 1.392(5) 
C7 -C6 1.428(5) Nl -C3 1.372(4) 
P -Cl3 1.734(4) C31 -N3 1.140(5) 
c3 -c2 1.371(5) c2 -c21 1.533(5) 

Bond angles 
c13-P -c2 89.9(2) 
C3 -c2 -P 111.5(3) 
C2 -C3 -Nl 112.9(3) 
C31 -C3 -Nl 117.6(3) 
c21 -c2 -P 123.8(2) 

C12-Cl3 -P 131.2(3) c21 -c2 -c3 124.7(3) 
Cl3-Ni -C3 114.0(3) C3 -C31 -N3 178.6(4) 
Nl -Cl3 -P 111 B(2) N2 -Ni -C3 119.4(3) 
Cl3-Ni -N2 126.5(3) Cl2 -Cl3 -Nl 117.1(3) 
c31 -c3 -c2 129.5(3) 

The bond lengths for P-C2 and P-Cl3 [1.754(3) and 1.734(4) A, respectively] are intermediate 

between those of P/C single and P/C double bonds and are indicative of electron delocalization in the 

phosphorus-containing heteroaromatic ring. The bond angle C13-P-C2 [89.9(2)“] is in the region 

characteristic for 1 ,3-azaphospholes2. 

When the 31P- and 13C-NMR data of the 1,9azaphosphole systems of 5a-c are considered, it is 

seen that they all lie in narrow absorption ranges [31P: 6 = +72.9 to +83.3; 13C: 6 = 104.9-109.7 (2Jc P 

= 5.5-6.1 Hz, C3); 153.9-161.8 (‘& = 42.3-59.9 Hz, C12a); 172.8-175.3 (1Jc,p = 54.3-55.3 Hz, C2)]. in 

conjunction with the crystal structure analysis of 5b, these data confirm that the products 5a-c all belong 

to the same structural type. 

Although the pyridinium, pyridazinium, and 1,4-diazinium dicyanomethylides 6a-c all react with the 

phosphaalkyne 2a in the manner described above (the elimination of HCN is again promoted by the 

addition of 1 mol of NEt.J, the primary step is completely non-selective so that 1:l mixtures of 7a-c with 

8a-c are formed (40-60% yield). 
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When donor-substituents were introduced into the 4 position of 6a, is was found that a methyl 

group had no effect on the product ratio (7d:8d = 50:50) whereas tert-but+ and isopropoxy groups 

favoured the formation of the isomer 7 (7e:6e = 80:20; 7f:8f = 1OO:O). Acceptor substituents exhibited 
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neutral effects (7g-i:8g-i = 50:50)“. The product mixtures can be separated by MPLC (Merck silica gel 

60, 0.015-0.049 mm, ether/pentane, 2:1), as has been demonstrated for the example 7a/8a. 
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