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POLYAMINOPROSPRORANES III. l P(II1) - P(V) Tautomerlsm in 

Contribution No. 

E. I. du Pont de 

We recently 

Four Nitrogen Cage Phosphoranes 

Thomas J. Atkins* and Jack E. Richman' 

2568, Central Research and Development Department 

Nemours and Company, Inc., Wilmington, Delaware 19898 

reported the preparation of the novel cyclen phosphorane 2 by 
1 ?r 

the exchange reaction of 1,4,7,10-tetraazacyclododecane (1)' and hexamethyl- 

phosphorous trlamide.1 
-80 

In our studies on the synthesis of new polycyclic 

+ P(NMe213 - 

compounds via the direct "insertion" of a central atom into a macrocyclic 

polyamine, we wished to examine the conformational constraints imposed by the 

macrocyclic ring in greater detail. We therefore prepared a series of poly- 

cyclic tetraamlnophosphorus compounds to examine the effect of ring size on 

the P(II1) - P(V) tautomerlsm. 

We prepared the series of four nitrogen, 12- to 16-membered macrocycles 

2 - 62, by condensation of sodium salts of the respective e-toluenesulfonamldes 

with the appropriate ditosylates. 3 Rydrolysls of 2 - 6~ in concentrated sul- 

furic acid gave amlnes 3b - 62 In good (60 - gO$) yield. 

The reactions of 3b - 6b with hexamethylphosphorous triamide proceeded 
- -5 smoothly at 120° in 2 - 3 hr. The products listed in the table were obtained 

in high yield by distillation of the reaction mixtyp and were characterized 

by their analytical and spectral properties. The P - nmr chemical shifts 
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2 4 2 6 

2. R = S02C7H7 

k. R=H 

clearly distinguishes phosphorous triamide [P(III): 6 + 104 to +116 pPm] from 

tetraaminophosphorane [P(V): 6 - 53 to - 61 ppm I4 tautomers. Additionally, 

the products existing predominantly as the phosphorane had infrared absorp- 

tions in the 4.4 - 4.7 p (vp_H) region. Mass spectral analysis confirmed 

the elemental compositions. 

When & and z were reacted with hexamethylphosphorous triamide, we 

found &ithin nmr detection 1imlts)only the phosphorane tautomers, 2l and 77, 

respectively. 6b gave only the corresponding trlcyclic phosphorouz triam;de - 
10. However, a dramatic tautomer preference was observed when the isomeric - 
tetraazacyclotetradecanes 4b and 5b were used; 

3 
42 gave a mixture in which 

the phosphorane tautomer $t predginated, whereas 2 gave predominantly the 

isomeric P(II1) tautomers gb. 
- 

Examination of models of 82 and 92 discloses 

very little difference in sterlc requirements. The isomers differ by only 

one-atom connection. When two 6-membered rings are adjacent, as in ga or g, 
- 

the relatively long phosphorus-nitrogen bond accentuates a modest steric re- 

pulsion between the eclipsed hydrogens of C4 and C6 In the phosphorane 

tautomer that is slightly relieved in the more flexible P(II1) tautomers. 

This repulsion is absent in compounds with two fused 5-membered rings or a 5- 

and 6-membered ring fusion, as In z, 1, and 8. ,k 
Macrocyllc polyamlnes provide the entropic advantage necessary to prepare 

monomeric tetraamino phosphorus polycycles from hexamethylphosphorous triamide 

and can provide the appropriate bonding geometry to form phosphorane tautomers 

The P(III)- P(V) tautomerism is delicately balanced In these polycycles and 

small changes In bonding configuration can dramatically change the product 

structure. 
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6. 31 P-nmr spectra were obtained in C6D6 and are reported in ppm from ex- 

ternal H3P04, 13 C-nmr spectra (C6D6) are reported in ppm from internal 

TMS. Downfield shifts are assigned positive values. 

7. The ir spectrum showed an absorption at 4.43~ (v,), the 'H-nmr showed a 

1H doublet (J = 609 Hz) at 6 7.11 in CDC13, corresponding to the 'lP-nmr 

doublet (J = 606 Hz). 

8. The 'Hi-nmr spectrum (220 MHz in C6D6/TMS) of 8a showed a 1H doublet 

(J = 549 Hz) at 6 5.84, corresponding to the 3 P-nmr doublet (J = 547 Hz). 
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