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Abstruct The new cyclic carbodiimides 3 are synthetized from bis(iminophosphoranes) 2 and Boc,O in lhe presence of 

DMAP, similar results can be achieved from the N-Boc-protected bis(iminophosphoranes) and carbon dioxide.. 

Although an enormous variety of heterocumulenes are known, only a few have been incorporated in strained rings’. 

Carbodiimides are the best known among strained heterocumulenes, and they have been the subject of spectroscopic 

studies in an attempt to examine the configurational 

stability of nitrogen in the NCN linkage*. The nine- 

membered cyclic carbodiimides dibenzo[e,g][l,3]dia- 

zonine and 1 ,fdiazacyclonona-I ,2diene were prepared 
(cQ w= 

lG 

by dehydrosulfurization of the corresponding cyclic 
Ph3: ;Ph3 

thiourea, though they had not been isolated in a pure 1 n = 5,6,7,10.11 2 

state3. Modified Tiemann rearrangement on cyclic ami- 

doxime O-methanesulfonates has been used to synthetise cycloalkylene carbodiimides 1 and 4,5,6,7_tetrahy- 

drobenzo[ 1 ,3]diazoninez4. 

Continuing our interest on the preparation and synthetic applications of functional&d carbodiimides, we have 

shown that bis(iminophosphoranes) are valuable building blocks for the preparation of bis(carbodiimides) which 

undergo a plethora of heterocyclization reactions via multistep processes to give complex nitrogen-containing 

heterocyclic system?. In this context, we have recently reported that bis(iminophosphoranes) type 2 react with 

aromatic isocyanates to give directly rigid bicyclic guanidines’j. We report herein an easy and efficient preparation 

of cyclic carbodiimides of varying ring size starting from appropriate CC-bis(iminophosphoranes).’ 

The bis(iminophosphorane) 2a was easily prepared in 72 8 overall yield by the following sequence: (a) 

condensation of o-azidocinnamaldehyde* with o-azidocinnamylamine9 (81 8); @)Staudinger reaction with tri- 

phenylphosphine (TPP) (95 S); and(c) reduction with sodium borohydride (94 46). CompoundZa reacted with two 
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equivalents of Boc,O in the presence of 4-dimethylaminopyridine @MAP) in dry dichloromethane at room tempe- 

rature to give the cyclic carbodiimide 3a as a viscous oil in 45 %I yield. Better results were obtained starting from 

the bis(iminophosphorane) 2b, available from 2a and BocN, in 67 % yield. In this case, the reaction with a slight 

excess of BocsO under the same conditions led to 3a in almost quantitative yield (98 %). Compound 2b also reacted 

with carbon dioxide in dry benzene at 70 OC in a sealed tube to give 3a in78 % yield. Similarly, reaction with carbon 

disulfide in benzene at reflux temperature also led to 3a albeit in low yield (15 8). It is worth noticing that the 

reaction of 2a with carbon dioxide yielded a complex mixture in which the cyclic carbodiimide 3a could not be 

detected (Scheme 1). 

Scheme 1 

2aR=H 
2bR=Boc 

2c n=l Boc 
3c n=2 2d n=2 
3d n=3 2e n=3 3b 

Reagents and conditions: for 2a i) 2 cquiv.~O, DMAP.CH2C12, r.t. (4.5 %); for 2b ii) excess 
B-0, DMAP,CH,Cl,, r.t. (98%) or CO,. benzene, 70 “C, sealed tube (78 S); iii) excessBo%O, 
DMAP, CI-IZCIZ, r.t. 

Bis(iminophosphorane) 2&eacted with excess of BocsO in the presence of DMAP in dry dichloromethane at room 

temperature to give the twenty-membered bis(carbodiimide) 3b, as evidenced its HRPAB mass spectrum, in 50 96 

yield. The N-Boc-protected bis(iminophosphorane) 2c also reacted either with Boc,O / DMAP or carbon dioxide 

to give 3b in low yields (16-20 %), whereas with carbon disulfide led to the corresponding bis(isothiocyanate). 

However, bis(iminophosphoranes) 2d and 2el” under the same conditions afforded the cyclic carbodiimides 3c and 

3d in 67 % and 55 96 yields respectively. The ‘H- and “C-NMR spectra of 3c and 3d exhibited signals very similar 

to those of compounds 3a and 3b. Likewise, other analytical and spectral data confirmed the structure shown”. 

On the other hand, bis(iminophosphorane) Zf, easily prepared in 92 % yield from the corresponding bis(azide) and 

triphenylphosphine, reacted with two equivalents of BocsO in the presence of DMAP at room temperature to give 

6,7-dihydrodibenzo[d,h]-1,3-diazonine 3e, isolated as a crystalline solid after chromatographic purification in 77 
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% yield, accompanied by a minor amount of the bis(carbodiimi&) 3f (less than 10 %). Earlier attempts to prepate 

3e were unsuccessfull’. Bis(carbodiimide) 3f was prepared by a two-step route: reaction of bis(iminophosphorane) 

2f with carbon disulfide led to the bis(isothiocyanate) 4 in 93 % yield, which reacted in aza Wittig-type fashion with 

2f to afford the cyclic bis(carbodiimide) 31 as a crystalline solid in 97 % yield, highdilution techniques being not 

mandatory to favour the 3f formation 12. The reaction of bis(iminophosphorane) 2f with carbon dioxide led to a 

mixture of 3e (major component), 3f, and the cotresponding bis(isocyanate) (Scheme 2). 

. . 
11 

. . . 
& 

i 4 3f 

Reagents and conditions: i) 2 equiv. BoQO, DMAP. CHaCls, r.t.; 
ii) CS+znzene, reflux temp.; iii) 1 equiv.2f, benzene, reflux temp. 

3e 

It has been reportedly that Boc,O slowly decomposes to t-butanol. isobutene and two molecules of carbon dioxide, 

so at first it seemed likely that the formation of carbodiimides 3 could involve an aza-Wittig reaction between one 

iminophosphorane group of the bis(iminophosphorane) 2 and carbon dioxide resulting from the decomposition of 

Boc,O, to give an isocyanate as intermediate which eventually underwent an intramolecular aza-Wittig reaction 

with the second iminophosphorane group to give the cyclic carbodiimide. However, when the reaction between 2 

and Boc,O was carried out without DMAB, the corresponding N-Boc-protected bis(imino-phosphoranes) were iso- 

lated as the only reaction products. So the DMAP catalyst must play an unusual role to generate an unstable carbamic 

carbonic anhydride” which on standing at room temperature underwent a four-center rearrangement with loss of 

carbon dioxide and in this fashion is acting as a controlled-source of carbon dioxide avoiding si& reactions. 

In conclusion, this work shows for the first time that easily available bis(iminophosphoranes) undergo an 

intramolecular aza-Wittig reaction to afford the otherwise not readily available cyclic carbodiimides. Although 

aza-Wittig reactions have recently been utilized in the synthesis of five-, six- and even seven-membered nitrogen 

heterocyclesls, the present result is the first example of utilization for the synthesis of large-membered hetero- 

cycles’b 
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