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A series of N-heterocyclic carbenes (NHCs) were evaluated as potential catalysts for the cyclotrimerization of isocyanates to afford isocyanurates.
1,3-Bis-(2,6-diisopropylphenyl)-4,5-dihydroimidazol-2-ylidene (SIPr) was found to be a highly efficient catalyst for the cyclotrimerization of a
variety of isocyanates.
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Table 1. NHC-Catalyzed Isocyanate Trimerizatfon
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6 R = cyclohexyl (ICy) 2 IMes PhNCO 0 14
3 IPr PhNCO 0 0
Figure 1. N-Heterocyclic carbenes (NHC). 4 SIPr PhNCO 0 >99
5 IAd PhNCO 0 23
6 ItBu PhNCO 0 54
through Lewis acid-catalyzed pathways, include organotin 7 Igyl iﬁggg 0 =99
compounds# alkylzinc amides, and alkoxidé3and copper- 8 rrim 0 60
II) and nickel(ll) halides. Unfortunately, many of these 0 e OyNeO 0 0
( - ely, many 10 IMes CyNCO 55 18
system§ suffer frqm (1) severe reaction conditions, (2) poor 13 IPr CyNCO 14 0
selectivity and a high formation of byproducts, (3) functional 12 SIPr CyNCO 0 95
group incompatibility, and/or (4) difficulty in the removal 13 1Ad CyNCO 58 0
of the catalysts. To date, the most effective catalyst for the 14 ItBu CyNCO 64 0
cyclotrimerization of both aryl and alkyl isocyanates is an 15 ICy CyNCO 62 2
16 iPrIm CyNCO 4 11

extremely basic, tethered proazaphosphatfabeiring our
investigation of Ni-catalyzed cycloadditions of diynes and  2Reactions conditions: 1 mol % NHC, 0.20 M RCNO in THF at room
isocyanateé‘? we discovered that N-heterocyclic carbenes ﬁ;nn%cz?dture, 1 i Determined by GC relative to naphthalene as an internal
(NHCs)" also cyclotrimerize isocyanates to their respective '

isocyanurates. Herein, we disclose further details on this

discovery'® isocyanate. As expected, no reaction was observed in the
A variety of NHCs were screened as potential catalysts absence of catalyst for either isocyanate.

(see Figure 1). Both phenyl isocyanate and cyclohexyl The high activity of SIPr prompted us to optimize the

isocyanate were used as model substrates (eq 1), and theeaction further using this catalyst (Table 2). When the

results are summarized in Table 1. Unsaturated NHCs

bearing aryl rings (entries 2 and 3) were ineffective for the |GGG

cyclotrimerization pf phenyl i§ocyanate,.wher.egs a sa’curatedT able 2. Isocyanate Trimerization Catalyzed by SIPr

analogue, SIPr, displayed high catalytic activity (entry 4).

N M
NHCs bearing alkyl substituents were also active phenyl 01 mol% 70 0
isocyanate cyclotrimerization catalysts, but only ICy afforded SIPr R\N)LN,R
a high yield (entries 58). Interestingly, analogous reactions RN==0 Ao @
run with cyclohexyl isocyanate did not follow the same THF. L &
pattern of reactivity. The predominant product obtained with - —
most of the NHC catalysts was a cyclodimer rather than the entry RNCO product Yo yield
isocyanurate. One exception was IMes, which afforded a 3:1 ) s %
mixture of dimer:trimer (entry 10). The only catalyst found % @NCO 3;3?’9

to successsfully cyclotrimerize cyclohexyl isocyanate in high
yield was SIPr (entry 12), which, as described above, also 4 <:>—NCO 9 g9d
afforded a high yield of isocyanurate)f2 with phenyl

5 __/NCo 10 9879
(13) Khajavi, M. S.; Dakamin, M. G.; Hazarkhani, H. Chem. Res.
Synop2000, 145. 6 11 97"
(14) (a) Bloodworth, A. J.; Davies, A. G@hem. CommurL965, 24. (b) NCO

Bloodworth, A. J.; Davies, A. GJ. Chem. Socl965, 6858. (c) Foley, S.
R.; Yap, G. P. A;; Richeson, D. ®rganometallics1999,18, 4700.
7 MeOONCO 12

(15) Noltes, J. G.; Boersma, J. Organomet. Chenl967,7, P6. 85

(16) Duong, H. A,; Cross, M. J.; Louie, J. Am. Chem. So2004,126,
11438.

(17) Herrmann, W. A.; Weskamp, T.; Bohm, V. P. Wdv. Organomet. a Reactions were run with 0.1 mol % catalyst in THHsocyanates were
Chem.2001,48, 1. degassed and dried prior to cyclotrimerizatiéfsolated yields (average

(18) An early report indicated that 1,3-diphenyl-4,5-dihydro-imidazol- of at least two runs)! Reaction was run in neat isocyanat®erformed
2-ylidene reacts with 2-aryl or 2-vinyl isocyanates to form spirohydantoins. with 0.001 mol % catalysf.Degassed but nondried PhANCO was used.
We see no evidence of spirohydantoin formation in our reactions. See: 9 Performed with 0.01 mol % catalystMixture of isomers were obtained.
Schdéssler, W.; Regitz, MChem. Ber1974,107, 1931.
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starting materials were both dry and degassed, quantitative Imidazolylium carboxylates, formed by reacting an NHC
yields were obtained using only a 0.001 mol % catalyst with CO,,? were also found to be effective catalysts for the
loading (entry 2). Isocyanates that had been only degassedtyclotrimerization of isocyanates. For example, air-stable
also readily underwent cyclotrimerization but required a iPrimCQO, (13) readily cyclotrimerized phenyl isocyanate
higher catalyst loading (0.1 mol %, entry 3). Performing the quantitatively.

cyclotrimerization in neat cyclohexyl isocyanate afforded a Diisocyanate homopolymerization using NHCs was also
quantitative yield of product9)'® using only 1 mol %  examined. When SIPr (1 mol %) was added to a solution
catalyst. The purification of these reactions was very 1 6-diisocyanatohexane (0.5 M, THF) at room temperature,
straighforward: isocyanurates were obtained by simply a translucent solid formed within minutes. Further charac-
filtering and washing the product from the reaction mixture terization of this solid revealed that a polyamide was formed
at the conclusion of the reactig. with an exclusive isocyanurate-linked backbone (as deter-

The scope of isocyanate substrates was also investigategnined by FT-IR spectroscop{?.
(eq 2, Table 2). Allyl isocyanate afforded a commercially | conclusion, a variety of N-heterocyclic carbenes and

important isocyanuratel 0)°in exgeller;t yield (entry 5).¢  imidazolylidene carboxylates were found to cyclotrimerize
CHy)CeHs~NCO was converted in 979 yield to the réspec- igqcyanates to their respective isocyanurates. The most active
tive isocyanuratel(1) 2! indicating that increasing the steric catalyst was found to be SIPr, which efficiently cyclotri-

hindrance ar_ou_nd the isocyanate does not hinder the reaction,arized alkyl, aryl, and allyl isocyanates and also afforded
(entry 6)? Similarly, p-OMe-GHsNCO was also success- 4 polyamide with isocyanurate linkages.
fully converted to its isocyanurate (2)n 85% yield (entry
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