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ARTICLE INFO ABSTRACT
Article history We developed a rapid and green synthesis of vaignsyanurates by cyclotrimerizatiaf
Received isocyanates using TDAE(tetrakis(dimethylamino)ethylene). TDAE displays ceben
Received in revised form performance in catalytic quantities, affording tberresponding trimer of isocyanatesry
Accepted rapidly, under air and at room temperature withdytmexcellent yields.
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1,3,5-Triazinane-2,4,6-triones or isocyanurates,h witeir Tetrakis(dimethylamino)ethylefe(Figure 1) is an electron-

high thermal stability, are used to enhance thesighlproperties rich organic reductant, which reacts with halogendaievatives
of polyurethanes and coating materfaldncorporation of to generate an anion under mild conditiofia two sequential
isocyanurates into the framework of polyurethanesreimses single electron transfers.

thermal and chemical resistance, flame retardatienwell as

. - - . (H3C),N N(CHy),
film-forming characteristicé.Isocyanurates are also employed in —

other areas such as chiral d_iscriminaﬂ(mzlective ion bondirg (HsC),N  N(CHa),

and drug delivery. Triaryl isocyanurates are often used as _

activators for the polymerization and postpolymatitm of e- Figure 1. Structure of TDAE

caprolactam in the production of nylons with high ltme . i o .
viscosities® During our investigation of 9-bromofluorene additida

The general route for the preparation of isocyaesrés the —Phenyl isocyanate in the presence of TDAE, we disealénat
cyclotrimerization of the corresponding isocyanatesumber of ~ TDAE allowed the cyclotrimerization of isocyanates tiir
reports have been published conceming this methsidg a  'eSpective isocyanurates. Herein, we report furtiails about
variety of different Lewis-basic catalysts, inclugiphosphined,  this efficient and straightforward isocyanuratestisgais using
amine NO? alkoxyallenes® fluoride anions! p- ~ commercially available TDAE.
toluenesulfinate$, carbamate anior§, cyanates; and N- Phenyl isocyanatda was used as model substrate for the
heterocyclic carbené$ Organometallic catalysts such as lithium OPtimization of the cyclotrimerization conditionacathe results
amides® alkylzinc amines and alkoxidés,tin complexed®  are summarized iffable 1. We first carried out a reaction using
palladium(0)™® copper(ll) and nickel(Il) halidésalso allowed the @n equimolar amount of TDAE and phenyl isocyanate in
cyclotrimerization of isocyanates. But, many of tkmown @anhydrous THF at room temperature. The conversramitored
cyclotrimerization procedures suffer from low cgsalactivity, PY TLC, was complete after 15 min. A complex mixtuvas
diazetidine byproduct formation, lengthy reactianes, product obtained and triphenylisocyanura?a was isolated in only 25%

separation difficulties and the use of toxic soteen® yield (Entry 1). Using 40 mol% of TDAE resulted in mall
Therefore developing  catalysts  which promotedecrease of the by-products proportions and allo2eedh 35%

cyclotrimerization selectively is of great imporeandue to wide Yi€ld (Entry 2). With 15 mol% of TDAE, a dramatic
application of isocyanurate structure in both irdusand improvement was observed ad was isolated in 69% vyield
academic studie® (Entry 3). A variety of solvents were screened (iest?-7) and

ethyl acetate gave the best result (71% vyield, yEnf).
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Performing the reaction under air gave a similaldyithan
under nitrogen (Entry Vs 8).

Table 1. Optimization of the cyclotrimerization of phengbicyanate
initiated by TDAE

I?h
TDAE, r.t. O%l/ N\(o
Ph—NCO —— N. N
1a Ph” \[( “Ph
(o)
2a
Entry (TnDoﬁ’/E) Solvent Time % Yielgi2a

1 100 THF 15 min 25
2 40 THF 15 min 35
3 15 THF 15 min 69
4 15 Cyclohexane 15 min B3
5 15 n-Heptane 15 min 70
6 15 Diethyl ether 15 min 46
7 15 Ethyl acetate 15 min 71
8 15 Ethyl acetate 15 min 9
9 15 None 10s 67
10 5 None 10s 80
11 2 None 10s 81
12 2 Ethyl acetate 15 min 70
13 None None 12h 16

3 Isolated yields.” Reactions were performed under nitrogen at room
temperature using 2 mL of anhydrous non-degasdedrgd® Reactions were
performed under air at room temperatdrReaction was performed with 0.5
mL of ethyl acetate.

Then, we explored the possibility to run the reactigthout
solvent under air with 15 mol% of TDAE. After 10 secenthe
mixture became completely solid, so the reaction stapped.
Interestingly, the trimeRa was isolated with a yield similar to
those obtained with ethyl acetate as solvent (E8tvg 9). This
encouraging finding prompted us to investigate ittfiience of
TDAE amount in solvent-free conditions under air. BRasing
the amount of TDAE from 15 mol% to 5 mol% resultedain
slightly improvement (80% yield, Entry 10). No sificant effect
was observed between 5 mol% and 2 mol% of TDAE (Enfry 1
vs 11). Using a small amount of ethyl acetate as solkesulted
in a slightly lower vyield of trimer2a (Entry 12). A control
experiment without catalyst (Entry 13) showed thedngnce of
TDAE to achieve good yields.

So, the method developed here is very simple, &t
environmentally-friendly as it allowed the formatiohthe trimer
under air at room temperature in only 10 secondsowit
solvent. Furthermore, separation of the desireddysb was
achieved by simply triturating and filtering theushed reaction

further investigated the use of a minimum amountaolvent.
When 2 mol% of TDAE was added to a solution of nitepH
isocyanate in 0.5 mL of ethyl acetate under ag,dbrresponding
trimer 2h was isolated in 81% yield (Entry 8). With these new
conditions for solid isocyanates in hand, the scagbethe
cyclotrimerization using a variety of solid isocgtes was
explored and gave good to excellent yields of theesponding
isocyanuratei-k (Entry 9-11).

Table 2. Scope of the cyclotrimerization of various isatgtes.

R
I
TDAE o _N__O
2 mol%
1a-k rt,10s R” \[r ‘R
(0]
2a-k
Entry RNCO Solvent % YiefP 2a-k
1 @—NCO none 812a
2 Me@NCO none 952b
3 MeOONCO none 922c
4 QNCO none 942d
MeO
5 QNCO none 912e
Cl
(ywoo
6 O none 91 2f
NCO
d none 932g
8 OZNO—NCO EtOAc 81°2h
9 a@mco EtOAc 762i
10 NC@—NCO EtOAc 90° 2j
(¢]]
11 QNCQ EtOAC 8% 2
|

(@]

mixture with cold diethyl ether and water, succedgive

With the optimized conditions in hand, we proceeded
investigate the substrate scope of the reactioe. rfEsults are
shown inTable 2. Under the optimized solvent-free reaction
conditions, a variety of liquid isocyanates wereasted to the
corresponding isocyanurates in very good yieldstrfEA-7).
Both electron-donating and electron-withdrawing sitibstits on
the aryl group are well tolerated. Interestingly, banzyl
substituent gave also a very good 93% yield ofcttreesponding
isocyanurat@g (Entry 7).

The reactivity of solid isocyanates was then studvt the
optimized conditions. But, our preliminary attemptith
nitrophenyl isocyanate, previously powdered in atarowith a
pestle, and 2 mol% of TDAE at room temperature, didatiow
the formation of the corresponding isocyanurdte So, we

3|solated yields® Reactions were performed under air at room tentpera
€0.5 mL of EtOAc was used and the reaction wasestifor 15 min.

Based on the ability of TDAE to give electrons and a
recent paper showing that the trimerization of iso@ates can be
initiated by an electroff, we propose a similar mechanism
involving an anion radical intermediate formed lmndtion of an
electron of TDAE to the isocyanate.

In conclusion, commercially available TDAE has besedi
for the first time to catalyze the cyclotrimerizati of a wide
range of aryl isocyanates and benzyl isocyanatecyanurates
in high yield. The important features of our mettasd: solvent-
free conditions with liquid isocyanates, mild reanticonditions
under air, very short time reaction and simple fizaiion
procedure.
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General procedure for liquid isocyanat@s-g: TDAE (9.3 pL;
0.04 mmol; 2 mol%) was added to a vial containimg isocyanate
(2 mmol) under air at room temperature with vigaratirring. The
mixture became completely solid after 10 secondse Trude
mixture was then crushed and 6 mL of cold dietllyeewas added
followed by 1 minute stirring. After filtering andiashing with
additional diethyl ether and water, successivelye tdesired
isocyanurate was isolated by simple filtration with further
purification.

General procedure for solid isocyanat@s-k: To a solution of
isocyanate (2 mmol) in EtOAc (0.5 mL) was added BDA.3pL;
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0.04 mmol; 2 mol%) under air at room temperaturi wigorous
stirring. After 15 minutes, the solvent was evapedtaunder
reduced pressure. The resulting mixture was theshed and 2 mL
of cold diethyl ether was added followed by 1 menstirring. After
filtering and washing with additional diethyl ethend water, the
desired isocyanurate was isolated by simple firatwithout
further purification.
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