e
(ASE
TETRAHEDRON

LETTERS
Tetrahedron Letters 39 (199

S’
N
[N
(=)
(39
~J
(=]

Pergamon

An Efficient New Protocol for the Formation of
Unsymmetrical Tri- and Tetrasubstituted Ureas

Robert A. Batey,*-2 V. Santhakumar,? Chiaki Yoshina-Ishii,2 Scott D. Taylor.b

a Department of Chemistry, Lash Miller Laboratories, 80 5t. George Street,
University of Toronto, Toronto, Ontario, M5S 3H6, CANADA.
b Department of Chemistry, University of Toronto at Mississauga,
3359 Mississauga Rd. N., Mississauga, Ontario, LSL 1C6, CANADA.

Received 15 May 1998; accepted 22 June 1998

#e A naw mathnd far nraducing nineymmeates
LX) 1YY LIIGuUIuG LUl PlUuubulE ullb]llllll\/l

carbonyldiimidazole (CDI) is presented. Carbamoyl imidazolium salts are
prepared from the reaction of CDI with a secondary amine, followed by alkylation
with Mel. Secondary amines add with ease to imidazolium salts at room

temnaratire to nn/n nnevmmpfrw‘nl tetracuihetitinted ureas in excellent vields
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A common motif in many pharmaceutically active compounds is the presence of urea functionality.
Unlike unsymmetrical di- and tri-substituted ureas, there are only a few methods for the formation of
unsymmetrical tetrasubstituted ureas.! The most well established method involves treatment of a carbamoyl
chloride (synthesized from phosgene and a secondary amine) with a secondary amine.2 This method suffers
from drawbacks: (i) toxicity of phosgene; and (i1) carbamoyi chiorides are often unstable and can be difficuit to
isolate with high purity. Recently, Ka‘[ritzky has demonstrated the use of i i'-carbonylbisbenzotriazoie3 asa

phosgene equivalent for the synthesis of unsym “etnca} tetrasubstituted ureas.* In this method, a carbamoyl
benzotriazole is formed as an intermediate from -carbonylblsbenzotnazole and a secondary amine. This

method also suffers from disadvantages: (i) the s d u

wisauVainsy odiu QUILILIL L1a0aL O AA0AIT LA ARALRA

wit_h the intermediate carbar ovl benzomazoles and (11\ 1 1 carbonvlblsbenzotrxazole is not commercially

We now report an expenmentally stralghtforward and general protocol for the synthesis of
unsymmetrical tetrasubstituted ureas 5 (Scheme 1). Our approach utilizes cationic carbamoyl imidazolium
intermediates> 3, derived from the commercially available and easily handled crystalline solid, precursor, N, N'-
carbonyldiimidazoleé (CDI). CDI has previously been utilized to synthesize N,N'-disubstituted ureas via
carbamoyl imidazoles 2.7 Tetrasubstituted ureas, however, have not been synthesized using a CDI or
carbamoyl imidazole based approach, because of the low reactivity of amines with N,N-disubstituted carbamoyi
imidazoies 2. Activation of acyumlaazules as me Corresponamg resonance-. stabilized imidazolium bﬂl[b Dy N
alkylation of the imidazole m noiety, is well known to increase their reactivity toward nucleophilic attack. 8 We

reasoned that carbamoyl imidazoles 2 would be similarly activated by initial conversion to the carbamoyl
vent addition of an amine 4 to 3 would then furnish the tetrasubstituted ureas 5

guen on of an amine ould furni tet
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Scheme 1

N-methylaniline, tetrahydroquinoline and L-proline benzyl ester were chosen as representative starting
materials 1 for the synthesis of the ureas. Stable, isolable carbamoyl imidazoles 2 were produced in high yields
from these amines using CDI (Table 1).9 N-methylaniline and tetrahydroquinoline efficiently gave 2a and 2b
after refluxing with CDI in THF for 24 and 36 hours, respectively. Heating of L-proline benzyl ester hydro-
chloride with CDI afforded undesirable byproducts, but when stirred at room temperature for two days with one
molar equivalent of triethylamine in CH,Cly, cleanly formed the desired carbamoy! imidazole 2¢ in high yield.
The carbamoyl imidazoles did not require further purification for use in the subsequent steps. Stirring of 2 with
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Mel (4 molar equivalents) in MeCN for one day at room temperature produces the imidazolium salis 3

quantitatively (Table 1).
Table 1. Carbamoyl! Imidazole and Imidazolium Salt Formation
Carbamoyl Imidazole  Y'!d of Imidazolium Salt Yield of
= | O 2a = | O 3a I-
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The imidazolium salts 3, again required no additional purification for the final conversion to the ureas.
Although the salts are hygroscopic, we have stored them for several weeks without detectable decomposition.
Addition of secondary amines 4 to a solution of imidazolium salts 3 in dichloromethane with trxcthylamme at
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Addition of triethylamine (1 molar equivalent) resuited in improved yields of the ureas (Entries 1 and 2, Table
2). The activation and amine additions can aiso be carried out in a one-pot procedure, by removal of the solvent
and excess Mel from the imidazolium salts, followed by addition of dichloromethane, triethylamine and the

carnndary aminac A In mnot racae tha Aanly Adatantahla hunradnet Af tha ranntinn wae N _mathulimidarnala
DC\JUuucu] ALIIEICD *%, 111 HIIUDL LAsUL O, v Ullly uvieviiaviv UJPIUUU\/[ Ul Ui ftvaviivil wad J.‘(—ulcul)’uuuuabulb,
which wac eacilv removed hv wachino the oroanic laver with dilute acid This method is alco ngeful for the
WiICN was easuly removed oy wasning the organic layer with auute acid. 1nis method 1s aiso useiul for the
formation of trisubstituted ureas. Thus, allylamine addition to 3b afforded the corresponding

tetrahydroquinoline derived urea (Entry 13, Table 2). The main limitation of the current protocol, is the potential
for competitive attack of other functionality present in the amines 1 or carbamoyl imidazole precursors 2, with
CDI and methyl iodide respectively.

Table 2. Ureas Synthesized? from Imidazolium Salts 3a-c

Entry Urea Isolated Yield Entry Urea Isolated Yield
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2 Imidazolium salts 3a-c, secondary amines (or HCI salts) and triethylamine (1.0 equiv.,or 2.0 equiv. for HCI
salts) in dichloromethane were stirred at room temperature overnight. PReaction stirred for 4 hours.
CReaction conducted in the absence of triethylamine.
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In conclusion, we have established an efficient new protocol for the formation of unsymmetrical,
tetrasubstituted ureas. High yields of ureas are obtained under mild conditions, often without the need for
chromatographic purification. Commercially available CDI is used, eliminating the necessity of using phosgene,

tradits 1 tad with t, 2
traditionally associated with tetrasubstituted urea synthesis. Further studies on the utility of imidazolium salts 3
and polymer-supported variants of this methodology are currently underway in our laboratory
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10. The preparatlon of 3,4-dihydro-1H-isoquinoline-2- carboxylzc aczd methyl-phenyl-amide (Table 2, entry
5) is representative: To a suspension of CDI (9.73 g, 60 mmol) in THF (100ml) was added N-methylaniline
(5.96 ml, 55 mmol). The mixture was refluxed for 24 h before cooling to room temperature. Removal of
solvent under vacuum gave a viscous orange oil which was dissolved in CH,Cl, (100 m}), and washed twice

rith 100
with 100 m! portions of water. The organic layer was dried over anhydrous MgSQ;, filtered and concentrated in

vacuo to yield a light yellow solid (9.62 g, 87%). The carbamoyl imidazole 2a obtained was judged to be purc
by 'H and 13C NMR and was used in the next step without further purification. IR (KBr disc) v 3126, 3056,
2949, 1702, 1592, 1492, 1417, 1385, 1294, 1206, 1118, 1072, 1044, 841, 751, 736, 703, 656 cm-!; 1H

NMR (200 MHz, CDCl3) & 7.54 (1H, s), 7.38-7.29 (3H, m), 7.11-7.07 (2H, m), 6.81-6.76 (2H, m), 3.45
(3H. ) 13C NMR. (50 MHz, CDCl) 6 149.26, 142.03, 136.80, 129.34, 127.88, 127.11, 125.10, 117.67,
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39.16. To a solution of 2a (1.60 g, 8.0 mmol) in acetonitrile (15 ml) was added methyl iodide (_2 O ml, 32. O
mmol). The mixture was stirred at room temperature for 24 h. Solvent was removed in vacuo to yield 3a as a
light yellow solid (2.71 g, 99%), which was used in the next step without further purification. IR (thin film) v

3076, 1732, 1594, 1537, 1494, 1372, 1271, 1152, 1047, 1025, 983, 920, 854, 744, 702, 617 cm-l; TH NMR
(200 MHz, CDCl,) 5 9.71 (1H, s), 7.55 (1H, br s), 7.37-7.31 (5H, m), 7.01 (1H, br s), 4.02 (3H, s), 3.45

\&LUY IVIILL, Soksi3) U 7001 (111, PO \(4hly UL SJy 7. i 7121 \Jik,y ika \A4ad, Ui L \Fii, S,

(3H, s); 13C NMR (50 MHz, CDC13) 3 145.01, 139 67, 137. 22, 129 76 128 32, 125. 74 122.79, 120.22,
40.33, 37.13; HRMS (FAB) m/e calcd (M+-127) 242.1293, found 242.1296. To a solution of 3a (343 mg, 1.0
mmol) in CH,Cl, (6 ml) was added 1,2,3,4-tetrahydroisoquinoline (0.133g, 1.0 mmol) and triethylamine (0.14
ml, 1.0 mmol) The mixture was stirred at room temperature for 24h, then washed twice with 1.0 M HC1 (5

the oreanic laver dried over anhvdrous MeSQ,, filtered and concentrated under vacuum to vmld urea (Table

mh
ml), the organic layer dried over anhydrous MgSQ;, filtered and concentrated under vacuum to yield urea (Tab
2, entry ;) as a straw-coloured 01! (256 mg, 96%). The product ureas can be purmed by column
chromatography, but are usually greater than 98% purity (NMR). IR (thin film) v 3491, 3061, 3024, 2928,
2840, 1650, 1595, 1429, 1299, 1254, 1162, 1076, 932, 759, 699 cm-i; iH NMR (200 MHz, CDCl3) §7.37-
7.26 (3H, m), 7.16-6.94 (6H, m), 4.33 (2H, s), 3.44 (2H, t, J=6.0 Hz), 3.26 (3H, s), 2.59 (2H, t, J=6.0 Hz);
13C NMR (50 z, CDCl3) 5 160.99, 146,62, 134.47, 1’42 46, 129.32, 128.37, 126.11, 126.04, 125.84,

ANIVRIN (v L LI.LI dsnerd ) O AUV TT T4, 1S, 125, 14704, 1£0.010 £V 11 1LY

A
124.40, 123.84, 4 59, 43. 54, 39.47, 28 18; HRMS (EI) m/e calcd (M) 266. 1419, ‘found 266.1427.



