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A new strategy for the preparation of substituted imidazolidin-2-ones in two steps from readily available
N-allylureas, which are converted to imidazolidin-2-one products with generation of two
bonds and up to two stereocenters when treated with aryl bromides and catalytic amounts of Pd

of the amine starting materials to isocyanates affords

N-allylamines is described. Addition

»(dba)s/Xantphos in the presence of NaO Bu.

Cyclic urea moieties are found in a broad array of biologi-
cally active moleculésand have been employed as mono-
meric units for biomaterials that exhibit greater stability than
many peptided For example, imidazolidin-2-ongéand other
cyclic urea$ are utilized as structural elements in a number
of molecules with potent anti-HIV activity such 4s
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require multistep sequences for their preparatidrhus,
alternative strategies for the construction of imidazolidin-2-
ones would provide more facile access to derivatives that
are not readily available. In addition, methods that allow for
preparation of a variety of products from a common starting
material would allow straightforward generation of analogues
that could be used to optimize biological activity or
pharmaceutical properties.

We have recently reported a new method for the construc-
tion of pyrrolidines via Pd-catalyzed carboamination reac-
tions ofy-aminoalkenes with aryl bromidés!® We reasoned
that a related strategy could potentially be employed in a

Cyclic ureas are most commonly constructed via treatment (6) For other recent approaches to the synthesis of cyclic ureas, see: (a)
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as carbonyl diimidazole® Although a number of 1,2-

diamines can be accessed with available methods, man)é
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straightforward, two-step synthesis of cyclic ureas. As shown ||| NN

in eq 1, treatment of readily available allylic amines with 1 p1e 1.

isocyanates followed by Pd-catalyzed carboamination would

Imidazolidin-2-one Synthesis

. . . entry  substrate ArBr product yield?
provide a general approach to a diverse array of five- - 5
membered cyclic ureas bearing different substituents on N1, Ph. )k I
N3, and C4. Moreover, this approach would have a signifi- N H 0 Ph-N"N-E 73%
cant advantage over existing methods for the synthesis of H 2 Q s
substituted imidazolidin-2-ones as a-C bond is formed | 5
at the same time the heterocyclic ring is clostth this 0 ' i
letter, we describe our preliminary studies on the construction Me-n H’Ph O Me-N~N-Ph 07%
of 4-substituted imidazolidin-2-ones using this strategy. Hl . O 9
o}
R! 0 0 N B Me\N)J\N/Ph
“NH rt . Re AmBr . - 3 » " 83%
R3NCO N H cat. Pd(0) TNTBNTT N 10 -
| H\ NaOtBu N R2 Br /loJ\ \
R2 R2 Ar 4 © Me\N N/Ph 92%
In our initial experiments, we examined the carboamination 8
of 1-allyl-3-ethyl-1-phenylurea?), which was prepared in Br j\
92% vyield via addition oN-allylaniline to ethyl isocyanate. s Me-n~ >N-Ph 5%
Treatment of2 with 4-bromotoluene and N&Bu in the w
presence of 1 mol % of Biba) and 2 mol % of Xantphd3 Ph(0)C 12 COPh
afforded the desired imidazolidin-2-or8in 59% isolated Br o
yield. The major side products observed in this reaction Bn\NJ\N,PMP Bn\N)(N,pMp
derive from the base-mediated decompositiof tf afford 6 H 75%
N-allylaniline 12 Other ligands examined for this transforma- ﬁ 5 tBUOC wcozt-Bu
ol

tion including dppé? dppf? and P¢-tol); provided lower

yields of 3 because of the formation of a side product Bn\N)J\N,pMp
resulting from oxidative cyclization without incorporation 7 @Br 1 71%
of the p-tolyl group*
le) Br o
Me. .Bi N J\ -
JL Et 1 mol % Pd(dba)s J s NJ\H " Mo N-En 80%
_2mol % Xantphos_ PM=N n-Et @ H WCN
NaOfBu, Toluene I e CN 15
110 °C, 59% 3
o) Br O
Me\NJJ\N,Et Me‘NJ\N’Et
. . . . . . 9 H 58%
With suitable reaction conditions in hand, we examined H —( O
. . . . 7 16 Bu
the Pd-catalyzed carboamination of several different acyclic | o

ureas. As shown in Table 1, the nature of the N-substituents " Py £
affected the yield of the cyclization reactions. For example, Br ®N"NT
the carboamination of 1-allyl-3-ethyl-1-methylur&f with 10 17 O 63%
(10) For a two-step carboamination strategy involving ureidomercuration o) O
followed by radical-mediated alkylation, see: Danishefsky, S.; Taniyama, )J\
Me- n-Et

E.; Webb, R. R., ll.Tetrahedron Lett1983 24, 11-14.

(11) Tamaru has described Pd(ll)-catalyzed Wacker-type carbonylation
reactions oN-allylureas and-allylcarbamates that effect ring closure with
concomitant G-C bond formation to afford imidazolidin-2-ones and
oxazolidin-2-ones bearing carbonyl functionality at C-4. See: (a) Tamaru,
Y.; Hojo, M.; Higashimura, H.; Yoshida, Z.-J. Am. Chem. Sod 988
110 3994-4002. (b) Harayama, H.; Abe, A.; Sakado, T.; Kimura, M.;
Fugami, K.; Tanaka, S.; Tamaru, ¥. Org. Chem1997 62, 2113-2122.

(12) Xantphos= 9,9-Dimethyl-4,5-bis(diphenylphosphino)xanthene; dppe
= 1,2-bis(diphenylphosphino)ethane; dppfl,1-bis(diphenylphosphino)-
ferrocene.

(13) The formation oN-allylaniline was observed in reactions 2that
were monitored byH NMR spectroscopy. Tha&l-allylaniline underwent
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further transformation to provide mixtures of unidentified products. The  ®Conditions: 1.0 equiv of substrate, 1.2 equiv of ArBr, 1.2 equiv of

formation ofN-allylaniline was also observed whémas heated with Na© NaOBu, 1 mol % of Pg(dbay, 2 mol % of Xantphos, toluene (0.£D.25

Bu in the absence of Pd. M), 110°C. Reactions were co_mplete in 30 mi8 h; reaction times have
(14) This product was assigned as 3-ethyl-4-methyl-1-phenyl-1,3-dihy- not been minimized? Isolated yield (average of two or more experiments).

droimidazol-2-one on the basis &1 NMR analysis.
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2-bromonaphthalene proceeded in comparable yield (68%, Br o)

entry 12) to the analogous transformation2of73% yield, 0 ph\N)LN,ph
entry 1). However, treatment of 1-allyl-1-methyl-3-phenyl- Ph\NJ\N’Ph 22: i;‘ﬁ‘;‘,ﬁi’;
urea @) with 2-bromonaphthalene under identical conditions Hor “NaO®Bu, Toluene v z2 @
provided 97% isolated yield @ (entry 2). 22 | Ph N 110°C
Substrates bearing N1-methyl and N3-benzyl growps (41 EZ ph 28 "
entry 8) and N1-benzyl and N®{methoxyphenyl) groups PhoCN  50%, >20:1 dr

(5, entries 6 and 7) were also transformed to the desired

products in moderate to good yieltiThe efficient reactivity  product 24 was obtained as a single diastereomer. The
of the latter substrate5) is particularly noteworthy, as the  nreactedz-isomer was observed By NMR analysis of
N-benzyl andN-(4-methoxyphenyl) substituents can poten- the crude reaction mixture, which suggests B mixture
tially be cleaved from the product under orthogonal condi- s effectively resolved to a single product diastereomer
tions to allow further functionalizatioH.Unfortunately, the  pecause of the differences in kinetic reactivity between the
method was not effective for transformation of a urea 1y isomers. Crystallographic analysis 24 indicated that

substrate in which N3 was unprotectédin addition,  the reaction had proceeded with syn addition of the arene
attempts to cyclize a substrate bearing a d3rlethylbenzyl)  and the urea nitrogen across the carboarbon double bond.
group failed to provide the cyclic urea product. This syn addition selectivity is analogous to that previously

The urea carboamination reactions were found to be gpserved in Pd-catalyzed carboamination reactionsai-
effective with a broad array of aryl bromides, including saturated amines.
substrates bearing functional groups such as nitriles (entry The Pd-catalyzed carboamination of cyclopentene deriva-
8), tert-butyl esters (entry 6), trifluoromethyl substituents  tjve 25 with 4-bromotoluene proceeded under our standard
(entry 4), nonenolizable ketones (entry 5), and ortho sub- conditions to afford syn-addition produsin excellent yield
stituents (entries 7 and 10). Although reactions involving (849%) with >20:1 diastereoselectivity (eq %).However,
electron-poor and electron-neutral aryl halides generally attempts to effect the cyclization of the cyclohexene-
prOVided gOOd to excellent yleldS of the substituted imida- Containing substrat@7 using the Pd/Xantphos Cata|yst
zolidin-2-one products, modest yields were obtained with provided only trace amounts of the desired product. After
the electron-rich 4-bromoanisole (entry 11). some experimentation, a catalyst composed ofdbe) and

To probe both the scope and the mechanism of thesepEg was found to provide the cyclized produ&8 in 46%
transformations further, three substrates bearing internalyield with >20:1 dr (eq 5). Interestingly, the prodi&8 was
alkenes and one substrate bearing a 1,1-disubstituted alkene
were prepared and subjected to the carboamination reaction

e . . Bn
conditions. The 1,1-disubstituted compou@ was con- )L _Ph Br  cat. Pdy(dba)s N
verted to 21 in 77% yield under our standard reaction cat. Xa"‘PhOS =0 (5
conditions (eq 3). @ NaO®Bu, Toluene N
25 110°C 26 Ph
0 84%, >20:1 dr
cat. Pd,(dba)s Et‘N)J\N’Ph JL _Ph Br oh
cat. Xantphos cat. Pdy(dba)s '
@) _cat. PEtg"HBF, N ©)
“NaOBu, Toluene =0
20 FsC 110 °C 21 NaOtBu Ioluene N
77% CF, 110°C % Ph

46%, >20:1 dr

As shown in eq 4, treatment of butenyl-substituted urea )
22 with 23 in the presence of NdBu and the Ps{dba)y/ determined to be arylated at C-5 rather than at the expected
Xantphos catalyst generat@d in 50% yield. Interestingly, ~ -4 position; the addition again occurred with syn stereo-
although22 was employed as a 4:1 mixture BfZ isomers, ~ chemistry02t
The stereochemical and regiochemical outcomes of the
(15) The formation of side products resulting from base-mediated transformations o022, 25, and27 suggest the mechanism of

?Somerit_zation Wof Ttﬂ_eNjallyl groutp to é}N-l-properéyl %fé?up Whas ?bdsef_\{ﬁd the N-allylurea carboaminations is analogous to that previ-
NaQBu I the absence of Pa T oo occurred Wheas heatec Wi ously described for related transformationsyeéminoalk-

(16) Substrated—7, 20, 22, 25, and27 were obtained in 7997% yield enes>?® As shown in Scheme 1, oxidative addition of the

from treatment of the corresponding allylamine with the appropriate ; ;
isocyanate as described above. aryl bromide to Pd(0) would genera®9, which could be

(17) (a) Suh, M.-J.; Kim, S. W.; Beak, S. I.; Ha, H.-J.; Lee, W¢nlett

2004 489-492. (b) Kise, N.; Kashiwagi, K.; Watanabe, M.; Yoshida, J.-i. (19) The connectivity and stereochemistry26fand28 were determined
J. Org. Chem1996 61, 428-429. (c) Santos, A. G.; Pereira, J.; Afonso, through 'H NMR COSY and nOe experiments. See the Supporting
C. A. M.; Frenking, G.Chem-Eur. J.2005 11, 330-343. Information for complete details of stereochemical assignments.

(18) Attempts to transform substrates bearing unprotected N3 moieties  (20) Related isomers have been observed in RBE,Me-catalyzed
led to the formation of products resulting from tandem N-arylation and carboaminations di-(p-methoxyphenyl)-2-(cyclopent-2-enylethyl)amine.
carboamination in low yield (ca. 30%). For a related reaction of aliphatic See: Ney, J. E.; Wolfe, J. B. Am. Chem. So2005 127, 8644-8651.
amines, see: Yang, Q.; Ney, J. E.; Wolfe, Japg. Lett.2005 7, 2575~ (21) A small amount oN-(cyclohex-2-enyl)aniline was observed as a
2578. side product in this reaction.
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Scheme 1. Mechanism
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transformed to30 (n = 1) upon reaction with the urea
substrate25 and NaCBu. Syn insertion of the alkene into
the Pd-N bond would generat81 (n = 1), which would
provide26 upon C-C bond-forming reductive elimination.
The unexpected isom@Bis likely formed fromp-hydride
elimination of 31 (n = 2) to afford 32. Reinsertion of the
alkene into the PeH bond of32 with reversed regiochem-
istry followed by reductive elimination frof83 would afford
28. The conversion o881 to 32 is presumably thermody-
namically favorable, as this transformation would alleviate
a steric interaction between the metal and the-RY
substituent® Although this side reaction is not observed in
the Pd/Xantphos-catalyzed reaction2¥, the use of Pkt

2534

for the coupling of27 likely slows the rate of €C bond-
forming reductive elimination 081 (n = 2),?? thus allowing
access to the alternative mechanistic gaifhe rate of G-C
bond-forming reductive elimination fror@3 appears to be
greater than the rate of alkene displacement fi22n as
oxidative cyclization products are not observed in significant
amounts under these conditions.

In conclusion, we have developed a new method that
allows the two-step construction of a wide array of imida-
zolidin-2-ones from readily available starting materials. The
key Pd-catalyzed carboamination reaction proceeds in good
to excellent yield with excellent levels of diastereoselectivity.
These transformations represent the first examples of urea
carboamination reactions that proceed with selectivity for
products of syn addition and are complementary to existing
Wacker-type anti carboaminatidh terms of both the types
of C—C bonds that are formed and the stereochemistry of
the products. Further studies directed toward expanding the
scope and synthetic utility of these transformations are
currently underway.
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