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ABSTRACT

On lithiation with lithium amides, N-allyl-N′-aryl ureas undergo rearrangement with transfer of the aryl ring from N to the allylic r carbon. From
the r-arylated products, a further aryl transfer under the influence of a chiral lithium amide allows the enantioselective construction of 1,1-
diarylallylamine derivatives. Stereoselectivity in these reactions results from the enantioselective formation of a planar chiral allyllithium under
kinetic control.

The enantioselective formation of amine derivatives
bearing tertiary N-substituents is challenging,1 and the
most commonly used approaches involve addition of
nucleophiles to N-sulfinyl ketimines2 or reactions of
lithiated N-acyl benzylamine derivatives.3-5 In this paper,
we report a new approach to tertiary allylamines by
sequential double arylation R to nitrogen induced when
N-allyl-N′-aryl ureas are deprotonated with a lithium amide

base (LDA or its chiral analogues). In such cases, formation
of a planar-chiral allyllithium is followed by rapid rear-
rangement in which C-arylation (by intramolecular N-C aryl
transfer) of the allylamine results.

N-Allyl ureas 1a-j were deprotonated with LDA in THF
at -78 °C.6 DMPU (1,3-dimethylpropylideneurea) was
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added to enhance nucleophilicity of the resulting allyl-
lithium.7 An orange/red color resulted, and on quenching
with MeOH after 3 h at -78 °C, a product was recovered
which was identified in each case as the N-vinyl urea 2a-j
(Scheme 1) in which the N-aryl ring had migrated to the

R-carbon of the allylamine. We have previously reported a
related rearrangement of lithiated N-benzylureas,4,5 and it
appears that 2 is formed by N to C aryl transfer within the
lithio derivative 3 to yield 4, which undergoes a second
lithiation (optimal yields were obtained with a full 2 equiv
of LDA) to give a cinnamyllithium8,9 species 5. Protonation
γ to nitrogen yields 2 in generally good yield, whether the
migrating ring is electron deficient (2g,h,i) or electron-rich
(2d,e). With a p-MeOC6H4 migrating ring, some competing
attack of the allyllithium on the urea carbonyl group was
observed.

It seemed likely that, given a second N′-aryl substituent,
the cinnamyllithiums derived from 2 might also undergo
rearrangement upon lithiation, introducing a second aryl ring,
and hence a fully substituted stereogenic center, R to
nitrogen. N-Arylation of 2a-c by coupling with electron-

deficient aryl bromides Ar2Br4b duly yielded Z-6, which on
treatment with LDA underwent rearrangement to the 1,1-
diarylallylureas 7 (Scheme 2).

The amination of arenes by ureas10 (transformation of 2
to 6) was limited to electron-deficient coupling partners.
However, the N′-aryl-N-vinyl ureas could alternatively be
made straightforwardly by the other methods shown in
Scheme 2. Addition of vinyllithium11 to imine 9 gave the
allylic amine 10, which was converted to a urea and
N-methylated with concomitant double bond migration to
provide Z-6, presumably via the sodium Z-dianion.5 E-6 (4:1
E:Z) was available by formation of an allylic urea 11 using
a carbamoyl chloride followed by Ru-catalyzed double bond
migration.12

Z-Vinyl ureas 6 rearranged successfully on treatment with
base (LDA) to provide allyl ureas 7 with a variety of
substitution patterns and in good yield, as detailed in Table
1. Optimal yields required (a) lithiation in a coordinating
solvent (other solvents gave sluggish reactions and poor
yields), (b) addition of DMPU (omitting DMPU returned
poorer yields), and (c) an N-aryl enamine starting material,
which generally gave better yields than the analogous N-alkyl
enamines. Cleavage of the urea function to give 8 from the
acid-sensitive rearranged products 7 was achievable in
moderate yield by nitrosation and hydrolysis,4a carefully
avoiding exposure to acid.

Asymmetric lithiation of the achiral vinyl ureas 6 was
envisaged as a suitable potential route to enantiomerically
enriched amines 8. Beak has shown that N-acyl allyllithiums
may be deprotonated enantioselectively with alkyllithiums
in the presence of (-)-sparteine,8 and when Z-6i was treated
with s-BuLi in the presence of (-)-sparteine in cumene at
-40 °C, the product (S)-7i13 was obtained in 45% yield and
20:80 er.

We found that better er’s and yields of rearranged products
7 were obtained when lithiation/rearrangement conditions
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Scheme 1. N to C Aryl Transfer in a Lithioallyl Urea

a Yield obtained on a 1-3 g scale. b Significant formation of an acyl
transfer product (red arrow on 3: see Supporting Information).

Scheme 2. Amines Bearing Tertiary Substituents
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similar to those in Scheme 2 were used, but with LDA
replaced by a chiral lithium amide.14 Both enantiomers of a
range of suitable chiral amines 12·H and 13·H or their readily
handled hydrochloride salts are available commercially or
in a few steps from inexpensive starting materials. In a
preliminary screen, we treated Z-6b with a series of lithium
amides 12·Li or 13·Li in THF, adding DMPU to promote
rearrangement, and the results are shown in Table 2.
Formation of the lithium amides directly from the ammonium

salts 12·HCl or 13·HCl rather than from the free bases turned
out to be preferablespresumably a selectivity-enhancing
effect of the resulting LiCl.15 We found that the lithium salt
of N-isopropyl-R-methylbenzylamine 12a·Li performed best
among the bases tried, yielding the product ureas 7 in up to
93:7 er at -78 °C.

On optimizing the choice of solvent with 12a·Li, we found
that while THF was essential for reactivity improved yields
and er’s were obtained when this base was used without
DMPU, provided LiCl was present. Applying this optimal
combination of base and conditions to a range of starting
ureas Z-6 gave further enantioselective rearrangements with
selectivities lying between 84:16 and 92:8 er (Scheme 3).

We deduced the overall sense of asymmetric induction in
the rearrangement by single-crystal X-ray analysis of 7f
formed with (R)-12a (Figure 1) and precipitated from
chloroform; this was greatly assisted by the incorporation
of two molecules of chloroform in the unit cell, and with
the Flack parameter having a value of 0.0525 and an esd
0.1691, we can assign unequivocal S stereochemistry to this
product (Scheme 3).16 The same stereochemical course is
proposed for other rearrangements promoted by (R)-12·Li
and (R,R)-13·Li.

We assume, following previous related reactions,4a,5,7d,e

that these rearrangements occur by intramolecular attack of
the allyllithium on the distal aryl ring of the urea. Stere-
ochemically, two extreme mechanistic possibilities present
themselves:17 either the stereochemistry of the product is
determined by stereospecific rearrangement of a configura-
tionally stable planar chiral allyllithium 11 or it is the result
of a stereoselective reaction of configurationally unstable 11
under the kinetic or thermodynamic control of the associated
chiral amine 12a. To distinguish between these alternatives,
we used 12a·Li to rearrange the allyl urea (()-11 (Ar1 )

Table 1. Synthesis and Rearrangements of Ureas Z-6 with LDA

a Yield of deprotection. b Attempted deprotection led to cyclization of
the urea onto the pyridine ring in the yields quoted: see Supporting
Information. c N-Methyl (instead of N-PMP) analogue of the substrate.
d Reaction carried out at -60 °C; SM remained after 3 h at -78 °C. e No
DMPU added.

Table 2. Enantioselectivity in the Lithiation and Rearrangement of 6

starting material product Ar1 Ar2 base R1 R2 yield (%) er (7:ent-7)

Z-6b 7b Ph p-NCC6H4 12aa Ph i-Pr 63b 8:92a,b

72 8:92a

sc,d 11:89a,c

Z-6b 7b Ph p-NCC6H4 12ba Ph cHx 71 10:90a

Z-6b 7b Ph p-NCC6H4 12ca,e Ph Bn sd 21:79a

Z-6b 7b Ph p-NCC6H4 12da,e Ph Me sd 36:64a

Z-6b 7b Ph p-NCC6H4 12ea 1-Np i-Pr 66 22:78a

Z-6b 7b Ph p-NCC6H4 12fa 2-Np i-Pr 58 8:92a

Z-6b 7b Ph p-NCC6H4 13a Ph Me 72 83:17
Z-6b 7b Ph p-NCC6H4 13b 1-Np Me sd 65:35
Z-6b 7b Ph p-NCC6H4 13ce Ph (CH2)2 sd 72:28
Z-6b 7b Ph p-NCC6H4 12aa,f Ph i-Pr 91 6:94a

sd,g 29:71a

Z-6c 7c Ph 6-MeOPy 12af Ph i-Pr 87 88:12
Z-6f 7f p-ClC6H4 p-NCC6H4 12aa,f Ph i-Pr 79 9:91a

Z-6f 7f p-ClC6H4 p-NCC6H4 12ae,f Ph i-Pr 54 88:12
Z-6g 7g p-ClC6H4 6-MeOPy 12af Ph i-Pr 88 84:16
Z-6i 7i Ph p-ClC6H4 12af Ph i-Pr 78 92:8

sc,d 87:13c

Z-6j 7j Ph m-FC6H4 12af Ph i-Pr 86 92:8
Z-6k 7k Ph m-MeOC6H4 12af Ph i-Pr 63 86:14
(()-14 7b Ph p-NCC6H4 12af Ph i-Pr sd 50:50h

E-6bi 7b Ph p-NCC6H4 12af Ph i-Pr 21j 73:27j

41k 64:36k

a (S)- or (S,S)-enantiomer of base used. b At -90 °C. c At -60 °C. d Not isolated: complete conversion to product by NMR. e LiCl not present. f Without
DMPU. g Et2O as solvent: no reaction was observed in cumene, and in toluene a very slow reaction gave 58:42 er. h Also (() with 0.5 equiv of base. i 4:1
mixture of E and Z isomers. j After 30 min. k After 60 min.
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Ph; Ar2 ) p-NCC6H4). Complete conversion to racemic 7b
was observed (Table 2), despite the equivalence of allylithi-
ums formed from Z-6b and (()-11. The stereochemistry of
the product is therefore determined by stereoselective forma-
tion of the allyllithium and not its stereoselective reaction.

Racemic product was also formed slowly from E-6b (Table
2): rapid formation of a low (<25%) yield of enantiomerically
enriched 7b was observed from a 4:1 mixture of E- and Z-6b,
followed by a slower increase in yield and erosion of product
er.18 Enantioselective formation of an organolithium by a
chiral lithium amide other than by asymmetric deprotonation
of one of a pair of enantiotopic protons is apparently
unprecedented.14

The allyl urea products 7 are potentially intermediates for
the synthesis of allyl amines or, after oxidation, difficult to
obtain 1,1-diaryl R-amino acids. We are currently exploring
further applications of these versatile amine derivatives in
synthesis.
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Figure 1. X-ray crystal structure of (S)-7f (formed with (R)-12a).

Scheme 3. Asymmetric Lithiation-Arylation
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