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Geometry-retentive C-alkenylation of lithiated a-aminonitriles:
quaternary a-alkenyl amino acids and hydantoins

Josep Mas-Rosell6, Shuji Hachisu™ and Jonathan Clayden®®*

Abstract: a-Amino nitriles tethered to alkenes through a urea  stereoselectivity. The mjgas only highly tolerant
linkage undergo intramolecular C-alkenylation on treatment with  of steric hindrance, etention of double
base by attack of the lithionitrile derivatives on the N’-alkenyl group. bond geometry, all
The geometry-retentive alkene shift affords stereospecifically the E~ amino acids.
or Z isomer of the 5-alkenyl-4-iminohydantoin products from the
corresponding starting E- or Z-N’-alkenyl urea, each of which may be

Previous work:
alkenyl migration(11]

formed from the same N-allyl precursor by stereodivergent alkene Mo i )\\ p i /Fki R
isomerisation. The reaction, formally a nucleophilic substitution at an N z TNTN HPhJiSLHQN Ph
sp® carbon atom, allows the direct regioselective incorporation of X @ R? organvcliilhium
mono-, di-, tri- and tetrasubstituted olefins at the a-carbon of amino R3
acid derivatives. The initially formed 5-alkenyl iminohydantoins may z:Arno 7777777777777777777777777777777777777777777777777777
be hydrolysed and oxidatively deprotected to yield hydantoins and This work: W
unsaturated a-quaternary amino acids. Me.
\» I i i v
Me\

Amino acids bearing alkenyl a-substituents are inhibitors of Ste‘r’e’oz he HCNHbaseﬁl HZ’\:>992H
amino acid decarboxylase and transaminase enzymes, being selectivity ~~ 7" il e
used as antibiotics, anticarcinogens and herbicides." They are n-Me /o' Rt migration
also important structurally, allowing in situ peptide modificafj L C‘)kN)\CN
by olefin metathesis."”! Sterically constrained o,a-disubstitut R2

amino acids (a-quaternary amino acids) are likewise |mportant
components of bioactive compounds, and their incorpor.
peptides favours helical secondary structures®™ a

Scheme 1.
derivative

enylation of an aminonitrile by N to C migration in a urea

The study began with N-alkenyl urea E-3a, made by E-
ive Ru-catalysed rearrangement of N-allyl urea 2a,">"
'd from Strecker-derived carbamoyl chloride 1a (Scheme 2).
e 1 shows the results of treating E-3a with base, with the

of migrating the alkenyl group to the position a. to the nitrile.

such as biologically important 5,5-disubstitut
may be made from their tertiary counterparts

enolates have recently been developed.” However, a general 0 QE o g R“”“gg‘incz)lﬁz;’he)e i £

. AR S SRR A S~ L0 P
derivatives, even in a racemic fas . H PMP 70°C, 16 h % PMP
approaches to o-alkenylated ami 1a | | 2a (E:?—Sézo-e)
acetylenes as precursors,® or install the ' '

1] MeO
procedure.
Scheme 2. Synthesis of the E-N'-alkenylureidonitrile starting material.

In this paper we presen i ing a C- ) » )
. Table 1. Reaction conditions for E-alkenylation.

alkenyl substituent intogan

urea tether to link [ ith _an N-alkenyl /> o
substituent. Treatment i i itri ase promotes base o & L VP
migration of the N'-alkenyl i i i 3a (Table 1) Me‘N)kN © HPMP\N@NH . MeNTN-

a reaction that bears compar with other reported migrations THF % PMP NS )-N. "CN

o Me

of unsaturated the urea function (Scheme 3aM 4a 5
1).1%" Four alte used to make the starting
N’-alkenylureas, racteristic E or Z entry  base® additive  time, T 3aE:Z"  4a/%" (E:2)®  5/%°9
[a] layden, School of Chemistry, University of 1 KHMDS — 3h, -78°C 94:6 17 (66:34) 50
Bristol BS8 1TS, UK;
2 KHMDS®  — 1h,0°C 946 75 (>95:5) 5
[b] chemicals, Jealotts Hill Research
Station, Bracknell, Ber 6EY, UK 3 sec-Buli — 2h, -78°C >955 461" (>95:5) e
Supporting information for this article is given via a link at the end of . . ol
sec-BuLi DMPU 2h,-60°C >95:5 93 (>95:5) 0

the document.



5

KHMDS®  — 1h,0°C  74:26 73 (85:15) 5

sec-BuLi DMPU™ 2h,-60°C 74:26 89 (80:20) 0!
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R sec-BuLi  2h,-78°C 0" 0" 65

7 sec-BuLi!  2h,-78°C o

EIKHMDS = potassium hexamethyldisilazide (2.5 equiv; 1.0 M in THF); sec-
BuLi (2.1 equiv; 1.4 M in cyclohexane) added to 3a in THF. "By 'H NMR. ©
I |solated yield. 5 isolated as a single diastereoisomer. “Inverse addition;
M3a recovered (51%), E:Z >95:5; “Undetectable in 'H NMR spectrum of
crude reaction mixture; "DMPU = 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone, 10% by volume.

KHMDS at —78 °C was evidently basic enough to form a
metallated nitrile 3aM:""*'¥ the principal product of the reaction
of 3a was 5 (entry 1), which results from anionic cyclisation('"""®!
of 3aM onto the alkene. Nonetheless, a small amount of a C-
alkenylated product 4a was formed, the yield of which increased
significantly on raising the temperature to 0 °C (entry 2).
Iminohydantoin 4a results from migration of the N-alkenyl
function to the a-carbon of the aminonitrile, followed by
cyclisation of the resulting ureide anion onto the nitrile function
(see Scheme 6 for a detailed mechanistic discussion). To
minimise formation of cyclisation product 5, the base was
changed to sec-BuLil'® with the aim of eliminating the proton
source from the reaction mixture (entry 3). Raising the
temperature to —60 °C and further activating the intermediate
lithionitrile by adding the solvating agent DMPU!"""® returned an
excellent yield of the C-alkenylated product 4a (entry 4).

With both bases, at the higher temperatures (entries 2,
4a was formed with complete E selectivity. Nonetheless,
formation of some Z-4a in entry 1 suggested that Z products
might be formed under certain conditions from Z alke,
starting materials. Indeed, repeating the reactions
KHMDS and sec-BuLi using samples of 3a containin
Z isomer gave a significant proportion of the Z j
(entries 5, 6) suggesting that the alkene mi
stereospecific.

obtained from lithiation and reproto
2a was explored (Table 2).

Table 2. Reaction conditions for Z-alkegylation.

base®

time, T \bl % z3a9%  z-4a9/%

entry

2 sec-BuLi 2 8°C 7 7 56
3 ﬁ—BuLim 1h,‘ 14 0" 56

——
5 sec-BuLi  2h,-78°C 11 ot 62

>95:5 Z by NMR of crude reaction mixture.
in THF. “'Undetectable in 'H NM
equiv. “Quenched by dropwis

The optimised
THF:DMPU at —-60
1). However, with
absence of DMP
isomer (entry
was observe
that the pK, of
(Scheme 3)
migrati

temperature and in the
s a single geometrical
nce in reaction outcome

ed intermediates 2aLi and 3aLi
similar enough to allow the alkene
an equilibrium of these two anions.
Using cessary proton transfers gave little
change in the reactio me (entry 4), but y-reprotonation of
2alLi, using 2,4,6-tri-tert-butylphenol as a bulky proton source
owed a sl improvement in the yield of Z-4a (entry 5).
timally, rotonation 2a at —78 °C with 2.1 equiv. sec-BuLi
foN@wed by the slow addition of 1 equiv of the phenol allowed full
rsion to a single geometrical isomer of the product Z-4a in
jeld (entry 6). Z-4a is formed by a remarkable one-pot

enylation, and iminohydantoin cyclisation of 2a.
of THF by Et,O interrupted the alkenyl shift (entry
7). Scheme 3 summarises the proposed
deprotonation/reprotonation pathways leading from 2a to 4a.

—
[ 1 PMP~y NH
. _-0 o @
p f — L f\u N
N~ NTON Y \© 0 Me
Me PMP Me PMP Z4a
2aLi / Z3aLi in THF (entries 1-6)
base OH .
Table 2 -B +-B in Et,0 (entry 7)
(Table 2) ai__,o u u \
J\ o Z-3a +2a
N N @
! i -| (0]
e pyp N U tBU et J\/
- 2ali, _ “NTONT OGN

PMP

Scheme 3. One-pot stereoselective Z-olefin isomerisation, geometry retentive
alkenylation and cyclisation.

Combining the results of Tables 1 and 2 allowed us to make
a range of amino-acid-derived E- or Z-alkenyl iminohydantoins
4a-g carrying a range of side chains R' by the stereodivergent
strategy illustrated in Scheme 4. From allyl ureas 2, Ru
chemistry!"®"® gave E products and allyllithium chemistry!'®'"
gave Z products. Derivatives bearing linear alkyl substituents
such as 2a and 2d gave 5-alkenylated iminohydantoins E-4a, Z-
4a and Z-4e in good yield. Bulkier o- and f-branched
substituents were also tolerated in valine derivative E-4b and
phenylalanine derivatives E- and Z-4c. a-Alkenyl proline-derived
E-4f (which of course lacks the p-methoxyphenyl N-protecting
group) was obtained in 88% yield as a single isomer. The
reaction sequence leading to Z-4a was telescoped even further



to a one-pot process in which N-allyl urea 2a forms under the
same basic reaction conditions as the alkenyl isomerisation and
migration (method e).l'®

Steric hindrance at the a-position means that N-allyllithiums
bearing substituentsa to N are protonated to vyield Z-
alkenylureas with complete regioselectivity.'*'! Thus the
trisubstituted Z-alkenes 4f (R*=Me) and 4g (R*=Ph) were formed
in good yields from 2f and 2g by treating firstly under basic
conditions that avoid alkenyl migration (sec-BulLi in Et,O or NaH
in DMF), and then with sec-BuLi in 10:1 THF:DMPU at —60 °C.

2

E-selective method: 0 Rt _ RR‘
RUHCI(CO)(PPhg)s
R Me.
i | (methoda) —= ¢ oo PMP—p " \o=NH
Me-N- SN Sen PMP
) = “R2 )—N\
(LRZPMP - E-3a-d O Me
919 5 E-
| Zselective 78-91%, >95:5 E:Z E-4
2a-e (R2=H) methods:
2f(R2=Me) RLiorNaH | Method b from 2a, ¢, e
2g (R2 = Ph) (methods b-d) R2 /R‘
Methodcordo Rt PMP~ NH
from 2f, g f )7
N
™ Me< Y
Ky on
\/KREPMP z4
Z.3,g
65-71%, <5:95 E:Z
_~_-NHMe

One-pot Z-selective method: RLi (method e)

N-methylallylamine

E-4a 93%; >95:5 E: 22
Z-4a 65%>P or 54%¢; <5:95 E:Z

E-4b 78%; >95:5 E:Z2  E-4c 62%; >95:5 E:Z2 E-4d 88%; >9
Z-4¢ 54%; <5:95 E: 20

¢,/ 4 Ph—{i
PMP\N NH PMP\N)f NH PMP\N
N N N,
% Me o} Me O%

Z-4e 61%; <5:95 E:2» Z-4f 81%; <5:95 E: Z¢ Z-49 53%;

FMethod a: RUHCI(CO)(PPhs); (5 mol%), THF, 70 °C, 1
sec-BuLi (2.1 equiv), THF, -78 °C, 30 min.; (ii) t-Bu;C¢H,O
1.5 h; “Method c: (i) sec-BuLi (2.1 equiv), Et,O, -78 °C, 30
BusCsH,OH (2.1 equiv), Et,0, 5 min “Method d: NaH (1.2 equiv), D
h; ®'Method e from N-methylallylamine: (i) n-BuLi (1 equiv); (ii) 1a, THF, rt,
h; (iii) sec-BuLi (2.1 equiv), THF, -78 °C, 30 min; (iv) t-BuzCsH,OH (1.1
THF, 2 h. Method f: sec-BuLi (2.1 equiv), THF, DMPU (10:1), —60 °C, 2-3

Scheme 4. Stereodivergent alkenylation

Alternative routes to the starting N-a

alkenes, 3h-n, to be prepared f]
Alkenylureas 3h-n were treat
to yield 4h-n. The in sj

yields dropped for the bulky
f complex cyclic and acyclic
natural-terpene-li
from terpinolene)
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o A
1 — D NJkN e 4o,p
. ' NLi
o/ ou Iy, pmp N
NH P 93-98% 3oLi, 3pLi

PMP\N> </;NH F‘MP\N> :;NH
OH OH

SN SN
o] @ o)
4068% =

ap 56%®

tidine, microwave, Kl, CH;CN, 110-140 °C, 2-4 h; b sec-BulLi
(2.1 equiv); , DMPU (10:1), —60 °C, 1-16 h; ¢ sec-BuLi (3 equiv); THF,
DMPU (10:1), =60 °C, 3 h “After 6 h at —40 °C; P!As a 1.2:1 E:Z isomeric
mixture from 3k (E:Z = 1.8:1); configuration determined by NOE; 94| obtained
after 16 h at —20 °C as a single diastereoisomer; relative configuration not
ined; As a 1.8:1 E:Z isomeric mixture from 3n (E:Z = 2.5:1); alkene
ration determined by NOE.

Methods:

me 5. Hydantoins from N’-alkenyl-N-ureidonitriles

Formally, the alkenyl migration is a stereoretentive
nucleophilic substitution at a carbon sp? centre.”® To elucidate
further mechanistic details of this unusual transformation, the
rearrangement of E-3a was followed by in situ IR spectroscopy
(React-IR) (Scheme 6).2" The experiments were carried out
without DMPU in order to avoid obscuring the carbonyl region of
the spectrum. In THF at —60 °C, E-3a shows two absorptions at
1673 and 1659 cm™ which disappear over a period of 5 min on
treatment with 1 equivalent of sec-BuLi, being replaced by two
absorptions at 1665 and 1620 cm™. The same spectrum is
generated by treating E-3a with sec-BulLi in Et,O at -78 °C,
conditions under which no migration of the alkenyl group takes
place, so we assign these new absorptions to lithionitrile
intermediate E-3aLi. A second equivalent of sec-BuLi in THF
leads immediately to the appearance of new IR absorptions.
One appears at 1563 cm™, which we assign to 6Li by analogy
with previously similar reported intermediates,!"”! and two more
absorptions appear at 1725 and 1645 cm™ corresponding to E-
4ali. 6Li and E-4aLi may coexist as an equilibrium, which is
driven to product E-4a upon quench with MeOH at —60 °C. The
identity of E-4aLi was confirmed by deprotonation of product E-
4a (see supporting information for details). The necessity for two



equivalents of alkyllithium to promote the migration suggests a
role for the alkyllithium in coordinating the urea carbonyl and
assisting the conformational change from 3aLi to 3aLi,'**" that
is necessary for the reacting substituents to approach one
another.

1 i( -
_sec-Buli_ BuLi sec-BulLi o
Me-n )k NN T sy PYP

in THF | PMP N in THF
H P or Et,0 (/ H¢ﬂ(:)\\
Me
Me E3a E-3aLi |
-1 -1
v 1673, 1659 cm v 1665, 1620 cm E-3aLi, not detected
. c7,,LlFi Ol,.LlR
syn carbo- bond anti
metallation | Me~n~>\-PMP | rotation Me\N/HkN—PMP elimination
H "CN Me S5 oN
H  Me H L
O”LiH 5LiA not detected 5LiB not detected
Me. L _pmp o-LiR o)
NN Me. { MeOH L
Li"H Ly NN —pup Me~ " ~N-PMP
‘ SN —— ) sec-BuLi x 2 )/._M
Me” H LN = in THF HNT )
6Li v 1563 cm~! E-4aLiv 1725, 1645 cm™! E-4a v 1740, 1661 cm~!
1 1563 cm-!
1740 cm! 16(6(;%? (N=C-0)
1725 cm (C=N) \
E-4a
> /MeOH
S

E-4al.i+ 6Li

& t 2nd equiv sec-BulLi
E-3alLi

t 1st equiv sec-Buli

E-3a,
THF, -60 °C

€100

(L)

1800

1673 cm-!
(C=Caene)

1659 cm” 1665 cm-t 1620 cm-!
(€=0)  (C=Cypere) (C=0)

Scheme 6. Intermediates in the rearrangement of E-3a ide
For clarity, solvation/aggregation of metallated species is

The formation of imidazolidinone 5 with KHMD
(Scheme 2) suggested the possible intermediacy of a stri
such as 5Li, but (as with most cases of the related ary
migrations''°) we were unable to identify absorpNans
corresponding to such a cyclic inter
geometry-retentive stereospecificity
the detailed pathway of the alkenyl mi
addition-elimination reaction shown in Sche
carbometallation® to give SLiAg
conformer 5LiB.

Both the 5,5-disu
disubstituted amino aci
biological interest."™ The
targets, with preservation o
achieved by acidic hydronS|s
the correspond

version of E- Z-4 into these
e double bond geometry, was
ach of E- and Z-4a,c to give
and Z-7Ta,c (Scheme 7).

Oxidative remov: xyphenyl group gave
hydantoins E- and , which are unsaturated analogues of
biologic ins (e.g. mephenytoin, phenytoin).”*®!

in acid to give hydantoin E-8d.
odium hydroxide gave quaternary
a-alkenyl amino acids 9. ne isomerisation was detected
during the cleavage of 4 to 9. Thus, the route from 2 to 9, via 4,
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constitutes a divergent E or Z-stereoselective method for the C-

alkenylation of natural and unnatural amino acids.
HZN: icozH

E-9a 81%32

Kﬁ

COH
Z 9a 76%P

\ \:><fph
” CO.H

E 9¢ 56%24

— COH
Z Qc 60%0d

E-or Z-4a (R =Me) E-7a99%; Z-7a 82%
E- or Z-4c (R =Ph) E-7c 83%;

8h 92%

Fl>95:5 E:Z by NMR; P<5:95 E:Z by NMR; “Not isolated; “ield over two

steps from 7c. ods (a) HCI (2 M, aq.)/MeOH 1:1, reflux, 48-72 h; (b) CAN
20 2:1, 0 °C, 5 min; (c) NaOH (4 M, aq.), reflux, 48 h; (d)
,4-dioxane 1:1, reflux, 72 h.

e 7. Conversion of products into hydantoins 8 and quaternary a-alkenyl
cids 9.

mary, this general, direct C-alkenylation of tertiary
allows the connective synthesis of alkenylated
e method is sterodivergent, providing either the E
of the Z isomer of the product from the same starting materials,
themselves available by simple Strecker and acylation chemistry.
Qugiernary a-alkenyl amino acids are formed as single E or Z
s upon cleavage of the hydantoin products.
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