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Syntheses of o,f3-unsaturated y-lactams are described that
are based on ring-closing metathesis in combination with
enantioselective Ir-catalysed allylic amination using N-Boc-
N-(but-2-enoyl)-amine as a pronucleophile. As an example
application, the synthesis of a Baclofen analogue is presented.

5-Substituted o,B-unsaturated y-lactams are found among natural
products, examples are the microcolins (A),' and they are useful
as building blocks for the synthesis of a variety of biologically
active compounds (Fig. 1). Due to their conformational rigidity,
reactions at the double bond, notably cycloadditions and conju-
gate additions, proceed with a high degree of stereocontrol.>* For
example, Barrett ef al.* used the lactam C as an intermediate in the
course of a total synthesis of the antifungal agent (—)-pramanicine
(B). The 3-OH group was introduced by conjugate addition of a
silylzincate, which proceeded with perfect anti-diastereoselectivity
in quantitative yield, followed by a Tamao—Fleming oxidation.
v-Lactams have also been used as intermediates in syntheses of
GABA derivatives,® for example, Baclofen analogues of type D,
which are available from lactams E by conjugate addition of
organocopper compounds and hydrolytic ring-opening.®
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Fig. 1 Biologically active y-aminobutyric acid derivatives.

Non-racemic a,B-unsaturated y-lactams’ are usually prepared
from g-amino acids,® for example, C and related compounds are
derived from glutamic acid. Other approaches have only rarely
been used.>*® Herein, we describe a new route, which is based on
the combination of an iridium-catalysed enantioselective allylic
substitution® and a ring-closing metathesis (RCM). Two strategies,
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route 1 and route 2 (Scheme 1), were envisaged. Route 2 begins
with the formation of a chiral allylamine, which is acylated with
an acrylic acid derivative to give a diene that can serve as the
starting material for ring-closing metathesis. Using allylamines
prepared by methods other than an allylic substitution, Blechert
and coworkers! successfully probed the metathesis part of this
route with non-protected and N-benzyl-protected compounds F,
i.e. X =HorBn, R =H.

(0]

Ir-cat. )J\/\

amination )\/

route 1
X
R X-"Noco,cH, C——————>
route 2

Ir-cat.

amination R)\/ /K/ RCM

Scheme 1 Concepts for the synthesis of y-lactams.

Following this lead, we first investigated route 2. Realisation
was straightforward because benzylamine has often been used as
an N-nucleophile in iridium-catalysed aminations.'>'> However,
deprotection of N-benzyl derivatives with methods other than
catalytic hydrogenation is very problematic. Therefore, we were
interested in probing further protecting groups. On the basis
of our recent implementation of N,N-diacylamines as ammonia
equivalents in Ir-catalysed allylic substitution®® we envisaged the
shorter route 1 (Scheme 1), which is based on the pronucleophile
2 (Scheme 2)."* Route 1 would enable the preparation of Boc-
protected amides 3 in a single step. Apart from its convenient
removal, the N-Boc group is advantageous as it activates addition
reactions at the double bond of the y-lactams.

Ir-catalysed allylic substitutions were run using conditions
previously described™ (¢f. General Proceduret). With the help
of ligands L1 and L2 (Scheme 2), regioselectivity of up to 98 : 2 in
favour of the branched product and enantiomeric excesses of up
to >99% ee were achieved.

The scope of the substitution reaction was examined with a
variety of carbonates, containing alkyl, aryl, and functionalised
alkyl substituents. The results are displayed in Table 1. Depending
on the group R of the carbonate 1, either the use of amide 2
(conditions A, “salt-free”) or its sodium salt (conditions B) led to
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Table 1

Ir-catalysed allylic substitutions according to Scheme 2 (¢f- also the General Proceduret)

Entry Substrate Conditions* Ligand Time/h Yield (%)® 3:4 ee (%0)°
1 la A ent-L2 0.7 74 98:2 >98 (—)-(S)
2 1la A L1 48 544 98:2 94 (+)-(R)
3 la B L1 2.5 73¢ 95:5 n.d.
4 la B L2 4 71° 93:7 n.d.
5 1b A/ ent-1.2 2 78 98:2 99¢
6 1b B ent-12 1.5 76 97:3 98¢
7 1c A/ ent-L2 24 64 98:2 95 (+)
8 1c B ent-1.2 3 79 98:2 >98 (+)
9 1d A L2 4 77 96:4 >99 (+)
10 1d B ent-L2 1.5 90 91:9 98 (—)
11 1d A" L2 1 76 93:7 >99 (+)

“If not stated otherwise, reactions were carried out on a 0.5 mmol scale of 1 using 2 mol% of [Ir(COD)CI],, 4 mol% of ligand and 2 h of activation
with TBD (8 mol%); A: pronucleophile 2 (0.6 mmol) was used neat; B: the sodium salt of 2 (0.6 mmol), generated by addition of 0.6 mmol of NaH in
0.5 mL THF followed by removal of the solvent, was used neat. * Yield of the combined isolated products 3 and 4. ¢ Determined by HPLC on chiral
columns (CHCl,, 578 nm)."™ In brackets: sign of the optical rotation of 3. In the case of 1a, the absolute configuration was verified by synthesis of (S,S)-8.
4Incomplete conversion; the reaction was carried out on a 10 mmol scale with only 1 mol% of [Ir(COD)CI],, 2 mol% of ligand and 4 mol% of TBD.
¢ Yield including 20% isomerised product.” 5-30 min of activation with TBD (8 mol%).!” ¢ Optical rotation close to 0 at 578 nm. " Reaction at 45 °C.
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Scheme 2 Ir-catalysed allylic substitutions with the pronucleophile 2.

better results.” In the case of R = Me (entries 1-4) results using
salt-free conditions A were superior, because under conditions B
the product 3a contained ca. 20-30% of a tautomer as side product.
With 1b and 1c better results were obtained with conditions B
(entries 4-8), while in the case of the carbonate 1d the salt-free
conditions gave vastly superior results (entries 9-11). Note that an
increase of the reaction temperature led to a faster reaction with
almost identical selectivities (entry 11).

Ring-closing metathesis, using 2.5-5 mol% of Grubbs’ catalyst
I in dichloromethane under reflux, proceeded with high yield
(Scheme 3, Table 2). Enantiomeric excess of the products was
determined in order to detect racemisation in the RCM step. No
racemisation was found.” Furthermore, partial isomerisation of
the double bond was not found in the case of the N-Boc-protected
compounds.” Note that lactam 5d is a an equivalent of compound
C (Fig. 1), i. e. a potentially useful chiral building block.
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Scheme 3 Ring-closing metathesis to give o,B-unsaturated y-lactams.

Table 2 Ring-closing metathesis according to Scheme 3

Entry Substrate Mol% of catalyst Time/h Yield (%)
1 3a 2.5 8 82-92

2 3b 5 9 81

3 3c 5 6 80

4 3d 5 5¢ 77-81

“Reaction at 45 °C followed by 1 d at rt.

Next, conjugate additions of organocopper compounds were
studied, in order to prepare disubstituted lactams, which upon hy-
drolysis would yield GABA analouges with potentially interesting
biologic activity. The addition of alkylcopper reagents to Sa was
reported by Belliotti ez al.® We now disclose our results on the
reaction of 5a with arylcopper reagents (Scheme 4).

CH; COOH

7 X=Cl

Scheme 4 Conjugate addition of organocopper compounds.
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Table 3 Conjugate additions according to Scheme 4

Copper reagent

Entry Precursor Copper salt T/°C Yield*(%)
1 PhMgCl (2 equiv.) CuBr (1 equiv.) —40° 50

2 PhLi (6 equiv.) Cul (3 equiv.), TMSCI —75—10° 90

3 4-Cl-(C¢H,)-MgCl (2 equiv.) CuBr (1 equiv.) —75° (60)¢

4 4-Cl-(C¢H,)Li (6 equiv.) Cul (3 equiv.), TMSCI —75—10° 84

“Yield of pure 6 or 7. * Generation of the cuprate at —10 °C. ¢ Generation of the cuprate at —30 °C. “1 : 1 Mixture of cis- and trans-7.

First following Belliotti et al., additions of Normant cuprates to
the lactam Sa were tried, but yields of 30-50% were not satisfactory
(Table 3, entries 1 and 3). In the case of a copper reagent derived
from 4-chlorophenylmagnesium chloride diastereoselectivity was
also low. Distinctly better results were achieved with Gilman
cuprates (entries 2 and 4) in combination with Me;SiCl.

Reaction products with the trans-configuration were preferen-
tially formed, as previously found for similar conjugate additions
to lactams.?* The product 7 from the reaction according to entry 4
of Table 3 was treated with 6 N HCI* under reflux to effect cleavage
of the Boc-protecting group and ring-opening to yield the Baclofen
derivative 8, which is a potential monoamine oxidase inhibitor.
The relative and absolute configuration of this compound was
established by X-ray crystal structure analysis.”

In conclusion, an enantioselective synthesis of a,-unsaturated
v-lactams based on Ir-catalysed allylic substitution starting from
achiral materials has been developed. A key element is the pronu-
cleophile 2, which allows us to carry out an allylic substitution
reaction and subsequent RCM to give the target compounds with
>98% ee in up to 67% yield over two steps. The Baclofen derivative
8 was prepared via addition of a Gilman cuprate to lactam 5a. The
lactam 5d is a chiral building block equivalent to lactam C.

This work was supported by the Deutsche Forschungsgemein-
schaft (SFB 623), the Fonds der Chemischen Industrie and the
Landesgraduiertenforderung. We thank Dr. F. Rominger for the
X-ray crystal structure of compound 8 and Prof. K. Ditrich, BASF
AG, for generous donations of enantiomerically pure amines.
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