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Coupling of primary and secondary alkyl iodides with N-acylhydrazonoesters via Mn-mediated photolysis conditions affords access to tert-

alkyl amines.

As a simple and valuable strategy for synthesis of chiral
amines, the carbon—carbon bond disconnection approach
involving additions to imino compounds (Figure 1) has
generated some notable recent accomplishments.*
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Figure 1. Carbon—carbon bond disconnection of chiral amines.

However, a significant obstacle to these additions, when
strongly basic nucleophiles are used (e.g., Grignard reagents),
is a competitive aza-enolization to form metalloenamines.
Furthermore, the presence of other electrophilic functionality
within such organometallic nucleophiles is often quite
limited.

We have addressed this problem by developing Mn-
mediated coupling of alkyl iodides with N-acylhydrazones,?
exploiting conditions of notable versatility with respect to
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both coupling components.® Until now, these Mn-mediated
coupling reactions have been limited to aldehyde-derived
imino acceptors. However, additions to ketone-derived imino
compounds” are of particular interest as they could provide
adiverserange of tert-alkyl amines not conveniently prepared
by nucleophilic substitution. Here we describe the first
examples of Mn-mediated coupling of diverse alkyl iodides
with ketone-derived hydrazones in a route to a,o-disubsti-
tuted a-amino esters (Figure 2).

Intermolecular radical additions to aldehyde-derived imino
acceptors are attracting increased attention, and a variety of
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183. (b) For examples, see: Cogan, D. A.; Ellman, J. A. J. Am. Chem. Soc.
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Figure 2. Mn-mediated C—C bond construction approach to a,o-
disubstituted a-amino esters.

conditions may be used to achieve the additions.®> However,
the corresponding additions to ketimine acceptors have not
yet reached their synthetic potential.®” In an important
semina paper, several relevant examples were reported
involving addition of alky! iodides (15—30 equiv) to ketimine
acceptorsin the presence of triethylborane (5.0—7.5 equiv).”
Addition of simple commercial iodides (isopropyl, cyclo-
hexyl, and tert-butyl) was accompanied by ethyl addition,
N,C-dialkylation, and disproportionation side reactions. We
hoped the versatility of our Mn-mediated coupling method
could broaden the scope with respect to the radical precursors
(including primary and difunctional iodides more amenable
to synthetic applications), reduce the amount of iodide
required, and avoid all of the side reactions noted in the
earlier work.’
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For initial examination of the radical additions to ketone
hydrazones, a simple a-ketoester-derived N-acylhydrazone

(5) (8 Reviews of radical addition to C=N bonds. Friestad, G. K.
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Yamamoto, Y.; Maekawa, M.; Akindele, T.; Umeki, H.; Tomioka, K. Org.
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(6) Torrente, S.; Alonso, R. Org. Lett. 2001, 3, 1985-1987.
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was prepared. Condensation of N-benzoyl-N-methylhydrazine
with methyl pyruvate afforded (E)-hydrazone 3 in 83% yield,
with only trace amounts of the (2)-hydrazone detected by
H NMR (E/Z > 99:1). With this radical acceptor in hand,
Mn-mediated additions of variousiodides to 3 were inspected
(Table 1). Combining 3 with InCl; (2.2 equiv) in CH.Cly,

Table 1. Mn-Mediated Addition of Alkyl lodides to
N-Acylhydrazone 3 and N—N Bond Cleavage (Scheme 1)*

entry R yield of 4 (%) yield of 5 (%)
1 Et 44 5a, 85
2 i-Pr 69 5b, 98
3 n-C5H11 63 5(!, 79
4 n-012H25 57 5(1, 80
5 i-Bu 38° (519 5e, 76
6 TBSO(CHg)2 49 5f, 95
7 TBSO(CHy)4 50 (73%) 5g, 94

a Conditions: see text. ® Recovered 3: 25%. © Yield in parentheses is
corrected for recovered 3. @ Recovered 3: 32%.

introduction of Mny(CO)yo (1.1 equiv) and the appropriate
iodide (5 equiv), and irradiation (300 nm, Rayonet) led to
the alkyl adducts 4a—4g. The N—H bond is likely formed
by H-atom abstraction from solvent.? Subsequent treatment
with Sml,/MeOH in THF smoothly cleaved the N—N bonds
of these adducts to provide the corresponding free amines.®
These were isolated as their N-benzoyl derivatives in
76—98% yield.

Asymmetric induction of this process was next examined.
For this purpose we chose the chiral N-acylhydrazone motif
derived from N-amino-2-oxazolidinones, successfully em-
ployed previously in a variety of reactions,® including
stereocontrolled Mn-mediated radical additions to aldimine-
type acceptors.>® Amination of the potassium salt of com-
mercially available (§-4-benzyl-2-oxazolidinone (6) with a
solution of monochloramine in methyl tert-butyl ether® (eq
1) gave aquantitative yield of the N-amino-2-oxazolidinone,
which in turn was condensed with methyl pyruvate (1) to
give hydrazone 7 (E/Z 92:8). After removal of the minor
(2)-isomer via flash chromatography, the (E)-N-acylhydra-
zone 7 was obtained in 75% yield.

OYO 1) KH: NH,C, MTBE O%(O
H,NJ_ 2)1, p-TsOH, 4 A MS N/N\_? 1)
Bn PhMe, 80 °C )|\ Bn
75% MeO,C
6 7

Addition of ethyl iodide to (E)-7 using the Mn-mediated
photolysis conditions as described above gave 66% yield of

(7) () Miyabe, H.; Yamaoka, Y.; Takemoto, Y. J. Org. Chem. 2005,
70, 3324-3327. (b) Reactions reported in ref. 7arequired oxygen atmosphere
to minimize competing ethyl addition, and the authors noted significant
hazards associated with that procedure.

(8) (a Burk, M. J;; Feaster, J. E. J. Am. Chem. Soc. 1992, 114, 6266—
6267. (b) Ding, H.; Friestad, G. K. Org. Lett. 2004, 6, 637-640.

(9) Review: Friestad, G. K. Eur. J. Org. Chem. 2005, 3157-3172.
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Table 2. Effects of Lewis Acids on Mn-Mediated Addition®

OYO OYO
,N\) R—{, Mny(CO}),, hv N
N - - - HN -
i Bn Lewis acid, CH,Cl, /k Bn
MeO,C MeO,C™ %"
7 8a (R =Et)
8b (R = i-Pr)
yield of dr of
entry R Lewis acid 8 (%) 8
1 Et InCls 66 70:30
2 In(OTh)s3 25 51:49
3 ZnCly <3 n.d.°
4 Zn(OTf), 53 63:37
5 La(OTD)s 21 (58) 42:58
6 Yb(OTDs 25 (36) 34:66
7 Mg(ClOy)2 33 (57) 56:44
8 none 44 (49) 55:45
9 i-Pr InCl3 (2.2)¢ 85 92:8
10 InCl3 (1.2)¢ 70 82:18
11 InCls (0.5)¢ 54 80:20
12 InCl3 (0.2)¢ 50 74:26

a Conditions: seetext.  Yield in parentheses is corrected for recovered
7. © Not determined. @ The amount of InCl3 (equiv) is shown in parentheses.

the ethyl adduct, with diastereomer ratio of 70:30 (Table 2,
entry 1). Screening a variety of Lewis acids (entries 1—7)
showed that InCls, Zn(OTf),, La(OTf);, and Mg(ClO,), al
led to similar yields of adduct 8a (after correcting for
recovered 7), but interestingly, La(OTf); and Yb(OTf);
inverted the diastereosel ection.

With stereocontrol at modest levels and subject to inver-
sion with different Lewis acids, these observations were
sharply in contrast to prior work involving additions to
adimines.>® Thus it was of interest to gain further insight
into the role of the Lewis acid. Without Lewis acid, 8a
exhibited low selectivity in ethyl addition (entry 8). |sopropyl
addition occurred with much higher selectivity (entry 9); in
this case the indicated configuration of adduct 8b was
determined by crystallography (8a was assigned by anal-
ogy)."* The use of tert-butyl bromide was previously
ineffective in Mn-mediated addition? and was not attempted
here. The stoichiometry of the Lewis acid was varied (Table
2, entries 9—12), illustrating the importance of at least 2
equiv of Lewisacid for effective stereocontrol. This evidence
suggests the possibility of competitive binding of Lewis acids

(10) Hynes, J., Jr.; Doubleday, W. W.; Dyckman, A. J.; Godfrey, J. D.,
Jr.; Grosso, J. A.; Kiau, S,; Leftheris, K. J. Org. Chem. 2004, 69, 1368—
1371.

(11) The configuration of the major diasterereomer is consistent with
radical addition to the (E)-hydrazone according to the proposed chelate
model.2 Preliminary tests show that the pure (Z)-hydrazone leads to the
same diastereomer, suggesting in situ isomerization of the C=N bond. This
point is still under investigation.
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(S)-(+)-5b (ref. 12)

to the ester functiondlity of 7 in addition to the two-point
binding of the N-acylhydrazone. In light of this, Lewisacids
of higher coordination number might be expected to offer
anomalous results; thus the inversion of stereocontrol with
lanthanide Lewis acids (entries 5 and 6) is not surprising.

Lastly, the N—N bond cleavage was achieved upon
sequential treatment of isopropyl adduct 8b with n-butyl-
lithium, benzoic anhydride, and Sml,/MeOH (Scheme 2).
This sequence afforded known benzamide (9)-(+)-5b*? in
good yield, confirming the assigned configuration. Although
this N—N bond cleavage employed the benzoyl group for
purposes of chemical correlation of 5b, the more synthetically
useful trifluoroacetyl group can also be effective for N—N
bond activation.®”

The couplings of iodides and N-acylhydrazones described
herein document the first applications of this Mn-mediated
addition methodology to generation of quaternary carbon
stereocenters by addition to ketimine acceptors and offer
access to a variety of a-alkylated alanine analogs. With the
feasibility of these Mn-mediated additions to ketimines now
demonstrated, further studies are warranted. Notably, the
numerous side reactions and large excesses of reagents found
in the earlier work’ can be avoided by use of the Mn-
mediated couplings presented here.

These radical additions complement enolate alkylation
methodologies, as they occur under nonbasic conditions and
permit introduction of both primary and secondary alkyl
groups with relative ease. The versatility with respect to the
iodide is a distinguishing feature of the Mn-mediated
coupling that foreshadows application to more complex
targets.
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