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Remarkable Effects of Additivesto Facilitate Aza-Mannich Type Reaction:
A Rapid Accessto g-Amino Ketone O-Alkyl Oximes
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Abstract: Aza-Mannich-type reaction proceeded between imines
and the aza-enolates formed from a-iodomethyl ketone O-alkyl
oximes with titanium tetraiodide to give 3-amino ketone O-alkyl
oximes in good to excellent yields. Remarkable effects of added
silica gel or molecular sieves (4 A) were observed to promote the
addition reactions.
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Reductive formation of aza-enolates has enabled a rapid
access to B-hydroxy imino derivatives under non-basic
conditions, when the enolates are used for the Refor-
matsky-type additions.! Metallo-enamines (aza-enolates)
are useful enolate derivatives which enhance the nucleo-
philicity as compared with their parent carbonyl com-
pounds.? For the preparation of such an aza-enolate, we
have introduced reductive formation from o-iodomethyl
ketone O-akyl oximes with titanium tetraiodide, which
eliminates use of strong bases for the deprotonation.®
However, difficulties were encountered when the aza-
enolate generated as above was subjected to the reaction
with imines, wherelow addition product yields were often
obtained. We have now found intriguing synergetic ef-
fects of titanium tetraiodide and silica gel or molecular
sieves to promote addition reaction of titanium aza-eno-
lates with imines.

The initial reaction was carried out using the addition
reaction of (E)- or (2)-iodoacetone O-benzyl oxime (2)*
with N-benzylidene-4-methoxyphenylamine (1a) in the
presence of Til,. As can be seen from Scheme 1, (2)-2
gave better product yield than the corresponding E-iso-
mer.

PMP | ~OB" NH N
Tily (2.5 equiv)
|

N
™

la

+
H THF, -78°Ctor.t, 12 h

(25equiv)  ppp = p-MeOCGH,) sa
2

Geometry of 2 = (E): 15% yield
(2): 35% yield

Scheme 1l Influence of the geometry of the oxime ether
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However, since the product yields were not satisfactory,
the effects of additives, solvents, and Ti(IV) species were
examined in detail to improve them, and Table 1 summa-
rizes the results.

Tablel AzaMannich-Type Reaction Promoted by Til ,~Ti(OR),?

_PMP _OBn Til4-Ti(OR)4 (2.5 equiv) PMP,_ OBn
N N Additive NH N7
+
Ph)I\H )I\/ : 12h Ph)\)l\
la (2.5equiv)  (PMP = p-MeOCgH,) 3a
2)-2
Entry R Til,;: Additive® Solvent Temp. Yield
Ti(OR), ) (%)°

1 - 1:0 None THF —78tor.t. 35

2 - 1.0 A4AMS THF  -78tort. 43

3 - 1:0 Al,Oq THF —78tor.t. 54

4 - 1.0 Celite® THF —78tor.t. 57

5 - 1.0 SO, THF —78tor.t. 69

6 - 1:0 SO, DME -S5tor.t. 25

7 - 1.0 SO, Et,O —78tor.t. 0

8 - 1.0 SO, CH.Cl, —78tor.t. 0

9 - 1:0 SO, MeCN —45tor.t. 0
10 - 1.0 SO, EtCN  -78tor.t. 7
11 i-Pr 31 SO, THF —78tor.t. 81
12 i-Pr 11 SO, THF —78tor.t. 94
13 i-Pr 1:3 SO, THF —78tor.t. 32
14 Et 11 SO, THF —78tor.t. 61
15 n-Bu 11 SO, THF —78tor.t. 25
aThe reaction was carried out according to the typical experimental
procedure.®
b Additive (300 mg/mmol) was used.
¢ |solated yield.

As shown in Table 1, the additives examined here al
improved the product yields, and among them silica gel
was proved to be the most effective, giving the adduct 3a
in 69% yield (entries 2-5).° Regarding the solvent, diethy!
ether, dichloromethane, and acetonitrile did not give the
desired adduct at al (entries 7-9). Although the product
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yields were not too bad in THF, a by-product always ac-
companied arising from the ring-opening iodination of
THF with titanium tetraiodide.” In an effort to eliminate
such a by-product formation, modification of the titanium
species was examined. The presence of titanium tetra
alkoxide considerably altered the efficiency of the reduc-
tive enolate formation and improved the product yields
(entries 11-15). Among the titanium tetraal koxides exam-
ined, the tetraisopropoxide worked most effectively
(entries 11-13). The ratio of the teteraiodide to the tetra-
isopropoxide was crucial, and the best result was obtained
using a 1:1 mixture (entry 12). Use of the tetraethoxide
and the tetra-n-butoxide was not effective (entries 14 and
15). Under the best conditions found for the formation of
the adduct 3a, a variety of imines were subjected to the
addition reaction with (Z)-iodoacetone O-benzyl oxime
(2), and Table 2 summarizes the results.

Asshownin Table 2, the N-benzylidenearylamines exam-
ined here gave the adducts in good yields, whereas their
tert-butylimino derivative did not give the adduct (entries

Table2 Aza-Mannich-Type Reaction of the Oxime Ether 2 with
Various Imines?

Tily (1.25 equiv)
) _oBn  Ti(O'Pr)4 (1.25 equiv) R2
N N Si0, (300 mg/mmol) e NeOEn
+
R1J\H )J\/' THF, -78 °Cto r.t. Rl)\)k
1 (2.5 equiv) 12h
2)-2 3

Entry R! R? Yield (%)°

1 Ph 2-MeOCgH, 88

2 Ph 2,4-(Me0),CeH 75

3 Ph 4-CICgH, 89

4 Ph t-Bu 0

5 Cy PMP 72

6 t-Bu PMP 48

7° (E)-PhCH=CH PMP 0

8° (2)-PhCH=CClI PMP 47

9 (2)-PhCcH=CCl PMP 65
10°¢ PhC=C PMP 75
11¢d PhC=C PMP 84
12 PhC=C PMP 72
13¢d PhC=C 2-MeOCgH, 14
14¢cd PhC=C 2,4-(Me0),CeH5 53
15¢4 PhC=C 4-CIC¢H, 16

aThe reaction was carried out according to the typical experimental
procedure.’

b |solated yield.

€ Til, (2.5 equiv) was used in place of Til ,~Ti(Oi-Pr),.

44 A MS (300 mg/mmol) were used in place of SiO,.
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1-4). The present addition reaction appearsto be sensitive
to the steric bulk of the imines, and cyclohexyl and tert-
butyl derivatives recorded slightly decreased product
yields (entries 5 and 6). While the cinnamylidene imine
was hot agood substrate for the present aza-aldol reaction
in which the hydrolyzed parent cinnamaldehyde was
recovered after work-up, its chlorinated derivative served
as a good acceptor to give the adduct in moderate yield
(entries 7-9).8 In the cases with the alkynyl derivatives,
the presence of titanium tetrai sopropoxide was not neces-
sary, but the use of titanium tetraiodide itself in the pres-
ence of 4 A MS effected the addition reaction to give the
adduct 3 in good yield (entries 10-12). In contrast to their
benzylidene analogues, the 2-methoxy, 2,4-dimethoxy,
and 4-chloropheny! derivatives were not good substrates
as the electrophile (entries 11, 13, 14, and 15).

Regarding the reaction mechanism, Scheme 2 may ex-
plain a possible reaction pathway.
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Scheme2 A possible reaction pathway

First, a 1:1 mixture of titanium tetraiodide and titanium
tetraisopropoxide may generate Til,(Qi-Pr), species 4,°
which in turn effects the formation of the titanium enolate
5 from iodoacetone O-benzyl oxime (2). Addition of this
enolateisfacilitated by the activation of theimine 1 on the
silica gel surface to give the aza-Mannich type adduct 3.
Thus, the synergetic effect of the titanium speciesto form
the titanium enolate and the silica gel surface to activate
theimine may beresponsiblefor the success of the present
aza-Mannich type reaction.®

In conclusion, we have found that the use of silica ge or
molecular sievesis very convenient to facilitate the addi-
tion of the titanium aza-enolates with imines, forming f3-
amino imines that are important synthetic intermediates
for avariety of 1,3-diamines of biological importance.
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