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ABSTRACT

The reaction of aldehydes, amines, and TMSCN in the presence of 2-iodoxybenzoic acid (IBX) and tetrabutylammonium bromide (TBAB)
afforded o-iminonitriles in good to excellent yields under mild conditions. The presence of TBAB is essential for this transformation. The

methodology was applied to a two-step synthesis of indolizidine via a microwave-assisted intramolecular cycloaddition of

a-iminonitrile.

The a-iminonitriles, also known as imidoyl cyanides, are

aromatic a-iminonitriles were accessible by this method

an important class of densely functionalized compounds thatusing either manganese dioxid®r air as oxidant$® One

could serve as precursors farketoacids, amides, N-alkyl-
ketene-imines, cyanoenamides, amidines} &tarthermore,

they function as reactive components in cycloadditions,

providing a rapid access to nitrogen-containing heterocyctes.
Many synthetic methodologies have been develdpéd.!

of the most general methods involves the chlorination of an
aminonitrile, followed by the base-promoted dehydrochlo-
rination of the resultingN-chloroaminonitrile'®’ The incon-
venience associated with this two-step sequence is the
instability of some N-chloroaminonitriles. It has been

However, most of them are multistep processes and havereported that they decomposed violently and often explo-

limited application scope. Surprisingly, the direct oxidation

sively even at C.*2 As a continuation of our interest in

of a-aminonitriles has rarely been employed and only the development of oxidative multicomponent reactions
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(MCRs)115 we describe herein a one-pot synthesis of |
a-iminonitriles by reaction of aldehydes, primary amines and 1,pje 1. Three-Component Synthesis afiminonitriles,

conjunction with a catalytic amount of tetrabutylammonium . ~_Ph
. . . (0] IBX/additive N

bromide (TBAB). We also document a rapid construction P F’h\/\NH2+XCN .
of indolizidine skeleton by applying this new synthetic Ph™ H Ph™ ™y
methodology. 2a 3a 4 1a

To achieve the projected transformation, the oxidant has
to satisfy the following criteria: (a) to be compatible with IBX additive  yield
the conditions of the Strecker reaction or, in an ideal case, entry X conditions (equiv) (equiv) (%)
to be capable of promoting the Strecker reaction; (b) tobe 1 K THF/rt/72 h 2 - 40°
able to selectively oxidize the aminonitrile in the presence 2 K MeCN/rt/24 h 2 - 18°
of two oxidizable starting materials. On the basis of this 3  TMS MeCN/rt/24h 2 - 35°
consideration, we selected 2-iodoxybenzoic acid (18X} 4 TMS MeCNM40°C/4h 2 - 28¢
an oxidant for its intrinsic acidity (8720 = 2.4, pK,PMSO = 5 TMS MeCN/rt/1h 1 TBAB(D 90°
6.65)" that would be beneficial to the Strecker reactfon 6 TMS MeCN/t/Lh ! TBAB (0.05)  90°

. , o e X = 7 TMS MeCNAt/4h 1 TBAI (0.05)  37°
and for its ability to oxidize amines to iminé%2° The 8 TMS MeCN/t/1h 1 TBAC(0.05) 87

condensation of benzaldehyd&j, phenethylamine3g), and y _

. . . aGeneral conditions: molar rata/3a/4= 1:1:1.1.P Determined based
cyanide (4) in the presence of IBX was examined as a testop, the 3 NMR spectrum of the crude materilisolated yields after
reaction, and the results are summarized in Table 1. Thecolumn chromatography on the silanized silica gel.
o-iminonitrile was indeed produced using KCN or TMSCN
as a cyanide source, in either THF or acetonitrile as a solvant;
however, the yield was low even after prolonged reaction TBAB, tetrabutylammonium iodide (TBAI) was found to be
periods (entries 1—3). Heating the reaction mixture to 40 far less effective in mediating the present transformation.
°C reduced the reaction time but had adverse effect on the 1 scope of this novel synthesis @fiminonitriles was

product yield (entries 4 vs 3). A control experiment indicated
that the Strecker reaction a?a, 3a, and TMSCN in
acetonitrile under Ramén-Yus's catalyst-free condifibngs
almost instantaneous, leading to aminonitrile in nearly
quantitative yield. The low efficiency observed in the
production of iminonitrile is thus due to the slow oxidation
step. Much to our delight, adding tetrabutylammonium
bromide (TBAB, 1 equiv) to the reaction mixture accelerated
significantly the reaction, leading to the desit@dminoni-

trile in 90% isolated yield (entry 5, Table 3)A very similar
result was obtained when the reaction was performed in the
presence of a catalytic amount of TBAB (0.05 equiv, entry
6). We have also briefly examined the halide effect. Whereas
tetrabutylammonium chloride (TBAC) is as efficient as
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next examined by varying the structures of aldehydes and
amines. As shown in Table 2, electron-neutral, -rich, and
-poor aromatic aldehydes, as well @g-unsaturated alde-
hydes (cinnamaldehyde, entry 3) were all compatible with
these oxidative conditions, leading to the respective adducts
in good to excellent yields. A heteroaromatic aldehyde, such
as pyridinecarboxaldehyde (entry 4), was converted into the
correspondingx-iminonitrile (1e) in 79% yield. Theg)-1-
phenylethanamine participated in the reaction to affbird

in almost quantitative yield without racemization as evi-
denced by chiral HPLC analyis dff and (+)-1f (entry 5,
Table 2). When bulky amines (t-butyl, entry 6) or aromatic
amines (entries 7 and 8) were subjected to the same
conditions, the reaction was slowed down significantly.
However, by adding a catalytic amount of iodine, which is
known to catalyze the Strecker reacti®nthe desired
iminonitrile was isolated in excellent yields (entries &
Table 2). The three-component reaction is also applicable

(22) Quaternary ammonium salt were known to be beneficial in some
IBX-mediated transformations, see: (a) Tohma, H.; Takizawa, S.; Watanabe,
H.; Fukuoka, Y.; Maegawa, T.; Kita, Y. Org. Chem1999,64, 3519. (b)
Tohma, H.; Takizawa, S.; Morioka, H.; Maegawa, T.; Kita, €hem.
Pharm. Bull. 2000, 48, 445. (c) Shukla, V. G.; Salgaonkar, P. D.;
Akamanchi, K. GJ. Org. Chem2003,68, 5422. (d) Zhu, J.; Germani, A.
G.; Porco, Jr. J. AAngew. Chem., Int. E®004,43, 1239. (e) Shukla, V.

G.; Salgaonkar, P. D.; Akamanchi, K. Gynlett2005, 1483. (f) Kuhakarn,
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Table 2. o-Iminonitriles from Aromatic and Aliphatic

NMR studies. This assignment was corroborated in the case
of 1i by X-ray analysis (cf. Supporting Informatiofy).

Aldehyde Grierson et af. have demonstrated the utility of 2-cyano-
0 IBX/TBAB N 1-aza dienes in the synthesis of indolizidid&$he literature
R1LH + R3NNH, + TMSCN TR - J\\ methods for the access to these dienes are nevertheless long
2 3 4 ' { N and low yielding. On the other hand, by applying the present
methodology, a two-step synthesis of indolizidine was
entry R! R product )(I;/il)(’} developed. The reaction of pgnten-l-amine (3b) with cin-
: FVeOCH, PR(CHL); s o namaldehyde2b) and TI\'/I.SCN in CHCN at room temper-
2 2,6-CLCeHs Ph(CH,), 1c 60 ature, followed by addition of IBX/TBAB, gave rise to
i l;hEHzCH ﬁﬁ‘gﬁ”z id 3; 2-cyano-1-aza-1,3-butadiene (1p) in 71% yield (Scheme 1).
“yndme ( M;)Z € The thermal intramolecular hetero-Dielalder reaction of
5 CeH H 1f 99
o P
6 CoHs +Bu 1g 50°¢
7 CeHs CeH; 1h 99¢ ) . )
8 CeH; 4-MeOCH, 1i 95° Scheme 1. Two-Step Synthesis of Indolizidines Involving a
9 Ph(CH,), Ph(CH,), 1j 68 (59)° Key Three-Component Synthesis @flminonitriles.
10 (CH;),CH Ph(CH,), 1k 60 o BX. TBAB
11 CH;(CHz)S Ph(CHz)z 11 59 '
12 CH,=CH(CH,), Ph(CH,), 1m 74 Ph/\)LH * HzN/\/W + Tmsen i, 71%
2b 3b
13 TBSO ‘L‘L“ Ph(CH,), 1n 80 CN CN
14 TBSO/\‘/HH‘“ Ye 1 80° PRTNT N 6h,99% PN PR
A o H H
NBn, PH 1p 5 6

aAll reactions were run in acetonitrile at room temperature in the
presence of the TMSCN, IBX, and TBAB. For the alphatic aldehydes, IBX
was added after the completion of the Strecker reacfiafields refer to
the mass isolated after silanized silica gel chromatograp@gneral
condition using iodine to catalyze Strecker reaction: molar r2t8s4/I,/
IBX/TBAB = 1:1:1.1:0.1:1.1:1.19 All reagents were mixed at once.
¢|solated as a mixture of two diastereomers in a 4:1 ratio.

1p failed to produce the desired cycloadduct. Gratefully, the
cycloaddition oflp took place smoothly under microwave
irradiation conditions (300 W for 6 h, toluene) to afford the
indolizidine in 99% yield as a mixture of two diastereomers
5and6 (5/6 = 1:1) (Scheme 1).

to the synthesis oi-iminonitriles derived from aliphatic On the basis of the literature precedents, it is reasonable
aldehydes, far less accessible than their aromatic counterpartt hypothesize that the role of TBAB is to activate the IBX
(Table 2). Aliphatic aldehydes whether linearcsbranched,  via the formation of a pentacoordinated 12-1-5 spedies
participate effectively in oxidative condensation process in which was then more susceptible to nucleophilic attack by
the presence of a stoichiometric amount of TBAB. In amine, leading t@. The syn elimination of a molecular of

addition, chiral nonracemit,N-dibenzylO-TBS-serinal*
was successfully transformed into the correspondinigi-
nonitrile in excellent yield (entry 13, Table 2). However,

water via transition stat®b, which was less sterically
congested thar®a, would lead to the formation of the
observedZ-iminonitrile and IBA (Scheme 2). Conceivably,

partial epimerization occurred as the union of a chiral a single electron transfer (SET) mechanism leadind Qo
aldehyde and a chiral amine (entry 14, Table 2) provided followed by dehydration could also be operating, as dem-

loas a mixture of diastereomers (dr4:1)2° The formation

of a-cyanoenamines resulting from the tautomerization of
corresponding iminonitriles was not observed in these c&ses.
Higher yields were generally obtained, especially in the case
of aliphatic aldehydes, when IBX was introduced to the
reaction mixture after the completion of the Strecker reaction

(entry 9, Table 2). Except foth, only one stereomer was
produced and was assigned as thésomer according to

(24) (a) Andrés, J. M.; Barrio, R;, Martinez, M. A.; Pedrosa, R.; Pérez-
Encabo, AJ. Org. Chem1996,1, 4210. (b) Laib, T.; Chastanet, J.; Zhu,
J. Tetrahedron Lett.1997, 38, 1771. (c) Andres, J. M.; Pedrosa, R.
Tetrahedron1998, 54, 5607. (d) Laib, T.; Chastanet, J.; ZhuJJ.Org.
Chem.1998,63, 1709.

(25) The formation of the minor product results from partial epimerization
of N,N-dibenzyl serinal. The chiral amine is configurationally stable as
shown in the formation off.

(26) De Kimpe, N.; Verhé, R.; de Buyck, L.; Hasma, H.; Schamp, N.
Tetrahedron1976,32, 3063.
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onstrated by Nicolaou and co-workéfs.

To verify this possibility, a three-component condensation
of benzaldehyde2@), cyclopropylamine3c), and TMSCN
was carried out under our standard conditions. As shown in
Scheme 3, the expectediminonitrile (1q) was isolated in
91% vyield. Since cyclopropylamine cation radicals are known

(27) CDC-668053 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge via www.ccdc-
.can.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic
Center, 12 Union Road, CambridgeCB21EZ, UK; Fax44)1223-336033;
or deposit@ccdc.cam.ac.uk.

(28) For leading references on the biological activity of indolizidine
alkaloids, see: (a) Michael, J. Rat. Prod. Rep2007, 24, 3001. (b)
Takahata, H.; Momose, T. [fhe AlkaloidsCordell, G. A., Ed.; Academic
Press, Inc.: San Diego, 1993; Vol. 44, Chapter 3.

(29) (a) Nicolaou, K. C.; Zhong, Y-L.; Baran, P. Bngew. Chem., Int.

Ed. 2000, 39,625. (b) Nicolaou, K. C.; Baran, P. S.; Kranich, R.; Zhong,
Y-L.; Sugita, K.; Zou, N.Angew. Chem., Int. ER001, 40,202.
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Scheme 2. Postulated Mechanism for IBX-Mediated
Oxidation of Aminonitrile.

Rz
\ / + F‘Br R Ho\l
@ Q Br I~ 1 ©:l< 7LCN
+1
IBXO Q Br
Ho\. _
Ha , Ho\,
/ ﬁ?
1
OH Rz OH

to undergo fragmentation leading to ring-opened prodtfcts,

Scheme 3. Synthesis ofN-Cyclopropyliminonitrile.
)o]\ IBX /TBAB N~
s |[>—NH, _—
Ph” "H MeCN
t, 91% Ph)\\\

2a 3c 1q N

corresponding cyanoiodinan&stHowever, preliminary ex-
periments indicated that the reaction rate of the Strecker
reaction was not affected by the presence of {8PBAB.

In summary, we have described a novel IBX—TBAB-
promoted three-component synthesiseiminonitrile from
readily accessible starting materials. Operational simplicity
and good-to-excellent chemical yields are key features of
the present protocol. To the best of our knowledge, this
represented the first one-pot procedure that is applicable to
a wide range of aldehydes, amines including aromatic and
aliphatic ones. The ready accessibility of daeéminonitrile
should pave the way for the development of novel transfor-
mations based on this highly functionalized molecule. This
potential was illustrated by developing a two-step synthesis
of indolizidine via a microwave-assisted intramolecular

this observation might suggest the ionic mechanism on the Cycloaddition ofo-iminonitrile.

way to iminonitriles. Furthermore, the clean formation of
1m (entry 12, Table 2) antlp (Scheme 1) without concurrent

generation of pyrrolidine derivatives is also supportive of

the ionic mechanisrit Finally, it has also to be noted that

the oxidation is highly regioselective, presumably due to the

high acidity of H, vs H, (cf. intermediateB).
It is also reasonable to hypothesize that the tBPBAB
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is known to react with polyvalent iodines to afford the
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