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Activated imines which can function as reactive @mponents Scheme 1

in cycloadditions are valuable building blocks for the construction NaBH,4 N/R
of nitrogen heterocycléesin this communication we report on the - Q
preparation and intramolecular Dielélder reactions ofminoac- cycloaddition / H
etonitriles a class of electron-deficient imirfaghose cycloaddition or R . R
chemistry has not previously been examife@ur interest in this annulation O’ R'MgX N’
class of imines derives from the expectation that they should / '\CN R'
function as reactive partners in a variety of cycloaddition and
annulation processes, providing access to cyatamino nitriles RsN \Z“C'fzr Ag", ® R
of diverse ring size (Scheme B-Amino nitriles are exceptionally I§ Cu'ete. Il
versatile intermediates for the synthesis of nitrogen heteroc§cles. C=N ) H
Metalation provides opportunities for alkylation and other carbon C-C bond forming
carbon bond-forming processes, while exposure to Lewis acids via Mannich, Cation-r, etc.
furnishes iminium ions which can be intercepted with Grignard -
reagents (Bruylants reaction) and organosilanes, or engaged inTabIe 1. Synthesis of Iminoacetonitriles
Mannich reactions and other useful “catiafHtype cyclization
processes. a Ry~ b

Previously, the synthesis of iminoacetonitriles has been achieved ROH ~ ———= ";O c:N - I:‘\N4v‘°“CN
by the chlorination ofx-amino nitriles followed by elimination of 23
HCI with base? In our han@s this approach |nd_e_ed proved work- triflamide iminoacetonitile _yield (%)°
able, but for the preparation of our cycloaddition S}Jbstrgtes we entry alcohol yield (%)° (E/Z ratio)
have developed a more expeditious route that begins with read-
ily available alcohol and employs a Mitsunobu coupling reac- /\[
tion® with the previously unknown, easily prepared reagent, 1 C;\H 6 N | 87-90
HN(Tf)CH,CN.” Base-promoted elimination of trifluorometh- 87-94 N (80:20)
anesulfinaté then furnishes the desired iminoacetonitriles as a 1 "
mixture of E andZ isomers, both of which undergo cycloaddition TeN~ AN

. . . sN TsN

to afford the same product(s). As summarized in Table 1, this 2 \/QL 7 K/N/\' 64-75
protocol allows the efficient conversion of a variety of function- CH; 93 \ CH;  (71:29)

. A . . CN
alized alcohols to the desired cycloaddition substrates in excellent 2 12
overall yield. OH

Table 2 delineates the scope of the intramolecular iminoaceto- 3 8 N 80-89
nitrile hetero Diels-Alder reaction. Most cycloadditions proceed 81-91 \\CN (77:23)
smoothly at 85120 °C in the presence of BHT (as radical 3 J\/ 13 ‘\/
inhibitor), and theE- andZ-imines appear to react at similar raté8.
Interestingly, in most cases the cycloadduct weitie-oriented cyano o OSiR3
group is obtained as the major or exclusive product of the reaction. 4 (/v/\( 9 m 89-90¢
Our observations suggest that the initially formed epimeric cy- OH CH;  gi47 N\\/CN (80:20)
cloadducts equilibrate to afford the axial cyano isomer which is 4 14

favored as a consequence of tledmino nitrile anomeric effect® .

The a-amino nitrile moieties incorporated in these cycloadducts 5 mosms 10 C/WAOS'% 86-93
constitutelatent iminium ionswhich upon exposure to mild protic OH 81-94 NN (77:23)
or Lewis acids are unmasked, setting the stage for further useful 5 i 15
synthetic transformations. For example, reductive decyanation with SiRg = Sit-BuMe,
NaBH;CN excises the cyano group and furnishes unadorned 21.05 equiv HN(TH)CHCN, 1.2 equiv P§P, 1.2 equiv DEAD, 1:1 THF
quinolizidines (e.g.21) in excellent yield. Especially valuable is E%Iugni'gt’C?éﬁlgtgd(ziZeIngfr erf;t(%;)sb 3u—r%:dqgivcglﬁfn?§.£:0fﬁ:g?2 o
the application of the Bruylants reaction for further carbearbon 0 Enoned Was omened 1o tho dienolpsilyl ethezlﬂuMezSiCI, Nal ng,p y:
bond construction, as illustrated with the conversion of cycloadduct cH,CN, rt, 16 h, 96-97% vield) prior to elimination with GE0s.
20 to the a-alkynylamine22 (Scheme 2).

Of particular significance are the stereocomplementary trans- with ethyl iodide followed by reductive decyanation furnishes
formations outlined in Scheme 3. Alkylation of the metalated nitrile exclusively theendeethyl produc®3, while Bruylants reaction with
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Table 2. [4 + 2] Cycloadditions of Iminoacetonitriles?
entry iminoacetonitrile cycloadduct yield (%)P
H
: ) b
N N 67-70
X-CN
1 16 CN
H
2 TsN™F TsN N —_
N ) -
N\\cﬁHs K/ 'CHy
12 17 CN
3 44-45°
- H -
/\Wos.na - OSiRs
4 R
X-CN

19 CN

H
. N .
5 C/\W\osms I OSiRy o o
NS—CN

15 20 CN

SiR3 = Sit-BuMe,

a Cycloadditions were run in toluene (0.05 M) with 3 equiv of BHT in
a resealable threaded Pyrex tube at 1€0for 15-36 h (CHCN, reflux
for entry 2).P Isolated yield of products purified by column chromatography.
¢ Obtained as a 79:21 mixture of isomers at C-1.

Scheme 2
6 equiv NaBH3CN,
12 equiv AcOH,
CH3CN, it 22h
91-92%
H
N OSiR3
N
CN 3 equiv PrC=CMgBr,
20 THF,t 3.5h
SIRs = Sit—BuMe2
76-86%
Scheme 3
1) LDA, THF, —78 °C; H
then Etl, 0°C 1h C@/\osma
2) 4 equiv NaBH3CN N
8 equiv AcOH :
H CHiCN, 1t 1.5h 23 Et
N osiR, 75-87%
N
3 equiv EtMgBr, Et,O
20 CN -30°C—rt 3.5h
SiRj3 = Sit-BuMe; 79-85%

24 Et

EtMgBr leads predominantly to the diastereomeric quinolizidine
24 via exo addition to the less sterically encumbered face of the
intermediate iminium ion.

The availability of substituted quinolizidines such 23 and
24 via this strategy is noteworthy, since systems of this type are
not available via cycloadditions of iminium ions according to the
method of Griecd? Thus, while the formiminium ion deriva-
tive of amine 25 undergoes smooth cycloaddition in water at
65 °C (eq 1), analogous reaction 85 with propanal fails to de-
liver any of the correspondingr-substituted product (R=
Et).13

4 equiv R'CHO H
. HCI, H,0 N
/WAOS'Ra 65°C 24h OH
NH, _— > N (1)
R1
25 SiRg = Sit-BuMe, 26 R1=H  63-66%

Further studies on the application of iminoacetonitriles in organic
synthesis are underway and will be reported in due course.
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