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Tertiary Amines as Synthetic Equivalents of Vinyl Cations: Zinc Bromide
Promoted Coupling of Propargylamines with a-Isocyanoacetamides to Give
2,4,5-Trisubstituted Oxazoles Initiated by an Internal Redox Process

Yann Odabachian, Qian Wang, and Jieping Zhu*!*!

The Crabbé homologation allows the synthesis of allenes
from in situ generated propargylamines through a 1,5-hy-
dride  shift/1,2-elimination ~ sequence  (Equation (1),
Scheme 1).1Y Initially developed for the synthesis of mono-
substituted allenes, reaction conditions have now been es-
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Scheme 1. Tertiary propargylamine as a synthetic equivalent of a vinyl
cation: synthesis of 2-vinyl oxazoles.

tablished allowing access to di- and trisubstituted allenes.”!
A recent important discovery came from the research group
of Nakamura who reported the first examples of intermolec-
ular nucleophilic trapping of incipient iminium intermediate
A for the synthesis of N-tethered 1,6-enynes C (Equa-
tion (2), Scheme 1).) Although there is recent interest in
the domino 1,5-hydride shift/cyclization of zwitterionic inter-
mediates,” examples of using an external nucleophile to
trap the cationic intermediate resulting from intramolecular
hydride shift are rare.**” We report herein that isonitriles
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can interrupt the Crabbé homologation leading to 2-vinyl
oxazoles 3 by an unprecedented domino 1,5-hydride shift/in-
termolecular  trapping/cyclization/elimination  sequence
(Equation (3), Scheme 1). In this transformation, propargyl-
amine 1 acts formally as a synthetic equivalent of a vinyl
cation. We note that a vinyl anion can be easily generated
from tosylhydrazone in the presence of a strong base and is
widely used in organic synthesis (the Shapiro reaction;
Equation (4), Scheme 1).”) However, to the best of our
knowledge, the use of tertiary aliphatic amines as vinyl
cation synthetic equivalents has not yet been reported."”

We began our studies by investigating the reaction be-
tween N,N-diisopropylprop-2-yn-1-amine (1a) and o-isocya-
noacetamide 2a™" in the presence of different metal salts. Tt
was found that neither Cul nor Zn(OTf), was able to pro-
mote the reaction. However, in the presence of a catalytic
amount of ZnBr,, the reaction produced a small amount of
unexpected 2-vinyl oxazole 3a (Table 1)."”! Intrigued by the
mechanism of this unprecedented reaction and the impor-
tance of oxazoles in natural product and medicinal chemis-
try,"¥ the reaction conditions were optimized by varying the
amount of ZnBr,, the solvent, the temperature, and the ad-
ditives. Using the optimized reaction conditions—1a
(1.0 equiv, 0.1M), 2a (2.0 equiv), ZnBr, (1.5 equiv), toluene,
reflux—oxazole 3a was isolated in 74 % yield (Table 1). The
use of a stoichiometric amount of ZnBr, was necessary for
the success of this transformation, the requirement originat-
ing from product inhibition, oxazoles being known to coor-
dinate strongly to Zn?>*.0¥l

Using 2a as the isocyanide component, the scope of the
tertiary amine was first examined (Table 1). In the case of
N-(pentan-3-yl)-N-(prop-2-yn-1-yl)pentan-3-amine (1b), a
mixture of two stereoisomers was obtained in 74 % yield in
favor of the Zisomer. With N-(sec-butyl)-N-(prop-2-yn-1-
yl)butan-2-amine (1c), less-substituted terminal olefin 3¢
was formed together with a small amount of internal alkene
3¢’ (3¢/3¢/, 10:1). Therefore, the regioselectivity of olefin
formation follows the Hofmann rule. Dicycloalkylpropargyl-
amines 1d-1g participated in this reaction without problems
to afford the corresponding products, namely, cyclopent-1-
en-1-yl, cyclohex-1-en-1-yl, cyclohept-1-en-1-yl, and cyclo-
oct-1-en-1-yl oxazoles (3d-g), respectively, in good yields.
Notably, the reaction also worked with N-methyl-propargyl-
amines 1h-1j. In accordance with the notion that a tertiary
C—H bond is a better hydride donor than a primary C—H
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Table 1. Scope of the propargylamine component.
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[a]1 (0.10 mmol, 0.1m), 2a (0.20 mmol), ZnBr, (0.15 mmol), toluene
100°C. [b] Reactions were carried out with 3.0 equiv of the isocyanoacet-
amide 2a and 1.5 equiv of ZnBr,. [c] Reactions were carried out with
5.0 equiv of the isocyanoacetamide 2a and 5.0 equiv of ZnBr,. [d] Togeth-
er with an inseparable 3,4-unsaturated isomer (5:1).

bond, the a-hydrogen atom of the more substituted N-alkyl
group was transferred preferentially, thus providing more
functionalized alkenes 3h-3j exclusively. Notably, oxazoles
3i and 3j, which incorporate a steroid skeleton and are
known to be potent P450,,, inhibitors, were prepared with
ease.™
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Table 2. Scope of the a-isocyanoacetamide component.
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2d R = 4-F-CgH4CH,

2e R = 4-Br-CgH4CH,
2f R = 3-Br-CgH4CH,
2g R = 2-Br-CgH,CH,

3k n =2, R = 4-Me-CgH,CH, 72%
31n =2, R = 4-OMe-CgH,CH,, 52%
3m n =2, R = 4-F-CgHCHy, 63%
3n n=2, R = 4-Br-CgHsCH,, 62%
30 n =4, R = 3-Br-CgH,CHy, 63%
3p n=2, R = 2-Br-CgH,CHy, 59%
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[a]1 (0.10 mmol, 0.1m), 2 (0.20 mmol), ZnBr, (0.15mmol), toluene,
100°C. [b] Reactions were carried out with 3.0 equiv of the isocyanoacet-
amide, either 2i or 2j, and 1.5 equiv of ZnBr,.

The scope of a-isocyanoacetamides 2 was next examined
(Table 2). Benzyl, alkyl, and aryl substituents with different
electronic properties at the o position of a-isocyanoacet-
amides 2 were well tolerated, thus affording oxazoles 3k-3r
in good yields. However, a large excess (3.0 equiv) of 2i and
2j was required owing to their facile ring-chain isomeriza-
tion leading to C-2 unsubstituted 5-aminooxazole 4. The re-
action was also attempted with methyl o-(4-nitrophenyl)-a-
isocyanoacetate,'®! but no desired product was isolated.

It is known that the structure of the secondary amine in-
fluences the efficiency of the Crabbé homologation,'”! al-
though it was previously impossible to quantitatively evalu-
ate the hydride-donor capability of the two N-alkyl groups.
Because only one of the two N—C,,, groups in the propar-
gylamine component was cleaved in our reaction, it provid-
ed a unique opportunity for us to quantify the hydride-trans-
fer capability of the N-alkyl groups by an internal competi-
tion experiment. Two propargylamines bearing two different
a-tertiary alkyl groups (1k and 11) were therefore prepared.
Whereas the reaction of 1k with 2a under the standard re-
action conditions afforded cyclohex-1-en-1-yl oxazole 3e
and isopropenyl oxazole 3a in a 6:1 ratio, the reaction of 11
with 2a afforded 2-(cyclopent-1-en-1-yl)oxazole 3d and 2-
(cyclohex-1-en-1-yl) oxazole 3e in 60% and 14% yields
(3d/3e, 4.3:1), respectively (Scheme 2). Therefore, the hy-
dride-donor ability of a-tertiary alkyl groups was deter-
mined to be as follows: cyclopentyl > cyclohexyl >isopropyl.

To gain mechanistic insights on this transformation, deu-
terated substrates [D4]-5, [D,]-5, 6, and 7 were prepared.
Reaction of [D,]-5 with 2a followed by acylation produced
N-allyl-N-cyclohexyl acetamide 8a and 8a’ with 24 % deute-
rium incorporation (Ky/Kp=3:1) at the terminal carbon of
olefin 8a’ (Equation (1), Scheme 3). No doubly deuterated
allylamine was detected by mass spectrometry, thus indicat-
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Scheme 2. Competitive hydride-transfer reactions.
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Scheme 3. Deuterium labeling experiments. Conditions: i) 2a (2.0 equiv),
ZnBr, (1.5 equiv), toluene, reflux; ii) Ac,0, Et;N, CH,CL,.

ing that the redox process occurred exclusively in an intra-
molecular fashion. Further evidence in line with this conclu-
sion was obtained by a crossover experiment involving
mixing equimolar amounts of [D;]-5 and 1f with 2a (Equa-
tion (2), Scheme 3). An intermolecular competition experi-
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ment involving 1e and [D,]-5 with 2a provided a KIE of 2:1
(Equation (3), Scheme 3). This result indicated that the 1,5-
hydride shift was the rate-limiting step of the domino pro-
cess. Finally, deuterium was lost to a great extent (95%)
when compound 6 was submitted to the above reaction con-
ditions and no deuterium transfer from a-D-a-isocyanoacet-
amide 7 to propargylamine 1e was observed (reaction con-
ditions: i) 1e (1.0 equiv), ZnBr, (1.5 equiv), toluene, reflux;
i) Ac,0, Et;N, CH,ClL,).

Two additional control experiments were performed as
follows. Firstly, reaction of authentic 5-aminooxazole 4a
(R=Bn, X=morpholinyl) with 1e under standard reaction
conditions did not produce 3e. Secondly, heating a toluene
solution of 2a in the presence of ZnBr, (1.0 equiv) followed
by addition of a solution of 1e and ZnBr, (0.5 equiv) also
failed to produce vinyl oxazole 3a. These results indicated
that neither oxazole 4a nor the corresponding oxazol-2-yl
zinc bromide was involved in the formation of 2-vinyl
oxazole.

Based on the results of these control experiments, a possi-
ble reaction pathway leading to vinyl oxazoles 3 from prop-
argylamines 1 and a-isocyano acetamides 2 was proposed as
shown in Scheme 4. Formation of alkyne-ZnBr, it complex I
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Scheme 4. Possible reaction pathway leading to 3.

could lead to zinc acetylide II, thus accounting for the loss
of deuterium in 6, as observed in the control experiment.
Alternatively, the formation of I could trigger the 1,5-hy-
dride shift, thus leading to iminium ion III. Coordination of
vinyl zinc bromide to isocyanoacetamide to give IV would
facilitate the nucleophilic addition of isocyanide to the imi-
nium ion, thus leading to a nitrilium intermediate that could
cyclize to V.'® Tt is apparent that this step outpaced the
elimination of imine, which leads to allene and is the normal
Crabbé reaction pathway. We assumed that the formation of
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complex IV was important for the success of the reaction. In
fact, control experiments indicated that reaction of 2a with
cyclohexanone and allylcyclohexylamine under our opti-
mized reaction conditions failed to produce vinyl oxazole
3e. Aromatization of V could then afford zinc bromide che-
lated oxazole VI. The coordination of the tertiary allylamine
to zinc bromide could also make it a potentially good leav-
ing group. Assisted by the lone pair of the 5-dialkylamino
group, 1,6-elimination of allylamine could occur to provide
VII that, upon proton transfer and isomerization, would be
converted into 5-amino-2-vinyloxazole 3, most probably co-
ordinated to ZnBr,.

In summary, we developed a novel synthesis of 2-vinyl-5-
aminooxazoles by a ZnBr,-promoted reaction between ter-
tiary propargylamines and a-isocyanoacetamides. The reac-
tion went through an unprecedented 1,5-hydride shift/inter-
molecular nucleophilic addition/cyclization/elimination se-
quence. The propargylamine formally serves as a synthetic
equivalent of a vinyl cation. The present domino process
represents a rare example of an interrupted Crabbé reaction
wherein the in situ generated iminium salt is trapped by an
external nucleophile.

Experimental Section

General procedure: A suspension of propargylamine la (0.1 mmol,
0.1m), isocyanoacetamide 2a (0.2 mmol, 2.0 equiv), and zinc bromide
(0.15 mmol, 1.5 equiv) in toluene (1 mL) was heated to reflux under Ar.
After being stirred for 6 h, the reaction mixture was cooled to room tem-
perature and was quenched by addition of aqueous K,CO;. The aqueous
phase was extracted with CH,Cl,. The combined organic layers were
washed with brine, dried over Na,SO,, and concentrated in vacuo. The
crude material was purified by flash chromatography (silica gel; petrole-
um ether/AcOEt, 93:7) to give desired oxazole 3a (21.0 mg, 74 % yield).
'"H NMR (400 MHz, CDCL): §=7.35-7.24 (m, 4H), 7.23-7.16 (m, 1H),
5.80-5.75 (m, 1H), 5.27 (quintet, /J=1.4 Hz, 1H), 3.87 (s, 2H), 3.74-3.69
(m, 4H), 3.05-2.97 (m, 4H), 2.12 (dd, /=14, 1.0 Hz, 3H); CNMR
(100 MHz, CDCl;): 6=156.9, 151.6, 139.6, 131.9, 128.5, 128.3, 126.1,
125.3, 116.3, 66.8, 50.8, 32.0, 18.7; IR (ATR-IR: ¥=2959, 2916, 2853,
1652, 1621, 1453, 1116, 917cm™'; HRMS (ESI): m/z caled for
C;H;N,O,": 285.1598 [M+H"]; found: 285.1595.
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Tertiary Amines as Synthetic Equiva-

lents of Vinyl Cations: Zinc Bromide
Promoted Coupling of Propargyla-
mines with a-Isocyanoacetamides to
Give 2,4,5-Trisubstituted Oxazoles
Initiated by an Internal Redox Process

g N
Crabée interrupted: Propargylamines 1
react with a-isocyanoacetamides 2 in
the presence of zinc bromide to afford
vinyl oxazoles 3. The transformation,
wherein the propargylamine acts as a

R3

vinyl cation synthetic equivalent,
involves a domino sequence incorpo-
rating a 1,5-hydride shift, intermolecu-
lar trapping/cyclization, and a 1,6-elim-
ination (see scheme).
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