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Abstract: Hydroiodination of 2-propynamides leading stereoselec-
tively to (Z)-iodopropenamides was achieved under mild conditions
at room temperature by the combined use of zinc iodide and zert-
butyl iodide. Similarly, the use of zinc bromide in the presence of
tert-butyl bromide enabled the synthesis of (Z)-bromopropen-
amides. (Z)-Halopropenoic esters were also prepared in high yields.
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3-Iodo- and 3-bromopropenamides have proved to be
valuable building blocks in organic synthesis. Owing to
the presence of three functional groups, these compounds
have been involved in several types of important organic
reactions, including palladium-mediated coupling pro-
cesses,! asymmetric Heck cyclization,? intramolecular
Diels—Alder reactions,® copper-mediated C-N bond for-
mation leading to enamides,* and polar cyclization lead-
ing to 4,5-dehydropiperidine-2,6-diones.’
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To the best of our knowledge, among the different ways®
to obtain 3-iodo- or 3-bromopropenamides, only two
methodologies are based on direct hydrohalogenation of
3-propynamides. The combined use of cerium salts, halo-

SYNLETT 2009, No. 1, pp 0089-0091

Advanced online publication: 12.12.2008

DOI: 10.1055/5-0028-1087489; Art ID: D26508ST
© Georg Thieme Verlag Stuttgart - New York

trimethylsilanes and sodium iodide affords a mixture of
Z- and E-isomers.” Ma et al.® reported the stereospecific
hydrohalogenation of 2-propynoic acid and its derivatives
mediated by Lil in acetic acid at 90 °C.° It is noteworthy
that tertiary 3-propynamides were transformed in the cor-
responding halo compounds in lower yields than primary
and secondary ones.

Table 1 Hydroiodination of 3-Propynamide in the Presence of
tert-Butyl lodide and Zinc Halide

l:|‘2 1) ZnX, (1.5 equiv) TZ
RVN © t-Bul (3 equiv) RVN ©
W CHoCly, 18 h, 1. \/I;/I
2) H,0
1a-h 2a-h
Entry Substrate 1~ ZnX, Product2  Yield (%)
1 1a ZnBr, 2a 65
2 la ZnCl, 2a 58
3 la Znl, 2a 63
4 1a Znl, 2a 73 (in THF)
5 la Znl, 2a 97 (in MeCN)
6 1c ZnBr, 2c 94
7 1c Znl, 2¢ 82
8 1d Znl, 2d 87
9 1d ZnBr, 2d 81
10 1b ZnBr, 2b 91
11 le Znl, 2e 46
12 1f Znl, 2f 93
13 1g Znl, 2g 78
14 1h Znl, 2h 91

During the course of our studies on the use of diethylzinc
as mediator in atom-transfer radical addition—cyclization
reaction leading to a-alkylidene-y-lactams,'® we found
out by accident that the couple ZnX,/t-BuX (X =Br, I)
could be used to perform the hydrohalogenation of 3-
propynamides. We report in this letter the investigation of
this mild and stereospecific methodology that leads to
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(Z2)-3-iodo- and 3-bromopropenamides in high yields at
room temperature.

Secondary and tertiary 3-propynamides la—h were pre-
pared by coupling propiolic acid and various amines with
DCC (Scheme 1).

In the presence of 3 equivalents of tert-butyl iodide!! and
1.5 equivalents of zinc halide in dichloromethane at room
temperature, 1a was selectively transformed into diethyl-
amino-(Z)-3-iodopropenamide (Table 1, entries 1-3). The
E-isomer was not detected. The reaction could be con-
ducted also in THF or acetonitrile (entries 4, 5). Converse-
ly to alkynyl sulfoxides,'? propynamides did not react
with zinc halides in the absence of tert-butyl iodide at
room temperature.'* Good yields were obtained with sec-
ondary propynamides 1f-h (entries 12-14) and tertiary
propynamides 1a—d'* (entries 5-10). The reaction of le
with Znl,/t-Bul gave the expected product in lower yield
(entry 11), but the stereoselectivity was still high (no trace
of E-isomer was detected in 'H NMR spectrum of the
crude reaction mixture).

The reaction is compatible with functional groups like
carbon—carbon double bonds (entries 8, 11, 12), ketones
(entry 13), ethers (entry 14), and also propargylic and ben-
zylic esters (Scheme 5). Acetals were degraded under
these experimental conditions.

The procedure is chemoselective. Whereas disubstituted
alkynamide 1i or N,N-diallylacrylamide 1j (Scheme 1)
led to the corresponding iodides under Ma’s conditions at
90 °C, these substrates were found to be unreactive under
our experimental conditions at room temperature. Reflux-
ing in acetonitrile was necessary in order to convert them
into the expected iodides.

Other Lewis acids were tested in the presence of ters-butyl
iodide and 1a. No reaction occurred when using
BF3‘OEt2, MgBrz'OEtz, or Yb(OTf)3.

3-Bromopropenamides were prepared by replacing fert-
butyl iodide with fert-butyl bromide (Scheme 2). In the
presence of 2 equivalents of zinc iodide the only product
was vinylic iodide 2b. No trace of the desired bromide
was detected. Moving to zinc bromide enabled the synthe-
sis of 3b in 80% yield. However, the reaction was slower
and 72 hours were needed to reach completion at room
temperature.

,l,_Bu rlr-Bu n-Bu
1) ZnX
N O 2 _N (0] N (e}
nBu” +BuBr (3 equiv) BU nBu”
_—
| | CH20|2, r.t. \/I . Br
1b 2) H0 2b 3b

Znly (1.5 equiv) 18h 80% 0
ZnBr; (2 equiv) 72 h 0 80%

Scheme 2 Hydroiodination vs. hydrobromination in the presence of
tert-butyl bromide depending on the nature of the zinc halide
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As reported in Scheme 3, stereoselective hydrobromina-
tion of 3-propynamides 1a—e could be achieved by mixing
the substrate with 3 equivalents of zert-butyl bromide and
2 equivalents of zinc bromide at room temperature for 3
days.

F|i2 1) ZnBr, (2 equiv) 1?2
N 0 +-BuBr (3 equiv) N 0
R CHaClp, 72 h, 1.t. R \/I/V
ll 2) H,0 B

1 3a, 61%
3b, 80%
3¢, 72%
3d, 74%
3e, 55%

Scheme 3 Hydrobromination in the presence of tert-butyl bromide
and zinc bromide

Owing to the previously noted functional groups compat-
ibility, the reaction does not involve in situ formation of
HX. It is likely to involve the reversible formation of a
loose ion pair via heterolysis of the carbon—halogen bond
(Scheme 4). The anionic zinc species delivers the most
nucleophilic halide that undergoes conjugate addition to
the activated substrate. zers-Butyl cation protonates the in-
termediate allenoate.'> Approach of tert-butyl cation from
the less hindered face of the double bond explains the se-
lective formation of the (Z)-vinylic iodide.

S ®
ZnXp + tBuX' === | ZnXpX' + tBu
A
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o) O

R1R2N)|\\\‘)

A, when X =1

Scheme 4 Proposed mechanism

Quenching the reaction with D,0 led to no incorporation
of deuterium. Two olefinic protons were characterized in
the '"H NMR spectrum,'® which implied that water was not
the proton donor.

The methodology was also suitable to convert 3-propyn-
oic esters into 3-iodopropenoates (Scheme 5). Allylic,
benzylic, and propiolic esters could be used without de-
composition or degradation of the substrate. Zinc iodide
turned out to be the best candidate in this case.!” It was
noted that no trace of the diiodo compound, observed un-
der Ma’s conditions (i.e., Lil/AcOH-mediated hydroiodi-
nation)® was detected.
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o 1) Znl, (2 equiv)
t-Bul (3 equiv) (0] I
R CHoCly, 18 h, rt.
\O)J\\\ 2V12 H\O)J\/'
2) H,0
4a—d 5a—d
4a, R = Allyl 5a, 50%
4b, R =Bn 5b, 94%
4c, R = (CHy)3Ph 5¢c, 87%
4d, R = CH,—=——~H 5d, 62%

Scheme 5 Hydroiodination of propiolic esters

Finally, 1-phenylprop-2-yn-1-one was tested as substrate
(Scheme 6). In this case the reaction led exclusively to the
E-isomer. However, the yield was rather low. It is known
from previous work that in this case the Z-isomer is slowly
converted into the E-isomer on standing at 35 °C.%

(0] 1) Znl, (2 equiv) (0]
t-Bul (3 equiv)
S CH,Cly, 18 h, r.t. N
AN
2) H.O
6 40% 7

Scheme 6 Hydroiodination of 1-phenylprop-2-yn-1-one

In conclusion, we have shown that the couple zinc halide
and fert-butyl halide could be used to prepare stereoselec-
tively (Z)-halopropenamides under very mild conditions.
High yields were obtained at room temperature whatever
the substitution of the amide. This mild methodology, also
suitable to prepare 3-halopropenoates, offers an alterna-
tive to the most commonly used procedures.
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