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Abstract—A general procedure for the synthesis of p-iodostyrenes is proposed. Aromatic aldehyde and ketone
hydrazones are converted into the corresponding p-iodostyrenes by treatment with CHI5 in the presence of

a catalytic amount of CuCl.

lodoalkenes are important reagents in palladium-
catalyzed cross-coupling reactions [1]. Classica
methods for preparation of iodoakenes from carbonyl
compounds are those based on the Wittig reaction [2]
and reductive coupling of aldehydes and ketones with
iodoform using CrCl, as reducing agent [3, 4]. These
reactions usually lead to formation of iodoalkenes as
mixtures of E and Z isomers. Stereochemicaly pure
(E)- or (2)-iodoalkenes are obtained via multistep
procedures starting from acetylenes and involving
vinylsilanes [5-7] or vinylboronic acids [8] as inter-
mediates. In addition, (E)- or (2)-iodoakenes are
available via oxidative halodecarboxylation of o,p-un-
saturated carboxylic acids [9], elimination of hydrogen
iodide from geminal diiodoalkanes [10], and exchange
reaction of vinyl bromides with iodide ion [11]. The
above procedures are generally laborious, and they
utilize expensive reagents and anhydrous solvents.

We previously discovered a new catalytic olefina-
tion of carbonyl compounds [12, 13]. Hydrazones
derived from aromatic aldehydes and ketones were
found to react with halogenated compounds in the
presence of a copper catalyst, affording substituted
styrenes [12-16]. The corresponding adehyde or
ketone azines were formed as by-products. On the
basis of the discovered reaction, we have developed
radically new methods for olefination of carbonyl
compounds with the use of CCl, [12-14], CHBrg
[14, 15], CBr, [14, 16], and aso CF;CCl; and
CF,CICFCl, [17] as C; and C, building blocks. The

use of iodoform as C; synthon is expected to extend
the scope of application of the catalytic olefination
reaction. According to the general scheme, the reac-
tion could lead to iodoalkenes [14]. The present
communication reports on the results of our study of
olefination of aromatic adehyde and ketone hydra-
zones with CHI; as C; building block.

The activity of copper catalyst is strongly affected
by the nature of solvent and base which are capable of
forming complexes with copper [12, 13, 17]. There-
fore, in the first step of our study we tried to optimize
conditions for the reaction of iodoform with hydra-
zones la-li. The solvent and base effects were
examined using 4-chlorobenzaldehyde hydrazone (1a)
as an example. The catalyst (CuCl) was taken in
an amount of 10 mol %, and the amount of iodoform
was 1.5 equiv with respect to hydrazone la. The
following solvents were used: DMSO, ethanol, and
acetonitrile, and the bases were agqueous ammonia,
ethylenediamine, triethylamine N,N,N’,N"-tetramethyl-
ethylenediamine, K,CO,, and diazabicycloundecane
(DBU). The greatest yield of the target B-iodostyrene
(Ila) (40%) was obtained in DMSO as solvent with
ammonia as base. Standard olefination conditions
imply a 3-5-fold excess of polyhaloalkane [12-14].
In the case of iodoform, the use of such alarge excess
of the reagent was found to be unreasonable: The
yield of B-iodostyrene did not change on raising the
amount of CHI5 from 1.5 to 5 equiv. However, in the
reaction with equimolar amounts of the reactants, the
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Synthesis of p-iodostyrenes Ila-lli Scheme 1.
Initial | Yield of| E:Z | Yield of |Overal yield N cHI, cucl AN
hydrazone | I, % | ratio® | 11, % | (I1+111), % C=NNH, =0
R R H
la 40 | 42:1 55 95 Ta-li Tla i
Ib 28 3:1 58 86 Ar
lc 21 28:1 69 20 R Ne=C
Id 15 37:1 77 92 N Ng
le 17 2:1 28 45 e
If 23 5.2:1 4 64 D e
lg 26 16:1 65 91
th 24 | 13:1 47 71 I-111, R=H, Ar = 4-CICH, (a); R = H, Ar = 4-MeCgH, (b);
li 16 15:1 40 56 R = H, Ar = 2,6-Cl,C¢H, (C); R = H, Ar = 4-MeOCgH, (d);
R = H, Ar = 4-NO,C¢H, (e); R = H, Ar = 2-BrCgH, (f);
@ According to the *H NMR data R = Me, Ar = 4-NO,C;H, (9); R = Me, Ar = 4-CICH, (h);

yield of iodostyrene |1a was considerably lower. Thus
1.5 equiv was the optimal amount of iodoform under
the given conditions.

We encountered some problems while isolating the
target products: it was difficult to purify iodoalkenes
Ila-I1i from excess iodoform. Therefore, efforts were
made to develop a procedure for purification of iodo-
styrenes. We have found that excess iodoform can be
removed by treatment of the reaction mixture with
hydrazine hydrate. lodoform is thus reduced to
methylene iodide and methyl iodide which are readily
separated by simple digtillation. The formation of
methylene iodide and methyl iodide was proved by
'H NMR spectroscopy. Presumably, this process is
of genera character, so that we plan to examine the
reaction of polyhalogenated alkanes with hydrazine
in the presence of copper catayst.

NyH,-H,0, CuCl

CHI, CH,I, + CHyI + N,

Hydrazones la-li derived from aromatic aldehydes
and ketones were brought into reaction with iodoform
under the optimal conditions found (Scheme 1).

lodoalkenes Il1a-1li are formed in moderate yields
(15-40%). The reaction is stereoselective, and it gives
mainly the corresponding E isomers. In all cases,
aldehyde and ketone azines Illa-llli were isolated
(see table). Our results show that the nature and posi-
tion of substituent in the aromatic ring affects the
yield of the final 2-iodostyrene, as well as the isomer
ratio. The reactions with hydrazones derived from
ketones are characterized by lower stereoselectivity
than the reactions with aldehyde hydrazones. The
presence of an ortho-substituent favors predominant
formation of the corresponding E isomer. The steric

R = Me, Ar = 4-MeCgH, (i).

configuration of iodostyrenes I1g-11i was established
on the basis of chemical shifts of the olefinic protons
and their coupling constants with the methyl group
protons; these data were compared with the corre-
sponding parameters of analogous bromo derivatives
whose structure was determined previously [14].

The obtained results are consistent with the
mechanism proposed by us previously for catalytic
olefination [12, 17] (Scheme 2). In the initial stage,
copper(l) is oxidized to copper(ll) with iodoform.
Copper(l1) reacts with hydrazone |, yielding copper—
carbene complex A through intermediate formation
of the corresponding diazoalkane. Complex A is
analogous to metal—carbene complexes described in
[18-20] and is the key intermediate in the reaction
under study. Its subsequent reaction with CHI; gives
B-iodostyrene 11 and regenerates Cu(ll) which is
recovered to the catalytic cycle. Concurrently, com-
plex A reacts with diazoalkane to form the corre-
sponding aldehyde or ketone azine I11. Analysis of
Scheme 2 allows us to explain relatively low yields
of the target iodoalkenes. Hydrazones are oxidized by
the action of Cu(ll) which is aso capable of oxidizing
iodide ions to molecular iodine [21]:

Cu®t + 3I”

Cul + I,

The yields of akenes Ila-Ili and azines Il1a-I11i
as products of the catalytic reaction are reduced as
aresult of the occurrence of side hydrazone iodination
process [22].

Thus we have developed a new general procedure
for the synthesis of 2-iodostyrenes, which may be
regarded as an aternative to the existing methods.
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Scheme 2.
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Advantages of the new procedure are its simplicity,
accessibility of initial reactants, and mild reaction
conditions.

EXPERIMENTAL

The IR spectra were recorded on a UR-20 spec-
trometer from samples prepared as thin films (liquid
products) or suspensons in mineral oil (crystalline
products). The *H and *C NMR spectra were obtained
on a Varian VXR-400 instrument (400 and 100 MHz,
respectively) using chloroform-d as solvent and tetra-
methylsilane as internal reference. Thin-layer chrom-
atography was performed on Merck 60 F254 plates;
silica gel (63-200 mesh, Merck) was used for column
chromatography. Aromatic aldehyde and ketone
hydrazones 1a-1i were prepared by standard procedure
from the corresponding commercially available alde-
hydes and ketones.

B-lodostyrenes Ila-Ili (general procedure). To
a solution of 5 mmol of freshly prepared hydrazone
la-li in 5 ml of DMSO we added 1.2 ml of concen-
trated agueous ammonia and 50 mg (0.5 mmol) of
freshly purified copper(l) chloride [12]. A solution of
2.95 g (7.5 mmol) of iododform in 5 ml of DMSO
was added dropwise over a period of 10 min, main-
taining the mixture at room temperature. The mixture
was gtirred for 24 h, and 1 ml (20 mmol) of hydrazine
hydrate was added dropwise (on cooling with a water
bath) to remove excess iodoform. The mixture was
dtirred for 30 min at room temperature, treated with
500 ml of 0.1 M hydrochloric acid, and extracted

with methylene chloride (3x50 ml). The combined
extracts were dried over sodium sulfate, the solvent
was evaporated, and the residue was separated by
column chromatography using hexane as eluent. We
failed to separate E and Z isomers of |1 in such away.

1-(2-1odovinyl)-4-chlorobenzene (l1a) [9]. Mix-
ture of E and Z isomers (4.2:1), colorless crystals,
R: 0.6 (hexane). *H NMR spectrum, 8, ppm: E isomer:
6.74d (1H, CHI, J=149Hz), 7.12d (2H, Hyoy I =
8.5 Hz), 7.19d (2H, H, oy J = 85 Hz), 7.27 d (1H,
CH=, J = 149 Hz); Z isomer: 6.51 d (1H, CHI, J =
8.8 Hz), 7.18 d (1H, CH=, J = 8.8 Hz), 7.25 d (2H,
H =85Hz), 7.47d (2H, H,om, J = 8.5 H2).

arom’ J=

1-(2-1odovinyl)-4-methylbenzene (11b) [9]. Mix-
ture of E and Z |somers (3:1), colorless oily sub-
stance, R, 0.65 (hexane). *H NMR spectrum, §, ppm:
E isomer: 2.33 s (3H, CH,), 6.72 d (1H, CHI, J =
149 Hz), 711 d (2H, H,om J = 85 Hz), 7.18 d (2H,
Hyom J = 85 Hz), 7.38 d (1H, CHI, J = 14.9 H2z);
Z isomer: 2.34 s (3H, CHy), 648 d (1H, CHI, J =
8.8 Hz), 7.18 d (2H, H,,y,, J = 85 H2z), 7.27 d (2H,
H =85Hz), 7.53d (1H, CHI, J = 8.8 Hz).

arom’ J=
1-(2-1odovinyl)-2,6-dichlorobenzene (l1c). Mix-
ture of E and Z isomers (2.8:1), colorless crystals,
Rf 0.6 (hexane). IR spectrum, v, cm™: 1620 (C=C).
'H NMR spectrum, &, ppm: E isomer: 7.05 d (1H,
CHI, J = 15.1 Hz), 7.30 d (2H, H,on J = 7.9 H2),
735t (IH, Hyory J = 7.9 H2), 7.47 d (1H, CHI, J =
15.1 Hz); Z isomer: 6.96 d (1H, CHI, J = 8.5 H2),
7.30d (2H, Hyory 3= 79 Hz), 7.35t (IH, Hy oy I =
7.9 Hz), signals of the other protons are overlapped
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by those of the major isomer. 3C NMR spectrum
(mixture of isomers), 8, ppm: 86.19 (CHI, E isomer),
89.59 (CHI, Z isomer), 127.93, 128.57, 128.83,
129.44, 133.77, 138.25. Found, %: C 32.01; H 1.65.
CgHsCl,l. Calculated, %: C 32.14; H 1.69.

1- (2—Iodoviny|) 4-methoxybenzene (11d) [9]. Mix-
ture of E and Z isomers (37 1), colorless oily sub-
stance, R 0.25 (hexane). *H NMR spectrum, §, ppm:
E isomer: 3.72 s (3H, CH,), 651 d (1H, CHI, J =
149 Hz), 6.70d (2H, H,,m J = 8.2 Hz), 7.11 d (2H,
Hyom J = 8.2 Hz), 7.23 d (1H, CH=, J = 14.9 H2);
Z isomer: 3.70 s (3H, CH,), the other signals are over-
lapped by those of the major isomer.

1-(2-1odovinyl)-4-nitrobenzene (lle). Mixture of
E and Z isomers (2:1), yellow crystals, Rf 0.5
(hexane—CHZCIz, 1:1). IR spectrum, v, cm ™ 1620
(C=C). *H NMR spectrum, &, ppm: E isomer: 712d
(IH, CHI, J = 149 Hz), 7.37 d (2H, Hyom J =
89 Hz), 745 d (1H, CH=, J = 149 Hz), 8.13 d (2H,
Hyom J = 8.9 Hz); Z isomer: 6.86 d (1H, CHI, J =
8.8 Hz), 7.30 d (1H, CH=, J = 8.8 Hz), signals of the
aromatic protons are overlapped by those of the major

isomer. 3C NMR spectrum (mixture of isomers), &,
ppm: 86.42 (CHI), 123.74, 126.94, 142.28, 143.37,
144.50. Found, %: C 34.67; H 2.12. CgHgINO,. Cal-
culated, %: C 34.93; H 2.20.

1-(2-1odovinyl)-2-bromobenzene (I1f). Mixture of
E and Z isomers (5.2:1), colorl%s crystals, R 04
(hexane). IR spectrum, v, cm™t: 1610 (C=C).
NMR spectrum, &, ppm: Elsomer 6.84 d (1H, CHI
J=149 Hz), 713t (1H, Hyory J = 79 HZ), 7.26 t
(IH, Hyom J = 79 Hz), 7.36 d (IH, Hyom J =
79 Hz), 752 d (1H, H oy J = 7.9 H2), 7.74 d (1H,
CH=, J = 149 Hz); Z isomer: 6.72 d (1H, CHI, J =
8.5 Hz), signals of the other protons are overlapped
by those of the major isomer. 3C NMR spectrum
(mixture of isomers), 8., ppm: 79.82 (CHI), 83.62
(CHI), 122.34, 127.01, 127.56, 129.56, 137.54,
143.70. Found, %: C 30.86; H 1.88. CgHgBrl. Cal-
culated, %: C 31.10; H 1.96.

1-(2-1odo-1-methylvinyl)-4-nitrobenzene (11g).
Mixture of E and Z isomers (1.6: 1), yellow oily sub-
stance, Rf 0.6 (hexane—CHZCIz, 1:1). IR spectrum,
v, cmt 1615 (C=C). 'H NMR spectrum, 8, ppm:
E |somer 2.24 d (3H, CH3, J = 1.2 Hz), 6.73 q (1H,
CHI, J = 1.2 Hz), 742 d (2H, Hyomy J = 8.8 H2),
8.10 d (2H, Hyomy J = 8.8 Hz); Z isomer: 2.16 d
(3H, CH3, J=1.5Hz), 6.35 q (1H, CHI, J = 1.5 Hz),
742 d (2H, Hyom J = 8.8 Hz), 8.10 d (2H, Hom
J = 8.8 Hz). ¥3C NMR spectrum (mixture of isomers),
3c, ppm: 26.52 (CHj3), 28.28 (CH3), 72.51 (CHI),
74.04 (CHI), 123.32, 123.75, 126.55, 128.71, 139.75,

SHASTIN et al.

146.88. Found, %: C 37.24; H 2.66. C4HgINO,. Cal-
culated, %: C 37.39; H 2.79.

1-(2-1odo-1-methylvinyl)-4-chlorobenzene (11h).
Mixture of E and Z isomers (1.3:1), colorless oin
substance, R 065 (hexane). IR spectrum, v, cmt
1610 (C=C). 'H NMR spectrum, 8, ppm: E |somer
2.24 d (3H, CH3, J = 1.2 Hz), 652 q (1H, CHI, J =
1.2 Hz), 7.19d (2H, H,om J = 85 Hz), 7.34 d (2H,
Hyom J = 85 Hz); Z isomer: 2.18 d (3H, CH5, J =
15 Hz), 6.28 g (1H, CHI, J = 1.5 Hz), 7.19 d (2H,
Hyom J = 85 Hz), 7.34d (2H, H,op J = 8.5 H2).
13C NMR spectrum (mixture of isomers), &, ppm:
24.23 (CHj), 26.35 (CHy), 75.63 (CHI), 79.76 (CHI),
127.19, 128.53, 133.63, 139.70, 141.12, 145.95,
147.01. Found, %: C 38.56; H 2.75. C4HgClI. Cal-
culated, %: C 38.81; H 2.90.

1-(2-1odo-1-methylvinyl)-4-methylbenzene (11i).
Mixture of E and Z isomers (1.5:1), colorless oin
substance, R 0.7 (hexane). IR spectrum, v, cmt
1610 (C=C). H NMR spectrum, 5, ppm: E isomer:
210 d (3H, CH5, J = 1.3 Hz), 2.26 s (3H, CH;,
arom.), 6.32 q (1H, CHI, J = 1.3 Hz), 7.01-7.15 m
(4H, Hyom); Z isomer: 2.00 d (3H, CH3, J = 1.6 Hz),
2.24 d (3H, CH5, arom.), 6.08 q (1H, CHI, J =
1.6 Hz), 7.01-7.15 m (4H, H,om). °C NMR spec-
trum, 8¢, ppm: 21.25 (3H, CHg, arom.), 21.35 (CHy),
22.86 (CH3), 75.33 (CHI), 78.18 (CHI), 125.83,
129.32, 134.96, 138.34, 139.39, 144.76. Found, %:
C 46.31; H 4.23. CyHy;l. Calculated, %: C 46.54;
H 4.30.
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