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H), 4.7 (s, 1 H), 6.6-7.5 (q, 4 H).

4-Me-MOAAN: mp 89-90.5 °C (1it.% bp 120-122 °C (4 Torr));
'H NMR (CDCl,) ¢ 2.3 (s, 3 H), 2.5-2.6 (m, 4 H), 3.6-3.8 (m, 4
H), 4.73 (s, 1 H), 7.15-7.5 (m, 4 H).

3-Me-MOAAN: mp 59.5-61 °C (1it.7 mp 59-60 °C); 'H NMR
(CDCly) 6 2.3 (8, 3H), 2.5 (m, 4 H), 3.6 (m,4 H), 4.7 (s, 1 H), 7.1-7.3
(m, 4 H).

4-F-MOAAN: mp 64.5-66.0 °C (lit.¥” mp 6063 °C); 'H NMR
(CDCly) 6 2.4-2.7 (m, 4 H), 3.6-3.8 (m, 4 H), 4.75 (s, 1 H), 6.9-7.7
(m, 4 H).

3,4-(methylenedioxy)-MOAAN: mp 117.0-117.5 °C (lit.22 mp
118-120 °C); *H NMR (CDCly) 6 2.4-2.7 (m, 4 H), 3.3-3.5 (m, 4
H), 4.68 (s, 1 H), 5.98 (s, 2 H), 6.7-7.3 (m, 3 H). Anal. Caled for
C;Hy N0y C, 63.40; H, 5.73. Found: C, 63.31; H, 5.61.

MOAAN: mp 67-69 °C (lit.2 mp 68-70 °C); 'H NMR (CDCl,)
6 2.56-2.7 (m, 4 H), 3.65-3.8 (m, 4 H), 4.8 (s, 1 H), 7.4-7.7 (m, 5
H).
3-MeO-MOAAN: mp 44.5-45.5 °C; 'H NMR (CDCly) 6 2.4-2.7
(m, 4 H), 3.4-3.9 (m, 4 H), 3.8 (s, 3 H), 4.7 (s, 1 H), 6.8-7.5 (m,
4 H). Anal. Caled for C;3H;gN,Oy: C, 67.22; H, 6.94. Found:
C, 67.02; H, 6.87.

4-CI-MOAAN: mp 75-76 °C (lit.?’ mp 70-71 °C).

3-CI-MOAAN: mp 71.5-72.5 °C (lit.® mp 72-73 °C).

3-CN-MOAAN: mp 101.0-101.8 °C; 'H NMR (CDCl;) ¢
2.4-2.7 (m, 4 H), 3.6-3.8 (m, 4 H), 4.8 (s, 1 H), 7.3-7.9 (m, 4 H).
Anal. Caled for C;3H3N;0: C, 68.71; H, 5.77. Found: C, 68.19;
H, 5.57.

3,4-C1,-MOAAN: mp 74.3-74.9 °C (lit.? mp 62-64 °C); 'H
NMR (CDCl,) 6 2.4-2.7 (m, 4 H), 3.55-3.75 (m, 4 H), 4.7 (s, 1 H),
7.1-7.6 (m, 3 H). Anal. Caled for C;,H;,N,O: C, 53.16; H, 4.46.
Found: C, 53.52; H, 4.41.

4-CF;-MOAAN: mp 89-90 °C (lit.” mp 89-90 °C); 'H NMR
(CDCl,) 6 2.4-2.7 (m, 4 H), 3.6-3.8 (m, 4 H), 4.75 (s, 1 H), 7.65
(s, 4 H).

4-CN-MOAAN: mp 117-118 °C (lit.?6 mp 128-128.5 °C).
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Alkenylation of several polyhaloarenes proceeded in low to moderate yields. Iodo groups could be reacted
selectively in the presence of bromo groups; however, no more than two alkeny! groups could be introduced on
contiguous, aromatic carbons. Alkynylation was more successful. Even hexa- and pentaalkynylarenes were
obtainable in reasonable yields. Again, iodo groups could be reacted selectively in the presence of ‘bromo groups.
Convenient syntheses of a variety of 1,2,4,5-, 1,3,4,5-, and 1,2,4,6-tetrasubstituted aromatic compounds are possible

by use of these reactions.

Several years ago we reported the palladium-catalyzed
dialkenylation of o- and p-diiodobenzene! and later the
selective monoalkenylation of o- and p-bromoiodo-
benzenes.? In the last examples it was noted that only

(1) Plevyak, J. E.; Heck, R. F. J. Org. Chem. 1978, 43, 2454.
(2) Plevyak, J. E.; Dickerson, J. E.; Heck, R. F. J. Org. Chem. 1979,
44, 4078.
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the iodo group reacted when palladium acetate was the
catalyst while both iodo and bromo groups reacted if a
triarylphosphine was present in addition to the palladium
acetate.? Chloro substituents were unreactive with either
catalyst system.® Little additional work has been reported

(3) Cortese, N.; Heck, R. F. J. Org. Chem. 1977, 42, 3907.
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Pd(OACc),
——m

* CHp=CHCO,CHy + (CaHsleN ———=

Br
CO,CH,4
z
CeHsCH=CH,
Pd(OAc), + PPhy
100 °C
Br

on the alkenylation of dihaloalkenes, and apparently tri-
halogenated and more highly halogenated arenes have not
been studied at all. No doubt one reason for this lack of
study has been the synthetic difficulties in obtaining po-
lyhalogenated compounds, particularly polyiodides. In
1984, Mattern* reported a convenient, new procedure for
the direct polyiodination of some arenes which does not
appear to have been employed to prepare polyiodides for
use in the palladium-catalyzed alkenylation. We thought
these reactions were worth investigating because it seemed
probable that a variety of highly substituted arenes could
be easily prepared by their use.

Several other palladium-catalyzed reactions of aryl
halides probably also could be applied to the polyhalo-
arenes, and substituents other than alkenyl groups likely
could be introduced. One of these reactions in fact has
been reported by Vollhardt,® the hexaalkynylation of
hexabromobenzene. Both (trimethylsilyl)acetylene and
2-methyl-2-butyn-2-ol gave hexaalkynylbenzenes in good
yields.

PdCly(PPhy),

PPh,, Cul
CG(CECSiMe3)5 (2)

CGBrG + HCECSiMe3 + (C2H5)3N

We report herein further examples of the poly-
alkynylation and polyalkenylation which demonstrate the
value of polyhalides in preparing highly substituted aro-
matic compounds.

Results and Discussion

Polyhalides. Several polyiodides were prepared by the
method of Mattern.* The reported products,* hexaiodo-
benzene, 1,2,4,5-tetraiodobenzene, pentaiodotoluene,
2,4,5-triiodotoluene, pentaiodobenzoic acid, 3,4,5-triiodo-
benzoic acid, and 3,4,5-triiodonitrobenzene, were all pre-
pared by the periodic acid-iodine—sulfuric acid iodination
of the parent compounds by the general method described.
It is interesting and of synthetic value that toluene yields
the 2,4,5-triiodo derivative, while with an electron-with-
drawing substituent as in benzoic acid or nitrobenzene, the
3,4,5-triiodo products are formed. We extended the re-
action to the o-, m-, and p-bromotoluenes and to m- and
p-bromonitrobenzenes. With 10 equiv of “I*” the 2,4,5-
trihalides were the only products isolated from the bro-
motoluenes, and only the 3,4,5-trihalides were obtained
from the bromonitrobenzenes. The structures of the
trihalides were based upon 'H NMR spectra. Aryl protons
in the trihalotoluenes (CDCl;) between two iodo groups
appear at 8.2 £ 0.1 ppm, between an iodo and bromo group

(4) Mattern, D. L. J. Org. Chem. 1984, 49, 3051.
(5) Vollhardt, K. P. C. Angew. Chem., Int. Ed. Engl. 1986, 25, 268.
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at 7.9 = 0.1, between iodo and methyl at 7.7 + 0.1, between
bromo and methyl at 7.9 £ 0.1, and in the trihalonitro-
benzenes (CDCly) between nitro and iodo at 8.6 # 0.1 and
between nitro and bromo at 8.4 + 0.1 ppm.

Also prepared was 2,5-dibromo-4-iodotoluene. This
compound was obtained in 48% yield by the dibromination
of p-iodotoluene.

CH, CH,
Br.

+ 2HBr 4)
Br

Fe
+ 2Bry
Bra CCly, A

Alkenylations. Hexaiodobenzene failed to form the
hexaacrylyl derivative with excess methyl acrylate and a
palladium acetate-triphenylphosphine catalyst at 100 °C.
Instead only small amounts of the 1,2,4,5-tetraester (6%),
the 1,2,4-triester (4%), and the 1,4-diester (2%) were
found. The major product was polymeric red oil. Likewise,
pentaiodonitrobenzene did not give the pentaalkenyl de-
rivative in reactions with styrene or p-methylstyrene. In
this case no reaction at all occurred at 100 °C. We also
reacted pentaiodotoluene with methyl acrylate at 100 °C,
but again only products arising from partially reduced
polyhalide were found in low yields. Therefore, it appears
that hexasubstituted aryl iodides will not undergo simple
alkenylation under the usual conditions but rather either
do not react at all or undergo partial reduction of the iodo
groups and give low yields of alkenylation products of the
reduced iodides.

Several tetrasubstituted aryl iodides did undergo the
normal alkenylation with methyl acrylate. 1,2,4,5-Tetra-
iodobenzene, in the reaction, gave 1,2,4,5-tetrakis[(meth-
oxycarbonyl)ethenyl]benzene but only in 16% yield along
with 9% of the 1,2,4-triester and 5% of the 1,4-diester.

|

Pd{OAc),
* 4CH;=CHCO,CH; + (CoHslaN  —pp
1 100 °C
CO,CH;, CO,CH,
4 =
COCHs - 0LH
+ +
CH,0,C # 7
O,CH, O,CH,
0,CH;
=z

+ (CoHs)eNH'T™ (5)

x>
0,CH,

The structure of the diester was established by com-
parison of the product with those obtained from 1,2- and
1,4-diiodobenzenes. These and other results are summa-
rized in Table 1.
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2,4,5-Triiodotoluene and methyl acrylate yield 52% of
the expected triester along with only 2% of a diester.
3,4,5-Triiodonitrobenzene, however, did not give any of the
possible esters but only 50% recovered triiodide and
polymeric material. Styrene behaved similarly with the
tri- and pentaiodonitrobenzene.

The bromodiodotoluenes can be selectively reaced at the
iodo groups as we reported previously with dihalo-
benzenes.2 Thus, 5-bromo-2,4-diiodotoluene, prepared by
the diiodination of m-bromotoluene, and methyl acrylate
with palladium acetate as catalyst gave 46% of the 1,3-
diester.

CH,
I
Pd(OAc),
+ 2CH;=CHCOCH; + (CHIN gz
Br 100 °C
I
CH,0,C
82 CH,
+ 2(CHg)NH'T™ ()
Br
A
CO,CH,

The isomeric 2-bromo-4,5-diiodotoluene reacted with
styrene, but one iodo group was lost in the reaction and
only a mixture of 3-bromo-4-methyl- and 4-bromo-3-
methylstilbenes was obtained (total yield 20%).

2,5-Dibromo-4-iodotoluene also reacted selectively at the
iodo position with methyl acrylate (81%). The remaining
bromo groups were still reactive and were both replaced
in the palladium acetate-triphenylphosphine catalyzed
reaction with styrene in 46% yield.

Ha
Br Pd(OAC),
+ CHp==CHCO,CH; + (C2Hs)sN oroN
Br 100°C
CH,
Br
+ (CoHg)gNH'T™ (7)
Br
N
CO,CH,
H3
Br PA(OAC),-PPhs
+ 2PhCH=CH, + (CoHs)sN —————
100°C
Br
NS
CO,CH;,

+ 2(CoHs)sNH Br (8)
Ph

0,CH,

The bromodiiodide also reacted with 3-buten-2-ol to
form the 4-(3-oxobutyl) derivative (71%).

Alkenylation of the 3,4,5-trihalonitrobenzenes is more
difficult. The triiodide with methyl acrylate or styrene
gave only recovered triiodide and intractable red, viscous
oils under our usual reaction conditions. 3,5-Diiodo-4-
bromonitrobenzene did, however, yield the 3,5-di-
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H;
Br.
+ F Pd{0Ac):
Br H  CHsCN
CHs
Br, .
+ (CoHs)aNH T (8)
Br
o)
NO,
" Pd(OAc),
+ 2CH,==CHCO,CH; + (CoHs)aN ———
I 1 100 °C
Br
NO,
.
+ 2(CHs),NHIT (10)
a P (C2Hs)a
CHy0,C CO,CHy

r

alkenylated product with methyl acrylate in 34% yield.

An attempt to replace all three halogens with acrylate
groups with a palladium acetate—triphenylphosphine
catalyst, however, was unsuccessful. Only the same bromo
diester could be isolated from the reaction mixture in 16%
yield.

3-Bromo-4,5-diiodonitrobenzene only formed a bisacrylyl
derivative with methyl acrylate with loss of the 4-iodo
group with a palladium acetate catalyst and that only
occurred in 10% yield. No other significant pure product
could be separated from the reaction mixture.

NO,

Pd(OA
+ 2PRC=CHCO,CH, + (CoHs)iN —aod2 o
Br I 100 °C

NO,

+ -
+ 2(C,Hs)aNH 11
/\/@ (CoHs)aNH T (11)
CH;0,C CO,CHy

It may be concluded that three adjacent alkene sub-
stituents cannot be introduced into an aromatic ring by
the palladium-catalyzed alkenylation reaction, at least
under the conditions we employed. It appears that in the
case of the 1,2,3-trihalides with two adjacent iodo groups
that reduction of the central group is more facile than
alkenylation. Competing reduction of iodo substituents
in the hexaiodobenzene reaction also occurs so that no
1,2,3-trialkenyl derivatives are formed. The 4- or 5-iodo
group was even lost from 2,4,5-triodotoluene when it was
reacted with the less reactive alkene, styrene as compared
with the methyl acrylate reaction, where all three iodo
groups were replaced by the alkenyl groups.

Alkynylations. The report of Vollhardt? that hexa-
bromobenzene could be hexaethynylated with (tri-
methylsilyl)acetylene employing a bis(triphenyl-
phosphin)dichloropalladium—-cuprous iodide catalyst sug-
gested that alkynylation might occur more successfully
than alkenylation did with our polyhalides. On the neg-
ative side, however, Vollhardt reported that hexaiodo-
benzene did not give significant yields of hexaethnylated
products in the two cases he tried.’

Hexaiodobenzene was found to undergo hexa-
alkynylation with phenylacetylene in 53% yield in 14 h
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Table I. Palladium-Catalyzed Reactions of Polyhaloarenes

haloarene reactant conditions product (% yield)

1.Cs CH,0,CCH—=CH, 100 °C, 48 h 1,2,4,5-(CH;0,CCH—CH),C;H, (6)
1,2,4-(CH30,CCH=CH);C¢H; (4)
1,4-(CH30,CCH=CH),C¢H, (2)

1,Ce CeH,C=CH 50 °C, 14 h 1,2,3,4,5,6-(CeH;C=C)eCe (53)

1.2,4,5-1,CeH, CH,0,CCH=CH, 100 °C, 48 h 1,2.4,5-(CH;0,CCH=CH),C;H, (16)
1,2,4-(CH30200H=CH)3C6H3 (9)
1.4-(CH,0,CCH=CH),CH, (5)

1,2,4,5-1,CeH, CeH,C=CH 25°C, 12 h 1.2,4,5-(CeH,C=C),CeH, (63)

1,4-1,C¢H, CH;0,CCH=CH, 100 °C, 48 h 1,4-(CH;0,CCH=CH),C¢H, (32)

12-1,CeH, CH,0,CCH=CH, 100 °C, 48 h 1.2-(CH;0,CCH=CH),C¢H, (69)

HO-2,4.6-1,CsH, CeH,C=CH 50 °C, 12 h HO-2,4,6-(CeH,C=C);CeH, (62)

CH,LC, C.H,C=CH 50°C. 12 h CH;-2,3,4,5,6-(CaH,C=0),C, (51)

CHy-2,4,5-1,CeH, CH,0,CCH=CH, 100 °C, 12 h CH,-2,4.5-(CH,0,CCH=CH);C4H, (52)
CH3(CH302(}CH=CH)QCGH3 (2)

CH;-2,4,5-1;CcH, CeH;C=CH 25°C,3h CH,-2,4,5-(CgH;C==C),C¢H, (87)

CH,-2-Br-4,5-1,CeH, CH,CH—CH, 100 °C, 18 h 3-Br-4-CH,CoH,CH=CHCyH,) 01
4-Br-3-CH306H30H=CHCGH5}

CH3-5'BY'2,4'1206H2 CH3OQCCH=CH2 100 GC, 19 h 1,3-(CH30200H=CH)2-4-Br-6-CH3CSH2 (46)

CHy-4-Br-2.5-1,C.H, CeH:C=CH 25°C, 2 h 14-(CgH;C=C),-5-Br-2-CH,C¢H, (84)

CH3‘2,5‘B1'2'4'IC6H2 CH3OQCCH=CH2 100 OC, 16.5h (CHaOZCCH=CH)‘2,5'BT2'4'CH306H2 (81)

CH,-2,5-Br,-4-I1C.H, CH,—CHCH(OH)CH, 100 °C, 18 h (CH,;COCH,CH,)-2,5-Br,-4-CH,C,H, (71)

(CH30,CCH=CH)-2,5- C¢H;CH=CH, 100 °C, 22 h (CH30,CCH==CH)-2,5-(CqH;CH=CH),-

Br,-4-CH,CqH, 4-CH,CH, (46)

HO0,C-2,3,4,5,6-1;C; C¢H;C=CH 50 °C, 12 h HO,C-2,3,4,5,6-(CgH;C=C),C (32)

HO,C-3,4,5-1,C¢H, C:H;C=CH 50 °C, 12 h HO,C-3,4,5-(C4HsC=C),CcH, (53)

NO,-3,4.5-1,CeH, CH,C=CH 50 °C. 12 h 1,2,3-(CoHsC=C);-5-NO,CoH, (50)

NO,-3.4.5-1,CeH, (CH,),SiC=CH 50 °C. 12 h 1.2.3-((CH,)4SiC=C)4-5-NO,CeH, (3)

NO,-4-Br-3,5-1,CsH, CH,0,CCH=CH, 100 °C, 6 h 1.3-(CH;0,CCH=CH),-2-Br-5-NO,C,H, (34)

NO,-4-Br-3,5-L,C.H, CH,C=CH 95 °C. 3 h 1,3-(CgH;C=C),-2-Br-5-NO,C,H, (59)

NO,-4-Br-3,5-1,C¢H, HOC(CH,),C=CH 25°C,45h 1,3-(HOC(CH,),C==C),-2-Br-5-NO,C¢H, (71)

NO,-4-Br-3,5-(CH;0y- HOC(CH,),C=CH 25 °C. 45 h 1.3-(CH;0,CCH—=CH),-2-(HOC(CHj),C=C)-

CCH=CH)QCGH2 5'N02C6H2 (21)
NO,-3-Br-4,5-1,CsH, CH;C=CH 95-50°C,20h  1,2-(CeH,C=C),-3-Br-5-NO,CsH, (30)

4Ca. 1:1 mixture.

at 50 °C. Reduction products or other side products could
not be isolated from the remaining viscous liquid product.

Pd(PPhy),Cl,
Colg + 6PhC=CH + 6(C;Hy);N ——

Co(C=CPh), + 6(C,H,),NH*I" (12)

1,2,4,5-Tetraiodobenzene gave the corresponding teta-
phenylethynyl derivative in 63% yield at 25 °C in 12 h.
Pentaiodotoluene and pentaiodobenzoic acid similarly
produced the pentaphenylethynyl derivatives in 51% and
32% yields, respectively, at 50 °C.

The triiodo compounds, 2,4,6-triiodophenol (62% yield),
2,4,5-triiodotoluene (87%), 3,4,5-triiodobenzoic acid (53%),
and 3,4,5-triiodonitrobenzene (50% ) all gave tris(phenyl-
ethynyl) derivatives in resonable yields at 25-50 °C.
(Trimethylsilyl)acetylene reacted very poorly with the
3,4,5-triiodonitrobenzene (3% vield of tris alkynyl product)
in agreement with Vollhardt’s similar findings.?

Mixed bromoiodoaromatics were found to phenyl-
ethynylate more rapidly at the iodo positions, and some
selective reactions were easily achieved. For example,
4-bromo-2,5-diiodotoluene in 4 h at 25 °C yielded 83% of
the 1,4-diphenylethynyl derivative.

CHj

1

PA(PPh)2Cla
+ 2PhC==CH + 2(CzHs)3N T
I

CH,
==CPh

+ o
+ 2(CHg)NHT™ (13)
PhC=C (Cafsa

r

Likewise, 4-bromo-3,5-diiodonitrobenzene reacted with
phenylacetylene and 2-methyl-3-butyn-2-ol to form the

bromodialkynyl derivatives in 59% and 71% yield, re-
spectively. 4-Bromo-3,5-bis[(methoxycarbonyl)ethenyl]-
nitrobenzene, prepared by reaction of 4-bromo-3,5-di-
iodonitrobenzene with 2 equiv of methyl acrylate (see
scheme), couples wih 2-methyl-3-butyn-2-ol at 25 °C to
produce the alkynyl diester in 21% yield.

NO,
CH,

+ HC=C—C—OH +
H,

X =

CH;0,C CO,CH,

NO,

© H ) N Pd(PPh3)2Cla .
271543 o
CL2BC o0, P CO,CH,
lél

CHg—é—CHg
H
(CoHs)aNH Br™ (14)

3-Bromo-4,5-diiodonitrobenzene reacted at 50 °C with
phenylacetylene to form 3-bromo-1,2-bisphenylethynyl-5-
nitrobenzene in 30% yield.

Attempts to selectively react 2-bromo-3,4,5,6-tetraiodo-
and 3-bromo-2,4,5,6-tetraiodonitrobenzenes with phenyl-
acetylene were unsuccessful. Mixtures of several products
including partially dehalogenated compounds were formed,
and pure products could not be isolated in either case.

Conclusions

Several polyiodoaromatic compounds with hydrogen,
methyl, hydroxyl, carboxyl, or nitro substituents have been
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found to undergo palladium-catalyzed alkenylation and
alkynylation. Alkenylation, however, is only successful in
cases where no more than two iodo groups are in adjacent
positions. Alkynylation proceeds with all polyiodides tried
in resonable yields to give the corresponding polyethynyl
products.

Several polybromoiodides with methyl and nitro sub-
stituents were also alkenylated and alkynylated. Again,
cis-alkenylation proceeded only when no more than two
halogen groups were adjacent. Selective reactions of the
iodo groups proved possible in the presence of bromo
substituents when these conditions were met. Alkynylation
occurred more readily and selectively with trihalo deriv-
atives but not with pentahaloarenes. These reactions are
useful for preparing a variety of 1,2,4,5-, 1,3,4,5-, and
presumably 1,2,4,6-tetrasubtituted aromatics and some
penta- and hexasubstituted derivatives as well.

Experimental Section

5-Bromo-2,4-diiodotoluene. A mixture of 1.59 g (6.97 mmol)
of periodic acid and 5.20 g (20.5 mmol) of powdered iodine was
added to 25 mL of concentrated sulfuric acid. The mixture was
stirred at room temperature for 30 min and then cooled in an ice
bath. m-Bromotoluene, 4.28 g (25 mmol), was then added, and
stirring was continued overnight. The ice bath was allowed to
melt and come to room temperature during this time. The red-
brown reaction mixture was poured onto crushed ice, and the
product was removed form the mixture by filtration. The crude
product was washed well with water and recrystallized from
ethanol twice to give 2.07 g (20%) of colorless needles, mp 87-89
°C. The 'H NMR spectral data is given in Table IL
4-Bromo-2,5-diiodotoluene. A mixture of 1.59 g (6.97 mmol)
periodic acid and 5.20 g (20.5 mmol) of powdered iodine was stirred
with 25 mL of concentrated sulfuric acid for 30 min. The black
solution then was cooled to 0 °C, 4.28 g (25 mmol) of melted
p-bromotoluene was added, and the mixture was stirred and
allowed to warm up to room temperature. After being stirred
overnight the semisolid mixture was poured onto ice, and the
red-brown solid was separated by filtration and washed thoroughly
with water. After air drying, the crude product was distilled under
reduced pressure. The fraction bp 150-160 °C (0.6 mm) quickly
solidified, and it was recrystallized from ethanol to yield 3.37
(32%) of long needles, mp 97-98 °C. A second crop of 0.72 g (7%),
mp 95-97 °C, was obtained by concentrating the mother liquors.
Physical properties are given in Table II.
6-Bromo-2,3,4,5-tetraiodotoluene. A solution of 2.25 g (9.87
mmol) of periodic acid and 5.55 g (21.87 mmol) of powdered iodine
in 25 mL of concentrated sulfuric acid was stirred at room tem-
perature for 30 min and then cooled to 0 °C when 1.35 mL (10.89
mmol) of o-bromotoluene was added. The mixture was stirred
overnight, allowing the ice bath to come to room temperature.
The reaction mixture was poured onto crushed ice, and the solid
formed was separated by filtration. After a thorough washing
with water the product was recrystallized twice from DMSO.
There was obtained 2.71 g (37%) of yellow needles, mp >300 °C.
The 'H NMR spectrum in DMSO showed a single peak at 2.17
ppm. Mol wt (HRMS): found 673.56, calcd 673.56.
5-Bromo-2,3,4,6-tetraiodotoluene. This compound was
prepared exactly as the 6-bromo-2,3,4,5-tetraiodotoluene above,
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employing m-bromotoluene in place of o-bromotoluene. Re-
crystallization from DMSO gave yellow needles, mp >290 °C 'H
NMR (DMSO0): § 2.20 (singlet). Mol wt (HRMS): found 673.56,
caled 673.56.

2,5-Dibromo-4-iodotoluene. To a solution of 35.0 g (0.22
mmol) of bromine in 50 mL of carbon tetrachloride was added
a few milligrams of ferric chloride followed by 21.8 g (0.10 mol)
of p-iodotoluene. The solution was heated to reflux on a steam
bath under a condenser with a drying tube attached. After heating
overnight the reaction mixture was distilled under vacuum. The
product, bp 120-130 °C (0.4 mm), solidified as it was being
distilled. Two recrystallizations of the distillate from hexane
yielded 18.0 g (48%) of dibromide, mp 96-97.5 °C. The 'H NMR
spectral data of the product appears in Table II.

4-Bromo-3,5-diiodonitrobenzene. A mixture of 1.59 g (6.97
mmol) of periodic acid and 5.20 g (20.5 mmol) of powdered iodine
was stirred with 25 mL of concentrated sulfuric acid for 30 min,
and 4.04 g (20 mmol) of powdered p-bromonitrobenzene was
added. The mixture was then warmed with stirring to 75-80 °C
and kept at this temperature overnight. After cooling, the mixture
was poured onto ice, and the product was removed by filtration.
After washing well with water the product was recrystallized twice
from ethanol. There was obtained 3.95 g (44%) of yellow-brown
needles, mp 129.5-130.5 °C. The 'H NMR spectral data is given
in Table II.

3-Bromo-4,5-diiodonitrobenzene. m-Bromonitrobenzene
was diiodinated as in the preceding example. The crude material
did not solidify, so it was extracted from the ice water solution
with methylene chloride. The extracts were washed with ice water
and aqueous sodium bisulfite and then concentrated to a yellow,
viscous oil. The product was dissolved in 100 mL of hot methanol,
and on cooling yellow crystals were obtained. A second recrys-
tallization from methanol gave only an 8% yield of pale yellow
needles of the product, mp 140-142 °C. The 'H NMR spectral
data appears in Table II.

General Procedure for Alkenylation of Polyhalides. In
a 15-mL thick-walled Pyrex tube is placed 0.1 mmol of Pd(OAc),,
0.2 mmol of triphenylphosphine, 2 mmol of a monoiodide (1 mmol
of a diiodide, etc., in proportion to the number of iodo groups
to be reacted), 2.2-5.0 mmol of the alkene, and 8 mL of tri-
ethylamine. The tube is capped and shaken until the mixture
is homogeneous (warm if necessary). The solution is then heated
at 100 °C for the times indicated in Table I. After cooling the
reactions mixtures are stirred with ice and hydrochloric acid, and
the products are extracted with methylene chloride. After drying
over MgSO, the solvent is removed under reduced pressure, and
the residue is recrystallized or chromtographed on silica. The
products prepared by this procedure are listed in Table .

General Procedure for the Alkynylation of Polyhalides.
A mizxture of 0.02 mmol of Pd(PPhy),Cl,, 1.0 mmol of a mono-
halide (0.5 mmol of a dihalide, etc., in proportion to the number
of halo groups to be reacted), 1.1-2.3 mmol of the alkyne, ~50
mg of cuprous iodide, and 6-8 mL of triethylamine is stirred under
the conditions given in Table 1. If the halide is insoluble in
triethylamine, 2-5 mL of the amine may be replaced by DMSO.
The products are generally isolated as described above for the
alkenylations. (See following example).

Hexakis(phenylethynyl)benzene. A mixture of 2.46 g (24
mmol) phenylacetylene, 0.088 g (0.12 mmol) of (PPhy),PdCl,, ~50
myg of cuprous iodide, 10 mL of triethylamine, and 2 mL of DMSO
was stirred magnetically in an Erylenmeyer flask overnight at 50
°C. The yellow solid which precipitated was separated by filtration
and purified by two recrystallizations from methylene chloride-
ethanol. There was isolated 0.72 g (63%) of yellow needles of
the product. Properties are given in Table II.

Methyl (E)-4-Methyl-2,5-dibromocinnamate. A mixture
of 3.75 g (10 mmol) of 2,5-dibromo-4-iodotoluene, 0.046 g (0.2
mmol) of palladium acetate, 1.03 g (12 mmol) of methyl acrylate,
and 20 mL of triethylamine was prepared in a thick-walled Pyrex
tube, and the tube was capped. The mixture was shaken and
warmed until it was homogeneous and then heated at 100 °C
overnight. After cooling, the solution solidified. Cold dilute
hydrochloric acid was mixed with the solid, and the product was
separated by filtration. The solid was water washed and re-
crystallized twice from methanol with hot filtration through Celite
to remove finely divided palladium metal. There was obtained
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Table II. Properties of Compounds Prepared

Tao et al.

mol wt or anal.

compound mp, °C 'H NMR (CDCl,) (caled value)
1,2,4,5-(CH,0,CCH=CH),C.H, 224-225 7.96 (d, J = 15.8 Hz, 4 H), 7.75 (s, 2 H), 6.42 (d, J = 15.8, 4 H), 414.70 (414.71)
3.84 (s, 12 H)
1,2,4-(CH40,CCH=CH)4C¢H, 129-130 802(d,J=159,1H),799 (d,J =159, 1 H), 7.67 (4, J = 16.1, 330.39 (330.38)
1H),764 (d, J =8.0,1H),7.59 (s, 1 H), 7.55 d, J = 8.0, 1 H),
6.50 (d, J = 16.1,1 H), 6.40 (d, J = 15.8, 1 H), 6.38 (d, J = 15.8,
1 H), 3.84 (s, 3 H), 3.83 (s, 3 H), 3.82 (s, 3 H)
1,4-CH;0,CCH=CH),C¢H, 120-121 7.68 (d, J = 16.0, 2 H), 7.55 (s, 4 H), 6.46 (d, J = 16.0, 2 H), 246.11 (246.11)
3.82 (s, 6 H)
1,2,3,4,5,6-(CHsC=C),Cs 169-170 7.34-7.67 (m, 30 H) C, 95.52; H, 4.48
(C, 95.54; H, 4.46)
1,2,4,5-(C{HzC=C),C¢H, 193-194 7.718 (s, 2 H), 7.60-7.34 (m, 20 H) 478.72 (478.72)
1,2-(CH30,CCH=CH),C¢H, 6566 8.04 (d, J = 15.8, 2 H), 7.58 (dd, J = 5.6, 3.4, 2 H), 7.40 (dd, 246.11 (246.11)
J = 5.8, 3.4, 2 H), 6.36 (d, J = 15.7, 2 H), 3.83 (s, 6 H)
HO-2,4,6-(C;H;C=C)4,C¢H, 141-142 7.93-7.89 (m, 2 H), 7.73~7.34 (m, 15 H), 7.01 (s, 1 H) 394.14 (394.14)
CHj;-2,3,4,5,6-(C¢HC==C);C, 193-194 7.43-1.35 (m, 30 H), 2.40 (s, 3 H) C, 95.22; H, 4.76
(C, 95.23; H, 4.71)
CHj,-2,4,5-(CH30,CCH=CH);C¢H, 140-142 7.96 (d, J = 15.8,1 H), 7.95 (d, J = 16.0, 1 H), 7.91 (d, J = 16.0, 344.13 (344.13)
1 H),7.72 (s, 1 H), 7.42 (s, 1 H), 6.43 (d, J = 15.9, 1 H), 6.38 (d,
J =16.0,1H), 6.36 (d,J = 15.9, 1 H), 3.83 (s, 9 H), 2.46 (s, 3 H)
CH,(CH ;0,CCH=CH),C¢H; 124-125 794 (d,J = 15.8,1 H),7.64 (d, J = 16.0, 1 H), 7.57 (d, J = 8.0, 260.12 (260.12)
1H),7.37(d,J =8.2,1H), 7.85 (s, 1 H), 6.46 (d, J = 15.6,
1 H), 6.40 (d, J = 15.5, 1 H), 3.82 (s, 6 H), 2.46 (s, 3 H)
CH;-2,4,5-(C¢H;C=C),C¢H, 152-153 7.71 (s, 1 H), 7.51-1.59 (m, 6 H), 7.43 (s, 1 H), 7.43 (s, 1 H), 392.16 (392.16)
7.31-7.37 (m, 9 H), 2.51 (s, 3 H)
HO,C-2,3,4,5,6-(C¢H;C=C);Cs 193-194 7.89-7.26 (m, 30 H), 2.72 (bs, 1 H) C, 90.63; H, 4.16
(C, 90.64; H, 4.18)
HO,C-3,4,5-(CeHsC=C)4CeH, 240 dec 8.09° (s, 2 H), 7.66-7.42 (m, 15 H), 3.16 (s, 1 H) 422.13 (422.13)
1,2,3-(CeHsC=C);-5-NO,CeH, 164-165 8.30 (s, 2 H), 7.58-7.64 (m, 5 H), 7.42-7.34 (m, 10 H) 423.13 (423.13)
1,2,3-[(CH,4)3SiC=C]3-5-NO,C¢H, 180-181 8.21 (s, 2 H), 0.32 (s, 9 H), 0.29 (s, 18 H) C, 59.36; H, 3.31
(C, 59.37; H, 3.32)
CH,-2-Br-4,5-1,C¢H, 104-105 7.92 (s, 1 H), 7.67 (s, 1 H), 2.28 (s, 3 H) 421.77 (421.77)
CH;-5-Br-2,4-1,CH, 87-89 8.20 (s, 1 H), 7.44 (s, 1 H), 2.35 (s, 3 H) 421.77 (421.77)
CH,-4-Br-2,5-1,CH, 97-98 7.98 (s, 1 H), 7.68 (s, 1 H), 2.30 (s, 3 H) 421.77 (421.77)
CH,-2,5-Bry-4-IC¢H, 96.0-97.5  7.96 (s, 1 H), 7.47 (s, 1 H), 2.30 (s, 3 H) 373.78 (373.78)
(CH;0,CH=CH)-2,5-Br,-4CH,C.H, 132.5-1340 1791(d,J=17,1H),7.74 (s,1 H), 748 (s, 1 H),6.35(d, J = 331.90 (331.90)
17,1 H), 3.82 (s, 3 H), 2.38 (s, 3 H)
NO,-4-Br-3,5-1,C¢H, 129.5-130.5 8.66 (s, 2 H) 452.74 (452.74)
NO,-3-Br-4,5-1,CeH 140-142 859 (d, J = 2.5, 1 H), 8.42 (d, J = 2.5, 1 H) 452.74 (452.74)
1,4-(C¢H;C=C),-5-Br-2-CH,C¢H, 133.5-134.5 17.73 (s, 1 H), 7.60-7.50 (m, 4 H), 7.41 (s, 1 H), 7.38-7.34 370.04 (370.04)
(m, 6 H), 2.45 (s, 3 H)
(CH;0,CCH=CH)-2,5- 148-149 8.15 (d, J = 18, 1 H), 7.80 (s, 1 H), 7.58-7.25 (m, 15 H), 7.08 380.18 (380.18)
(C¢HzCH=CH),-4-CH,C;H, (d,J =12,1H),7.08 (d,J = 12,1 H),7.00 (d, J = 11,
1 H), 648 (d, J = 18,1 H), 3.83 (s, 3 H), 2.47 (5, 3 H)
(CH3COCH,CH,)-2,5-Br,-4-CH,C:H, 50-52 741 (s,1H), 740 (5,1 H), 292 (t, J=T7,2H), 274 (t, J = 1, 320.% (320.)
2 H), 2.34 (s, 3 H), 2.16 (s, 3 H)
1,3-(CH;0CCH=CH),-2-Br-5-NO,C¢H, 250 dec 8.61 (s, 2 H), 7.96 (d, J = 16, 2 H), 6.90 (d, J = 16, 2 H), 3.78 368.98 (368.98)
(s, 6 H)
1,3-(CgHzC=C-),-2-Br-5-NO,C¢H, 159-160 8.29 (s, 2 H), 7.67-7.57 (m, 4 H), 7.46-7.36 (m, 6 H) 401.01 (401.01)
1,3-(HOC(CH;,),C=C),-2-Br-5-NO,C;H, 164-165 8.16 (s, 2 H), 2.29 (s, 2 H), 1.66 (s, 12 H) C, 52.36; H, 4.35
(C, 52.47; H, 4.40)
1,3-(CH30,CCH=CH),-2- 210-214 dec 8.42 (s, 2 H), 8.17 (d, J = 18, 2 H), 6.65 (d, J = 18, 2 H), 3.87 C, 60.38; H, 5.18
(HOC(CHj,),C==()-5-NO,C¢H, (s, 6 H), 2.75 (5, 1 H), 1.73 (s, 6 H) (C, 61.12; H, 5.13)
1,2-(CgHzC=C),-3-Br-5-NO,C.H, 128-129 842 (d,J = 2.5,1H),833(d,J =25,1H), 7.63 (m, 4 H),

7.40 (m, 6 H)

In DMSO-d; solution. ?Parent ion was too weak for precise mass measurement.

2.70 g (81%) of off-white crystals, mp 132.5-134 °C. The 'H NMR
spectral data is given in Table II.

Methyl (E)-4-Methyl-2,5-bis(phenylethenyl)cinnamate.
A mixture of 0.5 g (1.5 mmol) of methyl (E)-4-methyl-2,5-di-
bromocinnamate, 0.023 g (0.1 mmol) of palladium acetate, 0.060
g (0.2 mmol) of tri-o-tolylphosphine, 0.53 g (5.1 mmol) of styrene,
and 4 mL of triethylamine was prepared in a thick-walled Pyrex
tube. After capping, the tube was warmed and shaken until it
was homogeneous, and then it was heated at 100 °C overnight.
The reaction mixture was cooled and diluted with cold dilute
hydrochloric acid. The solid formed was removed by filtration,
water-washed, and air-dried. The crude product was then re-
crystallized from methylene chloride-methanol. Yellow-orange
crystals, 0.26 g (46%), were obtained. Properties are listed in
Table 1L

4-(2,5-Dibromo-4-methylphenyl)-2-butanone. A mixture
of 0.02 g (0.10 mmol) of palladium acetate, 1.88 g (5 mmol) of
2,5-dibromo-4-iodotoluene, 0.43 g (6 mmol) of 3-buten-2-ol, 2 mL
of triethylamine, and 8 mL of acetonitrile was prepared in a
thick-walled Pyrex tube, and the tube was capped. The tube was
warmed and shaken until the solution was homogeneous, and then

it was heated at 100 °C overnight. The cooled reaction mixture
was diluted with cold, dilute hydrochloric acid, and the product
was extracted with ether. The extracts were washed with water
and aqueous sodium bicarbonate. The solution was dried (Mg-
S0,), concentrated, and distilled under reduced pressure. The
fraction bp 110-160 °C (1.5 mm) solidified on standing (1.29 g,
71%). Recrystallization from pentane gave 0.59 g (37%) of
product, mp 42-46 °C, which was quite pure by 'H NMR analysis.
Another recrystallization from pentane gave 0.36 g (22%) of
product, mp 50-52 °C. The spectral data is given in Table II.

2-Bromo-1,3-bis(3-hydroxy-3-methyl-1-butynyl)-5-nitro-
benzene. A mixture of 0.042 g of (PPh;),PdCl, (0.06 mmol), 1.36
g (3 mmol) of 4-bromo-3,5-diiodonitrobenzene, 0.53 g (6.3 mmol)
of 2-methyl-3-butyn-2-ol, and 12 mL of triethylamine was stirred
magnetically, and ~50 mg of cuprous iodide was added. Stirring
at room temperature was continued for 4.5 h. The solution then
was diluted with ice and cold, dilute hydrochloric acid, and the
precipitated product was removed by filtration. The solid was
washed well with water and air-dried. The crude product was
purified by chromatography on silica gel. A final recrystallization
from chloroform-hexane gave 0.78 g (71%) of off-white crystals,
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mp 164-165 °C. The 'H NMR spectral data is given in Table
IL
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Registry No. m-BrC;H,CHj,, 591-17-3; p-BrC;H,CHj,, 106-38-7;
O'BTCGH4CH3, 95'46'5; p-Bl'CsH,;NOz, 586'78'7; m'BrCGH4N02,
585-79-5; p-IC4H,CH,, 624-31-7; Me-5-Br-2,4-L,C;H,, 123568-17-2;
Me-4-Br-2,5-,C¢H,, 123568-18-3; Me-6-Br-2,3,4,5-1,Cq, 123568-
19-4; Me-5-Br-2,3,4,6-1,C,, 123568-20-7; Me-2,5-Bry-4-ICcH,,
123568-21-8; NO,-4-Br-3,5-1,CHy, 6311-50-8; NO,-3-Br-4,5-L,C.H,,
98137-95-2; 1,Cq, 608-74-2; 1,2,4.5-1,CH,, 636-31-7; 1,4-L,CH,,
624-38-4; 1,2-T,CoH,, 615-42-9; HO-2,4,6-1,C;H,, 609-23-4; CH,LC,
64349-91-3; Me-2,4,5-1,C¢H,, 32704-10-2; Me-2-Br-4,5-1,CsH,,
123568-22-8; HO,C-2,3,4,5.6-L,C, 64385-02-0; HO,C-3,4,5-1,CH,,
9338-20-7; NO,-3,4,5-1,CH,, 53663-23-3; MeQ,CCH=CH,, 96-
33-3; HC=CPh, 536-74-3; CH;=CHPh, 100-42-5; CH,—CHC-
H(OH)CHj, 598-32-3; (CH,)3SiC=CH, 1066-54-2; HOC(CHjy),-
C=CH, 115.19-5; Pd(OAc)y, 3375-31-3; Pd(PPhy),Cly, 13965-03-2;
(E)-2,5'Bl'2'4'CH3'1’(CH302€CH=CH)C6H2, 123568'23‘0; N-

0,-4-Br-3,5-(CH;0,CCH=CH),CeH,, 123568-24-1; 1,2,4,5-
(CH40,CCH=CH),C,H,, 123568-25-2; 1,2,4-(CH,;0,CCH=
CH)aCGHS, 123568'26'3; 1,4'(CH302CCH=CH)2CGH4, 7549'44'2;
1,2,3,4,5,6'(CGH5C'_—_—C)606, 110846-75'8; 1,2,4,5—(CGH5C£)4C6H2,
25634-84-8; 1,2-(CH,0,CCH=CH),C,H,, 61198-30-9; HO-
9,4,6-(CoHsC=C)sCeH,, 123568-27-4; Me-2,3,4,5,6-(CeH,C=C)sC,
123568-28-5; Me-2,4,5-(CH,0,CCH=CH),C¢H,, 123568-29-6;
Me-2,4,5-(CGHscEC)3C6H2, 123568'30'9; 3'BI"4'CH306H3CH=
CHC,H;, 123568-31-0; 4-Br-3-CH,CeH,CH—=CHC,H;, 123568-
32-1; 1,3-(CH,0,CCH=CH),-4-Br-6-CH,CeH,, 123568-33-2;
1,4-(C4H;C=C),-5-Br-2-CH,CgH,, 123568-34-3; (CH,COCH,C-
H2)'2,5'BI‘2'4'CH306H2, 123568-35'4; (CH30zCCH=CH)'2,5'
(CsH;CH=CH),-4-CH,C,H,, 123568-36-5; HO,C-2,3,4,5,6-(Cs-
H,C=C);C,, 123568-37-6; HO,C-3,4,5-(CHsC=C)sCeHs,
123568-38-7; 1,2,3-(C¢H;C=C)3-5-NO,C¢H,, 123568-39-8; 1,2,3-
((CH3)3siCEC)3-5'N02CSH2, 123568-40-1; 1,3‘(CGH5CEC)2'2'
Br-5-NO,CgH,, 123568-41-2; 1,3-(HOC(CHj),C=C),-2-Br-5-
NO,CgH,, 123568-42-3; 1,3-(CH3;0,CCH=CH),-2-(HOC-
(CHa)ZCEC)'5'NOZCsH2, 123568‘43'4; 1,2'(CGH5CEC)2'3'BT'5'
NOngHg, 123568'44‘5; Me(CH302CCH=CH)2C6H3, 123568'47'8;
I5CsN02, 59875'34'2; N02-3,5'(CH302CCH=CH)2C6H3, 20883-
29-8; NO,-2-Br-3,4,5.6-1,C, 123568-45-6; NO,-3-Br-2,4,5,6-1,Cs,
123568-46-7.
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The addition of methoxypyridinecarboxaldehydes to certain lithium dialkylamides gave a-amino alkoxides
in situ that were ring-lithiated with alkyllithium bases. Alkylation and hydrolysis on workup provided ring-
substituted methoxypyridinecarboxaldehydes via a one-pot reaction. The one-pot methylation of isomeric
methoxypyridinecarboxaldehydes was examined. The regioselectivity of the lithiation-methylation was dependent
on the aldehyde, the amine component of the a-amino alkoxide, and the metalation conditions. When lithiated
N,N,N"trimethylethylenediamine was used as the amine component of the a-amino alkoxide, methylation generally
occurred ortho to the aldehyde function. The analogous reactions using lithium N-methylpiperazide as the amine
component gave substitution next to the methoxy group. Several new methylated methoxypyridinecarboxaldehydes
were prepared in a regioselective manner by using this one-pot procedure.

Despite the susceptibility of pyridines to nucleophilic
attack by alkyllithium bases, directed lithiation has re-
cently evolved as a useful method for regioselective sub-
stitution of the pyridine ring.2 A variety of ortho-directing
groups have been utilized to effect regiospecific metalation
into an ortho position of pyridine. Directing groups include
CONR,,? CONHR,? oxazolines,* pivaloylamino,” OCON-
Et,° OR,” OCH,0OR,? halogen,® and SO,NR,.1® Carbon-
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yl-derived directing groups prepared from pyridine-
carboxaldehydes have not been investigated. Due to a
need for substituted methoxypyridinecarboxaldehydes in
our laboratories, we decided to study the lithiation of
methoxypyridines directed by a-amino alkoxides.
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