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a-Methyl Functionalization of Electron-Poor
Heterocycles': Free Radical Chlorination
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We reported recently that a-methyl functionalization of 6,6'-
dimethyl-2,2'-dipyridine gave 6,6"-bis[chloromethyl]-2,2-
dipyridine in high yield (65%) via a free radical reaction
using N-chlorosuccinimide (NCS)?. Our interest in halo-
methylpyridines stems from their diverse potential as pivotal
starting compounds for the incorporation of pyridine as a
sub-unit within polyfunctional ligands® and macrocycles*.
In addition to (di)pyridine, we have found that this same
general procedure is capable of giving high yields of other
substituted chloromethylpyridines through minor modific-
ation of reaction conditions. The utility of this one-step func-
tionalization procedure is of timely value since it circumvents
lengthy, albeit good overall yield, procedures commonly em-
ployed to obtain the same synthetic intermediates® ~ 2.

There are few literature examples which have dealt specific-
ally with the free radical a-halogenation of side chain substi-
tuents in heterocyclic systems using NCS, as the chlorine
source. In a report!* on the NCS chlorination of 2-methyl-,
2,5-dimethyl-, and 2,6-dimethyl-pyrazine, most of the inter-
mediate chloro-compounds were not isolated due to their
instability. Later, investigations of these dialkylpyrazines in-
dicated that it is also possible to prepare 2.3-bis[chloro-
methyl]pyrazine in 75 % yield by an analogous procedure™*.

From our work in functionalizing methylpyridines by this
method, we have found that there is an indirect but real re-
lationship between the ease of chlorination and the electronic
environment of the methyl substituent. For example, when
2.9-dimethyl-1,10-phenanthroline is treated with 6 equiva-
lents of NCS, benzoyl peroxide, and refluxed for 4 hours in
carbon tetrachloride, the 2,9-bis-trichloromethyl derivative
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is obtained in quantitative yield'*-*®. However, treatment of
6,6'-dimethyl-2,2'-dipyridine under identical conditions
yields only a minor percentage of halogenated material none
of which is the bis-trichloromethyl derivative. Further,
dimethyl-dipyridine can be driven to the bis-dichloromethyl
compound under only the most stringent conditions. As one
might expect, such differences in reactivity are of paramount
importance since the reactivity of the substituent will dictate
the necessary conditions for product optimization.

We herein report a comparative evaluation of the NCS free
radical chlorination procedure for a series of heterocyclic
systems 1 to products 2 and/or 3 and/or 4 (Table). The reac-
tion conditions were standardized for all substrates thereby
enabling the establishment of general trends in the reactivity
for the various heterocycles. These trends can be extended to

Table. Free Radical Chlorination of Methyl-N-heteroarenes 1

Product(s) Yield
[%]* orb.p.

Reactant

m.p. [‘C}]  Molecular

[*C]/torr
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other heteroaromatics, which bear similarity to those report-

ed herein, thus allowing one to predict conditions for prod-
uct optimization.

s

1

NCS /CCl,, /{CgHs=C0),0,

CcCly CHCL, CH,CI

{Iz/ﬁ and/or {jl\/Zj and /or {ji/z/ﬁ
2 3 4

Reagent grade compounds I are dried and distilled immediately
prior to use.

'H-N.M.R. M.S.4

Formula® (CDCl;/TMS)* mje
or Lit. Data 4 [ppm] M " (%)

. 2 GACH 212,17 : (5
Lo, Ko, 1 62 64712 6.78 (s, 1 H, CHCl,) 161 (51)
X
L 35 3942771 45477 /1.5'51 464 (s, 2H, CH,CI) 127 (98)
N CHLCL
CH, CH;CL
e
1 (] Cr 2% ‘ C,H CIN 4.58 (s, 2H, CH,C1) 127 (20)
N N (127.6)
CHj3 CH3
1c [0 &
~Nch3 N 16 S8-60°1 51 52°/0.9'2 2.37 (s, 3H, CH,): 141 (100)
) 4.63 (s, 2H. CH,Cl)
CH,
2 13 ‘ C-H,CI4N 2.66 (s, 3H, CH,) 209 (29)
Nty (210.6)
+
CH,Cl
fj\ 7 ‘ C-H,CI,N 4.68 (s, 2H. CH,C1) 243 (12)
Nect (245.0)
HC CICH,
1d n f\y\ 29 44 -46- C-H,CILN 4.60 (s, 2H, CH,C1); 175 (18)
N"“cH, N"Ser,cl (176.1) 4.68 (s, 2H, CH,CI)
+
Ct,CH
L 4 ¢ C,H,CI;N 471 (s, 2H. CH,Cl; 209 (16)
N crgel (210.6) 6.77 (s, H, CHCl,)
.
Cw“zm 4 ‘ C,HCL,N 462 (s, 2H, CH,CL), 209 20)
e, (210.6) 6.75 (s. {H, CHCl,)
’s ’d
1e H3C/J\/Nj\CH3 HSCJ\/NU\CHZC' 6 40-43 46°1.1° 2.55 (s, 3H, CH,); 141 (100)
" 4.63 (s, 2H, CH,C1)
v
- | 33 7‘;,75 y ERRIE.] o o NS )
o mcw 74 75 4.66 (s, 4H, CH,Cl) 175 (100)
R
e
Hac,(NlCHCIZ ERR C,H,CI,N 257 (s, 3H, CH,); (75 (10)
" (176.1) 6.69 (s, 1 H, CHCI,)
e
2 4 ‘ C,HClLN 466 (s, 2EL CH,Cl: 209 (15)

(210.6) 6.72 (s. 1H, CHCl,)
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Table. (Continued)

Reactant
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CH,
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CH,
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Product(s)

Ci,CH

N\
(oL
N7 cH,Cl
H3C N\
Tl
N
N._CH3
(X
N
+

CH,Cl

CH,Cl

CH,Ct

N\
(X
N“™CH,CI
N\
AL
ch N
.

CH,Cl

Ny

AL

CiCH,

+
N
A
HyC” N7 CHEL,
+

N
BEENY
5

N">cHel,

CH,Cl

CICH?

T
P
+
GO

b
- ] ~
NS N’

CH,Cl

CHCl,

CH,Cl

Yield m.p.[°C]

[%]* orb.p.
["C]/torr

25 -¢

60 ¢

37 63.5--65°

10 158-160°
6 63.5-65
6 93--95°¢
1 115-117°

89 ¢

70 ¢

10 -

60 ¢

25 ¢

20 -

10 77(2

12 -t

12 79-81°¢

36 52-54

23 5253

Molecular
Formula®
or Lit. Data

not reported 2

not reported ?

61--63°2

157-158°2

C,,H,,CLLN,
(253.3)

C,,HyCLLN,
(287.7)

C,,H CL,N,
(322.1)

not reported *318

not reported !3-1°

not reported 14+

not reported '*

not reported !’

not reported'?

CoH(CL,N,
(177.2)

C HsCLN,
(211.6)

82-.83° 12,20
54--55° 12,20

€, HsCIN
A71.7)

'H-N.M.R.

(CDCl,/TMS)*

d [ppm]

SYNTHESIS

M.S.4
mje

M* (%)

6.83 (s, 1H, CHCl,)

4.75 (s, 2H, CH,Cl)

2.63 (s, 3H, CH,);
4.75 (s, 2H, CH,Cl)

475 (s, 41, CH,CI)

2.62 (s, 3H, CH,;);
6.81 (s, 1 H, CHCI,)

475 (s, 2H, CH,CI);
6.81 (s, 1H. CHCl,)

6.81 (s, 2H, CHCl,)

4.68 (s, 2H, CH,Cl)

2.53 (s, 3H, CH,);
4.70 (s, 2H. CH,Cl)

2.59 (s, 3H, CH.,);
4.70 (s, 2H, CH,CI)

473 (s, 4H, CH,Cl)

2.65 (s, 3H, CH,);
4.68 (s, 2H, CH,CI)

4.70 (s, 4H, CH,CY)

2.61 (s, 3H, CH,);
6.73 (s, 1H, CHCI,)

475 (s, 2H, CH,CI);
6.78 (s, 11, CHCI,)
6.89 (s, 1H, CHCl,)

4.48 (s, 2H, CH,Cl)

5.35 (s, 2H, CH,Cl)

240 (36)

204 (100)

218 (100)

252 (100)

252 (72)

286 (62)

320 (30)

180 (1)

211 37)

177 (1)

177 (58)
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Table. (Continued)

Reactant

Product(s)

X 38

CH,Cl

* Yield of isolated product.
® Satisfactory microanalyses obtained: C 0.2, H +0.3, N +0.2).
¢ IBM NR-80 NMR spectrometer.

Free Radical Chlorination of Methyl-N-heteroarenes 1; General
Procedure:

A solution of the methyl-N-heteroarene 1 (10 mmol), N-chlorosuc-
cinimide (1 equivalent per methyl group), and benzoyl peroxide
(50 mg) in carbon tetrachloride (50 ml) is refluxed for 24 h under
argon. The mixture is the cooled in an ice bath, filtered, and the
filtrate is concentrated in vacuum. The residue is subjected to pre-
parative T.L.C. on silica gel using 5:1 cyclohexane/ethyl acetate to
give the products (Table).
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