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Abstract The first effective and simple method for the direct one-pot
transformation of 2-, 3-, and 4-aminopyridines, 2,6-diaminopyridines,
and 2-aminoquinoline into the corresponding pyridinyl and quinolinyl
trifluoromethanesulfonates and tosylates in solvents was developed.
The procedure involves diazotization of the heterocyclic amines with
sodium nitrite in mixed hexane-DMSO or hexane-DMF solutions in the
presence of trifluoromethanesulfonic acid or p-toluenesulfonic acid.
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Pyridine and quinoline derivatives containing trifluoro-
methanesulfonates! or 4-methylbenzenesulfonates®> as a
good leaving group are valuable blocks for the synthesis of
highly functionalized heterocycles with broader applica-
tions in medicinal and other fields of chemistry.

So far the only method for the synthesis of such com-
pounds was the acylation of hydroxypyridines and hy-
droxyquinoline by TsCl, TfCl, (Tf),0, or (Tf),NR.!-3 In gener-
al, these methods provide good yields, but the high cost of
reagents and the requirements for an inert atmosphere and
low temperature (down to -78 °C) in some cases make the
target products fairly expensive.
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Recently we have reported an alternative approach to
the synthesis of pyridinyl tosylates and pyridinyl triflates
through diazotization of available aminopyridines in the
presence of TsOH* or TfOH> by grinding reagents in water or
DMSO pastes, respectively, at room temperature (Scheme
1).

These reactions are unknown for aromatic amines,
which form stable arenediazonium tosylates at the diazoti-
zation step in the presence of p-toluenesulfonic acid.® How-
ever, the reaction takes place due to the known instability
of intermediate pyridinediazonium salts (especially with 2-
and 4-pyridinediazonium cations) in comparison with
arenediazonium salts.”

The grinding methods*> are simple and are realized us-
ing cheap reagents. However, the grinding reactions in the
paste forms are difficult to implement on a large scale, and
they cannot be used in flow® or combinatorial chemistry.
Thus, it is important to develop a more versatile and scal-
able method for the synthesis of pyridinyl and quinolinyl
triflates and tosylates through aminopyridines and amino-
quinolines by the diazotization in the presence of TsOH and
TfOH in solution.

The selection of the optimal solvents for the diazotiza-
tion reaction in the presence of NaNO, and TfOH was con-
ducted using 2-aminopyridine (1a). It was found that
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Scheme 1 The one-pot transformation of aminopyridines in pyridinyl tosylates and triflates via the diazotization in the presence of p-toluenesulfonic

acid and trifluoromethanesulfonic acid*>
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Table 1 Diazotization of Pyridine-2-amine (1a) by NaNO, in the Pres-
ence of TfOH in Solvents at Room Temperature?

NaNO,, TfOH X ~
| — * | —
NHz  solvent, 20 °C N~ o N7 X
2a 3
Entry  Solvent Composition of the reaction mass (GC/MS), %
2a 1a
AN
1 EtOH 5 Pz 90
N OEt
(5)
X
2 MeCN 40 P 2.5
N NHAc
(45)
X
3 benzene 52 — 28
N Ph
(20)
X —
4 toluene 55 \ 28
Z N
3d (17)°
X
5 CH,Cl, 89 _ 0
N Cl
(8)
X
6 DMSO 90 — 0
N OH
0)
7 DMF 100 0
8 hexane-DMSO 100 0
2 Mole ratio of 1a/NaNO,/TfOH = 1:2.5:3; reaction time: 1 h.
b Mixture of o-, m-, and p-isomers.
NaNO,, TfOH

= NH
N/) i

4b, 3-NH,
4c, 6-NH,

NaNO,, TfOH

hexane-DMSO, 20 °C

hexane-DMSO, 20

during diazotization in EtOH, MeCN, CH,Cl,, benzene, and
toluene, the formation of target pyridinyl-2-trifluorometh-
anesulfonate (2a) is accompanied by the formation of by-
products 3a-e occurring as a result of substitution of the
amino group by solvent residues with incomplete conver-
sion of the starting amine 1a (Table 1).

The best results were obtained using DMSO and DMF
(Table 1, entries 6 and 7), but in the case of DMSO, the for-
mation of 2-pyridinol (3f) was observed, perhaps, because
of the residual water present in the solvent. The full conver-
sion of starting amine 1a after 20-30 minutes with an ab-
sence of by-products was observed in DMF, but in this case
unexpected difficulties arose in the separation of 2-pyr-
idinyl triflate (2a) from residual amounts of the solvent.
Probably, DMF forms strong complexes with pyridine 2a as
significant amounts of DMF (up to 44%) can be found in the
NMR spectrum after multiple washings of the extract of 2a
in ethyl acetate or CH,Cl, with water or even after chro-
matographic purification on silica gel.

For these reasons, inert hexane supplemented with 10%
DMSO was tested for better solubility of the reaction com-
ponents (Table 1, entry 8) and it was found that there were
no by-products upon complete conversion of amine 1a. This
solvent system was used for the further preparative synthe-
ses of pyridinyl triflates 2a-n (Table 2). The reactions were
conducted as follows. Trifluoromethanesulfonic acid was
added to a cooled (5 °C) mixture of hexane-DMSO (10:1
vol%), then the pre-ground mixture of the corresponding
aminopyridine 1a-n and sodium nitrite was added at sev-
eral stages to the reaction mass. After loading of the re-
agents, the reaction mass was stirred at 5 °C for 10 minutes
and then for 50 minutes at room temperature.

It is important to note that formation of pyridinyl tri-
flates 2a-n under the NaNO,/TfOH treatment in hexane-
DMSO system takes place within 1 hour, that is, it is signifi-
cantly faster than in DMSO paste (2.5-38 h).> Yields of the
target pyridinyl triflates 2a-n during diazotization in solu-
tion are also higher than in DMSO paste.” The proposed
synthetic method has a general character, allowing the
preparation of 2-, 3-, and 4-pyridinyl trifluoromethanesul-
fonates as well as the almost unknown 2,6-pyridinyl ditri-
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Scheme 2 Diazotization of aminoquinolines 4a-c in the presence of trifluoromethanesulfonic acid
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flates 2k-n.> At the same time, pyridine-3,4-diamine and 3- Table 2 (continued)

nitropyridine-4-amine are inert under the described condi-

; : - . Substrate Product Yield (%)
tions and are isolated unchanged from the reaction mix-
ture. ! !
| _ | P 56
Table 2 Synthesis of Pyridinyl Trifluoromethanesulfonates 2a-n? :'IZN N™  'NH; ;—Ifo N™  "OTf
Substrate Product Yield (%)° Br | N Br Br | N Br
_ 43
B Y HN" N7 N, 1107 N o
I — 96 m 2m
N ONH, N
1 2a
a F o F F ~F
Br X Br XN | P | _ 50¢
| | HoN" "N™ "NH TfO” "N TOTf
= P 92 1n 2n
N~ “NH, N~ ~oTf
1b 2b 2 The diazotization of aminopyridines 1a-n by NaNO, was conducted in the
presence of TfOH in hexane-DMSO mixture. Mole ratio of 1a-j/NaNO,/
Cl N cl TfOH = 1:2.5:3, for Tk-n mole ratio = 1:5:6.
| | = b Isolated yields.
P> P 86 ¢Inseparable mixture with 3,5-difluoropyridin-2-yl trifluoromethanesulfon-
N NH, N oTf ate in a ratio of 95:5.
1c 2c
P B It is important to note also that the reaction of 3,5-diflu-
| _ | P 60 oropyridine-2,6-diamine (1n) is accompanied by a partial
N NH N" Ot hydro-dediazoniation and an inseparable mixture of the
1d 2d . .
target product 2n together with about 5% of 3,5-difluoropy-
ridin-2-yl trifluoromethanesulfonate was formed (GC/MS
| A AN 75 data).
— | P The found conditions were used in attempts to the first
1eN NHz et O direct conversion of 2-, 3- and 6-aminoquinolines 4a—c into
the corresponding triflate derivatives via diazotization in
| N | A the presence of TfOH. However, it was found that only 2-
N K P 78 aminoquinoline (4a) was converted into quinolin-2-yl tri-
1 2 of N o fluoromethanesulfonate (5) in good yield similar to amino-
pyridines 1. At the same time, 3- and 6-aminoquinolines
Xy e x0T 4b,c form only relatively stable diazonium salts, which even
| _ | _ 98 when heated were not converted into the 3- and 6-quino-
1 gN 2gN linyl tr.iflates, b}lt quickly gave 3- and 6-iodoquinolines 6
and 7 in 79% yield under the treatment of aqueous KI at
XN x0T room temperature (Scheme 2).
| P | P 90 We have also used this approach for obtaining 2-, 3-,
1hN Cl amC and 4-pyridinyl-4-methylbenzenesulfonates 8a—c and pyri-
dine-2,6-diyl bis(4-methylbenzenesulfonate) (8d) via the
NHz oTf solution diazotization of 2-, 3-, and 4-aminopyridines 1a,gi
N AN or pyridine-2,6-diamine (1k) in the presence of TsOH
73 . . o
_ P (Scheme 3) as well. However, in this case it is preferred to
N N use DMF instead of DMSO for better dissolution of TsOH.
1i 2i . . . . .
This solution reaction takes place slightly faster than the di-
Br B Br B azotization in the presence of TsOH in the aqueous paste.*
| _ | P 75 The possibility of scaling up the developed method was
) N™ "NH, ) N” ~OTf confirmed by the experiment in which 2-pyridinyl triflate
1 2 (2a) and 2-pyridinyl tosylate (8a) were obtained with an in-
AN x creased load of pyridin-2-amine up to 10 mmol without a
| P | P 61 reduction in target product yields.
HoNT N7 TNH, Tf0~ N7 TOTf
1k 2k
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NaNOy, TsOH E\_ o
hexane-DMF, 20 °C, 1 h N/)

8a, 2-TsO, 53%
8b, 3-TsO, 50%
8¢, 4-TsO, 70%

lagii
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1k |
| ° =
hexane-DMF, 20 °C, 1 h Ts N OTs

8d, 68%

Scheme 3 Synthesis of pyridinyl tosylates 8a—d via the diazotization in
hexane-DMF solution in the presence of p-toluenesulfonic acid

In summary, we have presented a simple and scalable
method for the synthesis of pyridinyl triflates and tosylates
as well as quinolin-2-yl triflate from the available aminopy-
ridines and 2-aminoquinoline via the diazotization by sodi-
um nitrite in the presence of TsOH or TfOH in hexane solu-
tion with the addition of DMF or DMSO. Under the same
conditions, 3- and 6-aminoquinolines form relatively stable
diazonium salts, which can be easily converted into 3- and
6-iodoquinolines.

All starting materials 1a-j were ACS grade and used without further
purification except pyridine-2,6-diamine (1k) (Sigma Aldrich), which
was purified by recrystallization from benzene. Compound 11 was
prepared by the iodination of 1k with NIS.? HPLC analyses were con-
ducted with an Agilent 1200 instrument fitted with an Eclipse Plus
C18 column (5 pm, 4.6 x 150 mm) and UV detector. GC/MS measure-
ments were obtained with an Agilent 7890/5975C instrument. 'H, 13C
NMR, and IR spectra were recorded on a Bruker and PerkinElmer BXII
instruments. Melting points (uncorrected) were obtained with a
melting point system MP50, Mettler, Toledo. Elemental analyses were
performed with a Vario MACRO cube CHNS instrument (Elementar
Analysensysteme GmbH, Germany). All the known compounds, 2a-
ce-ik], 5, and 8a-d, were characterized by comparison of melting
points and NMR spectra with the literature data and authentic sam-
ples.

Pyridinyl and Quinolinyl Trifluoromethanesulfonates 2a-n, 5;
General Procedure

To a solution of hexane (5 mL), DMSO (0.5 mL), and trifluoromethane-
sulfonic acid (0.54 mL, 6 mmol) at 5 °C were sequentially added the
respective aminopyridine 1a-j (2 mmol) and NaNO, (0.35 g, 5 mmol)
under stirring and the mixture was stirred for 10 min. An immediate
emission of N, bubbles was observed. In the case of diamino deriva-
tives 1k-n, double amounts of NaNO, and TfOH were used. The re-
sulting mixture was then stirred for 50 min at r.t. until the starting
amine had been consumed as monitored by TLC. The reaction mix-
ture was poured into H,0 and extracted with CH,Cl, (2 x 25 mL). The
combined organic extracts were dried (Na,S0,), filtered, and the sol-
vent was removed under reduced pressure on a rotary evaporator.
The product was purified by silica gel flash chromatography (eluent:
CH,CL).
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Pyridin-2-yl Trifluoromethanesulfonate (2a)°

Yield: 436 mg (96%, 1.92 mmol); colorless oil.

H NMR (300 MHz, CDCl,): 8 = 7.2 (d, J = 8.1 Hz, 1 H), 7.4 (m, 1 H), 7.9
(m, 1H),8.4(d,J=5.7 Hz, 1 H).

13C NMR (75 MHz, CDCly): § = 115.3, 118.6 (q, J = 300 Hz), 124.3,
141.1,148.8, 155.9.

MS (EI): mjz (%) = 227 (38, [M]*), 199 (2), 163 (4), 135 (100), 116 (9),
96 (13), 69 (60), 39 (45).

5-Bromopyridin-2-yl Trifluoromethanesulfonate (2b)°

Yield: 563 mg (92%, 1.84 mmol); light yellow oil.

H NMR (300 MHz, CDCl,): & = 7.1 (d, ] = 8.7 Hz, 1 H), 7.99 (dd, ] = 8.6,
2.4Hz, 1H),85(d,J=2.1Hz,1H).

13C NMR (75 MHz, CDCl3): 6 = 116.8, 118.5 (q, J = 300 Hz), 120.5,
143.6, 149.7, 154.5.

MS (EI): m/z (%) = 307 (15, [8'Br, M]*), 243 (4)
(29),117 (46), 96 (10), 69 (100), 38 (46).

, 213 (62), 174 (4), 144

5-Chloropyridin-2-yl Trifluoromethanesulfonate (2c)

Yield: 449 mg (86%, 1.72 mmol); white solid; mp 67 °C (Lit.> mp
67 °C).

'H NMR (300 MHz, CDCl;): 8 = 7.1 (d,J = 8.7 Hz, 1 H), 7.85 (dd, J = 8.7,
2.4Hz,1H),83(d,J=2.1Hz,1H).

13C NMR (75 MHz, CDCl;): 6 = 116.3, 118.4 (q, J = 317 Hz), 132.3,
140.6, 147.2,153.7.

MS (EI): m/z (%) = 261 (30, [3CL, M]*), 233 (2), 197 (4), 169 (100), 134
(9), 100 (30), 69 (53), 38 (9).

3-Bromopyridin-2-yl Trifluoromethanesulfonate (2d)

Yield: 367 mg (60%, 1.2 mmol); colorless oil.

H NMR (300 MHz, CDCl;): § = 7.25-7.29 (m, 1 H), 8.06-8.09 (dd, J5, =
7.95 Hz, J5; = 1.5 Hz, 1 H), 8.31-8.33 (dd, J;, = 4.8 Hz, J;5 = 1.5 Hz, 1
H).

13C NMR (75 MHz, CDCly): & = 112.1, 120.6 (q, J = 318.0 Hz), 125.3,
1443, 146.5, 152.9.

MS (EI): m/z (%) = 307 (66, [¢'Br, M]*), 241 (10), 213 (100), 193 (3), 162
(64), 144 (60), 117 (26), 93 (21), 69 (91), 38 (29).

Anal. Calcd for CgH;BrF;NO,S: C, 23.55; H, 0.99; N, 4.58; S, 10.48.
Found: C, 23.55; H, 1.07; N, 5.08; S, 10.48.

4-Methylpyridin-2-yl Trifluoromethanesulfonate (2e)°

Yield: 361 mg (75%, 1.5 mmol); light yellow oil.

TH NMR (300 MHz, CDCl;): 8 = 2.4 (s, 3 H), 6.9 (s, 1 H), 7.2 (d, ] = 4.8
Hz, 1 H),8.2(d,J =4.5Hz, 1 H).

13C NMR (75 MHz, CDCl,): § = 20.9, 115.5, 118.6 (q, ] = 318 Hz), 125.3,
148.0, 1534, 156.2.

MS (EI): m/z (%) = 241 (45, [M]*), 213 (9), 17 (6), 148 (100), 128 (3),
108 (9), 96 (1), 92 (20), 80 (30), 69 ( 8),65(15),53(52),39 (13).

6-Methylpyridin-2-yl Trifluoromethanesulfonate (2f)°

Yield: 376 mg (78%, 1.6 mmol); light yellow oil.

H NMR (300 MHz, CDCl,): 8 = 2.5 (s, 3 H), 6.9 (d, J = 7.8 Hz, 1 H), 7.2
(d,J=7.5Hz,1H),7.7 (m, 1 H).

13C NMR (75 MHz, CDCl,): § = 23.7, 111.7, 118.6 (q, ] = 319 Hz), 123.7,
140.9, 155.1, 159.0.
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MS (EI): mjz (%) = 241 (65, [M]*), 213 (13), 177 (6), 158 (1), 148 (55),
142 (1),128 (1), 108 (6), 91 (100), 80 (35), 69 (41), 65 (20), 53 (33), 39
(68).

Pyridin-3-yl Trifluoromethanesulfonate (2g)°

Yield: 445 mg (98%, 1.9 mmol); yellow oil.

H NMR (300 MHz, CDCl,): & = 7.8 (dd, J = 8.4, 4.8 Hz, 1 H), 8.0 (dd, J =
8.4,1.2 Hz, 1 H),9.0 (m, 2 H).

13C NMR (75 MHz, CDCL;): & = 118.5 (q, J = 319 Hz), 124.6, 128.9,
142.7,146.6, 149.4.

MS (EI): mjz (%) = 227 (100, [M]*), 163 (36), 135 (5), 116 (4), 94 (25),
78 (20), 69 (69), 39 (64).

2-Chloropyridin-3-yl Trifluoromethanesulfonate (2h)°

Yield: 472 mg (90%, 1.8 mmol); yellow oil.

H NMR (300 MHz, CDCl;): 8 = 7.4 (dd, J = 8.3, 4.5 Hz, 1 H), 7.7 (d, ] =
8.1Hz, 1H),8.4(d,J=4.5Hz,1H).

13C NMR (75 MHz, CDCl;): & = 118.4 (q, J =319 Hz), 123.8, 1314,
142.7,144.1, 148.7.

MS (EI): m/z (%) = 261 (50, [35C], M]*), 197 (23), 169 (4), 150 (2), 128
(11),100 (100), 69 (68), 39 (48).

Pyridin-4-yl Trifluoromethanesulfonate (2i)®

Yield: 331 mg (73%, 1.46 mmol); light yellow oil.

H NMR (300 MHz, CDCl,): 6 =7.2 (d,J = 5.7 Hz, 2 H), 8.7 (d, ] = 5.7 Hz,
2 H).

13C NMR (75 MHz, CDCl;): & = 116.1, 118.3 (q, J = 334 Hz), 152.3,
155.9.

MS (EI): m/z (%) = 227 (100, [M]*), 163 (18), 136 (5), 109(2), 94 (17),
77 (13), 69 (87),39 (25).

3,5-Dibromopyridin-2-yl Trifluoromethanesulfonate (2j)

Yield: 573 mg (75%, 1.4 mmol); yellow solid; mp 100-101 °C (Lit.> mp
100 °C).

'H NMR (300 MHz, CDCl;): § =8.2(d,J=2.1 Hz, 1 H), 8.4 (d,] = 2.1 Hz,
1H).

13C NMR (75 MHz, CDCl;): & = 111.7, 118.3 (q, J =319 Hz), 120.1,
145.9, 147.6,151.7.

MS (EI): m/z (%) = 385 (35, [3'Br, M]*), 321 (8), 293 (75), 252 (10), 224
(67), 197 (25), 172 (12), 144 (10), 118 (35), 69 (100), 37 (25).

Pyridine-2,6-diyl Bis(trifluoromethanesulfonate) (2Kk)

Yield: 457 mg (61%, 1.22 mmol); yellow solid; mp 32-33 °C.

'H NMR (300 MHz, CDCl5): § = 7.32 (d, J = 8.1 Hz, 2 H), 8.11-8.15 (m, 1
H).

13C NMR (100.6 MHz, CDCl;): 8 = 116.1, 118.7 (q, J = 319.0 Hz), 145.4,
1534.

MS (EI): m/z (%) = 375 (11, [M]*), 283 (2), 247 (2), 219 (10), 180 (7),
150(82), 122 (8), 93 (54), 69 (100), 39 (12).

Anal. Caled for C;H3FgNOgS,: C, 22.41; H, 0.81; N, 3.73; S, 17.09.
Found: C, 22.9; H, 0.79; N, 4.06; S, 17.90.

3,5-Diiodopyridine-2,6-diyl Bis(trifluoromethanesulfonate) (21)
Yield: 702 mg (56%, 1.12 mmol); white solid; mp 128 °C (Lit.> mp
128 °C).
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H NMR (300 MHz, CDCL,): & = 8.8 (s).

13C NMR (75 MHz, CDCl,): 8 = 83.5, 118.5 (q, J = 319 Hz), 154.5, 162.2.
MS (EI): m/z (%) = 627 (52, [M]*), 494 (7), 466 (2), 430 (4), 402 (31),
374 (9), 345 (27), 325 (2), 303 (18), 275 (21), 254 (2), 234 (17), 206
(45), 178 (27), 163 (16), 148 (11), 127 (32), 69 (100), 39 (5).

3,5-Dibromopyridine-2,6-diyl Bis(trifluoromethanesulfonate)
(2m)

Yield: 458 mg (43%, 0.86 mmol); white solid; mp 64-65 °C.

H NMR (400 MHz, CDCl,): & = 8.44 (s).

13C NMR (100.6 MHz, CDCl;): 8 = 112.2, 118.5 (q, J = 321.1 Hz), 149.3,
150.4.

MS (EI): m/z (%) = 533 (24, [8Br, M]*), 455 (2), 405 (4), 368 (2), 324
(14), 308 (41), 280 (22), 251 (31), 213 (17), 160 (18), 144 (12), 130
(14), 116 (8), 69 (100), 51 (8), 37 92).

Anal. Calcd for C;HBr,FgNOgS,: C, 15.77; H, 0.19; N, 2.63; S, 12.03.
Found: C, 16.03; H, 0.33; N, 2.63; S, 12.20.

3,5-Difluoropyridine-2,6-diyl Bis(trifluoromethanesulfonate) (2n)
Yield: 411 mg (50%, 1 mmol); yellow oil.
H NMR (400 MHz, CDCl,): § = 7.77-7.80 (m).

13C NMR (100.6 MHz, CDCl,): & = 118.6 (q, J = 321 Hz), 119.18-119.61
(m), 135.68-135.89 (m), 149.4 (dd, j = 272.6, ssz)

MS (EI): mjz (%) = 411 (7, [M]*), 379 (1), 342 (1), 326 (1), 300 (1), 283
(3), 262 (3), 236 (1), 214 (1), 198 (5), 198 (43), 167 (5), 154 (10, 141
(2),129 (24), 117 (7), 101 (17), 89 (9), 69 (100), 48 (2), 31 (2).

Compound 2n according to GC/MS data was contaminated with about
5% of 3,5-difluoropyridin-2-yl trifluoromethanesulfonate [MS (EI):
mjz (%) =411 (7, [M]*), 379 (1), 342 (1), 326 (1), 300 (1), 283 (3), 262
(3),236(1),214 (1), 198 (5), 198 (43), 167 (5), 154 (10, 141 (2), 129
(24), 117 (7), 101 (17), 89 (9), 69 (100), 48 (2), 31 (2)].

Quinolin-2-yl Trifluoromethanesulfonate (5)2"
Yield: 460 mg (83%, 1.66 mmol); light yellow oil.

H NMR (300 MHz, CDCl,): 8 =7.18 (d, J = 8.7 Hz, 1 H), 7.54-7.59 (m, 1
H),7.71-7.76 (m, 1 H), 7.81 (d,J = 8.1 Hz, 1 H), 7.98 (d, ] = 8.4 Hz, 1 H),
8.25(d,J = 8.7 Hz, 1 H).

13C NMR (75 MHz, CDCly): & = 112.9, 120.8 (q, J = 318 Hz), 127.5,
128.5,131.1, 141.9, 145.6, 153.5.

MS (EI): mfz (%) = 277 (26, [M]*), 249 (1), 213 (14), 185 (32), 166 (4),
144 (16), 128 (20), 116 (100), 101 (5), 89 (23), 75 (5), 69 (27), 64 (18),
51(5),39 (7).

Diazotization-lodination of 3- and 6-Quinoline Amines 4b,c; Gen-
eral Procedure

To a solution of hexane (5 mL), DMSO (0.5 mL), and trifluoromethane-
sulfonic acid (0.54 mL, 6 mmol) at 5 °C were sequentially added the
quinoline amine 4b or 4c (2 mmol) and NaNO, (350 mg, 5 mmol) un-
der stirring, and the mixture was stirred for 10 min. The resulting
mixture was then stirred for 50 min at r.t. until the starting amine
had been consumed as monitored by TLC. An emission of N, bubbles
was not observed and the reaction solution gave the positive probe
on diazonium salts with B-naphthol. Next, KI (2.4 mmol) in H,0 (0.5
mL) was added and the mixture was stirred 10 min at r.t. until evolu-
tion of N, bubbles ceased. In the case of 4b, the solid 3-iodoquinoline
6 obtained was filtered, washed with H,0, and dried. In the case of 3c,
the reaction mixture was poured into H,0 and the oily product 7 was
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extracted with EtOAc (2 x 25 mL). The combined organic extracts
were dried (Na,SO,), filtered, and the solvent was removed under re-
duced pressure on a rotary evaporator. The product 7 was purified by
silica gel flash chromatography (eluent: CH,Cl,).

3-lodoquinoline (6)

Yield: 403 mg (79%, 1.27 mmol); white solid; mp 58-59 °C (Lit."® mp
56-58 °C).

'H NMR (300 MHz, CDCl;): § = 7.53-7.58 (m, 1 H), 7.68-7.75 (m, 2 H),
8.06 (d,J= 8.4 Hz, 1 H), 8.53 (s, 1 H), 9.03 (s, 1 H).

MS (EI): m/z (%) = 255 (100, [M]*), 128 (80), 101 (36), 75 (21), 51 (9).

6-lodoquinoline (7)

Yield: 403 mg (79%, 1.27 mmol); yellow solid; mp 91-92 °C (Lit."! mp
91 °C).

14 NMR (300 MHz, CDCl;): §="7.39 (dd, J = 7.8, 4.2 Hz, 1 H), 7.81 (d, ] =
8.7 Hz, 1 H), 7.92 (d, ] = 9 Hz, 1 H), 8.01 (d, J = 7.8 Hz, 1 H), 8.18 (s, 1
H), 8.89 (d,J = 4.2 Hz, 1 H).

MS (EI): m/z (%) = 255 (100, [M]*), 128 (54), 101 (25), 75 (13), 51 (7).

Pyridinyl 4-Methylbenzenesulfonates 8a-d: General Procedure

To a solution of hexane (5 mL), DMF (0.5 mL), and p-toluenesulfonic
acid (1.14 g, 6 mmol) at 5 °C were sequentially added the respective
aminopyridine 1a,g,i (2 mmol) and NaNO, (350 mg, 5 mmol) under
stirring and the mixture was stirred for 10 min. An immediate emis-
sion of N, bubbles was observed. In the case of diamino derivative 1k,
double amounts of NaNO, and TsOH were used. The resulting mixture
was then stirred for 50 min at r.t. until the starting amines had been
consumed as monitored by TLC. The reaction mixture was poured
into H,0 and extracted with EtOAc (2 x 25 mL). The combined organic
extracts were dried (Na,SO,), filtered, and the solvent was removed
on a rotary evaporator under reduced pressure. The products 8a-d
were purified by crystallization from hexane.

Pyridin-2-yl 4-Methylbenzenesulfonate (8a)*

Yield: 264 mg (53%, 1.06 mmol); colorless oil.

H NMR (300 MHz, CDCL,): & = 2.45 (s, 3 H), 7.1 (d, J = 8.1 Hz, 1 H),
7.19-7.23 (m, 1 H), 7.33 (d, ] = 7.8 Hz, 2 H), 7.74-7.79 (m, 1 H), 7.89
(d,J=7.8Hz,2 H),826(d,J=4.8Hz, 1 H).

13C NMR (75 MHz, CDCl;): & = 21.6, 115.8, 122.5, 128.4, 129.5, 133.4,
140.0, 145.1, 148.2, 156.7.

MS (EI): m/z (%) = 249 (2, [M]*), 184 (78), 166 (2), 157 (31), 139 (3),
129 (3), 115 (3), 102 (1.5), 91 (100), 78 (9), 65 (25), 57 (2), 51 (3), 39
(13).

Pyridin-3-yl 4-Methylbenzenesulfonate (8b)

Yield: 250 mg (50%, 1.0 mmol); white solid; mp 79-80 °C (Lit.[4] mp
80 °C).

'H NMR (300 MHz, CDCl5): & = 2.43 (s, 3 H), 7.25-7.32 (m, 3 H), 7.42-
7.46 (m, 1H),7.68(d,J=7.8 Hz,2 H), 8.1 (d,J= 1.8 Hz, 1 H), 8.47 (d,] =
4.8 Hz, 1 H).

13C NMR (75 MHz, CDCl;): & = 21.7, 124.2, 128.4, 130.0, 130.2, 131.4,
143.9,145.9, 146.3, 148.2.

MS (EI): m/z (%) = 249 (34, [M]*), 182 (2), 167 (2), 155 (78), 149 (2),
139(2), 102 (2), 91 (100), 83 (2), 77 (3), 65 (25), 57 (2), 51 (3), 39 (17).
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Pyridin-4-yl 4-Methylbenzenesulfonate (8c)

Yield: 349 mg (70%, 1.4 mmol); white solid; mp 152-153 °C (Lit.* mp
150-154 °C).

'H NMR (300 MHz, CDCl;): 6 = 2.44 (s,3 H), 7.0(d,J=4.9Hz,2 H), 7.3
(d,J=8.1Hz,2 H),7.72 (d,] = 8.1 Hz, 2 H), 8.55 (d, ] = 3 Hz, 2 H).

13C NMR (75 MHz, CDCl,): § = 21.6, 116.9, 128.2, 129.9, 131.7, 145.9,
151.6, 156.2.

MS (EI): mjz = 249 (44, [M]*), 185 (13), 169 (2), 155 (75), 149 (2), 139
(2),129 (2), 115 (2), 107 (2), 91 (100), 82 (2), 77 (3), 65 (25), 57 (2), 51
(3),39(9).

Pyridine-2,6-diyl Bis(4-methylbenzenesulfonate) (8d)

Yield: 567 mg (68%, 1.48 mmol); white solid; mp 80-81 °C (Lit.* mp
80 °C).

'H NMR (300 MHz, CDCl,): 6 = 2.45 (s, 6 H), 7.01 (d, J = 7.8 Hz, 2 H),
7.32(d,J = 8.1 Hz, 4 H), 7.79-7.84 (m, 5 H).

13C NMR (75 MHz, CDCl,): § = 21.7, 114.2, 128.7, 129.8, 133.1, 143.4,
145.6, 154.8.

MS (EI): m/z (%) = 355 (6, M* - SO5), 327 (2), 291 (3), 274 (2), 263 (2),
200 (25), 184 (3), 165 (2), 155 (59), 139 (5), 129 (1), 107 (2), 91 (100),
77 (2), 65 (16), 39 (5).
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