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Abstract: Chemoselective Sy,, reactions of 4,6-dichloro-2-(meth-
ylsulfonyl)pyrimidine and several related electrophiles with amines
and their derivatives are described. In the presence of weak bases
anilines and secondary aliphatic amines selectively displace the
chloride group. Deprotonated anilines and their carbonyl deriva-
tives displace the sulfone group. Sterically and electronically unbi-
ased primary aliphatic amines selectively displace the sulfone group
in 4,6-dichloro-2-(methylsulfonyl)pyrimidine; however, their reac-
tions with other electrophiles generally are less selective. Steric-
driven selectivity explanation was proposed.

Key words: pyrimidine, sulfone, chloride, heterocycles, chemose-
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Aminopyrimidines are privileged structures for drug dis-
covery and have received much attention as highlighted
by the FDA approved anti-HIV drugs Rilpivirine!* and
Etravirine,'® and the anticancer drug Pazopanib.> Com-
pounds from these scaffolds have shown diverse bioactiv-
ity. For example, they were recently reported to be
inhibitors of various kinases,? GalR2 ligands,* antimalar-
ial agents,’ y-secrerase modulators,® CRF1 receptor antag-
onists,” and anti-HIV agents.®

Recently we were interested in the preparation of a series
of 2,4,6-trisubstututed aminopyrimidines. A literature re-
view revealed that there are two principal methods for the
preparation of such compounds as shown in Scheme 1.
The first method involves the sequential substitution of
the chlorine atoms of 2,4,6-trichloropyrimidine with
amines or other nucleophiles [Scheme 1, (1)]. This elec-
trophile, while inexpensive, suffers from poor selectivity
in its reaction with nucleophiles.” Moreover, separation
and identification of isomers I and II may be difficult.
Further selective functionalization of I to form either III
or IV may be similarly complicated.

Alternatively, 4,6-dichloro-2-(methylthio)pyrimidine has
been used to prepare polysubstituted pyrimidines through
nucleophilic substitution of one or both chlorine atoms,
followed by oxidation of the 2-sulfane to form a 2-sul-
fone, which can then undergo a substitution reaction at C2
[Scheme 1 (2)].!° Although this method does not have se-
lectivity issues with regard to the site of the nucleophilic
substitution, the need for oxidation of the 2-sulfane intro-
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duces an extra step that may not be compatible with sen-
sitive substrates.
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Scheme 1 Typical methods for preparation of aminopyrimidines

The reactions of commercially available 4,6-dichloro-2-
(methylsulfonyl)pyrimidine (1) have been much less ex-
plored than the comparative reactions with 2,4,6-trichlo-
ropyrimidine.!! There are only a few examples of the
reactions of 1 with various nucleophiles. For example,
alkoxides,!? thiolates,'* Grignard reagents,'* aziridine,'!
and methylamine,'> as well as deprotonated N(H)-
heterocycles'® and a formamide,!” react selectively with 1
at C2. In contrast, there is only one report of a selective,
albeit low yielding, displacement of the chloride group at
C4 of 1, using heteroaromatic amines.'® Herein, we dis-
close our findings that 1 can serve as a common starting
material to selectively provide either C2- or C4-displace-
ment products by applying different reaction conditions.
The course of the reaction can be readily monitored by
LC-MS, and the isolation of the desired products is facile.
This finding leads to the efficient and divergent syntheses
of polysubstituted 2- and 4-aminopyrimidines.
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Chemoselective Displacement of Chloride in 1 with
Anilines in the Presence of Weak Base

We determined that aniline selectively displaced the chlo-
ride at C4 from 1 (Table 1). For example, in acetonitrile
when sodium hydrogen carbonate was used as the base,
the isolated yield of 2a was 95% after 48 hours (entry 1).
In the presence of stronger bases, such as potassium car-
bonate (entry 2) or Hiinig’s base (entry 3), the electrophile
was consumed within five to eight hours; however, the
yield was lower due to byproduct formation.!” The use of
pyridine led to rapid and extensive decomposition (entry
4);%° we could not identify or isolate the byproducts.

The non-nucleophilic and mild base 2,6-lutidine, on the
other hand, served as an excellent acid scavenger (entry
5). Alternative solvents, such as tetrahydrofuran, N,N-di-
methylformamide, or dimethyl sulfoxide (entries 6-8),
led to an equally high yield of product 2a. The reaction
proceeded most efficiently in dimethyl sulfoxide (entry
8). An extra equivalent of inexpensive aniline can serve as
an equally competent acid scavenger (entry 9).

Table 1 Selective Substitution at C4 with Aniline: Solvent and Base

Screening
& i
HoN
/k 11 equw )\
MeO S N 4 ~Cl solvent OSM MEOQS

base (1. Zequw) r.t.

Entry Solvent  Base Time (h) Yield® (%) of 2a

1 MeCN NaHCO;, 48 95
2 MeCN K,CO;, 5 59
3 MeCN i-Pr,NEt 8 67
4 MeCN pyridine 2 15
5 MeCN 2,6-lutidine 8 95
6 THF 2,6-lutidine 6 96
7 DMF 2,6-lutidine 2 98
8 DMSO 2,6-lutidine 1 97
9 DMSO PhNH, 0.25 99
2 Isolated yield.

These initial screening experiments identified dimethyl
sulfoxide and 2,6-lutidine (Table 1, entry 8) as the optimal
combination of solvent and base that provided the shortest
reaction time and a high yield. For consistency, these con-
ditions were also used to study the reaction scope. As data
in Table 2 show, this reaction is quite general. Reactions
with sterically hindered 2-substituted anilines (entries 2
and 3) were much slower, but they still provided the prod-
uct in high to excellent yields. Both electron-rich (entry 4)
and electron-poor (entries 5 and 6) 3-substituted anilines
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produced 2 in high yield. As expected, in the latter case
the reaction was slower. The same trend was observed for
both electron-rich (entries 7 and 8) and electron-poor (en-
tries 9—11) 4-substituted anilines. The reaction with steri-
cally hindered 2,6-dimethylaniline was slow but high-
yielding (entry 12). N-Alkylanilines also demonstrated
high selectivity for reaction at C4 (entries 13 and 14).

Several heteroaromatic amines were employed and these
amines cleanly displaced the chloride in 1 (entries 15—
Table 2 Chemoselective Substitution of C4—Cl in 1 with Anilines
CL R'R?NH C;
N)ﬁ\ (1.1-1.3 equiv) N
|
ﬂl\ Z 2,6-lutidine ﬂ\ AL

4
MeOS™ "N"47Cl (15 13equy), MeQST NTECNN

1 DMSO (0.3 M), r.t. , R
Entry R'R’NH Time (h) Product  Yield® (%)
1 PhNH, 1 2a 95
2 2-MeC4H,NH, 15 2b 95
3 2-CICH,NH, 36 2¢ 82
4 3-MeCH,NH, 1 2d 98
5 3-CICH,NH, 2 2e 94
6 3-O,NC,H,NH, 6 of 97
7 4-MeCH,NH, 1 2g 96
8 4-MeOC4H,NH, 0.5 2h 99
9 4-CIC,H,NH, 3 2i 94
10 4-MeO,CCHNH, 20 2j 91
11 4-NCCH,NH, 48 2k 92
12 2,6Me,CH;NH, 20 21 95
13 ©\ Me | 2m 98

=
n
14 U y 1 2 98
H
N

o’
15 (;@L 0.5 20 93

X NH

16 O\N/ NH, 2 2p 90
N=

17 HN i, 0.2 2q 99
H
N

18 1 o 98

NH»
2 Isolated yield.

®1 (1 mmol), 1H-indol-5-amine (1 mmol), NaHCO; (1.5 equiv),
DMF), r.t., 1 h.
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18).2! 'H NMR spectra of products 20—r show broad sig-
nals of rotamers, which makes NMR analysis less useful
for identification of these compounds. For the product 2q
(entry 17) the existence of rotamers was confirmed by the
collapse of the 'H NMR signals upon heating to 350 K in
DMSO-d,.** Although the structure of product 2r (entry
18) could not be unambiguously established by NMR
spectroscopy, we believe that reaction of the 5-aminoin-
dole with 1 proceeded via its NH, group and not the indole
NH, because indole itself did not react with 1 at these con-
ditions (data not shown).?

Although the reactions with anilines and some heteroaro-
matic amines were clean and followed the same general
trends, we were surprised to determine that the reactions
with many aromatic heterocyclic amines proceeded quite
different. For example, the reaction of amines such as pyr-
azole, 3,5-dimethylpyrazole, 2-aminopyridine, 2-amino-
thiazole, and  5-aminobenzimidazole  proceeded
unselectively, displacing both the chloride and the sul-
fone, as well as forming bis-substituted and other uniden-
tified byproducts.?* Reaction of the 5-aminopyrimidine
and 3-aminopyridine proceeded selectively with the chlo-
ride at the early stages of the reaction (according to LC-
MS analysis of the reaction mixtures). However, the reac-
tions were slow, and multiple byproducts were formed at
completion. Some amines react not only unselectively but
also very slowly (such as indole).?* Additionally, LC-MS
analysis of the reaction mixtures suggested that the re-
leased sulfinate byproduct often was also capable of reac-
tion with 1, leading to the formation of additional
byproducts through a process described previously.3¢°

Chemoselective Displacement of Sulfone in 1 with
Anionic Nucleophiles

As demonstrated above, in the presence of a weak base an-
ilines and some heteroaromatic amines attack 1 at C4 with
selective displacement of the chloride moiety (Table 2).
This reactivity trend was unexpected, because previously
1 was mainly used to provide the C2-sulfone displacement
products.?® Because many of these examples®® involve an-
ionic nucleophiles, we reasoned that upon changing the
nature of the nucleophile from a neutral aniline to its de-
protonated form, the reaction selectivity may be reversed.
Indeed, we found that aniline deprotonation completely
changed the selectivity, leading to exclusive reaction at
C2 with displacement of methylsulfone and the formation
of product 3a (Table 3, entry 1). The reaction with steri-
cally and electronically deactivated 2-chloroaniline had
been slow in the presence of 2,6-lutidine (Table 2, entry
3); however, a sodium hexamethyldisilazanide®® promot-
ed reaction was fast and high yielding (Table 3, entry 2).
The yield was equally high with both electron-poor (entry
3) and electron-rich (entry 4) 4-substituted anilines. Prod-
uct 3e (entry 5) was isolated in lower yield. This could be
a result of the decreased acidity of p-anisidine due to the
strongly electron-donating nature of the 4-OMe group. In
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the absence of a sufficient concentration of deprotonated
aniline, side reactions take place instead.?’

Table 3 Chemoselective Substitution of C2-SO,Me in 1 with
Anionic Nucleophiles

Cl 7 o]
6 R=T _ X 6
N7 N~ = N7
A A
|

conditions N™4 ~°ClI
1 Y
3
Entry R or amine X Y Product Yield*® (%)
1¢ H H H 3a 79
2¢ 2-Cl H H 3b 76
3¢ 4-Cl H H 3¢ 84
4¢ 4-Me H H 3d 85
5¢ 4-OMe H H 3e 67
64 H CHO H 3a 93
74 2-OMe CHO H 3f 75
8d 3-OMe CHO H 3g 78
94 4-OMe CHO H 3e 91
104 4-Cl CHO H 3¢ 85
11¢ 2-Br Boc Boc 3h 87
12¢ 3-Br Boc Boc 3i 75
13¢ 4-Cl Boc Boc 3j 95
X
14¢ | _ H H 3k 84
N~ “NH,
S
15¢ [ )—NH:  H H 3l 750
N
N NH,
e H H 3m 38
N
2 Isolated yield.

b Reactions were not optimized.

¢ NaHMDS, THF, ~70 °C, 15-30 min.

41. NaOt-Am, THF, 0 °C-r.t., 30 min; 2. aqg NaOH.

¢ NaH, DMF-THF, -60 °C-0 °C, 1-2 h.

fImpure, contains ~10% of the bis-adduct [M + H]* 395.3°

As a potentially milder variant of this process, reactions of
1 with formamides in the presence of sodium tert-amylate
provided the same C2-displacement products (entries 6—
10).28 The intermediate formamide products (3, Y = CHO)
were partially hydrolyzed during the reactions. This hy-
drolysis could be completed by treatment with aqueous
sodium hydroxide to form the corresponding amines
3a,c,e—g. The yields of the process were high and inde-
pendent of the steric or electronic properties of the nucleo-
phile. Products of the C4-chloride displacement of 1 were

© Georg Thieme Verlag Stuttgart - New York

Downloaded by: University of Florida. Copyrighted material.



PAPER

Chemoselective Reactions of 4,6-Dichloro-2-(methylsulfonyl)pyrimidine 1767

not observed under these reaction conditions. Instead of
the amide-protected anilines, Boc-protected anilines can
be used (entries 11-13).2° The products 3h—j were stable
and isolated unchanged. Several deprotonated heteroaro-
matic amines displaced the sulfone selectively. For exam-
ple, the reaction with 2-aminopyridine provided product
3k in 84% isolated yield (entry 14). The reaction with 2-
aminothiazole proceeded, but was complicated by further
arylation of the product 31 with 1 and its poor solubility,
which prevented its isolation (entry 15).3° Even though
the reaction with 3-aminopyridine was clean according to
LC-MS analysis of the reaction mixture, the product 3m
was isolated in only 38% yield, perhaps due to its instabil-
ity (entry 16).3!

Selective Displacement of Sulfone in 1 with Primary
Aliphatic Amines and Selective Displacement of
Chloride in 1 with Secondary Aliphatic Amines

Next, we examined the selectivity of the reaction between
1 and various aliphatic amines (Table 4). Because most al-
iphatic amines are more reactive than anilines, the reac-
tants were mixed at —70 °C, followed by slow warming to
~0 °C over one to two hours. However, data shown in en-
try 4 suggests that use of low temperature may be unnec-
essary and ambient temperature may be acceptable.
Reactions with some substrates at —70 °C were too slow
and required higher (ambient) temperature (entries 8—11).
An extra equivalent of the amine was used as the external
base for all of these reactions.

Interestingly, unlike the similar reactions with anilines
(Table 2), the chemoselectivity of the reactions with ali-
phatic amines depended upon the nature of the amine.
Thus, the reaction of several primary aliphatic amines
with 1 proceeded highly selectively at C2, with the forma-
tion of products Sa—d (entries 1-4).* In contrast, several
secondary aliphatic amines preferentially displaced the
chloride at C4, forming products 4e—g (entries 5—7). The
less sterically hindered piperidine was less selective in
displacing the C4—Cl1 (69% vs. 29%, entry 7) compared to
highly selective diethylamine (entry 6) or N-methylethyl-
amine (entry 5). The sterically hindered primary amines
tert-butylamine and 1-adamantylamine did not displace
the sulfone as selectively as ethylamine (5/4 ~2:1, entries
8 and 9 vs. entry 1). It appears that the steric interactions
between 1 and the amine nucleophile are important in de-
termining the reaction selectivity.

We also demonstrated that the electronic properties of the
amine affect the selectivity. For example, replacement of
the methyl group in ethylamine with an inductively
electron-withdrawing difluoromethyl or trifluoromethyl
group provides less basic®* and less nucleophilic®* amines,
which were also combined with 1 (entries 10 and 11).
Whereas ethylamine displaced the sulfone group very se-

© Georg Thieme Verlag Stuttgart - New York

Table 4 Substitution of C4—Cl or C2-SO,Me in 1 with Aliphatic

Amines
N7
)l\ = _R!

al MeO,8~ "N~ "N

R'R2NH (2 equiv) R2
N7 X 2 4
PN '
= —70°Cto 0 °C Cl

over 30-90 min

Entry R'R?’NH Product Yield (%) Product Yield (%)

1 EtNH, 4a trace S5a 82
2 Ph(CH,),NH, 4b trace 5b 92
3 BnNH, 4c trace Sc 96
42 CyNH, 4d 2 5d 77
5 MeEtNH 4e 71 Se trace
6 Et,NH 4f 86 5f 4
7 piperidine 4g 69 5g 27
8 t-BuNH, 4h 16° 5h 32
9° 1-adamantyINH, 4i 27° 5i 58
10? CHF,CH,NH, 4j 36 5j 48
11 CF;CH,NH, 4k 584 5k 0

2 Reaction run at r.t., 0.3-2.5 h.

® Impure.

¢ 1.3 equiv of amine used.

413% of 2,4-(dimethylsulfonyl)-6-(2,2,2-trifluoroethylamino)pyrim-
idine or its isomer was also isolated.

lectively (entry 1), the less electron-rich 2,2-difluoro-
ethylamine was less discriminating (entry 10). The even
less electron-rich 2,2 2-trifluoroethylamine did not dis-
place the sulfone at all, but it did displace the chloride in-
stead, albeit slowly (entry 11).

Attempted reactions between deprotonated secondary ali-
phatic amines and 1 were unsuccessful, and mixtures of
multiple products were formed instead as judged by LC-
MS analysis.>> However, deprotonated primary aliphatic
amines did displace the sulfone group selectively. For ex-
ample, when phenethylamine deprotonated with butyllith-
ium was combined with 1, the SO,Me-displacement
product was produced, although in only 42% isolated
yield (Scheme 2). Cyclohexylamine deprotonated with
isopropylmagnesium chloride—lithium chloride complex
similarly formed the sulfone displacement product in 65%
isolated yield.

Synthesis 2013, 45, 1764—1784
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cl Cl
RNH, (2.2 equiv)
NT X base (2.2 equiv) )N|\ =
| P
P o
MEOQS)\N cl —70°C RHN N Cl
5b,d

. 5b, R = CoH4Ph, base = n-BulLi, 42%
. 5d, R = Cy, base = i-PrMgCI-LiCl, 65%

Scheme 2 Reactions of 1 with deprotonated primary aliphatic
amines

Further Chemoselective Functionalizations of 2a

Additionally, we studied the selectivity of the reaction be-
tween 2a and various nucleophiles. We found that either
the sulfone or the chloride in 2a can be selectively dis-
placed. For example, heating 2a with anilines and 2,6-luti-
dine in dimethyl sulfoxide led to chloride displacement
and formation of products 6a—e (Table 5). Sterically hin-
dered (entry 2) or electronically deactivated (entry 5) ani-
lines required higher temperatures (100 °C) than did the
other anilines (80 °C). The reaction was highly chemose-
lective, and only trace amounts of the sulfone-displace-

Table S Substitution of C6—Cl or C2-SO,Me in 2a with Amines

NHR
N7 X
0 P
5 MeO,S N NHPh
N7~ ) 6
| amine
ﬂ\ N _ or

Me0,S~ N~ “NHPh N

2a
NTX
PP
RHN N NHPh
7

Entry RNH, Product Yield® Product Yield®

(%) (%)
1° PhNH, 6a 87 - -
2° 2-MeC¢H,NH,  6b 76 - -
3b 3-MeCH,NH,  6¢ 78 - -
4b 4-MeCH,NH, 6d 95 - -
50 4-CIC(H,NH, 6e 95 - -
6° CyNH, - - 7a 94
7¢ HOCH,CH,NH, - - b 98
8¢ BnNH, 6f 4 Te 87
2 Isolated yield.

> RC4H,NH, (2-4 equiv), 2,6-lutidine (1.2 equiv), DMSO, 80—
100 °C, 24-48 h.
¢ RNH, (3 equiv), DMSO, r.t., 24 h.
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ment product were observed by LC-MS analysis of the
reaction mixtures. These selective displacements by ani-
lines of the chloride and not of the sulfone are consistent
with the data presented in Table 2.

On the other hand, primary aliphatic amines selectively
displaced the sulfone group in 2a (entries 6—8). This ob-
servation is consistent with the selective displacement by
similar amines of sulfone and not chloride in 1 (Table 4).
Formation of the alternative products (such as 6f) was ob-
served by LC-MS analysis; however, these minor prod-
ucts could not be isolated in pure form.

We also found that the C6-position in 2a could be selec-
tively functionalized by Suzuki reaction, providing arylat-
ed products 8a—d (Table 6). The reactions could be run at
relatively low temperatures (60 °C), which avoided com-
petitive hydrolysis of 2a or formation of other byproducts.

Table 6 Substitution of C6—Cl in 2a with Arylboronates®

X
R
cl Z
6
N| X ArylB(OH),? N| X
2 4 e
MeOZS)\N/ NHPh MeOQS)\N/ NHPh
2a 8
Entry R Product Yield® (%)
1 H 8a 90
3-Me 8b 93
3 4-OMe 8¢ 90
4 4-F 8d 94

* Ar-B(OH), (1.5 equiv), PACLdppf (5 mol%), K,CO; (2 equiv), aq
DME, 60 °C, 4 h.
® Isolated yield.

Data presented in Table 3 illustrate that certain anionic
nucleophiles can selectively displace the sulfone group in
1. Similarly, the C2-position of 2a can also be selectively
functionalized. For example, deprotonated amides exclu-
sively displaced the sulfone from 2a (Table 7), forming
products 9. The reaction of aromatic formamides with dif-
ferent steric and electronic properties proceeded unevent-
fully (entries 1-5). The intermediate formamide products
(9, X = CHO) were partially hydrolyzed during the reac-
tions, which could be observed by LC-MS analysis of the
reaction mixtures. This hydrolysis could be completed by
treatment with aqueous sodium hydroxide to form the cor-
responding amines 9a—e. The reaction of aliphatic
phenethylformamide proceeded in a similar fashion (entry
6), providing product 9f in 91% yield upon hydrolysis. A
cyclic amide piperidone upon deprotonation also dis-

© Georg Thieme Verlag Stuttgart - New York
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placed the methylsulfone group, providing amide product
9g in 68% yield (entry 7).

Table 7 Substitution of C2-SO,Me in 2a with Deprotonated Amides®

Cl Cl
N i amide, N7
| conditions |
A A e m, N
MeO,S N NHPh N N NHPh
2a X
9
Entry R Product X Yield® (%)
1 2-CIC¢H, 9a H 92
2 3-CIC¢H, 9b H 87
3 4-CIC¢H, 9¢ H 95
4 4-MeOC4H, 9d H 99
5 4-O,NC¢H, 9e H 96
6 Ph(CH,), 9f H 91
0

7¢ Hl\i‘j 9g - 68

2 Reaction conditions: 1. RNHCHO, NaO#-Am (2 equiv), THF, 0 °C—
r.t., 30 min; 2. aq NaOH, r.t., 30 min.

b Isolated yield.

¢ The hydrolysis step was omitted.

Finally, we demonstrated that organomagnesium reagents
also preferentially displace the sulfone over the chloride
(Table 8). At least two equivalents of the nucleophile were
required for this reaction, as one equivalent was con-
sumed to deprotonate the acidic N—H present in 2a. As the
data illustrates, both arylmagnesium reagents (entries 1—
3) and alkylmagnesium reagents (entry 4) provided the
desired products 10a—d in high yield.

Table 8 Substitution of C2-SO,Me in 2a with Organomagnesium
Reagents?

Cl Cl
6
NI ~ RMgX NI N
2 4

MeOQS)\N/ NHPh R)\N NHPh

2a 10
Entry R Product Yield® (%)
1 Ph 10a 95
2 3-F,COC,H, 10b 97
3 4-FCH, 10¢ 93

O
4 }{\)\ 10d 96
O

2 Reaction conditions: RMgBr (2.5 equiv), THF, 0 °C-r.t., 1 h.
® Isolated yield.

© Georg Thieme Verlag Stuttgart - New York

Analysis of the Reaction Selectivity

The selectivity trends described in Table 2 and Table 4 are
intriguing and deserve an explanation. A literature review
of the reactions of heterocyclic electrophiles bearing both
chloride and sulfone leaving groups reveals that chloride
is always selectively displaced by aniline or secondary al-
iphatic amine nucleophiles (neutral, not deprotonated).

For example, both aniline and dimethylamine displace
chloride from 3-chloro-6-(methylsulfonyl)pyridazine
(11b, Table 9, entry 2) to provide products 13b-1 and 13b-
2362 Similar selectivity was observed for 4-chloro-6-
(methylsulfonyl)pyrimidine (11¢, entry 3), which provid-
ed products 13¢-1 and 13¢-2.36

Additional examples include 4-chloro-2-(ethylsulfo-
nyl)pyrimidine,*®  4-chloro-2-(ethylsulfonyl)-6-phenyl-
pyrimidine,*® and 2,4-dichloro-6-(methylsulfonyl)pyr-
imidine.® The reaction of these electrophiles with anilines
or secondary aliphatic amines proceeded by chloride dis-
placement.

As the further confirmation of this trend, we found?” that
reaction of 2-chloro-6-(methylsulfonyl)pyrazine (11d, en-
try 4) and 4-chloro-2-(methylsulfonyl)pyrimidine (11e,
entry 5), proceeded in a similar fashion, with selective dis-
placement of chloride by either aniline or diethylamine,
providing products 13d-1, 13d-2, 13e-1, and 13e-2. 2-
Chloro-4-(methylsulfonyl)pyrimidine (11f, entry 10) be-
haved anomalously because the reaction with aniline was
not clean. In addition to the major product 13f-1, the sul-
fone displacement product could also be observed by LC-
MS analysis. In comparison, when 11f was combined with
diethylamine, a clean and selective chloride displacement
was observed with formation of 13f-2.

In contrast, reactions of primary aliphatic amines are less
consistent and may proceed according to one of the three
scenarios.

(1) Selective chloride displacement was observed when
primary aliphatic amines were combined with 3-chloro-6-
(methylsulfonyl)pyridazine 11b to provide 13b-3 (entry
2),3% or with 2-chloro-6-(methylsulfonyl)pyrazine 11d to
provide 13d-3 (entry 4).

(2) Selective sulfone displacement was observed when
primary aliphatic amines were combined with 4,6-dichloro-
2-(methylsulfonyl)pyrimidine (1) to provide 12a (entry 1).

(3) In general, primary aliphatic amines react with hetero-
cyclic electrophiles less selectively. Examples include re-
actions with: (a) 4-chloro-6-(methylsulfonyl)pyrimidine
(11c, entry 3), with the formation of both products 12¢-1
and 13c-3; (b) 4-chloro-2-(methylsulfonyl)pyrimidine
(11e, entry 5), with formation of both 12e-1 and 13e-3. In
each case, the sulfone displacement was preferred. Addi-
tional examples of unselective reactions include 4-chloro-
2-(ethylsulfonyl)pyrimidine,*® and 4-chloro-2-(ethylsul-
fonyl)-6-phenylpyrimidine.3¢®3# In both reactions sulfone

Synthesis 2013, 45, 1764—1784
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Table 9 Selected Data on the Chemoselectivity of Reactions between Electrophiles 11a—f Containing Both Chloride and Sulfone Leaving
Groups and the Three Types of Amines: Anilines, Secondary Aliphatic Amines, and Primary Aliphatic Amines

/\ R'R2NH N

=
| 1y Ny L _/\._ 1R2
Cl—y N —SO;Me R'R*NT- N j Cl MeO.S+— N j77NR'R
A ’ I\) \)
1 R' = aryl, alkyl 12 13
R2 = alkyl, H

Entry Heterocycle §*

Product of reaction with:

Anilines Secondary aliphatic amines Primary aliphatic amines
cl ¢l cl
N7 N

N“ ™ §5-+053057

1 5~+0'59%)|\/@

MeO,S N Cl

11a (same as 1)

_N_ _Cl

0~4029 N7

2 Z 5~+040

MeOZS

11b

8 ~+0.57 N/%N 5~+0.64

|l %
3 MeOZS)\/kCI

11c

3~+0.16 N 3~+0.26
4 %JI %

MeO,S N Cl

11d

S~ + 0.60% N/j\g +0.58
|
S P

Me0,5~ N~ i

11e

§~+0.51 SN 8~+075
] CQQ@

MeO,S~ N~ >l

11f

M

Me0,S” N~ “NHPh

13a-1, 97% (same as 2a)

this work
NN o NHPh

|
M902S =

13b-1, 77%
ref. 36a

Br
L Y
MeOZS)\%N

H

13¢c-1, 77%
ref. 36a

N
S
BN
N
13d-1, 73%
this work

J Bt

Me0,S~ N~ “NHPh

MeO,S NHPh

13e-1,97%
this work

L

Me0,S~ N~ “NHPh

13f-1°
this work

Cl
NT X
/lk &
N~ NEt,
13a-2, 86% (same as 4f)
this work

N/N\ NMe;,

MeOQS

MGOQS

13b-2, 86%
ref. 36a

W
=
MeOQS)\)\NMez

13¢-2, 72%
ref. 36a

N
N
N
N~ NEt,

13d-2, 92%
this work

L

MeO,S N NEt,

MeO,S

13e-2, 93%
this work

L

MeO,S N NEt,

131-2, 94%
this work

P

EtHN N Cl

12a, 82% (same as 5a)
this work

N/N\ NHn-Bu
I

MeOZS

13b-3, 92%
ref. 36a
N&

TS
EtHNJ\)\CI
12¢-1, 83%

N/§
|

=
MeO,S NHEt

N

13¢-3, 14%
this work
N

L.

MeO,S~ N~ “NHEt

/

\

13d-3, 78%
this work

NT X
A~
EtHN N Cl
12e-1, 67%
NT X
PP
MeO,S N NHEt

13e-3, 19%
this work

£
EtHN N//I\CI

121-1, 79%
this work

# Partial atomic charges are shown on the S- and Cl-bound carbon atoms.

® The product could not be isolated clean. Ratio of the chloride-substitution product to the sulfone-substitution product is ~3.5:1 by LC, detection

with UV 254 nm.
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displacement was also slightly favored over chloride dis-
placement (sulfone displacement/chloride displacement
~2:1 or4:1)

To summarize, heterocyclic electrophiles bearing both
chloride and sulfone leaving groups react with anilines
and secondary aliphatic amines by selective chloride dis-
placement. Reactions with primary aliphatic amines in
general favor sulfone displacement, although selective
chloride displacement is sometimes observed instead.

In order to understand what dictates the observed selectiv-
ity, we analyzed: (1) frontier molecular orbitals (FMO) of
the electrophiles; (2) partial atomic charges on the S- and
Cl-bound carbon atoms in the electrophiles;* and (3) the
steric factors. We consider that the SO,Me group has
more steric bulk the corresponding Cl; and anilines*® and
secondary aliphatic amines will have more steric bulk
than primary aliphatic amines.

First, we calculated lowest unoccupied molecular orbitals
(LUMO) in these electrophiles and determined that no
correlation exists between the atomic LUMO coefficients
and the reaction selectivity. For example, in 3-chloro-6-
(methylsulfonyl)pyridazine (11b) the LUMO is concen-
trated on the C(S); however, it is the chloride that is being
displaced from this electrophile. On the other hand, the
atomic LUMO coefficients at C(Cl) and C(S) in 1 are very
similar. Nevertheless, either carbon atom may be selec-
tively attacked by different nucleophiles.

The calculated partial atomic charges on the chlorine- and
sulfur-bound carbon atoms in these electrophiles are
shown in Table 9. We found that anilines and secondary
aliphatic amines always displace the chloride atom inde-
pendent of the position of the more positively charged
carbon atom. For example, in 3-chloro-6-(methylsulfo-
nyl)pyridazine (11b) the partial atomic charge on the
C(Cl) atom is larger than on the C(S) carbon (+0.40 vs.
+0.29). On the other hand, in 1 the charge on C(Cl) is low-
er than on C(S) (+0.53/+0.57 vs. +0.59). Nevertheless,
both electrophiles react with anilines or dialkylamines by
selective attack at C(Cl).

Because the selectivity of reactions with anilines or sec-
ondary aliphatic amines is not FMO- or charge-controlled,
we propose that it is governed by steric factors; and the
less sterically hindered C(Cl) is always attacked by these
bulkier amines.*!

However, primary aliphatic amines preferentially attack
the most positively charged atom, although often unselec-
tively. Thus, in 1 the more positive C(S) is attacked by
ethylamine (entry 1), while in 11b and 11d the amines at-
tack the more positive C(Cl). However, frequently the re-
actions with primary aliphatic amines are less selective
(such as with 11¢ and 11e). It appears that when a primary
aliphatic amine reacts, the steric bulk may be as important
as the electrostatic attraction. In some cases (such as en-
tries 2 and 4) both steric and electronic factors match and
highly selective chloride displacement is possible. When
electronic factors predominate, selective sulfone displace-
ment is possible, such as observed with 1.

© Georg Thieme Verlag Stuttgart - New York

This steric-driven selectivity explanation is also consis-
tent with the less selective chloride displacement from 1
by the less hindered piperidine (Table 4, entry 7) com-
pared to diethylamine (Table 4, entry 6). Further support
for the steric origins of selectivity comes from data of Ta-
ble 4, entries 8 and 9. The sulfone displacement with these
bulky primary amines from 1 is not as selective as with the
less sterically biased ethylamine (Table 4, entry 1).

Reaction of 2-chloro-4-(methylsulfonyl)pyrimidine (11f)
with ethylamine was anomalous. The less positively
charged C(S) was attacked with formation of 12f-1. Sim-
ilarly, in 11¢ the less positively charged C(S) was prefer-
entially attacked by ethylamine. This anomalous behavior
suggests that there must be additional factors affecting the
selectivity of these reactions.

To summarize, we have demonstrated that 1 is a versatile
intermediate that can be used for selective synthesis of
polysubstituted pyrimidines. In the absence of a strong ex-
ternal base, anilines, some heteroaromatic amines, and
sterically unbiased secondary aliphatic amines selectively
displace the chloride group. In contrast, under the same
conditions electronically and sterically unbiased primary
aliphatic amines preferentially displace the sulfone group.
We proposed a steric-driven selectivity explanation for
the selective chloride displacement in 1 and similar elec-
trophiles (11b—f). Further, we proposed that for the reac-
tions of primary aliphatic amines, electrostatic attraction
may be equally important for the selectivity. In contrast,
anionic nucleophiles always selectively displace the sul-
fone group. The same reactivity trends apply for the reac-
tions of the advanced intermediate 2a.

"H and '*C NMR spectra were recorded on Bruker 500 MHz NMR
spectrometer (500 MHz 'H, 126 MHz *C) in CDCl,, acetone-dj, or
DMSO-d,. 'H and 3C NMR assignments are corroborated by 2D
experiments (COSY, HMQC, HMBC, and NOESY) when relevant.
HRMS analysis (ESI+) was performed on an LTQ Orbitrap Discov-
ery mass spectrometer. Analytical TLC was performed on silica gel
plates with F-254 indicator. Visualization was accomplished by UV
light. Column chromatography was performed with silica gel. Melt-
ing points were determined in open capillary tubes on an OptiMelt
MPA100 Automated Melting Point System. Anhydrous solvents
were purchased from Acros and used without further purification.
All commercially available reagents were purchased and used with-
out further purification unless otherwise noted. 4,6-Dichloro-2-
(methylsulfonyl)pyrimidine (1) was purchased from Accela Chem-
Bio and used without further purification.

6-Chloro-2-(methylsulfonyl)-N-phenylpyrimidin-4-amine (2a);
Typical Procedure

Compound 1 (227 mg, 1 mmol), 2,6-lutidine (150 puL, 1.3 mmol),
and aniline (118 pL, 1.3 mmol) were dissolved in DMSO (3 mL)
and the soln was stirred for 1 h under N, at r.t. The reaction was
quenched with 0.1 M aq HCI (3 mL), and the resulting suspension
was stirred at 1 h at r.t. The solid product was filtered and washed
with H,O. The wet product was dried at 50 °C under high vacuum
to give 2a as an off-white solid material; yield 270 mg (95%); mp
196-198 °C.

'H NMR (500 MHz, DMSO-d,): 8 = 10.54 (br s, 1 H), 7.62 (br s, 2
H), 7.42 (t, J = 8.04 Hz, 2 H), 7.18 (t, J = 7.09 Hz, 1 H), 6.96 (s, 1
H), 3.36 (s, 3 H).
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3C NMR (126 MHz, DMSO-dy): & = 165.10, 161.44, 158.17,
137.85,129.11, 124.34, 120.87, 107.32, 38.80.

MS (ESI): m/z (%) = 288 (1), 287 (4), 286 (36), 285 (11), 284 (100,
[M + HJ"), 222 (2), 204 (2).

HRMS (ESI): m/z [M + H]" caled for C,,H,,CIN;0,S: 284.0255;
found: 284.0248.

6-Chloro-2-(methylsulfonyl)-/V-(o-tolyl)pyrimidin-4-amine (2b)
Prepared according to the typical procedure for 2a as a white solid
material; yield: 140 mg (95%); mp 129-130 °C.

'H NMR (500 MHz, CDCL,): 8 = 7.48 (brs, 1 H), 7.34-7.33 (br m,
1 H), 7.28 (brm, 3 H), 6.44 (brs, 1 H), 3.31 (s, 3 H), 2.26 (s, 3 H).

BCNMR (126 MHz, CDCl): § = 165.3, 163.4, 161.0, 134.3, 134.0,
131.5,128.1, 127.3, 125.9, 104.1, 38.8, 17.7.

MS (ESI): m/z (%) = 298 (100, [M + HJ*), 300 (32).

HRMS (ESI): m/z [M + H]* caled for C,,H,;CIN;O,S: 298.0417;
found 298.0427.

6-Chloro-N-(2-chlorophenyl)-2-(methylsulfonyl)pyrimidin-4-
amine (2¢)

Prepared according to the typical procedure for 2a as an off-white
solid material; yield: 260 mg (82%); mp 123-126 °C.

'H NMR (500 MHz, DMSO-d,): 8 = 10.34 (br s, 1 H), 7.70 (d, J =
7.57 Hz, 1 H), 7.61 (dd, J = 8.04, 1.42 Hz, 1 H), 7.44 (td, J = 7.65,
1.42 Hz, 1 H), 7.34 (t, J=7.09 Hz, 1 H), 6.92 (brs, 1 H), 3.28 (s, 3
H).

3C NMR (126 MHz, DMSO-dy): & = 170.38, 165.05, 162.54,
158.92, 133.94, 130.06, 127.95, 127.83, 127.28, 106.40, 38.68.

MS (ESI): m/z (%) = 323 (1), 322 (13), 321 (8), 320 (71), 319 (10),
318 (100, [M + H]"), 258 (1), 256 (1).

HRMS (ESI): m/z [M + H]" caled for C,,H,,CLN;O,S: 317.9865;
found: 317.9858.

6-Chloro-2-(methylsulfonyl)-/N-(m-tolyl)pyrimidin-4-amine
2d)

Prepared according to the typical procedure for 2a as a yellow solid
material; yield: 291 mg (98%); mp 129-140 °C.

'H NMR (500 MHz, DMSO-d,): § = 10.27-10.56 (m, 1 H), 7.37—
7.54 (m, 2 H), 7.20-7.36 (m, 1 H), 6.97-7.04 (m, 1 H), 6.91-6.96
(m, 1 H), 3.36 (s, 3 H), 2.33 (s, 3 H).

3C NMR (126 MHz, DMSO-dy): & = 165.07, 161.39, 158.24,
138.39, 137.72, 128.88, 124.82, 121.05, 117.90, 107.47, 38.75,
21.06.

MS (ESI): m/z (%) = 302 (2), 301 (4), 300 (36), 299 (11), 298 (100,
[M + HJ"), 238 (1), 236 (3), 218 (2).

HRMS (ESI): m/z [M + H]" calced for C,,H,;CIN;0,S: 298.0417;
found: 298.0424.

6-Chloro-N-(3-chlorophenyl)-2-(methylsulfonyl)pyrimidin-4-
amine (2e)

Prepared according to the typical procedure for 2a as a yellow solid
material; yield: 298 mg (94%); mp 134-136 °C.

'HNMR (500 MHz, DMSO-dj): 5= 10.72 (s, 1 H), 7.85 (brs, 1 H),
7.54 (d,J=9.14Hz, | H), 7.44 (t,J=8.04 Hz, 1 H), 7.16-7.27 (m,
1 H), 7.03 (s, 1 H), 3.37 (s, 3 H).

3C NMR (126 MHz, DMSO-dy): & = 164.95, 161.24, 158.38,
139.50, 133.30, 130.65, 123.76, 120.18, 118.99, 107.93, 38.80.
MS (ESI): m/z (%) =322 (12),321 (7),320(71),319(11),318 (100,
M +H]Y), 281 (2), 267 (6), 256 (2).

HRMS (ESI): m/z [M + H]* caled for C,;,H,,CI,N;0,S: 317.9865;
found: 317.9857.
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6-Chloro-2-(methylsulfonyl)-/V-(3-nitrophenyl)pyrimidin-4-
amine (2f)

Prepared according to the typical procedure for 2a, as a yellow solid
material; yield: 319 mg (97%); mp 245-246 °C.

'H NMR (500 MHz, DMSO-d,): 8= 10.92 (s, 1 H), 8.72 (br's, 1 H),
7.99-7.94 (m, 2 H), 7.70 (t, J = 8.2 Hz, 1 H), 7.06 (s, 1 H), 3.43 (s,
3 H).

13C NMR (126 MHz, DMSO-dy): & = 164.9, 161.2, 158.7, 148.1,
139.3,130.5, 126.3, 118.3, 114.6, 108.4, 38.8.

MS (ESI): m/z (%) = 329 (100, [M + H]"), 331 (32).

HRMS (ESI): m/z [M + H]" caled for C,,H,,CIN,O,S: 329.0111;
found: 329.0122.

6-Chloro-2-(methylsulfonyl)-/NV-(p-tolyl)pyrimidin-4-amine (2g)
Prepared according to the typical procedure for 2a as a yellow solid
material; yield: 285 mg (96%); mp 164168 °C.

'H NMR (500 MHz, DMSO-d): 8 = 10.46 (br s, 1 H), 7.50 (br s, 2
H), 7.23 (d, J = 8.20 Hz, 2 H), 6.91 (brs, 1 H), 3.34 (s, 3 H), 2.30
(s, 3H).

3C NMR (126 MHz, DMSO-dy): & = 166.07, 161.29, 157.61,
135.43, 133.08, 129.34, 120.43, 107.62, 38.79, 20.44.

MS (ESI): m/z (%) =302 (2), 301 (4), 300 (37), 299 (13), 298 (100,
[M +HJY), 267 (1), 218 (2).

HRMS (ESI): m/z [M + H]" caled for C;,H,;;CIN;0,S: 298.0412;
found: 298.0403.

6-Chloro-N-(4-methoxyphenyl)-2-(methylsulfonyl)pyrimidin-
4-amine (2h)

Prepared according to the typical procedure for 2a as an off-white
solid material; yield: 310 mg (99%); mp 199-201 °C.

'"H NMR (500 MHz, DMSO-d,): 3= 10.39 (br's, 1 H), 7.55-7.52 (br
m, 2 H), 7.01 (d, J = 8.6 Hz, 2 H), 6.89 (br, 1 H), 3.78 (s, 3 H), 3.34
(s, 3 H).

13C NMR (126 MHz, DMSO-d): § = 165.2, 161.1, 157.5, 156.0,
130.9, 122.1, 114.2, 107.5, 55.2, 38.8.

MS (ESI): m/z (%) = 314 (100, [M + H]"), 316 (32).

HRMS (ESI): m/z [M + H]* caled for C,,H,;CIN;O,S: 314.0366;
found: 314.0377.

6-Chloro-N-(4-chlorophenyl)-2-(methylsulfonyl)pyrimidin-4-
amine (2i)

Prepared according to the typical procedure for 2a as a white solid
material; yield: 301 mg (94%); mp 178-179 °C.

"H NMR (500 MHz, DMSO-d;): = 10.60 (br s, 1 H), 7.65 (br m,
2 H),7.47 (d,J=8.9 Hz, 2 H), 6.98 (s, 1 H), 3.36 (s, 3 H).

13C NMR (126 MHz, DMSO-d): § = 165.0, 161.3, 158.3, 136.9,
129.0, 128.0, 122.9, 122.4, 38.8.

MS (ESID): m/z (%) =318 (100, [M + HJ"), 320 (63).

HRMS (ESI): m/z [M + H]" calcd for C,;H,,CI,N;0,S: 317.9871;
found: 317.9881.

Methyl 4-[6-Chloro-2-(methylsulfonyl)pyrimidin-4-ylami-
no]benzoate (2j)

Prepared according to the typical procedure for 2a as a yellow solid
material; yield: 310 mg (91%); mp 127-129 °C.

"HNMR (500 MHz, DMSO-dq):  =10.84 (s, 1 H), 8.01 (d,/=9.14
Hz, 2 H), 7.80 (d,J=8.51 Hz, 2 H), 7.08 (s, 1 H), 3.85 (s, 3 H), 3.41
(s, 3H).

3C NMR (126 MHz, DMSO-dy): & = 165.65, 164.98, 161.11,
158.57, 142.49, 130.41, 124.46, 119.72, 108.43, 51.95, 38.87.

MS (ESI): m/z (%) = 346 (1), 345 (4), 344 (36), 343 (14), 342 (100,
[M +HJY), 312 (2), 310 (7).
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HRMS (ESI): m/z [M + H]" caled for C,5H,5CIN;0,S: 342.0310;
found: 342.0301.

4-[6-Chloro-2-(methylsulfonyl)pyrimidin-4-ylamino]benzoni-
trile (2k)

Prepared according to the typical procedure for 2a as an off-white
solid material; yield: 283 mg (92%); mp 219-229 °C.

'H NMR (500 MHz, DMSO-d,): § = 10.90 (s, 1 H), 7.92-7.82 (m,
4H),7.10 (s, 1 H), 3.40 (s, 3 H).

13C NMR (126 MHz, DMSO-d,): 5 =165.07, 161.26, 158.83,
142.60, 133.63, 120.44, 119.07, 108.80, 105.61, 39.05.

MS (ESI): m/z (%) =313 (2), 312 (4), 311 (34), 310 (12), 309 (100,
[M + HJ"), 247 (2), 229 (2), 215 (2).

HRMS (ESI): m/z [M + H]" caled for C,,H,,CIN,O,S: 309.0208;
found: 309.0199.

6-Chloro-N-(2,6-dimethylphenyl)-2-(methylsulfonyl)pyrimi-
din-4-amine (21)

Prepared according to the typical procedure for 2a as a yellow solid
material; yield: 295 mg (95%); mp 163-169 °C.

"H NMR (500 MHz, DMSO-d,, mixture of two rotamers ~0.4:0.6):
8=10.24 (s, 0.6 H), 9.87 (s, 0.4 H), 7.20-7.29 (m, J = 3.50 Hz, 1.8
H), 7.11-7.18 (m, 1.2 H), 7.02 (s, 0.4 H), 5.88 (s, 0.6 H), 3.37 (s, 1.8
H), 3.11 (s, 1.2 H), 2.16 (s, 3.5 H), 2.14 (s, 2.5 H); see the Support-
ing Information for the spectrum.

13C NMR (126 MHz, acetone-d;, signals for both rotamers): § =
166.9,164.9,164.1,164.1,161.6, 159.8,137.2,136.5, 135.2, 134.1,
129.8, 129.3, 128.9, 128.2, 125.8, 107.4, 103.2, 39.7, 39.3, 38.9,
18.7, 18.2.

MS (ESI): m/z (%) =316 (3), 315 (7), 314 (65), 312 (100, [M + H]"),
115 (9).

HRMS (ESI): m/z [M + H]" caled for C,5H,5;CIN;0,S: 312.0568;
found: 312.0561.

6-Chloro-N-methyl-2-(methylsulfonyl)-N-phenylpyrimidin-4-
amine (2m)

Prepared according to the typical procedure for 2a as a white solid
material; yield: 292 mg (98%); mp 184—185 °C.

'H NMR (500 MHz, CDCl,): 8 = 7.65 (s, 1 H), 7.53 (t, /= 7.5 Hz,
2H),7.43 (t,J=7.5Hz, 1 H), 7.24 (dd, J= 8.3, 1.3 Hz, 2 H), 3.55
(s, 3 H), 3.38 (s, 3 H).

13C NMR (126 MHz, DMSO-d): § = 164.8, 162.8, 158.6, 142.4,
130.2, 128.1, 126.4, 104.7, 38.69, 38.66.

MS (ESI): m/z (%) = 191 (100), 298 (100, [M + H]"), 300 (36), 320
(28).

HRMS (ESI): m/z [M + HJ" caled for C,,H,5CIN;0,S: 298.0417;
found: 298.0403.

1-[6-Chloro-2-(methylsulfonyl)pyrimidin-4-yl]indoline (2n)
Prepared according to the typical procedure for 2a as an off-white
solid material; yield: 304 mg (98%); mp 222-223 °C.

'H NMR (500 MHz, DMSO-d,): 3 = 8.40 (br s, 1 H), 7.32 (d, J =
7.3 Hz, 1 H), 7.29 (t, J = 7.8 Hz, 1 H), 7.19 (s, 1 H), 7.09 (td, J =
7.5,0.6 Hz, 1 H), 4.14 (t, J=8.4 Hz, 2 H), 3.42 (s, 3 H), 3.27 (t, J =
8.4 Hz, 2 H).

13C NMR (126 MHz, DMSO-d,): 8 = 164.3, 159.02, 158.98, 141.8,
133.1, 127.3, 125.2, 123.0, 116.7, 106.7, 48.8, 39.0, 26.8.
MS (ESI): m/z (%) = 310 (100, [M + HJ"), 312 (36).

HRMS (ESI): m/z [M + H]" caled for C;;H,;;CIN;0,S: 310.0417;
found: 310.0404.

N-[6-Chloro-2-(methylsulfonyl)pyrimidin-4-yl]isoquinolin-6-
amine (20)

Prepared according to the typical procedure for 2a as a white amor-
phous solid; yield: 618 mg (93%).
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'H NMR (500 MHz, DMSO-d): § = 10.83 (s, 1 H), 8.83 (dd, J =
1.6, 4.1 Hz, 1 H), 8.30 (brd, J=7.9 Hz, 2 H), 8.05 (d, J=9.1 Hz, 1
H), 7.89 (app. br d, J= 8.8 Hz, 1 H), 7.52 (dd, J=4.3, 8.4 Hz, | H),
7.08 (s, 1 H), 3.43 (s, 3 H).

13C NMR (126MHz, DMSO-d): & = 165.1, 161.4, 158.5, 149.6,
145.0, 135.9, 135.6, 129.9, 128.2, 124.4, 122.0, 117.0, 107.7, 38.9.

MS (ESI): m/z (%) = 337 (37), 336 (15), 335 (100, [M + HI").

HRMS (ESI): m/z [M + H]" calcd for C1,H,;,CIN,O,S: 335.0364;
found: 335.0357.

N-[6-Chloro-2-(methylsulfonyl)pyrimidin-4-yl]isoxazol-3-
amine (2p)

Prepared according to the typical procedure for 2a as an off-white
solid material; yield: 247 mg (90%); mp 219-220 °C.

'HNMR (500 MHz, DMSO-d,): §=11.6 (s, 1 H), 8.89 (s, 1 H), 7.53
(brs, 1 H), 6.82 (brs, 1 H), 3.40 (s, 3 H).

13C NMR (126 MHz, DMSO-d): = 164.9, 160.52, 160.47, 157.7,
108.3, 99.3, 39.0.

MS (ESI): m/z (%) = 255 (18), 267 (100), 275 (40, [M + HI").

HRMS (ESI): m/z [M + H]* caled for CgHyCIN,0,S: 275.0006;
found: 274.9992.

6-Chloro-2-(methylsulfonyl)-N-(1H-pyrazol-4-yl)pyrimidin-4-
amine (2q)

Prepared according to the typical procedure for 2a as a pink amor-
phous solid; yield: 269 mg (99%).

"H NMR (500 MHz, DMSO-d;): = 12.68-13.12 (m, 1 H), 10.57
(brs, 0.8 H), 10.20 (br s, 0.2 H), 7.88-8.11 (m, 1 H), 7.50-7.82 (m,
1 H), 6.87 (br s, 0.8 H), 6.68 (br s, 0.2 H), 3.35 (s, 3 H); see VT
NMR experiments in the Supporting Information.

13C NMR (126 MHz, DMSO-d): & = 165.4, 160.0, 157.1, 120.4,
120.4, 106.9, 38.8.

LC-MS (ESI): m/z =274 [M + H".

N-[6-Chloro-2-(methylsulfonyl)pyrimidin-4-yl]-1H-indol-5-
amine (2r)

To 1 (227 mg, 1 mmol) was added 1H-indol-5-amine (132 mg, 1
mmol), NaHCO; (130 mg, 1.5 equiv), DMF (1 mL) and the mixture
was stirred at r.t. under N, for 1 h. LC-MS analysis of the mixture
showed complete conversion of 1 and clean formation of the major
product (M + H = 323). AcOH (3 drops) was added, then the mix-
ture was diluted with H,O, filtered, washed with more H,O, then
hexane, and Et,0, and dried in vacuo to provide 2r as a yellow
amorphous solid material; yield: 314 mg (98%).

"H NMR (500 MHz, DMSO-d;, mixture of rotamers): & = 11.00—
11.39 (m, 1 H), 10.29-10.58 (m, 1 H), 7.85 (br s, 0.54 H), 7.32-7.56
(m, 2.55 H), 7.27 (br s, 0.6 H), 7.02 (br s, 0.42 H), 6.91 (br s, 0.57
H), 6.59 (brs, 0.41 H), 6.44 (br s, 1.1 H), 3.35 (s, 3 H); see the Sup-
porting Information for the 'H NMR spectrum.

13C NMR not available due to signals being too weak/broad, see
HSQC spectrum in the Supporting Information for information on
some signals.

LC-MS (ESI): m/z =323 [M + H]".

4,6-Dichloro-N-phenylpyrimidin-2-amine (3a); Typical Proce-
dure

To aniline (279 mg, 3 mmol) in a tube with septum, stirbar, and nee-
dle for N, was added THF (3 mL) and the soln was cooled to —70
°C (external temperature). | M NaHMDS in THF (5 mL, 5 mmol)
was added by syringe, followed by slow addition by cannula of a
soln of 1 [454 mg, 2 mmol in THF (3 mL)] over 2 min. UPLC anal-
ysis after 10 min showed complete conversion and after 40 min of
total reaction time the mixture was quenched with AcOH, then par-
titioned between brine and EtOAc—hexane (~1:1) mixture. The or-
ganic layer was concentrated and purified by chromatography
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(silica gel, EtOAc—hexanes, gradient 0:1 to 1:5) to provide 3a as
glassy material (404 mg, 85%). The analytically pure material was
prepared through crystallization (heptane) to provide 3a as a solid
material; yield: 381 mg (79%); mp 115-117 °C (heptane).

"HNMR (500 MHz, acetone-dy):  =9.25 (brs, 1 H), 7.82-7.72 (m,
2H),7.41-7.31 (m,2H), 7.10 (tt,J=1.1,7.4 Hz, 1 H), 6.98 (s, 1 H).

13C NMR (126 MHz, acetone-d,): & = 162.8, 160.8, 140.3, 130.1,
124.8,121.4, 111.7.

MS (ESI): m/z (%) = 244 (9), 243 (8), 242 (65), 241 (12), 240 (100,
M +H]").

HRMS (ESI): m/z [M + H]" calcd for C,,HgCl,Nj;: 240.0090; found:
240.0085.

4,6-Dichloro-N-(2-chlorophenyl)pyrimidin-2-amine (3b)
Prepared according to the typical procedure for 3a as a white solid
material upon crystallization (heptane); yield: 416 mg (76%); mp
112-114 °C (heptane).

"H NMR (500 MHz, acetone-d): 8 = 8.65 (br's, 1 H), 7.95 (dd, J =
1.7,8.0 Hz, 1 H), 7.53 (dd, /= 1.6, 8.2 Hz, 1 H), 7.40 (dt, J= 1.6,
7.7Hz, 1 H), 7.24 (dt,J= 1.6, 7.7 Hz, 1 H), 7.05 (s, 1 H).

13C NMR (126 MHz, acetone-dy): 8 = 163.2, 161.4, 136.4, 131.0,
129.0, 128.7,127.7, 127.0, 112.5.

MS (ESI): m/z (%) =278 (31),277 (8),276 (100), 275 (11), 274 (94,
[M + H]"), 238 (10).

HRMS (ESI): m/z [M + H]" caled for C,,H,CI;N5: 273.9700; found:
273.9694.

4,6-Dichloro-N-(4-chlorophenyl)pyrimidin-2-amine (3c)
Prepared according to the typical procedure for 3a as a white solid
material; yield: 229 mg (84%); mp 172—174 °C (EtOAc—hexane).

"H NMR (500 MHz, DMSO-dj): & = 10.53 (s, 1 H), 7.72-7.62 (m,
2 H), 7.44-7.36 (m, 2 H), 7.23 (s, 1 H).

13C NMR (126 MHz, DMSO-d): § = 160.9, 158.6, 137.7, 128.6,
126.7,121.1, 110.6.

MS (ESI): m/z (%) = 278 (31), 277 (13), 276 (97), 275 (10), 274
(100, [M + HJ"), 238 (7).

HRMS (ESI): m/z [M + H]" calcd for C,,H,CI;N;: 273.9700; found:
273.9695.

4,6-Dichloro-N-(p-tolyl)pyrimidin-2-amine (3d)

Prepared according to the typical procedure for 3a as a light yellow
solid material; yield: 215 mg (85%); mp 114-116 °C (EtOAc—
hexane).

'H NMR (500 MHz, DMSO-d,): § = 10.29 (s, 1 H), 7.54-7.48 (m,
2H), 7.13 (s, 1 H), 7.19-7.08 (m, 2 H), 2.26 (s, 3 H).

13C NMR (126 MHz, DMSO-d,): § = 160.8, 158.9, 136.1, 132.2,
129.1, 120.0, 109.8, 20.4.

MS (ESI): m/z (%) = 258 (8), 257 (7), 256 (65), 255 (12), 254 (100,
[M + HJ"), 218 (9).

HRMS (ESI): m/z [M + H]" caled for C,;H,,CI,N;: 254.0246;
found: 254.0239.

4,6-Dichloro-N-(4-methoxyphenyl)pyrimidin-2-amine (3¢)
Prepared according to the typical procedure for 3a as an off-white
amorphous solid material; yield: 181 mg (67%).

"H NMR (500 MHz, DMSO-dy): & = 10.22 (s, 1 H), 7.45-7.55 (m,
2 H), 7.09 (s, 1 H), 6.88-6.97 (m, 2 H), 3.73 (s, 3 H)

13C NMR (126 MHz, DMSO-d): § = 160.9, 159.1, 155.5, 131.6,
121.8,113.9,109.4, 55.2

MS (ESI): m/z (%) =274 (11), 273 (8), 272 (65),271 (12), 270 (100,
[M + HJ"), 234 (7), 102 (8).
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HRMS (ESI): m/z [M + HJ" caled for C,;H,,CL,N;0: 270.0195;
found: 270.0218.

4,6-Dichloro-N-phenylpyrimidin-2-amine (3a); Alternate Typi-
cal Procedure

Compound 1 (227 mg, 1 mmol) and N-phenylformamide (1.1
mmol) were dissolved in THF (3 mL) and the soln was cooled under
N, to 0 °C using an ice bath. To this soln was added dropwise a soln
of 1.4 M NaO#-Am in THF (0.9 mL, 1.2 mmol). The mixture was
stirred at 0 °C for 30 min. LC-MS analysis showed consumption of
the starting material 1. Then 1 M aq NaOH (1.5 mL, 1.5 mmol) was
added and the mixture was stirred at r.t. for 30 min. LC-MS analysis
showed clean formation of the desired product 3a. The material was
extracted with EtOAc. The organic layer was collected, dried, and
evaporated. The crude product was purified by flash chromatogra-
phy to provide the 3a as white solid material; yield: 224 mg (93%).
Based on NMR and LC-MS analysis the material is identical to 3a
prepared from aniline in the presence of NaHMDS.

4,6-Dichloro-/V-(2-methoxyphenyl)pyrimidin-2-amine (3f)
Prepared according to the alternate typical procedure for 3a as a
white solid material; yield: 201 mg (75%); mp 83-85 °C.

'H NMR (500 MHz, CDCL,): & = 8.29 (dd, J = 7.6, 2.2 Hz, 1 H),
7.86 (brs, 1 H), 6.94-6.88 (m, 2 H), 6.77 (dd, J=7.4,2.2 Hz, 1 H),
6.63 (s, 1 H), 3.77 (s, 3 H).

13C NMR (126 MHz, CDCLy): § = 161.5, 158.6, 147.9, 127.5, 123.0,
1209, 118.8, 110.8, 109.9, 55.6.
MS (ESI): m/z (%) = 270 (100, [M + HJ), 272 (64).

HRMS (ESI): m/z [M + H]" calced for C,;H,,Cl,N;0O: 270.0201;
found: 270.0188.

4,6-Dichloro-N-(3-methoxyphenyl)pyrimidin-2-amine (3g)
Prepared according to the alternate typical procedure for 3a as a
white solid material; yield: 207 mg (78%); mp 107-108 °C.

'"H NMR (500 MHz, CDCL,): § = 7.45 (br s, 1 H), 7.36 (t, J=2.3
Hz, 1 H), 7.26 (t, J=8.2 Hz, | H), 7.06 (ddd, /=8.2,2.3,0.7 Hz, |
H), 6.80 (s, 1 H), 6.69 (ddd, J=8.2,2.3,0.7 Hz, 1 H), 3.85 (s, 3 H).
3CNMR (126 MHz, CDCly): §=161.7, 160.1, 158.8, 138.9, 129.7,
112.0,111.2,109.3, 105.6, 55.2. MS (ESI): m/z (%) =270 (100, [M
+H]"), 272 (64).

HRMS (ESI): m/z [M + H]" caled for C,H,,CL,N;0: 270.0201;
found: 270.0188.

4,6-Dichloro-N-(4-methoxyphenyl)pyrimidin-2-amine (3¢)
Prepared according to the alternate typical procedure for 3a as a
white solid material; yield: 245 mg (91%); mp 139-140 °C.

'H NMR (500 MHz, CDCly): = 7.46 (d, J=9 Hz, 2 H), 7.29 (brs,
1 H), 6.92 (d,J=9 Hz, 2 H), 6.75 (s, 1 H), 3.83 (s, 3 H).

3CNMR (126 MHz, CDCly): = 161.8, 159.3, 156.4, 130.6, 122.1,
114.2,110.6, 55.5.

MS (ESI): m/z (%) = 115 (100), 270 (70, [M + H]"), 272 (47).
HRMS (ESI): m/z [M + H]" caled for C,,H,,CL,N;0: 270.0201;
found: 270.0220.

4,6-Dichloro-/N-(4-chlorophenyl)pyrimidin-2-amine (3c)
Prepared according to the alternate typical procedure for 3a as a
white solid material; yield: 232 mg (85%); mp 173-175 °C.

'H NMR (500 MHz, CDCL,): = 7.45-7.43 (m, 2 H), 7.25-7.19 (m,
2 H),6.74 (s, 1 H).

BC NMR (126 MHz, CDCl,): 8 =161.9, 158.8, 136.3, 129.1, 129.0,
121.0, 111.6.

MS (ESI): m/z (%) = 274 (100, [M + H]"), 276 (100).

HRMS (ESI): m/z [M + H]" caled for C,,H,CI3N5: 273.9706; found:
273.9693.
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tert-Butyl 2-Bromophenyl(4,6-dichloropyrimidin-2-yl)carba-
mate (3h); Typical Procedure

To 2-bromo-N-(tert-butoxycarbonyl)aniline (272 mg, 1 mmol) in a
reaction tube with a septum, a stirbar, and a needle for N, was added
DMF (1 mL) and THF (1.5 mL), followed by NaH (60% suspension
in oil, 80 mg, 2 mmol, GAS EVOLUTION!). After stirring at r.t. for
5 min, the mixture was cooled to —60 °C (external temperature). To
the resulting suspension was added a soln of 1 (341 mg, 1.5 mmol)
in THF (1.5 mL). The mixture quickly turned into an unstirrable
suspension, which was warmed to 0 °C over 1 h. The mixture was
quenched with AcOH (GAS EVOLUTION!) and H,0, and extract-
ed with a mixture EtOAc-hexanes (~1:1). Upon purification by
chromatography (silica gel, gradient EtOAc—hexanes from 0:1 to
1:6) 3h was obtained as an oily viscous material, which solidified in
vacuo; yield: 365 mg (87%); mp 98-101 °C (EtOAc-hexanes).

"H NMR (500 MHz, acetone-dg): 8 =7.73 (dd, J= 1.6, 8.2 Hz, 1 H),
7.50-7.43 (m, 2 H), 7.43 (s, 1 H), 7.35 (ddd, /= 0.9, 1.9, 6.9 Hz, 1
H), 1.47 (s, 9 H).

13C NMR (126 MHz, acetone-dy): & = 163.0, 161.1, 152.2, 140.9,
134.6,132.3, 131.2, 130.1, 124.8, 117.3, 84.1, 28.6.

HRMS (ESI): m/z [M + Na]" caled for C,sH,,BrCl,N;NaO,:
439.9539; found: 439.9534.

tert-Butyl 3-Bromophenyl(4,6-dichloropyrimidin-2-yl)carba-
mate (3i)

Prepared according to the typical procedure for 3h as a white solid
material; yield: 313 mg (75%); mp 81-85 °C (EtOAc—hexanes).

"H NMR (500 MHz, acetone-d): 8 = 7.55-7.52 (m, 2 H), 7.51 (s, 1
H), 7.42-7.37 (m, 1 H), 7.33-7.28 (m, 1 H), 1.49 (s, 9 H)

13C NMR (126 MHz, acetone-d,): 8 = 163.2, 161.7, 153.4, 143.3,
132.1, 132.1, 131.7, 128.2, 123.0, 118.2, 84.3, 28.6.

HRMS (ESI): m/z [M + Na]" caled for C,sH,,BrCl,N;NaO,:
439.9539; found: 439.9527.

tert-Butyl 4-Chlorophenyl(4,6-dichloropyrimidin-2-yl)carba-
mate (3j)

Prepared according to the typical procedure for 3h as a white solid
material; yield: 712 mg (95%); mp 98-101 °C (EtOAc-hexanes).

'H NMR (500 MHz, DMSO-d,): 8 = 7.77 (s, 1 H), 7.50~7.45 (m, 2
H), 7.32-7.27 (m, 2 H), 1.42 (s, 9 H).

13C NMR (126 MHz, DMSO-d): 8 = 161.3, 159.6, 151.8, 138.9,
131.7,129.4,129.2, 117.0, 82.9, 27.5.

HRMS (ESI): m/z [M +Na]" calcd for C,sH,,C1;N;NaO,: 396.0044;
found: 396.0039.

4,6-Dichloro-N-(pyridin-2-yl)pyrimidin-2-amine (3k)
Prepared according to the typical procedure for 3a as an amorphous
white solid material; yield: 201 mg (84%).

'H NMR (500 MHz, DMSO-d,): & = 10.70 (s, 1 H), 8.33 (dd, J =
1.89, 5.04 Hz, 1 H), 8.02 (d, J = 8.20 Hz, 1 H), 7.76-7.88 (m, 1 H),
7.27-7.34 (m, 1 H), 7.03-7.14 (m, 1 H).

13C NMR (126 MHz, DMSO-d,): § = 161.0, 158.4, 151.7, 148.1,
138.1, 119.1, 113.9, 111.6.

MS (ESI): m/z (%) = 245 (11), 244 (6), 243 (65), 242 (1), 241 (100,
[M + H]"), 207 (7), 206 (2), 205 (22).

HRMS (ESI): m/z [M + H]" calcd for CoH,CL,N,: 241.0061; found:
241.0042.

N-(4,6-Dichloropyrimidin-2-yl)thiazol-2-amine (31)

Prepared according to the typical procedure for 3a as a white amor-
phous solid material, ~90% pure according to '"H NMR analysis;
yield: 384 mg (starting with 2.2 mmol of 1 as the limiting reagent).

'H NMR (500 MHz, DMSO-d): § = 10.70 (s, 1 H), 8.33 (dd, J =
1.89, 5.04 Hz, 1 H), 8.02 (d, J = 8.20 Hz, 1 H), 7.76-7.88 (m, 1 H),
7.27-7.34 (m, 1 H), 7.03-7.14 (m, 1 H).

© Georg Thieme Verlag Stuttgart - New York

13C NMR (126 MHz, DMSO-d,, major signals): § = 164.4, 162.4,
160.9, 160.4, 158.7, 156.6, 137.7, 113.8, 112.1.

MS (ESI): m/z (%) =251 (13), 250 (4), 249 (69), 248 (7), 247 (100,
[M +HJ"), 213 94), 211 (9), 102 (4).

HRMS (ESI): m/z [M + H]' caled for C;Hs;CLLN,S: 246.9606;
found: 246.9626.

4,6-Dichloro-N-(pyridin-3-yl)pyrimidin-2-amine (3m)

Prepared according to the typical procedure for 3a as an amorphous
white solid material after column chromatography (silica gel,
EtOAc—hexanes, gradient from 1:4 to 1:0, then to EtOAc-MeOH,
~20:1); yield: 184 mg (38%).

'H NMR (500 MHz, DMSO-d,): 3= 10.82 (s, 1 H), 8.94 (d,J=2.52
Hz, 1 H), 8.38 (dd, /= 1.42,4.89 Hz, | H), 8.25 (ddd, J = 1.42, 2.68,
8.51 Hz, 1 H), 7.62 (dd, J=5.04, 8.51 Hz, 1 H), 7.35 (s, 1 H).

APT NMR (126 MHz, DMSO-dy): 6 = 161.1, 158.6, 141.1, 138.2,
136.6, 129.2, 124.8, 111.7.

MS (ESI): m/z (%) = 245 (10), 244 (6), 243 (63), 242 (9), 241 (100,
[M + HJ), 207 (4), 206 (1), 205 (12), 102 (3).

HRMS (ESI): m/z [M + H]" caled for CoH,CLN,: 241.0061; found:
241.0063.

4,6-Dichloro-N-ethylpyrimidin-2-amine (5a); Typical Proce-
dure

To 1 (454 mg, 2 mmol) was added THF (3 mL) under N,, the mix-
ture was cooled to —70 °C (i-PrOH/CO, bath), 2 M EtNH, in THF
(2 mL, 4 mmol) was added by syringe. The white suspension was
stirred for 1.5 h, during which time the bath temperature reached 0
°C. The mixture was diluted with hexane-EtOAc (~1:1), washed
with H,O, and the organic layer was purified by chromatography
(silica gel, EtOAc—hexanes, gradient from 0:1 to 1:10) to provide 5a
as a white solid material; yield: 314 mg (82%); mp 96-100 °C
(EtOAc—hexane).

'H NMR (500 MHz, DMSO-d,): 8 = 8.14 (t, /= 5.2 Hz, 1 H), 6.84
(s, 1 H),3.25 (dq, J=5.5, 7.2 Hz, 2 H), 1.10 (t, J = 7.3 Hz, 3 H)).

APT NMR (126 MHz, DMSO-dy): 6 = 161.3, 161.1, 160.7, 107.1,
14.1.

MS (ESI): m/z (%) = 196 (10), 195 (4), 194 (65), 193 (6), 192 (100,
[M + HJ), 166 915), 164 (22), 102 (23).

HRMS (ESI): m/z [M + H]" calcd for C¢HgCL,N;: 192.0104; found:
192.0090.

4,6-Dichloro-N-phenethylpyrimidin-2-amine (Sb)
Prepared according to the typical procedure for 5a as a white solid
material; yield: 490 mg (92%); mp 131-135 °C (EtOAc-hexane).

'HNMR (500 MHz, DMSO-dj): 6 =8.24 (t, J= 5.7 Hz, 1 H), 7.32—
7.26 (m, 2 H), 7.25-7.17 (m, 3 H), 6.86 (s, 1 H), 3.50-3.42 (m, 2 H),
2.82 (t,J=17.4 Hz, 2 H).

APT NMR (126 MHz, DMSO-d,): & = 161.4, 161.1, 160.7, 139.2,
128.7, 128.3, 126.1, 107.4, 42.5, 34.4.

MS (ESI): m/z (%) =272 (11), 271 (8), 270 (64), 269 (13), 268 (100,
[M + HJ"), 105 (77), 102 (12).

HRMS (ESI): m/z [M + H]" caled for C,,H,,CL,N;: 240.0090;
found: 240.0424.

4,6-Dichloro-N-phenethylpyrimidin-2-amine (5b); Alternate
Typical Procedure

To 2-phenylethanamine (0.754 mL, 6 mmol) was added THF (12
mL) and the soln was cooled under N, to —70 °C. Then 2.6 M n-
BuLi in hexane (2.1 mL, 5.5 mmol) was added by syringe. After 15
min at this temperature, to the mixture was slowly added a soln of 1
[454 mg, 2 mmol, in THF (3 mL)] by cannula. After 15 min at this
temperature, the mixture was quenched with AcOH, partitioned be-
tween H,O and EtOAc-hexane (~1:1), and the organic layer was
concentrated and purified by chromatography (silica gel, EtOAc—
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hexanes, gradient 0:1-1:10) and recrystallized (heptane) to provide
5b as an off-white solid material; yield: 226 mg (42%). The 'H
NMR, 3C NMR, and MS data match with the material prepared
without use of n-BuLi.

N-Benzyl-4,6-dichloropyrimidin-2-amine (5¢)
Prepared according to typical procedure for 5a as a white solid ma-
terial; yield: 487 mg (96%); mp 130-133 °C.

'H NMR (500 MHz, DMSO-d,): 3 = 8.67 (t, /= 6.3 Hz, 1 H), 7.35—
7.27 (m, 4 H), 7.27-7.21 (m, 1 H), 6.90 (s, | H), 4.47 (d, J= 6.3 Hz,
2 H).

APT NMR (126 MHz, DMSO-d): 6 = 161.5, 161.1, 161.0, 138.8,
128.3,127.1, 126.9, 107.6, 44.1.

MS (ESI): m/z (%) = 258 (9), 257 (7), 256 (67), 255 (11), 254 (100,
[M + HJ), 178 (12), 176 (19), 102 (15).

HRMS (ESI): m/z [M + H]" caled for C,H,,Cl,N;: 254.0246;
found: 240.0262.

6-Chloro-N-cyclohexyl-2-(methylsulfonyl)pyrimidin-4-amine
(4d) and 4,6-Dichloro-N-cyclohexylpyrimidin-2-amine (5d)

To 1 (313 mg, 1.38 mmol) was added THF (3 mL) then at r.t. under
N, CyNH, (0.32 mL, 2.8 mmol, 2 equiv) was added; after 20 min a
white precipitate formed. The mixture was diluted with CH,Cl,, fil-
tered through a short plug of silica gel, concentrated, and purified
by chromatography (silica gel, EtOAc—hexanes, gradient 1:50 to
1:1). Concentration of the less polar fractions provided 5d as a white
solid material; yield: 259 mg (77%). Concentration of the more po-
lar fractions provided 4d as a colorless oily material; yield: 8 mg
2%).

2-Cyclohexylamino Product 5d

"HNMR (500 MHz, DMSO-d,): 6=38.09 (d,J=7.9 Hz, 1 H), 6.75~
6.68 (m, 1 H), 3.68-3.54 (m, 1 H), 1.88-1.74 (m, 2 H), 1.74-1.60
(m, 2 H), 1.54 (td, J=3.8, 13.2 Hz, | H), 1.32-1.15 (m, 4 H), 1.15-
0.99 (m, 1 H).

APT NMR (126 MHz, DMSO-d): 6 = 161.1, 160.7, 160.6, 106.8,
49.6,31.9,25.2,24.6

LC-MS (ESI): m/z = 246 [M + HJ".

2-Methylsulfonyl Product 4d

"HNMR (500 MHz, CDCl,): =7.16-7.11 (m, 1 H), 5.59-5.43 (m,
1 H),3.97-3.77 (m, 1 H), 3.15 (m, 3 H), 2.01 (brs, 2 H), 1.81-1.71
(m, 2 H), 1.52-1.34 (m, 2 H), 1.34-1.19 (m, 4 H).

LC-MS (ESI): m/z =290 [M + HJ".

4,6-Dichloro-N-cyclohexylpyrimidin-2-amine (5d); Alternate
Preparation

To CyNH, (0.23 mL, 2 mmol) was added THF (3 mL) and the soln
was cooled under N, in an ice bath (0 °C). Then 1 M i-PrMgCI-LiCl
in THF (2 mL, 2 mmol) was added by syringe and after 5 min at this
temperature, the mixture was cooled to —60 °C. A soln of 1 [227 mg,
1 mmol, in THF (2 mL)] was added slowly by cannula. After 15 min
at this temperature, the reaction was continued in an ice bath for 10
min, then the mixture was quenched with AcOH, partitioned be-
tween H,O and EtOAc-hexane, (~1:1). The organic layer was con-
centrated and purified by chromatography (silica gel, EtOAc—
hexanes, gradient 0:1-1:5) to provide 5d as a light yellow solid ma-
terial; yield: 161 mg (65%). The '"H NMR and MS data match with
the material prepared without use of i-PrMgCI-LiCl.

6-Chloro-N-ethyl-N-methyl-2-(methylsulfonyl)pyrimidin-4-
amine (4e)

To 1 (454 mg, 2 mmol) was added THF (3 mL) then the mixture was
cooled to =70 °C under N, and MeEtNH (0.36 mL, 4.2 mmol) was
added by syringe. After 1.5 h the bath temperature reached 0 °C, the
mixture was quenched with AcOH, partitioned between H,O and
EtOAc, and the organic layer was concentrated and purified by
chromatography (silica gel, EtOAc—hexanes, gradient 1:50 to 1:1)
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to provide 4e as a white solid material; yield: 383 mg (77%); mp
118-121 °C (EtOAc—hexane).

'H NMR (500 MHz, DMSO-d;, mixture of two rotamers
~0.44:0.55): 5=7.10 (brs, 0.44 H), 6.97 (s, 0.53 H), 3.67 (q, J= 6.1
Hz, 1.1 H), 3.53 (q,J = 6.9 Hz, 0.9 H), 3.32 (s, 3 H), 3.14 (brs, 1.3
H), 3.07 (s, 1.7 H), 1.11 (t, /= 7.1 Hz, 3 H).

13C NMR (126 MHz, DMSO-d;, signals for both rotamers): § =
164.8, 164.6, 162.0, 161.8, 158.8, 103.7, 103.5, 44.4, 44.3, 38.7,
35.4,349,11.7,11.2.

MS (ESI): m/z (%) = 272 (4, [M + Na]"), 254 (1), 253 (3), 252 (37),
251 (8), 250 (100, [M + HJ), 190 (2), 188 (6), 102 (8).

HRMS (ESI): m/z [M + H]" caled for CgH;;CIN;0,S: 250.0412;
found: 250.0431.

6-Chloro-N,N-diethyl-2-(methylsulfonyl)pyrimidin-4-amine
(4f) and 4,6-Dichloro-N,/N-diethylpyrimidin-2-amine (5f); Typi-
cal Procedure

To 1 (454 mg, 2 mmol) was added THF (6 mL), cooled to —70 °C
under N, and Et,NH (0.42 mL, 4 mmol, 2 equiv) was added by sy-
ringe. After 55 min the bath temperature reached +8 °C, the mixture
was quenched with AcOH, diluted with EtOAc—toluene (~1:1), and
washed with H,O. The organic layer was filtered through a short
plug of silica gel, concentrated, and purified by chromatography
(silica gel, EtOAc—hexanes, gradient 0:1 to 1:0). Concentration of
the less polar fractions provided 5f as a colorless oily material;
yield: 19 mg (4%). Concentration of the more polar fractions pro-
vided 4f as a white solid material; yield: 453 mg (86%).

2-Diethylamino Product 5f
"H NMR (500 MHz, acetone-d): & = 6.66 (s, 1 H), 3.62 (q,J=17.3
Hz,4 H), 1.17 (t,J=7.1 Hz, 6 H).

APT NMR (126 MHz, acetone-d,): 3 =162.8, 108.0, 43.6, 13.5; one
signal could not be found

2-Methylsulfonyl Product 4f
Mp 109-112 °C (EtOAc—hexanes).

'H NMR (500 MHz, DMSO-d,): 8 = 7.02 (s, 1 H), 3.62 (q, J = 6.7
Hz, 2 H), 3.51 (q,J= 6.8 Hz, 2 H), 3.32 (s, 3 H), 1.17-1.08 (m, 6 H).

13C NMR (126 MHz, DMSO-d): § = 164.8, 161.2, 158.8, 103.4,
42.6,42.5,38.6,12.3, 12.0.

MS (ESI): m/z (%) = 286 (4, [M + Na]"), 268 (1), 267 (3), 266 (36),
265 (9), 264 (100, [M + HJ*), 202 (5), 102 (5).

HRMS (ESI): m/z [M + H]" caled for CoH,sCIN;0,S: 264.0568;
found: 264.0590.

4-Chloro-2-(methylsulfonyl)-6-(piperidin-1-yl)pyrimidine (4g)
and 4,6-Dichloro-2-(piperidin-1-yl)pyrimidine (5g)

Prepared according to the typical procedure for 4f and 5f. The less
polar fractions provided 5g as a white solid material; yield: 123 mg
(27%). Concentration of the more polar fractions provided 4g as a
white solid material; yield: 378 mg (69%).

2-Piperidin-1-yl Product S5g
Mp 73-79 °C (EtOAc—hexanes).

"H NMR (500 MHz, DMSO-d;): § = 6.84 (s, 1 H), 3.69 (t, J= 5.7
Hz, 4 H), 1.67-1.58 (m, 2 H), 1.56-1.45 (m, 4 H).

APT NMR (126 MHz, acetone-d;): 3 =162.8, 108.0, 43.6, 13.5; one
signal could not be found

MS (ESI): m/z (%) =236 (10), 235 (5), 234 (64), 233 (9), 232 (100,
[M +H]Y), 102 (15).

HRMS (ESI): m/z [M + H]" caled for CoH,,C1,N5: 232.0403; found:
232.0417.

2-Methylsulfonyl Product 4g
Mp 140-145 °C (EtOAc—hexanes).
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'H NMR (500 MHz, DMSO-d,): 8 = 7.20 (s, 1 H), 3.79 (br s, 2 H),
3.62 (brs, 2 H), 3.30 (s, 3 H), 1.69-1.61 (m, 2 H), 1.61-1.49 (m, 4
H).

13C NMR (126 MHz, DMSO-d,, signals for the two rotamers): § =
164.8, 161.6, 159.2, 103.7, 38.7, 25.1, 23.7; additionally, two sig-
nals for the C-atoms on the piperidine, a to the N-atom are found
from HSQC (45.0, 46.2, see Supporting Information for the spec-
trum).

MS (ESI): m/z (%) = 298 (100, [M + Na]*), 280 (1), 279 (4), 278
(36), 277 (10), 276 (100, [M + H]"), 136 (2).

HRMS (ESI): m/z [M + H]" caled for C,,H,5;CIN;0,S: 276.0568;
found: 276.0591.

N-tert-Butyl-6-chloro-2-(methylsulfonyl)pyrimidin-4-amine
(4h) and N-tert-Butyl-4,6-dichloropyrimidin-2-amine (Sh)

To 1 (454 mg, 2 mmol) was added THF (3 mL) and the mixture was
cooled to —70 °C under N,. -BuNH, (0.42 mL, 4 mmol, 2 equiv)
was added by syringe. After 1 h the bath temperature reached 0 °C.
The mixture was kept at this temperature for additional 30 min; the
LC-MS analysis of the mixture showed that the reaction had stalled
with ~7% of 1 remaining. The mixture was quenched with AcOH,
partitioned between H,O and mixture EtOAc—hexane (~1:1), and
the organic layer was purified by chromatography (silica gel, EtO-
Ac—hexanes, gradient 1:20—1:1). The less polar fractions provided
5h as a white solid material; yield: 142 mg (32%). Concentration of
the more polar fractions provided still impure 4h as a colorless oily
material; yield: 83 mg (16%).

2-tert-Butylamino Product Sh
Mp 112-114 °C (EtOAc-hexanes).

'H NMR (500 MHz, DMSO-d,): ="7.90 (s, 1 H), 6.84 (s, 1 H), 1.34
(s, 9 H).

APT NMR (126 MHz, DMSO-dy): 6 = 160.7, 107.0, 50.9, 28.1; one
signal could not be found. It may be the broad signal around 6 =
160.0-160.7, see the Supporting Information for the spectrum.

LC-MS (ESI): m/z (%) = 220 [M + HJ".

2-Methylsulfonyl Product 4h
"H NMR (500 MHz, acetone-dy): 5 =7.29 (brs, 1 H), 6.70 (s, 1 H),
3.27 (s, 3 H), 1.49 (s, 9 H).

LC-MS (ESI): m/z (%) = 264 [M + HJ".

N-(1-Adamantyl)-6-chloro-2-(methylsulfonyl)pyrimidin-4-
amine (4i) and NV-(1-Adamantyl)-4,6-dichloropyrimidin-2-
amine (5i)

To 1 (145 mg, 0.64 mmol) was added THF (1.5 mL), adamantan-1-
amine (193 mg, 1.28 mmol, 2 equiv), and the mixture was stirred at
r.t. under N, for 40 min. An unstirrable thick suspension was formed
and LC-MS analysis of the mixture showed that the reaction had
stalled with ~3% of 1 remaining. The mixture was diluted with
EtOAc and CH,Cl,, filtered through a short plug of silica gel, and
purified by chromatography (silica gel, EtOAc-hexanes, gradient
0:1-1:1). The less polar fractions provided 5i as a white solid mate-
rial; yield: 111 mg (58%). Concentration of the more polar fractions
provided still impure 4i as a white solid material; yield: 58 mg
27%).

2-(1-Adamantyl)amino Product 5i

'"H NMR (500 MHz, DMSO-d): & = 7.82 (s, 1 H), 6.83 (s, 1 H),
2.07-1.97 (m, 9 H), 1.67-1.57 (m, 6 H).

APT NMR (126 MHz, DMSO-dy): & = 160.5, 107.0, 51.4, 40.3,
35.9, 28.7; one more signal may be the broad peak around 6 =
160.0-160.7, see the Supporting Information for the spectrum.

LC-MS (ESI): m/z =298 [M + H]".
2-Methylsulfonyl Product 4i

'H NMR (500 MHz, DMSO-d,): 5= 8.06 (s, 1 H), 6.70 (s, 1 H), 3.30
(s, 3 H), 2.06 (s, 9 H), 1.65 (br s, 6 H).

© Georg Thieme Verlag Stuttgart - New York

LC-MS (ESI): m/z = 342 [M + H]".

6-Chloro-N-(2,2-difluoroethyl)-2-(methylsulfonyl)pyrimidin-4-
amine (4j) and 4,6-Dichloro-N-(2,2-difluoroethyl)pyrimidin-2-
amine (5j)

To 1 (297 mg, 1.31 mmol) was added THF (3 mL), then at r.t. under
N, was added 2,2-difluoroethylamine (0.21 mL, 3 mmol, 2.2 equiv),
and the mixture was stirred at r.t. under N, for 2.5 h. The mixture
was diluted with CH,Cl,, filtered through a short plug of silica gel,
which was washed with EtOAc, and the combined material was pu-
rified by chromatography (silica gel, EtOAc—hexanes, gradient 0:1—
1:0). The less polar fractions provided 5j as a white solid material;
yield: 143 mg (48%). Concentration of the more polar fractions pro-
vided 4j as a white solid material; yield: 129 mg (36%).

2-(2,2-Difluoroethyl)amino Product 5j

"H NMR (500 MHz, DMSO-d;): = 8.49 (t,J= 6.1 Hz, 1 H), 7.01
(s, 1 H), 6.10 (tt, J=4.1, 55.5 Hz, 1 H), 3.68 (ddt, /=3.9, 6.1, 154
Hz, 2 H).

APT NMR (126 MHz, DMSO-dy): 6 = 161.6, 161.1, 114.3 (t, J =
2443 Hz), 108.8,43.0 (t, J=26.3 Hz).

LC-MS (ESI): m/z = 226, 228 [M — H]".

2-Methylsulfonyl Product 4j

"H NMR (500 MHz, DMSO-d;, mixture of two rotamers ~4:1): § =
8.85 (t,J=5.4 Hz, 0.2 H), 8.77 (t, /= 4.7 Hz, 0.8 H), 7.15 (s, 0.2
H), 6.84 (s, 0.8 H), 6.20 (tt, /=4.1, 55.8 Hz, 0.8 H), 6.17 (t, J=55.8
Hz, 0.2 H), 3.88 (tt, J= 4.7, 15.4 Hz, 1.6 H), 3.78 (t, /= 15.1 Hz,
0.4 H), 3.33 (s, 3 H).

APT NMR (126 MHz, DMSO-d, only signals of the major rotamer
are shown): 8 = 165.2, 164.0, 157.8, 114.2 (t, J = 240.7 Hz), 106.4,
42.6 (t,J=26.3 Hz), 38.6.

LC-MS (ESI): m/z =272 [M + HJ".

6-Chloro-2-(methylsulfonyl)-V-(2,2,2-trifluoroethyl)pyrimidin-
4-amine (4k)

To 1 (297 mg, 1.31 mmol) was added THF (3 mL), then at r.t. under
N, was added 2,2,2-trifluoroethylamine (0.21 mL, 1.6 mmol, 1.3
equiv), and the mixture was stirred at r.t. under N, for 2.5 h. The
mixture was diluted with CH,Cl,, filtered through a short plug of
silica gel, which was washed with EtOAc, and the combined mate-
rial was purified by chromatography (silica gel, EtOAc—hexanes,
gradient 1:2—1:0) to provide 4k as a white solid material; yield: 220
mg (58%).

"H NMR (500 MHz, DMSO-d;, mixture of rotamers ~4:1): § =9.14
(brs, 0.2 H), 8.98 (t, /= 5.8 Hz, 0.8 H), 7.32 (br s, 0.2 H), 6.89 (s,
0.8 H), 4.39—4.29 (m, 1.6 H), 4.26 (br s, 0.4 H), 3.34 (s, 3 H).

APT NMR (126 MHz, DMSO-d;, major isomer): 3 = 165.0, 164.0,
158.3 (q, J=279.7 Hz), 106.7, 41.09 (q, J = 33.6 Hz), 38.6.

LC-MS (ESI): m/z =290 [M + H]".

2-(Methylsulfonyl)-N*,N°-diphenylpyrimidine-4,6-diamine
(6a); Typical Procedure

To a soln of 2a (142 mg, 0.50 mmol) and aniline (186 mg, 2.0
mmol) in DMSO (1 mL) in a capped tube was added 2,6-lutidine
(0.087 mL, 0.75 mmol) at r.t. The mixture was stirred for 24 h at 90
°C. The mixture was cooled down to r.t. and then H,O (10 mL) was
added to precipitate the product. The product was dried over N, to
provide 6a as an off-white amorphous solid material; yield: 148 mg
(87%)

'H NMR (500 MHz, DMSO-d,): 8 = 9.69 (s, 2 H), 7.47-7.56 (m, 4
H), 7.31-7.38 (m, 4 H), 7.00-7.10 (m, 2 H), 6.25 (d, J = 2.5 Hz, 1
H), 3.33 (s, 3 H).

13C NMR (126 MHz, DMSO-d,): § = 164.9, 160.8, 139.4, 129.0,
122.9, 120.4, 120.3, 38.7.

MS (ESI): m/z (%) =409 (5), 388 (2), 387 (9), 363 (8), 342 (19), 341
(100, [M + H]").
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HRMS (ESI): m/z [M + H]" caled for C;H;;N,0,S: 341.1067,
found: 341.1059.

2-(Methylsulfonyl)-N*-phenyl-N°®-(o-tolyl)pyrimidine-4,6-di-
amine (6b)

Prepared according to the typical procedure for 6a as pale yellow
viscous oily material; yield: 135 mg (76%).

"H NMR (500 MHz, acetone-dy): & = 8.69 (s, 1 H), 8.22 (s, 1 H),
7.56-7.61 (m, 2 H), 7.41-7.46 (m, 1 H), 7.31-7.37 (m, 3 H), 7.28
(td, J=17.6, 1.6 Hz, 1 H), 7.18-7.23 (m, 1 H), 7.07 (tt, J=7.4, 1.1
Hz, 1 H), 5.88 (s, 1 H), 3.24 (s, 3 H), 2.31 (s, 3 H).

13C NMR (126 MHz, acetone-d,): & = 166.8, 163.7, 162.6, 140.5,
137.6, 134.7, 132.0, 129.9, 127.7, 127.2, 126.9, 124.1, 121.5, 85.7,
38.3,18.2.

MS (ESI): m/z (%) = 377 (11), 357 (4), 356 (20), 355 (100, [M +
HIY).

HRMS (ESI): m/z [M + H]" caled for CgHyN,O,S: 355.1229;
found: 355.1215.

2-(Methylsulfonyl)-N*-phenyl-N°®-(m-tolyl)pyrimidine-4,6-di-
amine (6¢)

Prepared according to the typical procedure for 6a as pale yellow
viscous oily material; yield: 138 mg (78%).

"H NMR (500 MHz, acetone-dy): & = 8.70 (s, 1 H), 8.64 (s, 1 H),
7.58 (dd, J=8.5, 0.9 Hz, 2 H), 7.34-7.40 (m, 4 H), 7.21-7.28 (m, 1
H), 7.10 (tt, /= 7.4, 1.1 Hz, 1 H), 6.93 (dd, J=7.3, 0.6 Hz, 1 H),
6.30 (s, 1 H), 3.28 (s, 3 H), 2.33 (s, 3 H).

13C NMR (126 MHz, acetone-d,): 8 = 166.8, 162.7, 140.5, 140.3,
139.8, 130.1, 130.0, 125.4, 124.6, 122.8, 122.1, 122.1, 119.3, 87.0,
39.5,21.7.

MS (ESI): m/z (%) =377 (9), 357 (3), 356 (19), 355 (100, [M + HT").

HRMS (ESI): m/z [M + H]" caled for CgHyN,O,S: 355.1229;
found: 355.1216.

2-(Methylsulfonyl)-N*-phenyl-N°®-(p-tolyl)pyrimidine-4,6-di-
amine (6d)

Prepared according to the typical procedure for 6a as an off-white
amorphous solid material; yield: 168 mg (95%).

"H NMR (500 MHz, acetone-d;): 8 = 8.69 (br s, 1 H), 8.60 (brs, 1
H), 7.58 (d,J=6.9 Hz, 2 H), 7.40-7.46 (m, 2 H), 7.36 (t,/=7.4 Hz,
2 H), 7.18 (d, J= 7.6 Hz, 2 H), 7.06-7.12 (m, 1 H), 6.24 (s, 1 H),
3.27 (s, 3 H), 2.31 (s, 3 H).

13C NMR (126 MHz, acetone-dy): 8 = 166.7, 162.7, 162.5, 140.4,
137.6, 134.2, 130.5, 129.9, 124.3, 122.5, 121.9, 121.7, 86.6, 39.4,
20.9.

MS (ESI): m/z (%) =377 (8), 357 (4), 356 (19), 355 (100, [M + H]").

HRMS (ESI): m/z [M + H]" caled for C,gH;(N,O,S: 355.1229;
found: 355.1216.

N*-(4-Chlorophenyl)-2-(methylsulfonyl)-N®-phenylpyrimidine-
4,6-diamine (6e)

Prepared according to the typical procedure for 6a as an off-white
amorphous solid material; yield: 177 mg (95%).

"H NMR (500 MHz, acetone-dy): & = 8.88 (s, 1 H), 8.79 (s, 1 H),
7.62-7.68 (m, 2 H), 7.54-7.60 (m, 2 H), 7.35-7.41 (m, 4 H), 7.08—
7.16 (m, 1 H), 6.29 (s, 1 H), 3.29 (s, 3 H).

13C NMR (126 MHz, acetone-dy): § = 166.6, 162.5, 162.2, 140.2,
139.4,130.0, 129.8, 128.4, 124.6, 123.0, 122.1, 39.3.

MS (ESI): m/z (%) =399 (3), 398 (1), 397 (8), 378 (7), 377 (36), 376
(19), 375 (100, [M + H]").

HRMS (ESI): m/z [M + H]" caled for C,;H,;CIN,O,S: 375.0682;
found: 375.0668.
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6-Chloro-N-cyclohexyl-N*-phenylpyrimidine-2,4-diamine
(7a); Typical Procedure

A soln of 2a (142 mg, 0.50 mmol) and CyNH, (297 mg, 3.0 mmol)
in DMSO (3 mL) in a capped tube was stirred for 24 h at r.t. The
mixture was diluted with EtOAc (50 mL) and washed with H,O (30
mL) and then 1 M KHSO, soln (30 mL). The organic layer was sep-
arated and concentrated under the reduced pressure. The product
was isolated by column chromatography to provide 7a as a pale yel-
low viscous oily material; yield: 142 mg (94%).

'H NMR (500 MHz, DMSO-d,): 8 = 9.38 (br s, 1 H), 7.70 (br s, 2
H), 7.20-7.34 (m, 3 H), 6.92-7.03 (m, 1 H), 5.98 (br s, 1 H), 3.58—
3.70 (m, 1 H), 1.55-1.96 (m, 5 H), 1.21-1.35 (m, 4 H).

13C NMR (126 MHz, DMSO-d): § = 161.6, 160.9, 158.0, 140.1,
128.6,122.0, 119.5, 92.8, 50.1, 32.3, 25.4, 24.9.

MS (ESI): m/z (%) = 306 (5), 305 (33), 304 (17), 303 (100, [M +
HIY), 223 (2), 221 (7).

HRMS (ESI): m/z [M + H]" caled for C,¢H,,CIN,*": 303.1371;
found: 303.1399.

2-|4-Chloro-6-(phenylamino)pyrimidin-2-ylamino]ethanol (7b)
Prepared according to the typical procedure for 7a as pale yellow
viscous oily material; yield: 129 mg (98%).

'H NMR (500 MHz, DMSO-d,): = 9.26-9.45 (m, 1 H), 7.67 (br s,
2 H),7.30 (t,J=7.7 Hz, 2 H), 7.15 (br s, 1 H), 6.93-7.03 (m, 1 H),
6.01 (brs, 1 H), 4.68 (brs, 1 H), 3.54 (brs, 2 H), 3.25-3.38 (m, 2 H).

13C NMR (126 MHz, DMSO-d): § = 161.8, 161.6, 158.1, 140.0,
128.7,122.2,119.7, 119.6, 58.7, 43.6.

MS (ESI): m/z (%) = 268 (4), 267 (32), 266 (13), 265 (100, [M +
H]), 249 (4), 247 (11).

HRMS (ESI): m/z [M + H]" calced for C,H,,CIN,O": 265.0851;
found: 265.0872.

N?-Benzyl-6-chloro-N*-phenylpyrimidine-2,4-diamine (7¢)
Prepared according to the typical procedure for 7a as pale yellow
viscous oily material; yield: 135 mg (87%).

'H NMR (500 MHz, DMSO-d,): 8 =9.37 (s, 1 H), 7.93 (br s, 1 H),
7.74 (brs, 1 H), 7.48 (d, J= 3.8 Hz, 1 H), 7.26-7.35 (m, 5 H), 7.21
(brs, 2 H), 6.01 (brs, 1 H), 4.47 (d, J= 6.0 Hz, 2 H).

13C NMR (126 MHz, DMSO-dy): & = 161.7, 161.6, 140.2, 139.7,
128.6, 128.2, 126.5, 122.1, 119.7, 44.2.

MS (ESI): m/z (%) = 314 (6), 313 (33), 311 (100, [M + HJ").

HRMS (ESI): m/z [M + HJ]" caled for C;H,(CIN,*": 311.1058;
found: 311.1081.

2-(Methylsulfonyl)-V,6-diphenylpyrimidin-4-amine (8a); Typi-
cal Procedure

A mixture of 2a (142 mg, 0.50 mmol), phenylboronic acid (91 mg,
0.75 mmol), PdCL,(dppf) (18 mg, 5 mol%), and K,CO; (276 mg, 2.0
mmol) in DME (3 mL) and H,O (0.8 mL) in a capped tube was
stirred for 4 h under N, at 60 °C. The mixture was cooled to r.t. and
purified by column chromatography to provide 8a as an off-white
amorphous solid material; yield: 146 mg (90%).

"H NMR (500 MHz, DMSO-d;): = 10.33 (s, 1 H), 8.02-8.11 (m,
2H),7.72 (d,J=7.9 Hz,2 H), 7.55-7.61 (m, 3 H), 7.42 (dd, J=8.5,
7.6 Hz, 2 H), 7.38 (s, 1 H), 7.13 (s, 1 H), 3.43 (s, 3 H).

13C NMR (126 MHz, DMSO-d): § = 165.5, 161.9, 161.5, 138.7,
135.4,131.2, 129.1, 129.1, 126.7, 123.6, 120.4, 38.8.

MS (ESI): m/z (%) = 349 (2), 348 (13), 328 (4), 327 (18), 326 (100,
[M +H]Y).

HRMS (ESI): m/z [M + H]" caled for C;;H (N;0,S: 326.0958;
found: 326.0949.
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2-(Methylsulfonyl)-N-phenyl-6-(m-tolyl)pyrimidin-4-amine
(8b)

Prepared according to the typical procedure used 8a as an off-white
amorphous solid material; yield: 157 mg (93%).

"H NMR (500 MHz, acetone-dy): 8= 9.30 (brs, 1 H), 7.95 (s, 1 H),
7.88-7.93 (m, 1 H), 7.74-7.81 (m, 2 H), 7.34-7.46 (m, 5 H), 7.12—
7.19 (m, 1 H), 3.38 (s, 3 H), 2.42 (s, 3 H).

'"H NMR (500 MHz, DMSO-d,) & = 10.30 (s, 1 H), 7.83-7.91 (m, 2
H),7.72(d,J="7.9 Hz, 2 H), 7.32-7.49 (m, 5 H), 7.13 (t, J=7.3 Hz,
1 H), 3.4 (s, 3 H), 2.42 (s, 3 H).

13C NMR (126 MHz, acetone-dy): § = 165.5, 162.0, 161.5, 138.8,
138.4,135.4,131.8,129.1, 129.0, 127.2,123.9, 123.6, 120.3, 103.8,
38.8,21.0.

MS (ESI): m/z (%) = 363 (3), 362 (13), 342 (4), 341 (20), 340 (100,
[M + HJ).

HRMS (ESI): m/z [M + H]" calced for C,gH,;gN;0,S™: 340.1120;
found: 340.1105.

6-(4-Methoxyphenyl)-2-(methylsulfonyl)-NV-phenylpyrimidin-
4-amine (8¢)

Prepared according to the typical procedure used 8a as an off-white
amorphous solid material; yield: 160 mg (90%).

'H NMR (500 MHz, DMSO-d,): § = 10.22 (s, 1 H), 8.00-8.06 (m,
2H),7.70 (d, J=7.9 Hz, 2 H), 7.40 (dd, J= 8.5, 7.6 Hz, 2 H), 7.28
(s, 1 H), 7.08-7.14 (m, 3 H), 3.83 (s, 3 H), 3.42 (s, 3 H).

13C NMR (126 MHz, acetone-d,): 5 = 165.4, 161.8, 161.6, 161.4,
138.9, 129.0, 128.4, 127.6, 123.4, 120.2, 114.4, 102.4, 55.4, 38.8.

MS (ESI): m/z (%) =378 (8), 358 (3), 357 (19), 356 (100, [M + H]").

HRMS (ESI): m/z [M + H]" caled for CgH sN;05S: 356.1069;
found: 356.1054.

6-(4-Fluorophenyl)-2-(methylsulfonyl)-/V-phenylpyrimidin-4-
amine (8d)

Prepared according to the typical procedure used 8a as an off-white
amorphous solid material; yield: 161 mg (94%).

'H NMR (500 MHz, DMSO-d,): & = 10.34 (s, 1 H), 8.10-8.18 (m,
2 H), 7.71 (d, J = 7.9 Hz, 2 H), 7.39-7.45 (m, 4 H), 7.35 (s, 1 H),
7.14 (t, J=7.4 Hz, 1 H), 3.43 (s, 3 H).

13C NMR (126 MHz, DMSO-d): § = 165.5, 164.9, 163.0, 161.5,
160.8,138.7,131.9,129.3,129.2,129.1, 123.7,120.4, 116.2, 116.0,
38.8.

MS (ESI): m/z (%) = 367 (2), 366 (12), 346 (4), 345 (19), 344 (100,
[M +H]".

HRMS (ESI): m/z [M + HJ" caled for C,;H,sFN;0,S: 344.0869;
found: 344.0855.

6-Chloro-N2-(2-chlorophenyl)-N*-phenylpyrimidine-2,4-di-
amine (9a); Typical Procedure

2-Chloro-N-phenylformamide (155 mg, 1 mmol) and 2a (142 mg,
0.5 mmol) were dissolved in THF (3 mL) under N,, and the soln was
cooled to 0 °C using an ice bath. To this soln was added dropwise
1.4 M NaO#-Am in THF (0.7 mL, 1 mmol). The mixture was stirred
at 0 °C for 30 min. LC-MS analysis showed consumption of the
starting material 2a. Aq 1 M NaOH (2 mL, 2 mmol) was added and
the mixture was stirred at r.t. for 30 min. LC-MS analysis showed
clean formation of the desired product 9a. The mixture was extract-
ed with EtOAc. The organic layer was collected, dried, and concen-
trated. The product was purified by flash chromatography to
provide 9a as a white solid material; yield: 152 mg (92%); mp 108—
110 °C.

'H NMR (500 MHz, CDCL,): & = 8.35 (dd, J = 8.4, 1.5 Hz, 1 H),
7.37 (brs, 1 H), 7.32-7.27 (m, 3 H), 7.23 (d, J= 8.4 Hz, 2 H), 7.17—
7.11 (m, 2 H), 6.75 (br s, 1 H), 6.14 (s, 1 H).
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3CNMR (126 MHz, CDCly): § = 162.4, 160.4, 159.0, 137.5, 135.7,
129.4,129.1, 127.2, 125.4, 123.04, 122.99, 122.8, 121.1, 95.2.

MS (ESI): m/z (%) = 331 (100, [M + HJ"), 333 (63).

HRMS (ESI): m/z [M + H]" caled for C;H;;CI,N,: 331.0517;
found: 331.0507.

6-Chloro-N?-(3-chlorophenyl)-N*-phenylpyrimidine-2,4-di-
amine (9b)

Prepared according to the typical procedure for 9a as a white solid
material; yield: 144 mg (87%); mp 147-148 °C.

'HNMR (500 MHz, CDCL,): §=7.77 (t, J=2.1 Hz, 1 H), 7.45-7.39
(m, 2 H), 7.34 (d, J=7.6 Hz, 2 H), 7.29 (dd, J = 8.2, 1.3 Hz, 1 H),
7.25-7.15 (m, 3 H), 7.04-6.98 (ddd, J = 8.0, 2.0, 1.0 Hz, 1 H), 6.93
(brs, 1 H), 6.21 (s, 1 H).

3CNMR (126 MHz, CDCl,): § = 162.4, 160.3, 159.0, 140.2, 137.4,
134.5,129.7,129.5, 125.4, 123.0, 122.7, 119.4, 117.5, 95.1.

MS (ESI): m/z (%) =331 (100, [M + HJ"), 333 (61).

HRMS (ESI): m/z [M + H]" caled for C;;H;;CI,N,: 331.0517;
found:331.0507.

6-Chloro-N?-(4-chlorophenyl)-N*-phenylpyrimidine-2,4-di-
amine (9¢)

Prepared according to the typical procedure for 9a as a white solid
material; yield: 126 mg (95%); mp 180-182 °C.

'HNMR (500 MHz, CDCL,): 8 = 7.55-7.49 (m, 2 H), 7.45-7.38 (m,
2 H), 7.37-7.31 (m, 2 H), 7.29-7.25 (m, 2 H), 7.23 (tt, J= 7.3, 1.2
Hz, 1 H), 7.00 (brs, 1 H), 6.72 (brs, 1 H), 6.20 (s, 1 H).

3CNMR (126 MHz, CDCly): § = 162.4, 160.3, 159.1, 137.6, 137.5,
129.5,128.8, 127.7, 125.4, 123.1, 120.8, 94.9.

MS (ESI): m/z (%) = 331 (100, [M + H]"), 333 (63).

HRMS (ESI): m/z [M + H]" caled for C;;H;CI,N,: 331.0517;
found:331.0508.

6-Chloro-N-(4-methoxyphenyl)-NV*-phenylpyrimidine-2,4-di-
amine (9d)

Prepared according to the typical procedure for 9a as a white solid
material; yield: 161 mg (99%); mp 148-150 °C.

'HNMR (500 MHz, CDCL,): § = 7.46-7.42 (m, 2 H), 7.39-7.36 (m,
2H),7.32(d, J=7.3 Hz, 2 H), 7.19 (tt, J= 7.5, 0.9 Hz, 1 H), 6.67
(brs, 1 H), 6.94-6.83 (m, 2 H), 6.80 (br s, 1 H), 6.15 (s, 1 H), 3.81
(s, 3 H).

BC NMR (126 MHz, CDCl,): § = 162.4, 160.3, 159.8, 155.9, 137.8,
132.0, 129.4, 125.1, 122.8, 122.3, 114.1, 94.1, 55.6.

MS (ESI): m/z (%) = 327 (100, [M + H]"), 329 (32).

HRMS (ESI): m/z [M + H]' caled for C,;H,;,CIN,O: 327.1013;
found:327.1004.

6-Chloro-N?-(4-nitrophenyl)-N*-phenylpyrimidine-2,4-di-
amine (9e)

Prepared according to the typical procedure for 9a as a pale yellow
solid material; yield: 131 mg (96%); mp 221-223 °C.

"H NMR (500 MHz, DMSO-dy): 8 =10.36 (brs, 1 H), 9.79 (brs, 1
H), 8.14 (d,J=9.1 Hz, 2 H), 7.95 (d,/=9.5 Hz, 2 H), 7.61 (d, J =
7.9Hz,2 H),7.41(t,J=79Hz,2 H),7.15(t,J=7.4 Hz, 1 H), 6.37
(s, 1 H).

3CNMR (126 MHz, CDCly): §=161.7, 158.4, 157.8, 146.7, 140.6,
138.8, 128.9, 124.7, 123.6, 121.3, 118.1, 97 4.

MS (ESI): m/z (%) = 342 (100, [M + H]"), 344 (32).

HRMS (ESI): m/z [M + HJ" caled for C,4H,5CIN;O,: 342.0758;
found: 342.0747.

6-Chloro-N2-phenethyl-N*-phenylpyrimidin-2,4-diamine (9f)
Prepared according to the typical procedure for 9a as an amorphous
solid material; yield: 147 mg (91%).
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'H NMR (500 MHz, CDCL,): = 7.38-7.35 (m, 4 H), 7.32-7.29 (m,
2H),7.24-7.21 (m, 3 H), 7.18-7.15 (m, 1 H), 6.77 (br s, 1 H), 6.02
(s, 1 H), 5.39 (br, 1 H), 3.66 (q, J=6.7 Hz, 2 H), 2.89 (t, J= 6.7 Hz,
2 H).

3CNMR (126 MHz, CDCl5): § = 162.3, 161.8, 160.3, 139.1, 138.1,
129.3, 128.8, 128.5, 126.3, 124.6, 122.3, 92.8, 42.6, 35.8.

MS (ESI): m/z (%) = 325 (100, [M + HJ%), 327 (32).

HRMS (ESI): m/z [M + HJ" caled for C,gH;CIN,": 325.1215;
found: 325.1240.

1-[4-Chloro-6-(phenylamino)pyrimidin-2-yl]piperidin-2-one
2

Prepared according to the typical procedure for 9a as an amorphous
solid material; yield: 103 mg (68%).

'H NMR (500 MHz, CDCLy): § = 7.71 (br s, 1 H), 7.36-7.31 (m, 4
H,), 7.16-7.13 (m, 1 H), 6.45 (s, 1 H), 3.82-3.80 (m, 2 H), 2.55 (t,
J=6.5Hz, 2 H), 1.93-1.85 (m, 4 H).

3CNMR (126 MHz, CDCl;): § = 171.2, 162.6, 160.3, 137.6, 129.4,
125.1,122.3, 100.7, 48.7, 33.7, 22.9, 21.0.

MS (ESI): m/z (%) = 303 (100, [M + HJ*), 305 (32).

HRMS (ESI): m/z [M + H]" caled for C,sH,,CIN,O: 303.1013;
found: 303.1031.

6-Chloro-/N,2-diphenylpyrimidin-4-amine (10a); Typical Pro-
cedure

Compound 2a (115 mg, 0.4 mmol) was dissolved in THF (2 mL)
under N, and cooled to 0 °C. A 2 M soln of PhMgCl in THF (0.5
mL, 1 mmol) was added and the mixture was stirred at 0 °C for 1 h.
LC-MS analysis showed consumption of the starting material. The
mixture was quenched with brine and extracted with EtOAc. The
organic layer was dried and concentrated in vacuo. The residue was
purified by chromatography to provide 10a as a white solid materi-
al; yield: 109 mg (95%); mp 136-137 °C.

"H NMR (500 MHz, CDCl,): § = 8.41-8.39 (m, 2 H), 7.51-7.42 (m,
5H),737(d,J=74Hz, 2H),7.24 (tt, /=74, 1.0 Hz, 1 H), 7.04
(brs, 1 H), 6.61 (s, 1 H).

BCNMR (126 MHz, CDCl;): § = 165.0, 162.2, 161.0, 137.6, 136.6,
131.1, 129.6, 128.45, 128.42, 125.5, 122.8, 100.6.

MS (ESI): m/z (%) = 282 (100, [M + H]"), 284 (33).

HRMS (ESI): m/z [M + H]" calcd for C,4H,;CIN;: 282.0798; found:
282.0787.

6-Chloro-N-phenyl-2-[3-(trifluoromethoxy)phenyl]pyrimidin-
4-amine (10b)

Prepared according to the typical procedure for 10a as an amor-
phous solid material; yield: 71 mg (97%).

'HNMR (500 MHz, CDCl,): 8 =8.36 (dt, /=7.9, 1.3 Hz, 1 H), 8.29
(s, 1 H), 7.51 (t, J= 8 Hz, 1 H), 7.46-7.45 (m, 2 H), 7.39-7.35 (m,
3 H), 7.29-7.26 (m, 1 H), 7.05 (br s, 1 H), 6.65 (s, 1 H).

13C NMR (126 MHz, CDCL,): 8 = 163.5, 162.2, 161.0, 149.5, 138.8,
137.3,129.8,129.7,126.7,125.7, 123.4,122.9, 121.6, 120.9, 101.1.
MS (ESI): m/z (%) = 366 (100, [M + H]"), 368 (31).

HRMS (ESI): m/z [M + H]" caled for C,;H,,CIF;N;0: 366.0621;
found: 366.0609.

6-Chloro-2-(4-fluorophenyl)-N-phenylpyrimidin-4-amine (10c)
Prepared according to the typical procedure for 10a as a white solid
material; yield: 56 mg (93%); mp 122—123 °C.

"H NMR (500 MHz, CDCl,): § = 8.41-8.38 (m, 2 H), 7.45-7.41 (m,
2 H),7.36(d, J=7.5Hz,2 H), 7.25 (tt,J=7.4,0.9 Hz, 1 H), 7.15—
7.12 (m, 2 H), 7.01 (brs, 1 H), 6.59 (s, 1 H).

BC NMR (126 MHz, CDCl,): § = 165.9, 164.0, 163.9, 162.1, 160.9,

137.4, 132.74, 132.71, 130.6, 129.6, 125.5, 122.8, 115.4, 115.3,
100.4.
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MS (ESI): m/z (%) = 300 (100, [M + H]"), 302 (32).

HRMS (ESI): m/z [M + H]" caled for C,¢H,,CIFN;: 300.0704;
found: 300.0692.

6-Chloro-2-[2-(1,3-dioxan-2-yl)ethyl]-V-phenylpyrimidin-4-
amine (10d)

Prepared according to the typical procedure for 10a as an amor-
phous solid material; yield: 154 mg (96%).

'HNMR (500 MHz, CDCL,): = 7.39-7.36 (m, 2 H), 7.33-7.31 (m,
2 H), 7.20-7.17 (m, 2 H), 6.51 (s, 1 H), 4.6 (t, J= 5 Hz, 1 H), 4.08
(ddd, J=11.8,4.9, 0.9 Hz, 2 H), 3.76-3.71 (m, 2 H), 2.86-2.83 (m,
2 H),2.11-2.02 (m, 3 H), 1.33-1.29 (m, 1 H).

BCNMR (126 MHz, CDCly): § = 171.3, 162.1, 160.3, 137.6, 129.6,
125.4,122.7,101.5, 100.0, 66.9, 33.4, 33.0, 25.8.

MS (ESI): m/z (%) =320 (100, [M + H]"), 322 (31).

HRMS (ESI): m/z [M + H]" calcd for C,¢H,,CIN;0,: 320.1166;
found: 320.1186.

4-Chloro-6-(methylsulfonyl)pyrimidine (11c¢)

To 4-chloro-6-(methylthio)pyrimidine (1 g, 6.2 mmol) was added
CH,Cl, (20 mL), and the mixture was cooled in an ice bath.
MCPBA (77% pure, 3.1 g, 13.6 mmol, 2.2 equiv) was added and the
mixture was stirred for 20 h with slow warming to r.t. To the mate-
rial was added MgSO,, the mixture was filtered, the filtrate was
concentrated, dissolved in EtOAc, and washed with aq NaHCO;.
The organic layer was dried (MgSO,), filtered through a plug of sil-
ica gel, concentrated, and washed with a mixture of hexane and
Et,0 to provide 11¢ as an off-white solid material; yield: 855 mg
(71%); mp 125-127 °C.

'H NMR (500 MHz, DMSO-d,): 8 = 9.34 (d, /= 0.9 Hz, 1 H), 8.30
(d,J=0.9 Hz, 1 H), 3.40 (s, 3 H).

13C NMR (126 MHz, acetone-dy): § = 168.1, 164.7, 160.3, 119.3,
39.9

LC-MS (ESI): m/z = 193, 195 [M + H]".

6-Chloro-N-ethylpyrimidin-4-amine (12c-1) and N-Ethyl-6-
(methylsulfonyl)pyrimidin-4-amine (13c-3)

To 4-chloro-6-(methylsulfonyl)pyrimidine (11e¢, 297 mg, 1.54
mmol) was added THF (2 mL), then under N, the mixture was
cooled to—70 °C. 2 M EtNH, in THF (1.9 mL, 3.9 mmol, 2.5 equiv)
was added by syringe, and the mixture was stirred with slow warm-
ing to r.t. under N, for 70 min. The mixture was filtered through a
plug of silica gel, concentrated, and purified by chromatography
(silica gel, EtOAc—hexanes, gradient 1:4—1:0). The less polar frac-
tions upon concentration provided 12¢-1 as a white solid material;
yield: 198 mg (83%). The more polar fractions upon concentration
provided 13¢-3 as an off-white solid material; yield: 43 mg (14%).

6-Chloro Product 12¢-1

Mp 124-126 °C.

"H NMR (500 MHz, DMSO-d;): § = 8.25 (br s, 1 H), 7.70 (br s, 1
H, NH), 6.47 (br s, 1 H), 3.38-3.09 (m, 2 H, CH,), 1.11 (t,J=17.1
Hz, 3 H).

13C NMR (126 MHz, DMSO-d,): & = 163.0, 158.5, 156.8, 103.5,
35.0, 14.3.

LC-MS (ESI): m/z = 158, 160 [M + H]".

6-Methylsulfonyl Product 13c-3

Mp 72-75 °C.

'"H NMR (500 MHz, acetone-d,, mixture of rotamers ~10:1): & =
8.55 (distorted br s, 1 H), 7.26 (distorted br s, 1 H), 7.11-6.88 (m, 1
H), 3.47 (distorted t, J = 6.6 Hz, 2 H), 3.15 (s, 3 H), 1.22 (distorted
t,J=6.9 Hz, 3 H).

13C NMR (126 MHz, acetone-d;): & = 164.7, 164.6, 160.4, 103.4,
39.8, 36.9, 15.0.
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LC-MS (ESI): m/z =202 [M + HJ".

2-Chloro-6-(methylsulfonyl)pyrazine (11d)

To 2,6-dichloropyrazine (4.811 g, 32.3 mmol) was added MeCN
(30 mL), then NaSMe (5.19 g, 74 mmol, 2.3 equiv), the mixture was
stirred at r.t. under N, for 1 h, then more NaSMe was added (~1 g).
After 30 min the mixture was heated to 60 °C for 30 min, then
cooled, diluted with a mixture of hexanes and CH,Cl,, filtered
through a plug of silica gel, and concentrated to provide crude 11d
as a yellow oily material (~50% pure according to '"H NMR analy-
sis, 4.27 g). This material was dissolved in CH,Cl, (100 mL),
cooled in an ice bath, then MCPBA (77% pure, 13.5 g, 60 mmol)
was added in 2 portions. The mixture was stirred for 15 h with slow
warming to r.t., then concentrated, purified by chromatography (sil-
ica gel, EtOAc-hexane, gradient 1:10 to 1:1, poor separation,
streaking), and crystallization (EtOAc—hexanes) to provide 11d as
a white solid material; yield: 2.19 g (35%); mp 112-117 °C.

'H NMR (500 MHz, DMSO-d,): §=9.22 (s, 1 H),9.19 (s, 1 H), 3.38
(s, 3 H).

3C NMR (126 MHz, DMSO-dy): & = 151.9, 149.3, 148.0, 140.3,
40.7.

LC-MS (ESI): m/z =193 [M + H]".

6-(Methylsulfonyl)-N-phenylpyrazin-2-amine (13d-1)

To 2-chloro-6-(methylsulfonyl)pyrazine (11d, 291 mg, 1.51 mmol)
was added aniline (0.17 mL, 1.8 mmol, 1.2 equiv), 2,6-lutidine
(0.21 mL, 1.8 mmol, 1.2 equiv), and DMSO (1.5 mL), and the mix-
ture was heated under N, at 80 °C for 26 h. Additional aniline (0.1
mL, ~0.7 equiv) was added and the mixture was heated for addition-
al 25 h. At this point LC-MS analysis of the mixture showed com-
plete consumption of 11d. The mixture was cooled to r.t., diluted
with H,0, filtered, washed with H,O, then Et,O. The solid material
was dissolved in hot mixture of EtOAc-MeOH, dried (MgSO,), fil-
tered through a plug of silica gel, concentrated, then washed with
EtOAc and then Et,O to provide 13d-1 as a light brown amorphous
solid material; yield: 275 mg (73%).

'H NMR (500 MHz, DMSO-d,): § = 10.14 (s, 1 H), 8.48 (s, 1 H),
8.40 (s, 1 H), 7.71 (dd, J = 1.1, 8.7 Hz, 2 H), 7.38 (dd, J= 7.3, 8.5
Hz, 2 H), 7.06 (tt, J= 1.3, 7.3 Hz, 1 H), 3.30 (s, 3 H).

13C NMR (126 MHz, DMSO-dy): & = 151.1, 149.5, 139.9, 139.4,
129.0, 128.9, 122.7, 118.8, 40.1.

MS (ESI): m/z (%) =252 (4), 251 (11), 250 (100, [M +H]"), 102 (4).

HRMS (ESI): m/z [M + H]" caled for C;;H;N;0,S: 250.0645;
found: 250.0655.

N,N-Diethyl-6-(methylsulfonyl)pyrazin-2-amine (13d-2)

To 2-chloro-6-(methylsulfonyl)pyrazine (11d, 193 mg, 1 mmol)
was added THF (1 mL), then the mixture was cooled under N, to
—60 °C. Et,NH (0.23 mL, 2.2 mmol) was added by syringe and the
mixture was warmed to r.t. over 3 h. After 1.5 h at r.t. the mixture
was heated to 40 °C for 3 h, then additional Et,NH (0.11 mL, 1
mmol) was added and the mixture was left at r.t. for 28 h. At this
point the LC-MS analysis of the mixture showed complete con-
sumption of 11d. The mixture was concentrated and purified by
chromatography (silica gel, EtOAc—hexane, gradient 1:2 to 1:0) to
provide 13d-2 as a light yellow waxy material that partly solidified
on drying; yield: 210 mg (92%).

"H NMR (500 MHz, acetone-dy): & = 8.36 (s, 1 H), 8.21 (s, 1 H),
3.67(q,J=73Hz,4H),3.18 (s, 3 H), 1.24 (t, /= 6.9 Hz, 6 H).

13C NMR (126 MHz, acetone-dy): & = 153.8, 152.5, 135.9, 127.5,
44.0, 40.6, 13.4.

MS (ESI): m/z (%) = 232 (5), 231 (10), 230 (100, [M + H]"), 136
), 102 (2).

HRMS (ESI): m/z [M + H]" caled for CsH,4N;0,S: 230.0958;
found: 230.0975.
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N-Ethyl-6-(methylsulfonyl)pyrazin-2-amine (13d-3)

To 2-chloro-6-(methylsulfonyl)pyrazine (11d, 193 mg, 1 mmol)
was added THF (1 mL), then the mixture was cooled under N, to
—60 °C. 2 M EtNH, in THF (1.1 mL, 2.2 mmol) was added by sy-
ringe and the mixture was warmed to r.t. over 3 h. After 1.5 hatr.t.
the mixture was heated to 40 °C for 3 h. At this point the LC-MS
analysis of the mixture showed only small amounts of 11d remain-
ing. The mixture was concentrated and purified by chromatography
(silica gel, EtOAc—hexane, gradient 1:2 to 1:0, then EtOAc-MeOH
~20:1) to provide 13d-3 as a white solid material; yield: 157 mg
(78%); mp 126-130 °C.

"H NMR (500 MHz, acetone-d): = 8.18 (m, 2 H), 6.97 (brs, 1 H),
3.45(dq,J=54,7.3Hz,2H),3.17(s,3H), 1.25 (t,J=7.3 Hz, 3 H).

13C NMR (126 MHz, acetone-dg): & = 155.7, 152.4, 139.4, 128.3,
40.6, 36.9, 14.9.

MS (ESI): m/z (%) = 204 (5), 203 (7), 202 (100, [M + H]"), 140 (1),
108 (3), 102 (9).

HRMS (ESI): m/z [M + H]' caled for C;H,,N;0,S: 202.0645;
found: 202.0658.

2-(Methylsulfonyl)-/V-phenylpyrimidin-4-amine (13e-1)

To 4-chloro-2-(methylsulfonyl)pyrimidine (11e, 192 mg, 1 mmol)
was added aniline (0.11 mL, 1.2 mmol, 1.2 equiv), 2,6-lutidine
(0.14 mL, 1.2 mmol, 1.2 equiv), and DMSO (1 mL), and the mixture
was stirred under N, at r.t. for 7 h. At this point LC-MS analysis of
the mixture showed complete consumption of 11e. The mixture was
diluted with H,O, extracted with CH,Cl,, dried (MgSO,), concen-
trated, then purified by chromatography (silica gel, EtOAc—
hexanes, gradient 1:2 to 1:0) to provide 13e-1 as a light yellow
amorphous solid material; yield: 242 mg (97%).

"H NMR (500 MHz, acetone-dy): 6 = 9.31 (brs, 1 H), 8.38 (d, J =
6.0 Hz, 1 H), 7.72 (d, J = 8.2 Hz, 2 H), 7.45-7.36 (m, 2 H), 7.16 (t,
J=7.4Hz, 1H), 699 (d,J=6.0Hz 1 H),3.28 (s, 3 H).

13C NMR (126 MHz, acetone-d,): & = 167.5, 162.6, 157.4, 140.1,
130.5, 125.6, 122.4, 110.1, 39.9.

MS (ESI): m/z (%) = 252 (4), 251 (11), 250 (100, [M + H]"), 171
(1), 170 (3), 102 (4).

HRMS (ESI): m/z [M + H]" caled for C,;H;,N;0,S: 250.0645;
found: 250.0665.

N,N-Diethyl-2-(methylsulfonyl)pyrimidin-4-amine (13e-2)

To 4-chloro-2-(methylsulfonyl)pyrimidine (11e, 192 mg, 1 mmol)
was added THF (1 mL), then the mixture was cooled under N, to 0
°C (ice bath). Et,NH (0.23 mL, 2.2 mmol) was added by syringe and
the mixture was stirred at this temperature for 1 h. At this point the
LC-MS analysis of the mixture showed almost complete consump-
tion of 11e. The mixture was diluted with EtOAc, filtered through a
plug of silica gel, concentrated, and purified by chromatography
(silica gel, EtOAc-hexane, gradient 1:2 to 1:0, then EtOAc—CHCl;—
MeOH ~50:50:3 to 50:50:5) to provide 13e-2 as a colorless oily ma-
terial; yield: 213 mg (93%).

"H NMR (500 MHz, acetone-dg): & = 8.23 (d, J= 6.3 Hz, 1 H), 6.80
(d, J=6.3 Hz, 1 H), 3.68 (br s, 2 H), 3.59 (br s, 2 H), 3.23 (s, 3 H),
1.21 (t,J=7.1 Hz, 6 H).

3C NMR (126 MHz, acetone-dg): & = 167.5, 162.2, 156.8, 106.4,
43.8,39.7,13.2.

LC-MS (ESI): m/z =230 [M + H]".

4-Chloro-N-ethylpyrimidin-2-amine (12e-1) and N-Ethyl-2-
(methylsulfonyl)pyrimidin-4-amine (13e-3)

To 4-chloro-2-(methylsulfonyl)pyrimidine (11e, 192 mg, 1 mmol)
was added THF (1 mL), then under N, the mixture was cooled to 0
°C (ice bath). 2 M EtNH, in THF (1.1 mL, 2.2 mmol, 2.2 equiv) was
added by syringe, and the mixture was stirred in an ice bath under
N, for 1 h. The mixture was diluted with EtOAc, filtered through a
plug of silica gel, concentrated, and purified by chromatography
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(silica gel, EtOAc—hexanes, gradient 0:1-1:0). The less polar frac-
tions upon concentration provided 12e-1 as a white solid material;
yield: 105 mg (67%). The more polar fractions upon concentration
provided 13e-3 as a colorless oily material; yield: 38 mg (19%).

2-Ethylamino Product 12e-1

Mp 87-89 °C.

"H NMR (500 MHz, DMSO-d): § =8.21 (brs, 1 H), 7.64 (t,J=5.8
Hz, 1 H), 6.63 (d,J=5.0 Hz, 1 H), 3.26 (brs, 2 H), 1.10 (t, J=7.1
Hz, 3 H).

3C NMR (126 MHz, DMSO-dy): § = 162.1, 159.9 (br, probably 2
signals), 108.5, 35.4, 14.3.

LC-MS (ESI): m/z = 158 [M + H]".

2-Methylsulfonyl Product 13e-3

"H NMR (500 MHz, acetone-d,, mixture of rotamers ~3:1): 8 = 8.30
(brs, 0.25 H), 8.13 (brs, 0.75 H), 7.26 (brs, 0.75 H), 7.14 (br s, 0.25
H), 6.67 (d, /= 6.0 Hz, 1 H), 3.50 (brs, 1.5 H), 3.38 (br s, 0.5 H),
3.23 (brs, 3 H), 1.22 (brs, 3 H).

LC-MS (ESI): m/z =202 [M + HJ".

2-Chloro-4-(methylsulfonyl)pyrimidine (11f)

To 2-chloro-4-(methylthio)pyrimidine (1 g, 6.2 mmol) was added
CH,Cl, (10 mL), and the mixture was cooled in an ice bath.
MCPBA (77% pure, 3.15 g, 14 mmol, 2.2 equiv) was added and the
mixture was stirred for 18 h with slow warming to r.t. The mixture
was filtered, and the filtrate was washed with aq NaHCOs;. The or-
ganic layer was dried (MgSO,), filtered, concentrated, and washed
with hexane to provide 11f as a white solid material; yield: 1.02 g
(86%).

'H NMR (500 MHz, DMSO-d,): 8 = 9.34 (d, J= 0.9 Hz, 1 H), 8.30
(d, J=0.9 Hz, 1 H), 3.40 (s, 3 H).

13C NMR (126 MHz, DMSO-dy): § = 167.3, 164.7, 160.2, 116.4,
39.5.

4-(Methylsulfonyl)-/V-phenylpyrimidin-2-amine (13f-1)

To 2-chloro-4-(methylsulfonyl)pyrimidine (11f, 221 mg, 1.15
mmol) was added DMSO (1.1 mL), aniline (0.13 mL, 1.4 mmol, 1.2
equiv), and 2,6-lutidine (0.16 mL, 1.4 mmol, 1.2 equiv), and the
mixture was stirred under N, at r.t. for 21 h. At this point LC-MS
analysis of the mixture still showed presence of 11f. Additional an-
iline (0.1 mL, 1 equiv) was added, after 5 h the starting material did
not disappear; however, side-product formation became profound.
The mixture was diluted with H,O, extracted with EtOAc—hexanes
(~1:1), dried (MgS0O,), concentrated, then purified by chromatogra-
phy (silica gel, gradient EtOAc—hexanes 1:10 to 1:1) to provide 13f-
1 as a light yellow heterogeneous oily material; yield: 204 mg,
~70% pure by UPLC-MS analysis (see below).

"H NMR (500 MHz, acetone-dg, major component, 13f-1): § =9.21
(brs, 1 H), 8.81(d,J=4.7Hz, 1 H), 7.81 (dd, J=1.1,8.7 Hz, 2 H),
7.40-7.32 (m, 2 H), 7.31 (d, J = 4.7 Hz, 1 H), 7.07 (tt, J= 1.3, 7.3
Hz, 1 H), 3.25 (s, 3 H).

LC-MS (UV 254 nm): 9% of 11f, 70% of 13f-1 (M = 250 [M + H]"),
21% of 2-chloro-N-phenylpyrimidin-4-amine*> (M = 206 [M +
H]Y.

N,N-Diethyl-4-(methylsulfonyl)pyrimidin-2-amine (13f-2)

To 2-chloro-4-(methylsulfonyl)pyrimidine (11f, 227 mg, 1.18
mmol) was added THF (1.2 mL), then the mixture was cooled under
N, to —60 °C. Et,NH (0.27 mL, 2.6 mmol, 2.2 equiv) was added by
syringe and the mixture was stirred with slow warming to r.t. over
1.5 h. At this point the LC-MS analysis of the mixture showed al-
most complete consumption of 11e. The mixture was diluted with
EtOALc, filtered through a plug of silica gel, concentrated, and puri-
fied by chromatography (silica gel, EtOAc—hexane, gradient 1:10 to
1:2 to provide 13f-2 as a light yellow viscous oily material that part-
ly solidified upon standing; yield: 254 mg (94%); mp 52-56 °C.
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'H NMR (500 MHz, DMSO-d,): 8 = 8.70 (d, /= 5.0 Hz, 1 H), 7.03
(d,J=4.7Hz, 1 H), 3.61 (brs, 4 H), 3.27 (s, 3 H), 1.14 (t, J= 7.1
Hz, 6 H).

13C NMR (126 MHz, DMSO-dy): & = 165.9, 161.7, 160.0, 102.4,
41.8,38.4, 12.6.

MS (ESI): m/z (%) = 231 (9), 230 (100, [M + H]"), 202 (2), 186 (3),
169 (1), 168 915), 150 (5), 140 92), 138 (2), 122 91), 102 (1).

HRMS (ESI): m/z [M + H]" caled for CoH,(N;0,S: 230.0958;
found: 230.0976.

2-Chloro-N-ethylpyrimidin-4-amine (12£-1)

To 2-chloro-4-(methylsulfonyl)pyrimidine (11f, 260 mg, 1.35
mmol) was added THF (2 mL), then the mixture was cooled under
N, to—70 °C. 2 M EtNH, in THF (1.5 mL, 2.2 mmol) was added by
syringe and the mixture was warmed to r.t. over 3 h. The mixture
was concentrated and purified by chromatography (silica gel,
EtOAc—hexane, gradient 1:4 to 1:0) to provide 12f-1 as a white solid
material; yield: 165 mg (79%); mp 6366 °C.

'"H NMR (500 MHz, acetone-dy, mixture of rotamers ~4:1): § =
8.11-7.79 (m, 2 H), 6.52-6.36 (m, 1 H), 3.31-3.10 (m, 2 H), 1.11 (¢,
J=173Hz, 3 H).

13C NMR (126 MHz, DMSO-d): § = 163.2, 159.9, 155.2, 105.0,
34.8, 14.1.

MS (ESI): m/z (%) =161 (2), 160 (34), 159 (6), 158 (100, [M + H]"),
130 (11), 122 (4), 112 (3), 102 (2).

HRMS (ESI): m/z [M + H]" caled for CgHyCIN;: 158.0480; found:
158.0491.
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One such byproduct was identified using LC-MS analysis as
2.1 ([M + HJ" 430, see Scheme 3). It seems that the N-H in
2a is acidic enough to be deprotonated by stronger bases
(such as aliphatic amines or K,CO;) and displaces the
sulfone in 1, which seems to be the preferred site of
displacement by anionic nucleophiles (vide infra).
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A "H NMR experiment (data not shown) demonstrated that
pyridine reacts with 1 within minutes at r.t. in DMSO-dj to
provide a complex mixture of products.

The reaction is less general with these amines. Many
heteroaromatic and all heterocyclic amines that we tested
reacted unselectively, with substitution occurring at both C2
and C4, as well as forming multiple other byproducts.
Unselective examples include 2-, 3-, or 4-aminopyridine, 2-
aminothiazole, etc. Imidazole and benzimidazole
preferentially react at C2.

See Supporting Information for details.

When indole was combined with 1 in DMSO in the presence
of 2,6-lutidine (1.2 equiv), after 3 d at r.t. side products
started forming according to LC-MS analysis of the reaction
mixture. At that point LC-MS analysis failed to demonstrate
formation of either the C4—Cl or the C2-SO,Me
displacement products.

Preliminary data suggests that the higher acidity of
heterocyclic aromatic amines may be a reason for some of
these reactions being unselective. Both neutral and
deprotonated species may coexist and react with 1 via
different pathways.

(a) With aziridine: see ref. 11. (b) With methylamine: see
ref. 15. (c) With alkoxide: see ref. 12a. (d) With thiolate: see
ref. 13. (e) With RMgX: see ref. 14. (f) With deprotonated
formamide: see ref. 17. (g) With deprotonated heterocyclic
amine: see ref. 16.

Slightly lower yields were generally obtained when
PhLi/Et,O or i-PrMgCI-LiCl/THF were used instead of
NaHMDS.

One such side product was isolated and identified as V (see
Scheme 4). Its formation may be explained by the
mechanism shown in the scheme that starts with the
deprotonation of 1. Product V was the major product (38%)
isolated when cyclohexylamine was combined with
NaHMDS and 1. Analytical data for V: white solid, LC-MS
(ESI) [M + H]* 311 (4 Cl atoms pattern); 'H NMR (500
MHz, DMSO-d,): & = 8.00 (s, 2 H), 4.57 (s, 2 H); 3C NMR
(126 MHz, DMSO-dy): 6 = 167.5, 161.3, 120.0, 47.3.
Similar reaction has been reported in ref. 8f.

Reaction with Boc-protected pyridin-3-ylmethanamine did
not provide the clean product even though the reaction was
moderately clean according to the LC-MS analysis of the
reaction mixture. The product seems to be unstable.

The byproduct (Figure 1) was identified as the product of
bis-arylation of the amine with 1 based on LC-MS analysis.
This reaction was not optimized.

N)j\
|
N N Cl
)§

N

|
C|//L\\5§J\\C|

(€2))

Figure 1

Unfortunately, reactions with deprotonated N-alkylanilines,
such as N-methylaniline or indoline (NaHMDS,
TMPMgCI-LiCl, n-BuLi; various modes of addition) were
not clean. These reactions produced mixtures of products,
with displacements at C2, C4 and double C2 and C4
displacement, as well as other unidentified byproducts.
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(32) The alternate products 4a—c or 5e.f could be detected by LC-
MS or '"H NMR analysis of the reaction mixtures. However,
these minor products could be isolated only in impure form
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