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Amidines are ubiquitous in nature and have critical roles in
pharmaceutical and agrochemical industries." In addition,
amidine derivatives have been documented as key scaffolds
in drug discovery* and crucial fragments in numerous bio-
logically relevant molecules.® As a unique class of amidines,
N-sulfonyl formamidines are widespread in insecticidal/
acaricidal drugs* or biologically active molecules.® As
shown in Fig. 1, acaricidal drugs include ebrotidine (a),°®
inhibitors of steroid sulfatase (b),” antagonists/inverse
agonists (c¢)®* and antimicrobial agents (d).° Therefore,
development of novel, efficient and sustainable methods for
the synthesis of N-sulfonyl formamidines has been a consis-
tent focus of synthetic chemists.

Four main synthetic methods for preparation of N-sulfonyl
formamidines have been reported. The first is the condensation
of sulfonamides with formamides using an oxidant to generate
a reactive electrophilic intermediate (Scheme 1a).*® The second
method is the reaction of sulfonamides with amines involving
oxidation of the amine to an iminium cation generated elec-
trochemically'**?> or by reaction of Cu(n) (generated in situ by
aerial oxidation of CuBr at 100 °C) (Scheme 1b).** The third
method is cycloaddition of a sulfonyl azide to an enamine
intermediate generated by oxidation of a trialkylamine followed
by retrocycloaddition to generate a diazoalkane concomitantly
(Scheme 1c).**** The fourth method is a three-component
reaction, reported previously by our research team, between
a sulfonyl azide, a terminal ynone (3-butyn-2-one) and an amide
involving the formation of a highly reactive intermediate N-
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under catalyst-free and solvent-free conditions. Terminal ynones provide the C source to formamidines

sulfonyl acetylketenimine reacting with the amide in a [2 + 2]
cycloaddition followed by a [2 + 2] cycloreversion with the
concomitant generation of 4-oxo-3-buren-2-one (Scheme 1d)."”
Recently, Wusiman and colleagues proposed a straightforward
one-pot multicomponent approach, but heating and solvent
addition are required.'® Each of the methods described above
has considerable advantages, including mild reaction condi-
tions and high efficiency in the assembly of N-sulfonyl for-
mamidines. However, their synthetic utility is impaired by the
requirement of environmentally unfriendly solvents, metal
catalysts and/or relatively long reaction times or high
temperatures.

Scheme 1 reveals an operationally simple protocol involving
stirring a mixture of an amine, a sulfonyl azide, and a terminal
ynone without a catalyst or solvent.

Our investigations began with examination of the synthesis
of the parent and previously unreported system 4-methyl-N-
(morpholinomethylene)benzenesulfonamide 4aa via morpho-
line 1a, p-tosyl azide 2a and but-3-yn-2-one 3a. We first detected
this unconventional product 4aa in a CuAAC/ring-opening
reaction system with a low yield (8%, Table 1, entry 1). After
screening using AgTFA/MeCN as a catalyst condition, product
4aa was obtained in high yield of 90% (Table 1, entry 2). If
AgTFA or MeCN were not added, the yield of the product
decreased (Table 1, entries 3 and 4). To our delight, the reaction
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Fig.1 Some formamidines drugs or drug candidates.

© 2021 The Author(s). Published by the Royal Society of Chemistry


http://crossmark.crossref.org/dialog/?doi=10.1039/d1ra06809a&domain=pdf&date_stamp=2021-10-16
http://orcid.org/0000-0002-7983-2576
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra06809a
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011054

Open Access Article. Published on 18 October 2021. Downloaded on 12/9/2025 12:06:49 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper
: o
PR RS /L . P
E H 1? Me N7 R!
Catalyst-free
This work | soivent-free
O\\S,P +R2\ _R® curomso ' | _Catayst R?N/RE+ O\\S,P
R1”Z NH, Py or Electricity o | or Electricity J‘ Ny R!
R4 b I ¢ 4<
R O iR a Nt @ R
| ' o
R® :
o N-sulfonyl | /kR‘i o]
Q.Q M gz Oxidant formamidnes | r2 A Q0
+ N e RN A + g
e TR Catalyst curheat  NHT g Sp
R® (@ (@ R3

Scheme 1 Synthesis of N-sulfonylformamidines.

delivering product 4aa in highest yield was catalyst-free under
a neat condition in 2 min (95%, Table 1, entry 5). Curiously,
compound 4aa did not contain all the fragments of but-3-yn-2-
one 3a. Therefore, different terminal alkynes were detected.
Additional screening revealed that the terminal ynones 3b-3d
gave comparable yields (Table 1, entries 6-8). For example, ethyl
propiolate 3b gave a yield of 90% in 3 min and tert-butyl propiolate
3c gave ayield of 92% in 5 min. Phenylacetylene 3d was used, but it
failed to produce the desired product (Table 1, entry 9). Consid-
ering atomic economy, speed and efficiency, the “parent reaction”
was defined to the condition of Table 1, entry 5.

Under the optimized conditions, the capacity of this reaction
to affect the coupling of a range of different substrates was
investigated. As revealed in Table 2, various structurally and
electronically distinct amines engaged readily in the desired
reaction to give the anticipated products (4aa-4ax) in modest-to-
good yields. Secondary amines of alkyl groups proved more
effective substrates than their aromatic counterparts (4aa-4ae,

Table 1 Optimization of conditions®

Cat. (2.0 mol%)

0() b ToNg + =g _SoNentRT,Time Q&NTS
1a 2 3 4aa
o] o) o) o
:_< :_< = = =—ph
Me OEt ot Bu -
s 3b 3¢ 3d 3e
Entry Alkyne 3 Cat./solvent Time yield? (%) 4aa
1 3a Cul/MeCN 4h 8
2 3a AgTFA/MeCN 4h 90
3 3a —/MeCN 12 h 79
4 3a AgTFA/— 1 min 56
5 3a —/— 2 min 95
6 3b —/— 3 min 90
7 3¢ —I— 5 min 92
8 3d —/— 6 min 70
o 3e —I— 12 h 0

“ Reaction conditions: 1a (0.1 mmol), Cat. (2.0 mol%) in the solvent (3
mL) was added slowly to 2a (1.8 equiv.) and 3 (1.8 equiv.) in order,
then stirred at room temperature for the corresponding time
(detected by TLC or solidification). ? Isolated yields.
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75-98% yield vs. 4af-4am, 26-98% yield) with the best “per-
forming” member of the latter group being 1,2,3,4-tetrahy-
droquinoline and affording the anticipated product 4ah.
Likewise, the structure of primary amines could be varied to
a reasonable degree to elicit products (4aj-4ax), but showed
lower efficiency than that of secondary amines. Most aliphatic
primary amines elicited modest yields whereas the substrate
benzylamine gave the products 4ak in high yield of 94%.
Electron-withdrawing and electron-donating groups attached to
the aromatic ring of aromatic primary amines of the general
form 4 (e.g., methyl, halogen, ester, 2-naphthyl and nitro) were
tolerated, as evidenced by formation of the anticipated prod-
ucts, 4ao-4ax, in serviceable yield. However, amines derived
from tertiary amines, heterocyclic and inorganic ammonium
salts failed to transfer into the corresponding products under
the optimized conditions.

Next, the scope and limitation of substrates sulfonyl azides 2
were tested. Importantly, the substrates sulfonyl azides showed
rapidity and efficiency in this reaction. Change of R’ by
aromatic or aliphatic substituents, such as phenyl,
-(4-CF3;C¢H,), -(4-NO,C¢H,), -(4-OMeCeH,), -Me, -""Bu or
benzyl, enabled the reaction to run smoothly to give the antic-
ipated products (4ba-4bl) in good yields of 88-96%. All prod-
ucts were produced mainly in the E-syn conguration (for details
please see the spectra in the ESIt) (Table 3).

Table 2 Substrate scope of amines 1¢

-R2 o} RT SR A
£ — i N
OONHD o+ Teng + = _— \ NTs
S RY Me “.--R
1 2a 3a 4
A
NTSNTs O&NTS O,/%NTS Me )N SNTs
o Me'
4aa, 2 min, 95% 4ab, 2 min, 82% 4ac, 2 min, 75% 4ad, 2 min, 86%
by
-~
Me” NS Ph. Ph., -~
o T NTs N Shrs NSs NSNTs
Me” “Me Me Ph
4ae, 2 min, 98% 4af, 2 h, 60% 4ag, 2 h, 26%° 4ah, 30 min, 98%

ST,
N Ph N
Me H NTs H s MeO’

4ai, 30 min, 97%

N«NTS e Ph
T Z N s NN
S N H

H
4am, 15 min, 74%

4aj, 2 min, 65%" 4ak, 2 min, 94% 4al, 2 min, 83%

/=NTs
MEQNH

4an, 2 h, 40%" 4ao, 2 h, 23% 4ap, 2 h, 58%

CO,Me

Me /=NTs /=NTs ? /=NTs
Me: NH CI@NH ~, OQNONH
Me u NTs

daq, 2 h, 92% 4dat, 2 h, 33%"

O
AT oI I
HO NH MeO NH
N o NSNS NSNS

4au, 2 min, 70%

4ar, 2 h, 59% 4as, 2 min, 60%"

4av, 2 min, 90% 4aw, 2 h, 75% 4ax, 2 h, 60%

“ Reaction conditions: 1 (0.1 mmol) and 2a (1.8 equiv.) were added, then
3a (1.8 equiv.) was added slowly, and stirred at room temperature for the
corresponding time (detected by TLC or solidification). ? Reaction
conditions: 1 (0.1 mmol) and AgTFA (2 mol%) in MeCN (3 mL) was
added to 2a (1.8 equiv.) and 3a (1.8 equiv.), then stirred at 60 °C for
the corresponding time (detected by TLC).
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Table 3 Substrate scope of the sulfonyl azides 2¢

o, 0
o 0 RT P
(N Y s = R NSNS R
O. Me O\)
1a 2 3a 4

4bc, 5 min, 90% 4bd, 6 min, 88%

(NN & | NN i NN Sgn
O O™ O™ O
4be, 3 min, 91% 4bf, 5 min, 90% 4bg, 2 min, 92% 4bh, 3 min, 95%
Q.0 Q.0 QL QP
(\N/*N’S Mo  ONTSNOMe (\N“N'Swme (\N&N’S\AW
o o o ol.) Me

4bi, 2 min, 94% 4bj, 2 min, 96% 4bk, 2 min, 92% 4bl, 2 min, 92%

“ Reaction conditions: 1a (0.1 mmol) and 2 (1.8 equiv.) were added, then
3a (1.8 equiv.) was added slowly, and stirred at room temperature for the
corresponding time (detected by TLC or solidification).

o
~
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2a (1.8 equiv) 5 (0.5 mmol) 4aa
Scheme 2 Investigation of the reaction mechanism.

According to recent reports of complete cleavage of C=C"
and the reaction characteristics of ynones,* further experi-
ments were carried out to gain deeper understanding of the
mechanistic pathway (Scheme 2). We undertook the reaction of
2a with 4-morpholinobut-3-en-2-one 5, which was synthesized
by 1a and 3a, under the standard conditions. The correspond-
ing products 4aa were generated with a yield of 75%. The
desired product could not be obtained without terminal ynones.
Taken together, these results implied that the terminal ynones
provided the C source to formamidines via complete cleavage of
C=(, and that compound 5 might be an intermediate.

Based on the results stated above and related precedent,***
a plausible mechanism for the formation of N-sulfonyl for-
mamidines (4aa) from precursors 1a, 2a and 3a is shown in
Scheme 3. First, the substrates 1a and 3a are expected to take
Michael addition to form the intermediate 4-morpholinobut-3-
en-2-one 5. This species is captured by tosyl azide 2a by
participating in the [3 + 2] cycloadditions to generate the 1,2,3-

o
9 v
(NH Q M+ TN 2a) D W
od /Me OC)N e &Y

[3+2] Cycloaddition (\N N

retro-[3+2]

1a 3a 5

ONTSNTs 9
+ N.
O. Z\VMMe
4aa 7 side product

Scheme 3 Plausible reaction mechanism.
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triazoline intermediate 6, which itself undergoes retro-[3 + 2]-
cycloaddition to yield the product 4aa, with elimination of the
side-product 1-diazopropan-2-one 7.**

Conclusions

We developed an operationally rapid and efficient reaction for
preparing N-sulfonyl formamidines from a mixture of mines,
sulfonyl azides and terminal ynones with catalyst-free, solvent-
free, mild conditions and a wide scope of substrates. From
a mechanistic perspective, the terminal ynones have a critical
role in cleavage, and provide the C source to formamidines via
complete cleavage of C=C. This methodology appears quite
flexible and can generate forms of the title products that will be
particularly useful in, for example, drug-development studies.
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