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Synthesis of Sulfonimidamides from Sulfenamides via an Alkoxy-
amino-AS-sulfanenitrile Intermediate

Edward L. Briggs,? Arianna Tota,™ Marco Colella,” Leonardo Degennaro,® Renzo Luisi* and

James A. Bull*@

Abstract: Sulfonimidamides are intriguing new motifs for medicinal
and agrochemistry, and provide attractive bioisosteres for
sulfonamides. However, there remain few operationally simple
methods for their preparation. Here, for the first time the synthesis of
NH-sulfonimidamides is achieved directly from sulfenamides,
themselves readily formed in 1 step from amines and disulfides. A
highly chemoselective and one-pot NH and O transfer is developed,
mediated by PhlO in iPrOH, using ammonium carbamate as the NH
source, and in the presence of 1 equivalent of acetic acid. A wide
range of functional groups are tolerated under the developed reaction
conditions, including the functionalization of anti-depressants
desipramine and fluoxetine. Additionally, the methodology is applied
to the preparation of an aza-analogue of the drug probenecid, with
further N-functionalization reactions exemplified on this scaffold. The
reaction is shown to proceed via different and concurrent mechanistic
pathways, including the formation of novel S=N sulfanenitrile species
as intermediates. Several alkoxy-amino-A®-sulfanenitriles are
prepared with different alcohols, and shown to be alkylating agents to
a range of nucleophiles. Detailed mechanistic studies demonstrate
the /PrOH as one source of the sulfonimidamide oxygen atom, in
addition to water and acetate.

Introduction

The adoption of unusual functional groups into medicinal and

agrochemical research programs provides enhanced coverage of

both chemical and intellectual property space.["! Sulfoximines and
sulfonimidamides, the mono-aza analogues of sulfones and
sulfonamides respectively are receiving considerable attention in
this context as bioisosteres in drug design (Scheme 1a).?3 High
metabolic and chemical stability, along with hydrogen bond
donor/acceptor capabilities can impart improved physicochemical
properties to these aza-derivatives.? Sulfoximines have recently
received extensive examination in clinical drug candidates from
Bayer,*'and AstraZeneca.” The sulfonimidamide group on the
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Scheme 1. Examples of bioactive sulfonimidamides, and strategies for the
synthesis of sulfoximines and sulfonimidamides via NH and O transfer to sulfur
functional groups.

other hand has been less developed, but presents similar
opportunities. Biologically active examples of sulfonimidamides
include the aza-analogues of sulfonamides celecoxib!® and
tasisulam,”! as well as a sodium channel inhibitor published by
Genentech in a patent application (Scheme 1b).l This interest
has prompted several recent synthetic advances (Scheme 1c).!
Selected examples include Willis’ use of N-sulfinyltritylamine as a
linchpin for the addition of Grignard reagents and amines, via
sulfonimidoyl chlorides.®! Sharpless described the use of thionyl
tetrafluoride (SOFs) as a useful reagent for sulfur fluoride
exchange (SuFEXx) click chemistry, using sulfonimidoyl fluorides
as precursors to sulfoximines, sulfonimidates and
sulfonimidamides.l'” Bolm has reported copper catalyzed
methods to form sulfonimidamides involving a cross coupling of
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sulfinamides!'! and the oxidation of methyl sulfoximines.!'?
Sulfonamides have also been converted to sulfonimidamides with
this approach being recently extended by Grygorenko to form
imidazolium salts as precursors to sulfonimidamides and
imidosulfuric diamides.[']

In 2016 we reported a facile metal-free protocol for the direct
synthesis of NH-sulfoximines from sulfoxides in high yields and
functional group compatibility.'¥ The NH-transfer occurred with
sources of ammonia, with ammonium carbamate preferred, in the
presence of bisacetoxyiodobenzene as the oxidant. Our approach
has been recently extended by Stockman and Licking to form
sulfonimidamides, using closely related conditions to effect NH-
transfer to sulfinamides (Scheme 1c).['Sl We, and others, recently
reported related conditions for the conversion of sulfides to
sulfoximines in one-pot through a highly chemoselective NH and
O transfer.[16-18]

Here we report the development of a new strategy for the
direct synthesis of NH-sulfonimidamides from sulfenamides as
simple, readily available, and previously unexplored substrates. A
highly selective one-pot NH and O transfer is achieved using
operationally simple conditions. This provides a new and efficient
disconnection of sulfonimidamides, allowing their preparation
from functionalized amines and disulfides. Furthermore, we
present detailed mechanistic studies on the reaction. Key
intermediate alkoxy-amino-A%-sulfanenitriles have been isolated
and characterised, providing insight to the reaction mechanism.
The reactivity of these new A%-sulfanenitriles with nucleophiles is
demonstrated. Overall, this strategy provides a short, 2-step
synthetic sequence for the preparation of NH-sulfonimidamides
that is applicable to late-stage diversification.

10.1002/anie.201906001
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Results and Discussion

Bench-stable sulfenamides used in this study, were readily
prepared starting from disulfides and a suitable amine.l'*?% As a
model substrate for optimization, sulfenamide 1a was prepared
from Ph2S2 and piperidine in the presence of silver nitrate (Table
1), using a procedure modified from that developed by Davis.?'??
We started investigations by applying our previously reported
reaction conditions using PhlI(OAc)2 and ammonium
carbamate.['¥ Pleasingly, the expected sulfonimidamide 2a was
observed as the main product. Sulfonimidate 3 and sulfonamide
4 were also formed, with the loss of the piperidine moiety (Table
1, entry 1). The equivalents of oxidant and ammonium carbamate
could be reduced to 2.5 and 2 respectively without affecting the
reaction yield (entry 2), while further reduction of the equivalents
of the oxidant resulted in incomplete conversion. Changing the
solvent to iPrOH gave an improved yield of 2a (entry 3). We
noticed that excess acid, derived from the oxidant, was
responsible for degradation of the sulfenamide and formation of
side products. In fact, the use of a base such as NaOH as an
additive (entry 4), resulted in a slightly improved yield of 2a. In
order to reduce the amount of acidic species, we investigated
iodosylbenzene as the oxidant, which is known to dissolve in
MeOH to form PhI(OMe)2, without the formation of acid.
Remarkably, the use of this reagent led to a lower yield of 2a
(entry 5) but a 47% vyield of a new product, identified as an
unprecedented alkoxy-amino-AS-sulfanenitrile (5a). Optimized
conditions, leading to a 90% vyield of sulfonimidamide 2a, were
achieved using /PrOH as the solvent, PhlO as the oxidant (2.5
equiv), and only 1 equiv of added acetic acid (entry 8).

Table 1. Selected results in the development and optimization of NH and O transfer to sulfenamides.

iodine (IIl) reagent

NH,CO,NH, o NH \\
S\)Y + HN _ AgNO; _ eddiive Ssome + NHZ
MeOH solvent O 2 M)
3 equiv 96%
1.5 equiv 60%
. Yieldt!
NH2CO2NH4 PhI(OAc)2 PhIO Additive
Entry . ) : . Solvent
(equiv) (equiv) (equiv) (equiv)
2a 3 4 5 Total
1 4 3 - - MeOH 56 11 6 - 73
2 2 25 - - MeOH 56 11 3 - 70
3 2 25 - - iPrOH 60 6 10 - 76
4 2 25 - NaOH (6) MeOH 64 6 11 - 81
5 2 - 25 - MeOH 11 2 3 47 (R = Me, 5a) 63
6 2 - 25 AcOH (1) MeOH 52 5 3 - 60
7 2 - 25 AcOH (5) MeOH 51 11 8 - 70
8 2 25 AcOH (1) iPrOH 90 2 1 93
9 2 - 25 - iPrOH 27 1 1 53 (R = iPr, 5b) 82

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as internal standard.
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The use of iPrOH reduced alternative unproductive pathways and
afforded very high chemoselectivity for the heteroatom transfers.
Increasing or decreasing the amount of acid gave unsatisfactory
results. Interestingly, running the reaction under the optimized
conditions but without the acid, produced the alkoxy-amino-A°-
sulfanenitrile 5b in a 53% yield, while 2a was formed in only 27%
yield (entry 9).

Using these optimized conditions, the scope of the reaction
was assessed with different sulfenamides, varying substituents
on both sides of the functional group (Scheme 2). It is worth noting
the facile and rapid preparation of sulfenamides as
sulfonimidamide precursors,?? in comparison to sulfinamides for
example, which often require extra steps and/or formation of
sulfinylchlorides. First, piperidine-substituted sulfenamides 1a-1r
bearing several aromatics, heteroaromatics and alkyl substituents
were evaluated. Sulfonimidamides 2a-2r were obtained in yields
ranging from 45% to 89%. Sulfonimidamide 2a was isolated in
75% yield on a 0.5 mmol scale, and the reaction could be scaled
to 9 mmol to provide 1.3 g of 2a in 64% yield. Several substituted
aromatics were compatible with the protocol, regardless of the
position of the substituents (i.e. ortho-, meta- or para-) providing
sulfonimidamides 2b-21 (Scheme 2). Aromatic groups with varied
electronic properties were tolerated, though the presence of
electron-donating groups generally gave slightly higher yields
when compared to aromatics bearing electron-withdrawing
groups. Disubstituted phenyl and 2-naphtyl substituents furnished
the corresponding NH-sulfonimidamides 2m and 2n respectively.
Pyridine containing sulfenamides 10 and 1p substituted at the 2-
and 4-positions were well tolerated (2o and 2p), as were an alkyl
(cyclohexyl, 2q) and benzyl substituents (2r).

The variation of the amino moiety of the sulfenamide was then
evaluated (Scheme 2). Cyclic amino substituents, including those
bearing additional heteroatoms, furnished good to excellent yields
of the corresponding NH-sulfonimidamides 2s-2v (Scheme 2).
Acyclic secondary amines, bearing diethyl (2w), methylphenyl
(2x) and allyl substituents (2y and 2z) were similarly successful.
Using sulfenamides 1aa and 1ab prepared from chiral amines
provided NH-sulfonimidamides 2aa and 2ab in good yields as a
1:1 mixture of diastereoisomers, with complete retention of the
enantiomeric excess of the chiral starting amines. 22
Sulfenamides 1ac and 1ad derived from anti-depressant drugs
desipramine and fluoxetine yielded sulfonimidamide analogues
2ac and 2ad (dr 1:1) in 48% and 79% yields respectively,
illustrating the potential of the method for late stage
functionalization.

Secondary sulfenamide substrates containing an NH were
then evaluated, affording interesting results. Benzothiazole
containing sulfenamide 6a gave sulfonimidamide 7a in 30%
isolated yield, along with the corresponding sulfinamide as the
major side product. In comparison, t-butylphenylsulfenamide 6b
unexpectedly gave product 9, incorporating 2 molecules of 6b in
high yield. This was presumably formed through activation of the
expected sulfonimidamide 7b with excess oxidant, leading to
iminoiodinane intermediate 8 and subsequent imination of 6b
(Scheme 3).24 Application of these conditions to phenyl methyl
sulfide yielded the corresponding NH-sulfoximine in 83% isolated
yield,?? providing an alternative for the formation of sulfoximines
from sulfides.['8:17]

10.1002/anie.201906001
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Scheme 2. Reaction scope varying the sulfenamide substrate to form NH
sulfonimidamides by NH and O transfer.
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Scheme 3. Reactivity of secondary sulfenamides 6 under NH and O transfer
conditions.
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To further demonstrate the utility of this method for the
preparation of drug-like compounds, a sulfonimidamide analogue
of probenecid was prepared (Scheme 4). Probenecid is a
sulfonamide containing drug on the market for the treatment of
hyperuricemia. Synthesis of the aza-analogue was achieved in 3
steps, in an overall yield of 45% from known disulfide 10.2%
Disulfide 10 was readily converted to sulfenamide 11 using silver
nitrate and dipropylamine. Applying the developed conditions for
NH and O transfer furnished sulfonimidamide 12 in 76% yield.
Finally, hydrolysis of the ester using TFA/H20 at 90 °C gave the
aza-analogue of the drug compound 13 and demonstrated
stability of the sulfonimidamide functional group to acid.

o
MeO,C

10

HN(nPr), (3.0 equiv)
AgNO3; (2.0 equiv)

MeOH, 25 °C, 1 h
74%

ref25

o
HO,C 70%

PhIO (2.5 equiv)
NH,CO,NH, (2 equiv) O NH
/©/S\N,nPr AGOH (1 equiv) “s’iN,nPr
P iPrOH (0.2 M) /©/ p
MeO,C e 25°C,1h MeO,C ner
1 76% 12
O NH 0 0
TFA:H,0 (1:1 1 s’
20 (1:1) /©/S‘N/\/ /©/8‘N/\/
o
90°C 240 o o “ HoLC H
80% .
probenecid

3-bromopyridine =
Pd(OACc), (5 mol%) ‘
Xantphos (10 mol%)
Cs,COs

Sz

toluene, 100 °C, 18 h
88% 14

propargyl bromide N

S., . .nPr
NaH, (1Bu),NBr (5 mol%) ©/ N
DME, 55 °C, 16 h MeO,C &'

65% 15
12 o
L oa
chloroacetyl chloride 0, N
EtsN, DMAP (10 mol%) S\ P
CHyCl, 010 25 °C, 2h Me020/©/ nPr

80% 16

Scheme 4. Synthesis of probenecid analogue 13 and NH functionalization to
enhance coverage of chemical space.

To display the potential of the sulfonimidamide group to
explore broader chemical space than their oxo-analogues, N-
functionalization of intermediate 12 was undertaken (Scheme
4).281 Pd catalyzed cross-coupling introduced a pyridyl group,
installing further medicinally relevant functionality.?%! Alkylation
with propargyl bromide and acylation with chloroacetyl chloride
gave 15 and 16 respectively, introducing functionality commonly
employed in chemical biology, as a click handle or in covalent
probes respectively.

The isolation of the unusual alkoxy-amino-A8-sulfanenitriles
5a and 5b (Table 1) presented intriguing structures that were
likely to be immediate precursors to the sulfonimidamide in the
mechanism. There are very few reports of related S=N containing
compounds. In 1989, Yoshimural?”! reported an example of an

10.1002/anie.201906001
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alkoxy-A\8-sulfanenitrile 17 (Figure 1). This was a powerful
alkylating agent, readily converting to the corresponding
sulfoximine by transfer of the R group.”® In 2017, Reboul
described alkoxy-A8-sulfanenitrile 18 in the mechanistic
investigation on the NH, and O transfer to sulfides to form
sulfoximines.['?l Compounds 5a and 5b isolated here represent
a new class of A%-sulfanenitrile, and have been fully characterized
(IR, 'H and ®*C NMR and HRMS) along with small quantities of
the corresponding sulfonimidamide. The calculated S=N IR
stretch (DFT) was consistent with that observed for 5b, and for
17.2|n situ IR experiments in the absence of acid also indicated
formation of an intermediate ascribed as 5b (1387 cm™").?2
Compounds 5a and 5b readily converted to the sulfonimidamide
on silica, and were not observed in the presence of added AcOH.
In situ "H NMR studies corroborated that the breakdown of the
alkoxy-amino-A®-sulfanenitrile to the sulfonimidamide is rapid in
the presence of acid, or slow in the absence of acid in MeOD
solution.??

H3C\o\ N D3C\o\ N iPr~q N
o, o O
17 18 5b

Reboul 2017 [72]

Identified by NMR studies
as intermediate
in sulfoximine synthesis

Yoshimura 1989 [27] This work

Isolated as major component
under acid free conditions.
Characterised by HRMS;
'H and 3C NMR

IR S=N 1363 cm™’
(calculated 1368 cm™)

IR S=N 1340 cm™' [27]
(calculated 1332 cm™)

Figure 1. Prior reports of alkoxy-A8-sulfanenitriles, and comparison of key data
obtained for alkoxy-amino-A%-sulfanenitrile 5b.

Studies were undertaken to elucidate the mechanism of
conversion of  alkoxy-amino-A8-sulfanenitriles 5b to
sulfonimidamide 2a. Firstly, other acids were included in the
standard reaction of sulfenamide 1a (Table 2). When benzoic acid
was used in place of AcOH a similarly high yield of 2a was
obtained (entries 1 & 2). Pleasingly, the less volatile isopropyl
benzoate was detected in a 48% yield. This was presumed to be
protonation of the S=N group promoting alkylation of either the
conjugate base or another nucleophile (e.g. solvent). In the
presence of pTsOH a reduced yield of 2a was achieved but with
the same amount of pTsOiPr formed, indicating all of the formed
2a was derived from attack of the sulfonate anion at the isopropyl
group of 5b (entry 3).
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Table 2. Role of different acids in formation of 2a and in breakdown of
intermediate alkoxy-amino-A®-sulfanenitrile.

PhIO (2.5 equiv)

NH,CO,NH,4 (2 equiv) O NH
A-H (1 equiv)
+ A-iPr
/PrOH (0. 2 M
Yieldt!
Entry A-H
2a A-iPr
1 AcOH 90 -l
2 PhCOOH 89 48
3 pTsOH 30 29

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-
trimethoxybenzene as internal standard. [b] Observed during in-situ '"H NMR
experiments. See Sl for further details. [c] Remaining starting material
decomposed.

Next, reactions were performed in the absence of added
acetic acid to allow examination of the stability of the A°-
sulfanenitrile species 5 (Scheme 5a). Using iPrOH as the reaction
solvent gave a 74:26 ratio of 5b:2a on evaporation of the reaction
mixture as determined by 'H NMR. The same result was obtained
with an aqueous work up indicating the stability of 5b to water.
Doping the reaction with water (5 equiv) led to increased
conversion to 2a, suggesting an alternative possible pathway that
incorporated H20 directly. To further confirm this, '®OH. was
added to the reaction (with acetic acid), and mass spectrometry
of the obtained sulfonimidamide product indicated incorporation
of 80 in the in a roughly 1:2 ratio to the "0 isotope (Scheme 5b).

Different alcohols were employed to form derivatives of the
alkoxy-amino-A°®-sulfanenitrile species 5, examining the extent of
conversion to the sulfonimidamide under the reaction conditions
(Scheme 5a). In each case, the corresponding A%-sulfanenitrile
was observed. Various primary alcohols gave increased amounts
of 5. To enable a broader range of solid alcohols, a mixture of
alcohol in toluene was tested; as a reference /PrOH gave a 60:40
ratio of 5b:2a. Neopentyl alcohol (in toluene), gave similar results
to iPrOH. As a poor electrophile for SN1 and SN2 reactions, this
is consistent with an alternative H.O mediated pathway being
operative to form 2a in these examples. Using tBuOH was
unsuccessful in forming the corresponding AS-sulfanenitrile,
instead returning mainly 1a and a small amount of 2a. It is notable
that PhlO has poor solubility in BuOH, however, when one equiv.
of either AcOH or AcONa were used in the reaction a good
conversion to 2a was observed, suggesting a crucial role of the
acetate beyond just solubility. When benzyl alcohol was used as
the reaction solvent, the A8-sulfanenitrile was not observed, with
2a as the major product. Interestingly, rearrangement product 19
was also isolated, presumably by intermolecular benzylation due
to the AS-sulfanenitrile being a highly reactive benzylating agent.
Finally, 2-trimethylsilylethanol was investigated expecting to
further destabilize the intermediate to allow conversion to the
sulfonimidamide through silyl promoted elimination. This was
indeed the case, providing an increased ratio of sulfonimidamide
2a to AS-sulfanenitrile (15:85) which allowed for isolation of 2a
under acid free conditions in a 62% yield.

10.1002/anie.201906001
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a) Ratios 5:2a with different alcohols

OO S oD
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®—OH 02 M)

CF.
®=Pr—] sb ®=Me—f ®=8 ®=
74:26 5a 84:16 5c 86:14 5d 88:12
73:27 (aqueous workup) .
60:40 (with 5 equiv H,0) ® = ® = tBLJ‘{
61:39 (in 1:1 iPrOH:PhMe) ! : "

y . . Additve 5:2a:1a
i 5e 65:35 in toluene (1:1) ! _ 0:18: 82
: AcOH 0:88:12
AcONa 0:82:18
b) 180 incorporation study
PhIO (2.5 equiv)
NH,CO,NH,4 (2 equiv)
180H, (10 equiv) \\ 80 NH
AcOH (1 equiv)
@ Q :Pr0H<02M> @ Q ©/ Q
ratio
68:32
c) BnOH: fast O to N Bn transfer
PhIO (2.5 equiv)
NH,CO,NHy (2 equiv) | Bn-g N o N-Bn
no acid OtoN s’
@ S Ty SRS O 1®

putative intermediate

not observed 20% from 1a

O NH

@O

62% from 1a

no acid

d) p-Silyl group promotes elimination
2-(TMS)ethanol:toluene

PhIO (2.5 equiv)
0
(1:1) (0.2 M)

NH,CO,NH, (2 equiv)
1a 25°C,1h

Scheme 5. Formation of various alkoxy-amino-A®-sulfanenitriles 5.

The reactivity of alkoxy-amino-A%-sulfanenitriles 5b, 5d and 5e
with acidic nucleophiles was then investigated (Scheme 6).
Treating AS-sulfanenitrile 5b with benzoic acid in anhydrous
CH2Cl2 gave high yields of 2a and the corresponding alkylated
product. Thiophenol and phenol were also suitable nucleophiles.
Intriguingly, AcONa did not convert any of the A%-sulfanenitrile to
2a showing the need for a prior protonation before alkylation can
take place. The 2,2,2-trifluoroethyl group of 5d was transferred to
thiophenol in 75% yield, with overall activation of trifluoroethanol.
Furthermore, stirring 5e containing the highly sterically hindered
neopentyl group with thiophenol led to alkylation in low yield with
a slight improvement in yield when the reaction time was
extended to 3 days. More strongly acidic conditions using benzoic
acid led to a good yield (63%) of the neopentyl ester product.
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0 e oD o
2a

Product yields (2a and ®-Nu) with various nucleophiles:[!

NuH (1 equiv)

cn—|2<:|2 (o 2 M)

F3C
®=P— sb ®= """+ sd ® = ><_’
NuH | 2a ®Nu | NuH | 2a ®Nu | NuH a ®-Nu
PhCO,H @ quant 93 PhSH ! 74 75 PhSH 3 34 26
PhSH | 92 84 ! i PhSHI i 42 38
PhOH ! quant 63 i PhCOH i 69 63

AcONall! 0 0

Scheme 6. Formation of various alkoxy-amino-A8-sulfanenitriles 5 and their
reactivity with different nucleophiles. [a] Determined by 'H NMR analysis of the
crude reaction mixture using 1,3,5-trimethoxybenzene as internal standard. [b]
The amount of 2a corresponds to the amount of 2a formed in the reaction after
subtraction of that already present in the mixture deriving from the synthesis of
5 (37% with 5b, 13% 5d and 35% 5e). [c] Reaction time extended to 72 h. [d]
iPrOH used as a co-solvent to solubilize AcONa (1:1).

It is apparent from intermediate alkoxy-amino-AS-
sulfanenitriles that the O atom originates from the solvent through
this pathway. The protonated alkoxy-amino-A8-sulfanenitriles are
powerful electrophiles. These results are suggestive of a
combination of SN1 and SN2 pathways being operative, and that
the conjugate base is likely to be the nucleophile. The use of
isopropanol provides a cleaner overall reaction than other
solvents, which may be due to the balance it offers of higher
nucleophilicity (cf tBuOH), as well as effective substitution
pathways.

Finally, we considered potential differences in the reaction
mechanism in the presence of the acetic acid. The influence of
sodium acetate on the reaction in tBuOH (Scheme 5), and the
inability of NaOAc to break down the sulfanenitrile (Scheme 6),
suggested an additional role for acetate in the reaction
mechanism. When sodium acetate was used as an additive under
the full reaction conditions, in place of acetic acid, 2a was formed
in a 73% yield (Table 3, entry 1). When using tetrabutylammonium
acetate essentially the same product distribution was seen
indicating that there is no effect from the sodium counterion on
the A8-sulfanenitrile (entry 2). Importantly, the alkoxy-amino-A°-
sulfanenitrile 5b was also observed in both cases. This suggested
a third pathway where an intermediate acetoxy-amino-A°-
sulfanenitrile is formed, such a species could break down rapidly
via attack of the alcohol solvent to form 2a. Interestingly, sodium
benzoate afforded an increased amount of the alkoxy-amino-AS-
sulfanenitrile 5b perhaps due to its reduced nucleophilicity (entry
3). Performing the standard reaction using AcOH, but in CH2Cl2
rather than /PrOH gave intermediate products that could be
putatively assigned as an acetoxy-amino-A8-sulfanenitrile by 'H
NMR of the crude reaction mixture following evaporation.
Exposure of the sample to water led to immediate breakdown to
sulfonimidamide 2a. Using propionic acid in place of AcOH gave
further support for this unstable intermediate, with the observation
of diastereotopic methylene protons derived from the propionate
in the Af-sulfanenitrile, which was also characterized by high
resolution mass spectrometry (Scheme 7).122
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Table 3. Product distribution when using carboxylate salts.

PhIO (2.5 equiv)
NH,CO,NH, (2 equiv) /L

O NH
additive
©/ Q lPrOH (0. 2 M) ©/ O ©/ Q
Yield!?!

Entry Additive

5b 2a 1a
1 AcONa 9 73 10
2 AcONBu4 7 74 13
3 PhCO2Na 55 36 12

[a] Determined by 'H NMR analysis of the crude reaction mixture using 1,3,5-
trimethoxybenzene as internal standard.

diastereotopic
protons

PhIO (2.5 equiv) H
NH,CO,NH, (2 equiv)

©/S~,\O CH3CH,COH (1 equiv) O QS,,[\J aq 2
CH,Cl, (0.2 M) °N
25°C.1h ©/ O (82% from 1a)
1a 20 (18%) + 2a
observed by 'TH NMR
and HRMS

Scheme 7.
intermediate.

Identification of an acyl-amino-A®-sulfanenitrile as a putative

Therefore, mechanistically we propose the following, as
shown in Scheme 8. Initial solubilization of PhlO occurs through
condensation with iPrOH. A highly reactive iodonitrene species is
then formed from the oxidant and ammonia. We have previously
detected this short-lived intermediate via HRMS studies with °N
labelled ammonia.l'! The iodonitrene rapidly reacts with the
sulfenamide to form a sulfinamidine salt. The elimination of
iodobenzene from this species to form the S=N triple bond may
occur before or at the same time as attack of a suitable
nucleophile. Under the reaction conditions, 3 possible
nucleophiles can attack at the sulfur centre. Addition of the
abundant alcohol solvent forms the alkoxy-amino-A%-sulfanenitrile.
This is relatively stable under neutral conditions, but becomes a
powerful alkylating agent in mild acidic conditions. Alternatively,
attack of acetate provides an unstable intermediate that readily
converts to the sulfonimidamide through the action of solvent.
Finally, the addition of water, present in the solvent or generated
from the solubilization of iodosylbenzene can lead directly to the
sulfonimidamide. It is notable that each possible pathway leads to
the same product, conferring the remarkably high
chemoselectivity to the reaction.
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Formation of iodonitrene:['4]

Formation of sulfonimidamides:

BonN
®-OH /S‘ND
RCO,H@
®
Photi NP AcO N ASH @
L C!

s.0 — L §. 0 _|AOH T o ACH @
N N or N H,0 @ ROH ®
o o AcO O ROHG AcO” ®

HO N O NH
H,0
/S\gD - . /s\ND

Scheme 8. Proposed mechanism of sulfonimidamide formation.

Conclusion

In summary, we have developed an efficient method for the
preparation of NH-sulfonimidamides from sulfenamides. A highly
selective one-pot NH and O transfer is achieved, using a simple
ammonia source and a hypervalent iodine reagent. The use of
iodosylbenzene allows for control over the acidity of the reaction,
with one equivalent of acetic acid optimal for formation of the
desired sulfonimidamide. In the absence of added acid, an
unprecedented alkoxy-amino-A%-sulfanenitrile is isolated as a
reaction intermediate. The isolation and characterization of
several examples of this novel species provides insight into the
reaction mechanism, and identifies the solvent as one source of
the oxygen atom in the product. These newly formed alkoxy-
amino-AS-sulfanenitriles act as alkylating agents to a range of
acidic nucleophiles. Other pathways through the addition of water
or acetate are also operative. The sulfenamide to
sulfonimidamide transformation is tolerant of a range of functional
groups, displaying a wide substrate scope, including the
functionalization of anti-depressants desipramine and fluoxetine.
The method was used in the synthesis of an aza-analogue of the
sulfonamide drug probenecid, as well as displaying possible
useful  N-functionalization reactions on this scaffold,
demonstrating the utility of the methodology for medicinal
chemistry.
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