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Significant advancements have been made in the synthesis of overlooked aza-S(IV) motifs. The accessibility of sulfinamidines
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and sulfinimidate esters has greatly improved through the recent development of efficient and complementary synthetic

strategies. Intriguingly, new discoveries have emerged regarding the reactivity of these substances, highlighting the

electrophilic nature of sulfinimidate esters and the nucleophilic character of sulfinamidines. Moreover, sulfinamidines have

been found to be prone to oxidation, leading to the formation of important aza-S(VI1) derivatives. In this review, our aim is

to present an almost comprehensive overview of the most relevant achievements in the preparation and structural

characterization of these overlooked compounds.

1. Introduction

Traditional sulfur functionalities such as sulfones and
sulfonamides have been widely disclosed as pharmacophores in
drug discovery, leading to the development of several marketed
drugs. ! However, there has been notable advancement in the
utilization of various sulfur-based pharmacophores, which were
previously overlooked, resulting in the exploration of a new
chemical space for medicinal chemists and offering prospects
for patenting.2 For example, sulfoximines, sulfondiimides, and
sulfonimidamides, which are aza-S(VI) analogues of sulfones
and sulfonamides, have captured the interest of researchers.
This attention has resulted in the development of effective
synthetic approaches for their synthesis, leading to the
preparation of novel clinical candidates.3-8 The success of these
emerging aza-S(VI) functionalities largely depends on the ability
to finely tune the physicochemical properties of molecules
through the formal substitution of an oxygen atom with
nitrogen. Moreover, this substitution enables addressing
molecular complexity through the installation of additional
functionalities due to the trivalent nature of the nitrogen. These
considerations are expected to apply to other aza-analogues of
sulfur motifs with lower valence, as demonstrated by bio-
relevant sulfilimines, which are the aza-analogues of
sulfoxides.9:10 unlike aza-S(VI) derivatives, the
preparation of aza-S(IV) compounds has been overlooked for
long time. Within this framework, the S(IV) motif landscape
consists mainly of sulfoxides, sulfinate esters, and sulfinamides,

However,

with significantly lesser focus given to sulfinimidate esters and
sulfinamidines (Figure 1).11-13 Nevertheless, delving into these
aza-S(1V) motifs may expand the chemical landscape accessible
to medicinal chemists and offer valuable reagents for organic
synthesis. Given the potential utility of these compounds in
various synthetic and biological scenarios, recent efforts have
been directed towards developing synthetic strategies to obtain
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sulfinamidines and sulfinimidates and assessing their reactivity.
It is important to note that, as of our current knowledge, no
drug candidates containing an aza-S(IV) motif have been
identified, likely due to the absence of efficient synthetic
methodologies. Since the publication of our initial study in 2020,
there has been a surge of interest in accessing these
compounds, as evidenced by numerous subsequent reports
detailing complementary strategies. This renewed enthusiasm
reflects the growing importance and potential applications of
these compounds in various fields.14 The objective of this review
is to draw the attention of organic and medicinal chemists to
underappreciated functionalities, namely sulfinamidines and
sulfinimidate esters, by referencing the latest and most
effective methodologies that facilitate their synthesis,
transformation, as well as oxidation into higher-valence aza-
S(VI) compounds.
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Figure 1. Overview of common S(IV) functionalities and their ana-analogues.

2. Sulfinamidines

Sulfinamidines are a class of tetravalent sulfur compounds that
are distinguished by the presence of one carbon atom and two
nitrogen atoms bonded to the central sulfur. The preparation of
sulfinamidines has been recently achieved by exploiting the following



strategies: i) cycloaddition or ene reaction of sulfurdiimides; ii)
imidation of sulfenamides; iii) nucleophilic addition of
organometallics to sulfurdiimides

2.1 Synthesis of sulfinamidines through cycloaddition and ene-
reaction reactions of sulfurdiimides

One of the earlier methods for synthesizing sulfinamidines
involved the Diels-Alder cycloaddition reaction of 1,3-dienes
with sulfurdiimides 1, which generated 3,6-dihydrothiazinimine
adducts 2 having preferential cis configuration between the
exocyclic nitrogen linked to the sulfur, and the substituent at
the C6 position (Scheme 1, A).1516 Although furnishing the
products in moderate yields, this approach is limited to the use
of symmetric sulfurdiimides bearing electron-withdrawing
groups, and proceeds with poor diastereoselectivity. As a recent
advance, in 2021 Werz and co-workers reported the formal 3+2
cycloaddition of dimethyl 2-arylcyclopropane-1,1-
dicarboxylates with bis-sulfonyl sulfurdiimide 1a furnishing five-
membered cyclic sulfinamidines 3 in poor to excellent yields
(Scheme 1, B).7
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Scheme 1. Synthesis of sulfinamidines by cycloaddition reactions of sulfurdiimides.

As best conditions to achieve good reaction yields, an excess of
sulfurdiimide (2.5 equiv.), a high load of catalyst (Mgl,, 40 mol%)
and TBABF; were needed. Notably, this method furnished
varied 1-A%-isothiazolidines that contained an aryl, heteroaryl,
alkyl, or cycloalkyl substituent at the C3 position, with great
variability in terms of yield and diastereoselectivity. The
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reaction affords products that preferentially have a syn
relationship between the C3 substituents and the exocyclic N-
substituent linked to the sulfur atom. Beyond their efficient
reactivity in cycloaddition reactions, sulfurdiimides showed to
be prone to participate in Alder-ene-type transformations. At
the beginning of the past decade, acyclic sulfinamidines were
prepared by the ene-reaction of symmetric sulfurdiimide 1a
with olefins (Scheme 2).1819 This method furnished the
corresponding ene adducts 4 within 12 hours at 4 °C. However,
the products were found to be stable for several days below 0
°C, as these species undergo at higher temperatures to a
spontaneous 1,3-sigmatropic rearrangement that releases
compounds 5. Hence, diverse approaches must be exploited for
accessing acyclic sulfinamidines, as described in the following
sections.
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Scheme 2. Ene reaction of sulfurdiimdies.

2.2 Synthesis of sulfinamidines by sulfur imidation

Sulfinamidines can be prepared through imidation of the
sulfur atom by employing N-donor reagents such as N-chloro-p-
toluenesulfonamide sodium salt (chloramine-T). In this way, a
very narrow selection of disulfides, thiophenolates and
sulfenamides released the corresponding  N-sulfonyl
sulfinamidines when treated with chloramine-T.20-22|n 2020, we
reported the first imidation reaction of sulfenamides with N-
mesyloxycarbamates to furnish N-carboalkyloxy sulfinamidines.
The optimized protocol uses N,N-bisalkyl sulfenamides 6, an
excess of N-mesyloxycarbamate and a base (Scheme 3).14 The
reaction showed compatibility with electron-donating and
electron-withdrawing groups, naphthyl group, and alkyl S-
substituents. In the case of the alkyl S-substituents, the reaction
required longer reaction times but ultimately provided
excellent yields (Scheme 3). Remarkably, under the optimized
reaction conditions, cyclic benzisothiazolinone was found as a
suitable substrate furnishing N-carboalkyloxy sulfinamidines 7d
and 7hin good yields (Scheme 3). These compounds are the aza-
S(IV) analogues of saccharine and represented the first example
of the sulfinamidine motif to be installed on a biologically-
relevant scaffold. The reaction mechanism of this strategy was
deeply investigated proposing the protonated intermediate |
also supported by spectroscopic evidence. The generation of
such an intermediate might arise from a nucleophilic
substitution reaction involving the sulfenamide as the S-donor
and the sulfonyloxycarbamate as the N-donor (Scheme 3, path
a). An alternative reaction mechanism involves the generation
of a nitrene from the N-mesyloxycarbamate through a
deprotonation-alpha elimination sequence (Scheme 3, path b).
The subsequent deprotonation of intermediate Il, obtained
from | after proton shift, releases the final product 7 (Scheme
3).
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Scheme 3. Synthesis of sulfinamidines by imidation of sulfenamides with N-

mesyloxycarbamates.

The preparation of sulfinamidines through a tandem
oxidation-amination reaction has been also reported. In this
context, the synthesis of sulfinamidines using sulfenamides and
N-halo succinimide as the oxidant was disclosed in the late
70s.22 The strategy involves first the preparation of
azasulfonium tetrafluoroborates from N,N-
bisalkylsulfenamides 8 in the presence of AgBF,. The reaction of
such sulfenamides with N-chloro succinimide proceeds
smoothly in acetonitrile, and the corresponding salts could be
isolated in very good yields. Treatment of 8 with primary or
secondary amines led to the cleavage of the succinimide ring
and furnished sulfinamidines 9 in moderate to good yields
(Scheme 4).
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Scheme 4. Synthesis of sulfinamidines through tandem oxidative amination of

sulfenamides.

In 2023, Li and coworkers re-examined the synthesis of N-
acyl and N-aroyl sulfinamidines exploiting the formal oxidative
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ARTICLE

amination of N-acyl sulfenamides.24 The process entails utilizing
commercially accessible NBS (N-bromo succinimide) as the
oxidizing agent, alongside a range of primary and secondary
amines, including motifs that are of pharmaceutical
significance. This allows for the synthesis of a diverse array of
products. (Scheme 5, A). The reaction was found to be tolerant
to the presence of electron-withdrawing and electron-donating
groups linked to the acylic and S-arylic portions. The reaction
did not proceed when an N-aryl sulfenamide was used. Further
experiments helped the authors to propose a reaction
mechanism involving halogenated S(IV) intermediate Ill, which
subsequently reacts with the nucleophilic amine partner.
Interestingly, the reaction could be successfully conducted with
ammonia, and sulfinamidine 11e could be efficiently further
alkylated at nitrogen with alkyl halides upon treatment with
KOH and in the presence of TBAB (Scheme 5, B). It is worth
mentioning that sulfinamidines 11a and 11e could be further
oxidated releasing the corresponding aza-S(VI) sulfonimidamide
13 and sulfondiimidamide 14, in the latter case employing
Willis” procedure (Scheme 5, C).25
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Scheme 5. Synthesis of sulfinamidines through oxidative amination of sulfenamides with

NBS.

J. Name., 2013, 00, 1-3 | 3

Please do not adjust margins




Similarly, in 2023 Waldvogel and co-workers described the
electrochemical dehydrogenative imination of sulfenamide 6a
towards sulfinamidine 15 (Scheme 6).2¢ Although the scope of
the method is limited to a single example, it is reasonable to
envision that such protocol might proceed with other N,N-
bisalkyl sulfenamides en route to N-tosyl sulfinamidines. In this
case, the reaction is supposed to involve the oxidation of the
starting sulfenamide and the consequent generation of a
brominated S(IV) intermediate IV enabled by the in-situ
formation of molecular bromide (Scheme 6).

S ©b

Scheme 6. Electrochemical dehydrogenative imination of sulfenamide 6a.
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Recently, Bull and Armstrong disclosed the preparation of
sulfinamidine 7i via the Rhy(esp),-catalyzed nitrogen transfer to
sulfenamide 6b with t-butyl carbamate (Scheme 7). The
reaction proceeds in toluene and requires 1.7 equiv. of
carbamate and PhI(OAc),, and MgO (4.0 equiv.) as the base,
with a catalyst loading of 2.0 mol%, furnishing the product in
38% yield.2”

PhI(OAc), (1.7 equiv.)

Rhy(esp), (2.0 mol%) h‘ O

©/ Q _tBu MgO (4.0 equiv.)
+ H2

toluene, 30 °C, 16 h

(1.7 equiv.)

Scheme 7. Rhodium-catalyzed imination of sulfenamide 6b.

In a recent work, Lu and colleagues reported the the efficient
imination of N-acylsulfenamides 10 using Phl(OAc), to obtain N-
acyl sulfinamidines 11 (Scheme 8).28 The optimized protocol
employed an excess of oxidant (PhI(OAc),, 1.5 equiv.), a slight
excess of amine (1.2 equiv.), and Na,COs as the base, in toluene
at room temperature for 2 hours. Two different mechanistic
pathways have been proposed by the authors. A ligand
exchange on the hypervalent iodine reagent with the
sulfenamide is likely to produce two possible intermediates
with the coordination of the iodine to the sulfur (intermediate
V) or the nitrogen atoms (intermediate VI), respectively, with
the concurrent loss of acetic acid. Such intermediates are
supposed to undergo a second ligand exchange sequence with
the coordination of the amine to the iodine atom en route to
intermediate VII and VIII. The reductive elimination step of VII
eventually releases the target product 11. Alternatively, the
authors proposed that the product may arise from the reductive
elimination step towards IX followed by its rearrangement
(Scheme 8). In a recent preprint, Lu and colleagues preliminarily
disclosed the imination of N-acylsulfenamides using air oxygen
as the oxidant upon Cu(ll) catalysis.2?

This journal is © The Royal Society of Chemistry 20xx
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Scheme 8. PhI(OAc),-promoted oxidative amination of N-acyl and N-aroyl sulfenamides.

2.3 Synthesis of sulfinamidines by organometallics addition to
sulfurdiimides

The nucleophilic addition of organometallic reagents to
symmetrical sulfurdiimides was reported for the first time a
long time ago.3? However, the corresponding sulfinamidine
intermediates were never isolated, but directly used and
characterized as metal ligands.3! Over the past few years, there
has been a renewed focus on this traditional reaction, bringing
it to the forefront and presenting a fresh and effective approach
to obtaining sulfinamidines. This approach, recently published
by Willis, synthesis
sulfurdiimide bearing two orthogonal protecting groups on the
nitrogen atoms, and its transformation with carbon
nucleophiles. The transient sulfurdiimides, which could not be

involves the of a non-symmetrical

isolated, were efficiently prepared from N-sulfinyl amines and
lithium bis(trimethylsilyl)Jamide in THF. In detail, in 2022 Willis
reported the preparation, at low temperature, of N-t-octyl-N’-
trimethylsilyl sulfurdiimide 17 and the subsequent reaction with
organolithiums and organomagnesium compounds followed by
the N-protection step with the nosyl group en route to isolable
sulfinamidines 18 (Scheme 9, A).32 Interestingly, the authors
disclosed that sulfinamidines 18 are a valuable synthetic
platform to sulfondiimidoyl 19 by a
deprotonation-oxidative fluorination sequence by using NFSI as

access fluorides
the fluorine source (Scheme 9, B). The preliminary formation of
a N-fluorinated sulfinamidine intermediate was documented,
followed by a rearrangement toward the final
sulfondiimidoyl fluoride. The further reaction of sulfondiimidoyl

slow

fluorides with amines in the presence of Ca(NTf,), gave access
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to hardly accessible sulfondiimidamides 20 through a formal
nucleophilic substitution reaction (Scheme 9, B).
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Scheme 9. A) Synthesis of N-nosyl sulfinamides via nucleophilic addition to sulfurdiimide
17. B) fluorides and their transformation to

Synthesis of sulfondiimidoyl

sulfondiimidamides.

The same research group subsequently disclosed a step-
economical preparation of sulfondiimidamides that involved
the generation of primary sulfinamidines, followed by an
oxidative amination towards higher-valence S(VI) products.25 In
this case, the authors harnessed the reaction of N-trimethylsilyl-
N’-triisopropylsilyl sulfurdiimide 22 with organometallic
reagents accessing to not isolable N-triisopropylsilyl primary
sulfinamidine 23. Remarkably, a variety of functionalities could
be installed on the sulfinamidine motif 23 including sulfonyl,
cyano, acyl, aroyl and carboalkyloxy terminations. The
transformation takes place in dichloromethane and in the
presence of triethylamine. Further deprotection of the silyl
group operated by TBAF yielded N-functionalized primary
sulfinamidines 24 in good yields (Scheme 10). The oxidative
amination step with secondary amines involves the use of
PhI(OAc), as the oxidant and proceeds in the presence of
triethylamine. In this way, a wide library of rare aza-S(VI)
derivatives could be obtained in useful yields through the
exploitation of sulfinamidines as key intermediates.

This journal is © The Royal Society of Chemistry 20xx
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Scheme 10. Synthesis of primary sulfinamidines and their oxidative amination towards

sulfondiimidamides.

Inspired by Willis” reports, we developed a continuous flow
preparation of primary sulfinamidines from N-tritylsulfinyl
amine.33 By implementing the flow arrangement, the
requirement for low temperature in the synthesis of non-
symmetric sulfurdiimide 26 was circumvented. The
sulfurdiimide was prepared at room temperature by combining
a solution of  N-tritylsulfinyl amine with lithium
bis(trimethylsilyl)amide in THF, with a residence time of 15
seconds. The nucleophilic addition of carbon nucleophiles could
be accomplished in a telescoped approach by fluxing an
organometallic solution that was mixed with a solution of
sulfurdiimide in a second T-shaped micromixer at room
temperature (Scheme 11, Method A). The flow process enabled
the preparation of NH,-free N-trityl sulfinamidines 27 which
were found to be very stable at room temperature. Notably,
remarkable chemoselectivity was witnessed in the halogen-
lithium exchange reaction when iodo- or bromoarenes were
treated with n-buthyllithium in the presence of sulfurdiimide 26
(Scheme 11, Method B). Through this process, a collection of
highly reactive aryllithiums could be generated in a continuous
flow system and subsequently reacted with sulfurdiimide 26
under Barbier-type conditions, exhibiting exceptional selectivity
Moreover, a selection of NHj;-
sulfinamidines reacted with electrophiles upon deprotonation

at ambient temperature.
operated by sodium hydride allowing for the installation of

varied functionalities on the nitrogen atom, including the aroyl,
sulfonyl and carboalkyloxy groups. The synthesis of
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sulfinimidoyl urea 29 was achieved starting from N-tritylsulfinyl
amine and isocyanate, employing a continuous flow/batch
approach as shown in Scheme 12. Additionally, the N-trityl
deprotection reaction afforded primary sulfinimidoyl urea 30 as

METHOD A

ARTICLE

an example of aza-S(IV) analogue of biologically relevant
sulfonylureas.
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Scheme 12. Mixed continuous-flow/batch preparation of sulfinimidoyl urea 29 and its deprotection.

3. Sulfinamidate Esters

Sulfinimidates are tetravalent sulfur compounds, where the
sulfur atom forms covalent bonds with a carbon, a nitrogen, and
an oxygen atom. Sulfinimidate esters have received relatively
little attention compared to sulfinamidines, as evidenced by the
scarcity of examples documented in the literature. In fact, until
2020 the synthesis of this functional group was limited to harsh
and unselective synthetic methods. A very early approach
involved the reaction of alcohols or alkoxylates with N-sulfonyl
sulfinimidoyl chlorides.3* Alternatively, a single example of
imidation of a sulfenate ester with chloramine-B was
reported.2! In 1985 Kresze disclosed the alkylation reaction of

This journal is © The Royal Society of Chemistry 20xx

N-tosyl-S-allylsulfinamides with diazomethane that gave access
to sulfinimidate esters.3> Moreover, sulfinimidate esters have
also been reported as byproducts or as sulfonium salts.3637

As highlighted in this summary, the synthesis of
sulfinimidate esters has presented considerable limitations for
quite some time. However, we have recently made a
noteworthy contribution to advancing the field of sulfinimidate
chemistry by uncovering a simple method. Our research has
revealed that the amidation reaction between sulfenamides
and N-mesyloxycarbamates, using alcohols as the reaction
medium without the need for a base, selectively yields N-
carboalkyloxy sulfinimidate esters 35. (Scheme 13).14 Under
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these conditions, the reaction affords the products arising from
the formal substitution of the amine portion by the alcoholic
solvent. The optimized conditions used a slight excess of N-
mesyloxycarbamate (1.1 equivalents) and a primary or
secondary alcoholic solvent. This method allowed to obtain S-
aryl and S-alkyl sulfinimidates with yields ranging from good to
excellent. Further mechanistic studies suggested two possible
pathways for this transformation, involving the imidation
reaction of the in-situ formed sulfenate esters (Scheme 13, path
a), or alternatively the solvolysis of the cationic intermediate |
(Scheme 13, path b). Notably, N-alkyloxycarbonyl sulfinimidates
31 exhibited a marked electrophilic character when treated
with strong nucleophiles such as Grignard reagents, furnishing
N-protected sulfilimines 32 by substitution of the alkoxy
group.38 This transformation was optimized using CPME as an
environmentally responsible solvent and run under air, enabling
access to a wide library of sulfilimines with remarkable

structural variability The use of organolithium reagents
furnished the desired sulfilimines in lower yields.
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Scheme 13. Synthesis of sulfinimidate esters by imidation of sulfenamides in alcoholic

solvents and their reaction with organometallic compounds.

Based on the previous results, Kano and coworkers reported
the preparation of chiral optically active sulfinimidate esters by
alkylation of chiral sulfinamides 33 (Scheme 14).32 In detail, they
disclosed a stereospecific O-alkylation of enantioenriched N-
pivaloyl sulfinamides using isopropyl iodide in the presence of
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K,COs and DMPU. The reaction afforded the corresponding
sulfinimidates in good yields and excellent enantiomeric ratios.
Further reaction with Grignard reagents furnished the
corresponding optically active sulfilimines highly
enantioenriched. A reduced stereoselectivity was observed
when sterically demanding reagents were employed, as
reported for compound 35d (Scheme 14). Moreover, the
transformation was found to be stereospecific, proceeding with
inversion of configuration at sulfur via Sy2-modality.

2
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Scheme 14. Synthesis of enantiopure sulfinimidate esters by alkylation of optically active

sulfinamides and their reaction with Grignard reagents.

In 2023, Lu and coworkers reported the preparation of
sulfinimidates from secondary N-acyl and N-aroyl
sulfenamides.4® A wide library of substrates could be efficiently
transformed, including functionalized S-alkyl, S-aryl and S-
heteroaryl sulfenamides 10 (Scheme 15). The protocol yielded
the desired compounds 36 by reacting sulfenamides with
primary or secondary alcohols in the presence of Phl(OAc), as
the oxidant. Interestingly, the developed method has been
successfully applied to gram-scale production without a
significant loss in yield. Furthermore, the use of bio-relevant
alcohols such as (%)-citronellole and ospemifene was successful
resulting in the release of corresponding sulfinimidate esters in
good vyields (Scheme 15, 36e,f). Mechanistic investigations
suggested that the reaction
generation of a labile oxidative complex X, in which the sulfur is

likely proceeds through the

coordinated to the iodine atom, which subsequently undergoes
a ligand exchange reaction with the solvent. The reductive
elimination step affords the final compound with the formation
of an S-O bond (Scheme 15, path a). Alternatively, an
intermediate XI could be formed, involving the coordination of
nitrogen to iodine, which then progresses towards
intermediates XIll and XIV through a ligand exchange and a
reductive elimination step, respectively. Finally, the suggested
pathway leads to the formation of the target compound 36 after
the rearrangement of XIV (Scheme 15, path b).
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Scheme 15. Synthesis of sulfinimidate esters 36 from N-acyl and N-aroyl sulfenamides

10.

4. Structural features of sulfinamidines and
sulfinimidate esters.

Single-crystal X-ray analysis has recently provided valuable
insights into the structural features of these overlooked aza-
S(IV) motifs. Specifically, in 2020, we obtained the X-ray
structure of N,N-bis-alkyl-N’-carbobenzyloxy sulfinamidine 7j.14
It was disclosed that the sulfur atom in this compound adopts a
pyramidal configuration, with bond angles ranging from 99° to
111° (Figure 2).

Bond lenghs (A) Bond angles (°)

N1 Cbz SC=178  C-S-N'=100.1
S-N'=1.62 C-S-N?=98.6
S-N?=1.68 N'-S-N?= 111.2
7
/N1—Tr Bond lenghs (A) Bond angles (°)
=0 NH, §-C=177  C-SN'=101.6
S-N'=159  C-S-N?=94.6
S-N?=168  N'-S-N2=117.2
27a
/NLTF Bond lenghs (A) Bond angles (°)
& NH, : S-C=179  C-SN'=103.0
/O/ SN'=159  C-5-N’=95.5
cl ﬂ\r SN2=168  N'-5-N2= 1152
27j !

Figure 2. X-ray analysis and structural features of sulfinamidines 7j, 27a, 27j.
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The bond lengths were revealed to be 1.62 A and 1.68 A for the
S-N bonds, and 1.78 A for the C-S bond. Following this significant
result, in 2022, we successfully carried out the first structural
characterization of NHs-sulfinamidines.33 Once again, a
pyramidal sulfur atom was observed (Figure 2). For compound
27a, the bond angles ranged from 90.1° to 117.1°, while for
compound 27j, they varied from 95.5° to 105.2°. As for the bond
lengths, the S-N bonds were assessed to be 1.68 A (S-NH2), and
1.59 A (S-NTr) for both the compounds (27a,j). Differently, the
S-C bond lengths were found to be 1.77 A (27a) and 1.79 A (27j)
A. In 2020, we additionally obtained a single-crystal X-ray
structure for sulfinimidate ester 31e providing, to the best of
our knowledge, the first structural elucidation of this aza-S(IV)
motif (Figure 3).14 The crystallographic analysis of sulfinimidate
ester 31e unveiled a pyramidal sulfur, characterized by bond
angles ranging from 99° to 111° and bond lengths of 1.78 A
(C-S), 1.62 A (S-0), and 1.59 A (S-N) respectively.

©
-'a,,S/N_CbZ Bond lenghs (A) Bond angies (°)
S oMe S-C=1.78 C-S-N=100.0
. S-N=1.59 C-S-0=102.2
F ) S-0=162  N-5-0=111.1
31e r -

Figure 3. X-ray analysis of sulfinimidate ester 31e.

Conclusions

Organic chemists have recently witnessed significant
advancements and a revived interest in the synthesis of
overlooked aza-S(IV) motifs. To date, the accessibility of both
sulfinamidines and sulfinimidate esters has significantly
improved with the introduction of complementary and efficient
synthetic methodologies. To the best of our knowledge, there is
currently no available information regarding the configurational
stability of these chiral functionalities, and no methods for
stereocontrolled synthesis have been documented to date.
Remarkably, have been introduced new findings on the
reactivity of these compounds, highlighting the electrophilic
nature of sulfinimidate esters and the potential of
sulfinamidines to serve as viable nucleophiles for subsequent
transformations. Most interestingly, the oxidation of
sulfinamidines to higher valence aza-S(VI) compounds such as
sulfonimidamides and sulfondiimidamides represents a key
aspect of the synthetic utility of these tetravalent sulfur motifs.
Despite this, the realm of organic synthesis continues to find
great potential in the chemistry of sulfinimidates and
sulfinamidines. Remarkably, there have been no documented
instances of lead compounds or bioactive molecules
incorporating these intriguing S(IV) aza-functional groups into
their structures, as far as we know. This suggests that the
absence of effective approaches for crafting such structural
motifs has impeded the progress of drug discovery and the
creation of synthetic entities with biological significance.
Consequently, we remain optimistic that the field of S(IV) aza-
functional groups holds even greater promise for the future.
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Significant advancements have recently been made in the
chemistry of sulfinamidines and sulfinimidate esters. This review
aims to provide an in-depth overview of the efficient methods for
the preparation and transformation of these overlooked

compounds.
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