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ABSTRACT: The reactivity of phosphorus and sulfur ylides toward

0]
carbonyl compounds constitutes a well-known dichotomy that is a = RJ\H ™ @ ® & =
common educational device in organic chemistry—the former gives o
. . . . S® non-Corey-Chaykovsky not
olefins, while the latter gives epoxides. Herein, we report a | S-ylide reactivity formed
stereodivergent carbonyl olefination that challenges this dichotomy, SNTONT R
. . . . . , [ NTs —

showcasing thiouronium ylides as valuable olefination reagents. With n — 7~

. . . i R R’
this method, aldehydes are converted to Z-alkenes with high @ H R

stereoselectivity and broad substrate scope, while N-tosylimines
provide a similarly proficient entry to E-alkenes. In-depth computa-
tional and experimental studies clarified the mechanistic details of this

unusual reactivity.

B INTRODUCTION

Alkenes are among the most prevalent functional groups in
natural products and industrial chemicals, with one chem-
informatics study estimating that 40% of the former contain an
alkene.' As such, the development of olefination methods has
been a central and rewarding challenge to organic chemistry,2
contributing some of the most valued reactions in the
“synthetic toolbox”.” Nevertheless, the wide structural and
electronic parameters of olefin chemical space continue to pose
a challenge, implying that no single method is universally apt
for their synthesis. As a result, the development of
complementary olefination methods remains an active area of
research.

The Wittig olefination is part of a mechanistic dichotomy
that is a common educational device in organic chemistry."” It
is generally accepted to proceed by the addition of a
phosphorus ylide to an aldehyde or ketone to give an
oxaphosphetane, which then undergoes cycloreversion to
produce an alkene and a phosphine oxide (Figure 1A).%’
The major thermodynamic driving force for this reaction is
known to be the strength of the resulting phosphorus—oxygen
double-bond.” Notably, the reaction of a sulfur-ylide—the
Corey—Chaykovsky reaction—follows a different pathway,
involving an intermediate betaine and resulting in the
formation of an epoxide by displacement of the sulfonium
group (Figure 1A).°~'% This textbook difference in reactivity is
attributed to the lower oxophilicity of sulfur, the better leaving-
group ability of the sulfonium group, and kinetic factors.”'""*
The sulfur—phosphorus ylide dichotomy is therefore com-
monly used in chemical education to convey the concepts of
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Figure 1. Revisiting the textbook reactivity dichotomy of phosphorus
and sulfur ylides with carbonyl compounds.
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leaving group ability, oxophilicity, as well as kinetic/
thermodynamic reaction control.

Our groups long-standing 1nterest 1n novel olefination
methods' *'* and sulfur ylide reactivity'® led us to interrogate
the universality of the phosphorus/sulfur ylide dichotomy in
organic chemistry. Herein, we report a novel carbonyl
olefination method relying on thiouronium ylides, which
challenges this dichotomy (Figure 1B). This method
selectively affords Z-alkenes from aldehydes and E-alkenes
from N-tosylimines, typically in greater that 20:1 selectivity,
while exhibiting broad substrate scope, making it suitable for
late-stage functionalization.

B RESULTS AND DISCUSSION

Our group recently reported the reaction of thiouronium salts
with alcohols to afford thioethers without requiring the use of
thiol reactants.'® The formation of a stable urea (C=0) in
exchange for a less stable thiourea (C=S) derivative was
identified as a plausible thermodynamic driving force of the
reaction.'”

By analogy, we surmised that the reaction of thiouronium
ylides with carbonyl compounds might also be thermodynami-
cally biased toward the formation of a urea byproduct and thus
favor an olefination pathway, in a manner akin to the Wittig
reaction. These considerations, along with the potential
tuneability of reactivity that is offered by thiouronium salts
(by modulation of their N- substituents), prompted us to
investigate them as olefination reagents.

Between 1976 and 1978, Burgess and co-workers described
syntheses of thiouronium compounds and a preliminary
assessment of their reactivity with aldehydes.'® Interestingly,
the authors reported the formation of both epoxide and olefin
products, as typified by the reaction of 1 with benzaldehyde to
give methyl cinnamate (2a) and 3 in a 1:1 ratio (Figure 2A).
This precedent provided initial support for our hypotheses and
a starting point for our investigations.18

A. Burgess, 1978
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Figure 2. Revisiting Burgess’ observations in carbonyl olefination with
thiouronium ylides.

First, we examined the reaction of 1 with 2-naphthaldehyde
and benzaldehyde. While we did observe the formation of
alkenes (2) with low E/Z selectivity, no epoxide products were
detected under a range of different reaction conditions (Figure
2B and the Supporting Information (SI)). Instead, we found
that episulfide 4 was the major byproduct of the reaction,
prompting us to consider the possibility that 3 had been
misassigned by Burgess and co-workers.'"®® Unfortunately,

characterization data for the compound 3 was not reported by
Burgess, and we can only speculate that the true identity of
originally described epoxide 3 was that of its episulfide
congener 4. With proof of principle in hand, we sought to
optimize this reaction to improve its stereoselectivity and yield,
as well as to suppress the formation of the episulfide
byproduct.

Early in our investigations, we found that the solubility of
bromide 1 was poor in ethereal solvents, preventing us from
investigating strong bases at cryogenic temperatures. We later
found that solubility could be increased by exchanging the
bromide counterion for bistriflimide (NTf,), and thiouronium
Sa thus became the starting point for optimization. First, we
examined the influence of the base on the reaction outcome,
noting that olefin 2b was produced in moderate to high yield
(55—93%, Table 1, entries 1—4, and SI) with several bases

Table 1. Optimization of the Z-Selective Olefination”
0

St H

NTf, Np/\

base (1.1 equiv)
R. &ﬁ,R e CO,Me
|

N
L B THF (1 M), -78°C, 2 h 296
COMe o cone (<] CO,Me ©
k NTf, NTf, k NTf,
\ )\®/ O\N \N/O 9\’\‘ \Nk
5a 5b 5¢
entry thiouronium salt base olefin (E:Z)
1 Sa Et;N
2 5a DBU 55% (1/2.6)
3 Sa LDA 91% (1.2/1)
4 Sa BTMG 93% (1/3.6)
s sb BTMG 60% (1/18)
6 Sc BTMG 92%" (only Z)

“BTMG = 2-tert-butyl-1,1,3,3,-tetramethylguanidine; DBU = 1,8-
dlazablocyclo[s 4.0]-undec-7-ene; LDA = lithium diisopropylamide;
1.2 BTMG, 0.3 M, isolated yield. See the SI for full details.

stronger than triethylamine, including DBU, LDA, and
Barton’s base (BMTG). Unfortunately, the stereoselectivity
observed with thiouronium S5a was poor even at low
temperature, and we decided to explore modulation of the
reagent structure. To this end, we treated Sb and Sc, carrying
bulkier N-substituents, with BTMG in the presence of 2-
naphthaldehyde. Pleasingly, a marked increase in stereo-
selectivity was observed. In the case of reagent Sc, Z-alkene
2b was delivered as the single detectable isomer in 92% yield
when 1.2 eq of BTMG was deployed.

These optimized conditions for Z-selective olefination were
then applied to a broad range of substrates (Figure 3, 2c).
Aromatic and heteroaromatic aldehydes performed well,
delivering a range of substituted acrylates (2a and c—i) in
high yield and >20:1 stereoselectivity, which compared
favorably with the bench-mark Still—Gennari protocol (Z/E
2.5:1—11.5:1), as did several other examples—see color coding
in Figure 3. Ferrocenecarboxaldehyde was also found to be a
competent substrate (2j). Aliphatic aldehydes performed well,
being cleanly converted to the respective Z-alkenes—again
with typically high stereoselectivity. Among these substrates

https://doi.org/10.1021/jacs.2c05637
J. Am. Chem. Soc. 2022, 144, 12536—12543


https://pubs.acs.org/doi/suppl/10.1021/jacs.2c05637/suppl_file/ja2c05637_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.2c05637/suppl_file/ja2c05637_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.2c05637/suppl_file/ja2c05637_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=tbl1&ref=pdf
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.2c05637?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society pubs.acs.org/JACS
~tBu

8 N
k 1) < )I\ _ 26 examples

o + s N ’i‘ ’i‘ (12 eq) =\ Still-Gennari selectivity

N A@ ) R g ° °

s R™H Bu~p N~ Bu . R

\—/ THF, —78°C, 2h <51 6:1-1411 2151

(1.1 eq)

>20:1 ZE
unless stated otherwise

Aldehyde scope R
(hetero)aryl aldehydes

ferrocenecarboxaldehyde
MeO,C

— — Br — MeO,C A \
Cg_\ CO,Me N CO,Me d_\cozw.e 2f, R = OMe, 49% € ° 2i S5\
29, R=CF3, 61% 86%
/ 3 o
N\ s 2h, R = NO,, 81% Fle COMe
2c 2d 2e P 2a,R=H,93% ¢ ? selective 2 2i
95% 83% 75% R 0 over ketone 50%. 2.5:1
for Still-Gennari: Z/E 2¢ = 11.5:1, 2e = 2.5:1, 2f = 8:1 or 20:12, 2g = 10:1, 2h = 11.5:1, 2a = 8:1 or >20:1°
aliphatic aldehydes from chiral pool enals
BocHN N
A A A
MeO;C_ = +° none N = A
Ph CO,Me Ph \
8 O-/19\ o] CO,Me
CO,Me Me 2n P 2r 0~ "OMe 2
[¢] o 4: o
2k 2 2m OMe 48%  stil-Gennari® 75%, 4:1 62%
61% 76% 51%, 4:1 99% ee  Z/E=>20:1
no racemisation Me A N MeO,C |
O,N 8
2 /oo rom coue
\ 5 2Vie Me Me citronellal Mew
Me A 2t \ 2u
O Me X % 10: \[r 64%
20 OMe 2p  stil-Gennari 2 84%, 10:1
54%, 7:1 49% zZE=121 59%,qi5:1 COMe from perillaldehyde
— Isothiouronium scope 'R’
bioactive scaffolds
oCI N\7 (e}
o -
MGOK}N Meo)‘j 92%, standard conditions
— 0,
2 88%, gram scale = naphth-2-yl
. O
62% 9 o o
N-N
70%°, 6:1
( p tBuO MS~o o
NN o | | |
PhaC Still-Gennari
3 ZE=1T7:1
from losartan o o o
hypertension drug complex unprotected macrolide antiobiotic 2x, 83% 2y, 84% 2z,85%

Figure 3. Substrate scope of the Z-selective olefination of aldehydes; reaction conditions: aldehyde (0.2 mmol), thiouronium salt (0.22 mmol),
BMTG (0.24 mmol) at —78 °C in THF (1.0 M) for 2 h; JStill—Gennari Z/E ratios given from two separate literature reports; (bIStill—Gennari
reaction executed in-house—see the SI refs to all other Still—Gennari data; “combined yield by 'H NMR.

were notable chiral pool building blocks N-Boc-p-phenyl-
alaninal, citronellal and (R)-glyceraldehyde acetonide. Im-
portantly, no racemization of the sensitive chiral center of N-
Boc-p-phenylalaninal took place and 2n was formed with 99%
ee (100% es). Next, we extended the scope of aliphatic
aldehydes to enals, which were found to react with similarly
high yields and selectivities, including important monoterpene
perillaldehyde (giving 2u).

We then sought to validate this Z-selective olefination on
complex bioactive scaffolds. A derivative of hypertension drug
losartan was found to smoothly undergo olefination to give 2v
in >20:1 stereoselectivity. Pleasingly, even spiramycin, a large
macrolide antibiotic bearing unprotected alcohols, tertiary
amines, a 1,3-diene, and glycosides, could be converted into
the desired Z-acrylate 2w in 61% vyield, showcasing the
synthetic potential of this olefination.

Regarding the thiouronium reactant, modification of the
ester group was well--tolerated, and synthetically useful tert-
butyl, ethylene-TMS, and benzyl esters were installed (2x, 2y,
and 2z) in essentially identical yield and selectivity compared
to the model methyl ester 2b. Additionally, gram-scale
synthesis of 2b proceeded with near identical efficiency (88%).

12538

Having established that thiouronium ylides can indeed be
competent olefination reagents, we sought to probe how
general this divergence from canonical S-ylide reactivity was.
N-Tosylimines are known to react with sulfur ylides to give N-
tosylaziridines, in analogy to the Corey—Chaykovsky epox-
idation.*™"”"” We surmised that thiouronium ions might also
contradict this reactivity paradigm.

Preliminary investigations of the reactivity of 1 with N-
tosylimines indeed showed a clear bias toward olefination.”’
Interestingly, the E-olefin was formed preferentially, presenting
the possibility of developing a general method for divergent
access to both olefin geometries. We optimized the reaction for
E-stereoselectivity, finding the sterically unencumbered thio-
uronium bromide 1 to be ideal and the reaction to proceed
smoothly at —40 °C.

We then examined the substrate scope of the reaction,
focusing initially on the imine component (Figure 4).
Treatment of a range of N-tosylimines with 1.1 equiv of 1
and 1.2 equiv of Barton’s base delivered the respective olefins
as single stereoisomers in good to excellent yields (6a—6p, 2a).
Next, we examined the use of different thiouronium ylides
carrying ester, ketone, amide, nitrile, steroid, and aromatic

https://doi.org/10.1021/jacs.2c05637
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Figure 4. Substrate scope of the E-selective olefination of tosyl imines; reaction conditions: tosyl imine (0.2 mmol), thiouronium (0.22 mmol),

BMTG (0.24 mmol) at —78 °C in CHCl; (0.1 M) for 12 h.

substituents—all delivering the products in moderate to high
yield, in greater than 20:1 selectivity in all cases but one (6p).

At this stage we sought to shed light on the mechanisms at
play. In the early work of Burgess, a quasi-Wittig reaction
mechanism involving oxasulfetane 7 was proposed (Figure
5A)."" However, we deemed the presence of such an
intermediate unlikely due to the necessary production of
thiourea S-oxide 8, which was never observed in our
investigations. Instead, we persistently observed urea by-
products, alongside elemental sulfur and in some cases
episulfide 4b (Figure SB). This led us to consider episulfide
4b as an intermediate en route to the olefin 2b, and indeed, we
observed the stereospecific formation of olefin 2b when
diastereomerically pure episulfide 4b was treated with DBU or
BTMG.”" With these experimental observations in mind, we
initiated an in-depth computational study to interrogate the
precise mechanism of the olefination reactions.

Density functional theory (DFT) calculations were
performed at the PBEO0-D3BJ/def2-TZVP,SMD//PBEO-
D3BJ/def2-SVP,SMD level of theory (see the SI for details
and discussion). The mechanisms for the formation of
products syn-4a and anti-4a were calculated for the coupling
of the in situ generated thiouronium ylide 9 with benzaldehyde
(Figure 6a) and N-tosyl imine 10 with thiouronium ylide 11
(Figure 6b).

A. Burgess' proposed mechanism
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\ N
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) — —_
MeO,C”~ ©
MeO,C Ph /\
I 7 Ph CO,Me
Ph)\H oxasulfetane 2a

pseudo-Wittig mechanism proposed
@ formation of thiourea oxide 8 not observed

B. Mechanistic observations
observed byproducts
(0] H

S
H
\NJ\N/ Sg Np)<f’ 4b
l\, _,-l CO,Me
enz)—(;})/rg;;uct en ds erfgguct reaction intermediate?
H
S DBU or
H
Np BTMG Np/ﬁ =
CO,Me CO,Me
4b THF
olefin precursor 2b

4b gives olefin under reaction conditions
S-extrusion is sterespecific

Figure S. Experimental observations of mechanistic relevance.
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A. Z-selective olefination via syn-episulfide
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Figure 6. Energy profiles of the C—C coupling of ylide 9 with benzaldehyde (A), and 11 and tosyl imine 10 (B) for the two possible epimers: cis-
episulfide or trans-episulfide. Favored profile shown in blue and disfavored shown in gray. Relative Gibbs free energies are presented in kcal mol™"
(298 K). The separated reactants (Ald/TsI-A*) serve as a reference (0.0 kcal mol™). Calculations were performed at the PBEO-D3BJ/def2-
TZVP,SMD//PBE0-D3BJ/def2-SVP,SMD level of theory (see the SI for details and discussion).

The Gibbs free energy profile for the reaction with
benzaldehyde (Figure 6) shows an irreversible (3 + 2)-
cycloaddition-type transition state (TSyuq.z.ap), With simulta-
neous C—S bond cleavage to give a diastereomeric pair of
acyclic intermediates (trans, Ald-Z-B or cis, Ald-E-B). From
both of these structures, an Sy2-type attack of the sulfide
breaks the C—O bond, forming the urea and leading to the
corresponding episulfides Ald-Z-C, via TSyzpc (profile in
blue, major), and Ald-E-C via TSgppc (profile in gray,
minor). The lower activation barrier for the formation of the
major episulfide, Ald-Z-C (AG*(Ald-A*— Ald-Z-B) = 17.3
kcal mol™! while

AG*(Ald-A*— Ald-E-B) 21.2 kcal mol™') strongly
suggests that the reaction is kinetically controlled. Energy

decomposition analysis revealed that a greater steric clash in
TSaq.5-8c compared with TSy47.pc accounts for this kinetic
selectivity (see the SI for details). Unlike the case of aldehyde
olefination, episulfide formation of N-tosylimine 10 with 11
(Figure 6B) is a stepwise process. This first entails C—C bond
formation via an acyclic transition state (TStap.ap OF
TSrq.z.ap), Yet again generating two possible epimeric
pathways (steps TsI-A*— TsI-E-B in the profile in blue and
TsI-A*— TsI-Z-B in the profile in gray).

Nucleophilic attack of the tosyl amide at the thiouronium
moiety of TsI-E-B or TsI-Z-B leads to C—N bond formation,
producing discrete thiazolidines TsI-E-C and TsI-Z-C via
TSra.p-c and TSyq.z pe respectively. Thiazolidine intermedi-
ates TsI-E-C and TsI-Z-C readily ring open by C—S bond
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cleavage, forming the intermediates TsI-E-D and TsI-Z-D,
respectively. Similarly to the scenario described in Figure 6A,
the last step is an Sy2-type attack, which cleaves the C—N
bond and yields the episulfides with inversion of the
configuration. Therefore, in contrast to the reaction with the
aldehyde electrophile, the bulkiness of the N-tosylimine
promotes a stepwise mechanism toward formation of the
experimentally observed trans-episulfide TsI-E-E, which is
both thermodynamically and kinetically favorable.

The observed selective formation of Z-olefin from the cis-
episulfide and E-olefin from the trans-episulfide (Figure S and
the SI) indicated that the sulfur extrusion mechanism is
stereospecific. Our calculations were consistent with this
observation, showing that excision of a sulfur atom from
either episulfide anti-4a or syn-4a by BTMG to selectively yield
the corresponding olefin was thermodynamically feasible under
the reaction conditions (Figure 7 and the SI). Together with

| (r"" Ph
Nz 6x S 6 x \m
T :

AN CO,Me CO,Me

AG* = 19.5 kcal mol”! N
42 coome AG = 1.2 keal ol oS 14

initiation

tBu \E?/ s/s\
l!l lll termination /lk"\ / S\
- j? S w-———— O\ N/S S
/

[}
N AG* = 0.9 keal mol”! | Bu ‘\ —S

AG = -18.8 kcal mol”! 15 ]
BTMG X

CO,Me

Figure 7. Sulfur extrusion by BMTG; For syn-4a: AG* = 21.2 keal
mol™" and AG = 5.4 kcal mol™".

the formation of an olefin, the BMTG-sulfur adduct 14 would
then be generated. The initial stoichiometry of BTMG is 1.2
equiv, of which 1 equiv is required to form the thiouronium
ylide. Given that only 0.2 equiv of base would remain,
desulfurization evidently did not require stoichiometric base,
and we sought to interrogate if BTMG could be regenerated in
a pseudocatalytic process. As such, the pathway for base
regeneration was also studied (Figure 7), considering the
experimentally observed formation of elemental sulfur.

The obtained Gibbs free energy profile showed that
nucleophilic attack on the episulfide was kinetically more
favorable when performed by the BTMG-sulfur adduct 14
[AG*(growth phase, first step) = 13.3 kcal mol™'] than by
BTMG alone (AG* = 19.5 kcal mol™"). This suggested that the
formation of BTMG-sulfur adduct 14 served as an initiation
step and that ensuing sulfur extrusion steps would form a
BTMG-polysulfide adduct through iterative S—S bond
formation (termed the growth phase, Figure 7). Our
calculations showed that early termination of the growth
phase through release of S, was kinetically and thermodynami-
cally unfavorable. Instead, termination of the growth phase by
release of Sg from BTMG-octasulfide adduct 15 was shown to
be a favorable pathway to BTMG regeneration.

B CONCLUSION

In summary, we have developed a stereodivergent olefination
method based on thiouronium ylides. This selective trans-
formation, suitable for complex molecule synthesis and late-

stage functionalization, challenges the canonical reactivity of S-
ylides toward carbonyl derivatives. In-depth computational
studies revealed that selective episulfide generation is at the
heart of the olefination process, while clarifying the role of the
base in a domino sulfur extrusion event. While enhancing the
“synthetic toolbox” for carbonyl olefination, we believe this
work adds a subtle new layer to the textbook phosphorus/
sulfur ylide dichotomy.

B ASSOCIATED CONTENT

© Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/jacs.2c05637.

Discussions of general information, reaction optimiza-
tion, mechanistic studies, computational studies, Carte-
sian coordinates, preparation of substrates, Z-selective
olefination of aldehydes, E-selective olefination of N-
tosylimines, and limitations, tables of preliminary
investigations, and figures of NMR study, energy
profiles, Newman representation, results of SAPT
analysis, 3D and schematic representations of geometry,
direct Gibbs free energy comparison, and NMR spectra
(PDF)

B AUTHOR INFORMATION

Corresponding Author
Nuno Maulide — Institute of Organic Chemistry, University of
Vienna, 1090 Vienna, Austria; © orcid.org/0000-0003-
3643-0718; Email: nuno.maulide@univie.ac.at

Authors

Jérémy Merad — Institute of Organic Chemistry, University of
Vienna, 1090 Vienna, Austria

Phillip S. Grant — Institute of Organic Chemistry, University of
Vienna, 1090 Vienna, Austria; ® orcid.org/0000-0001-
7077-8756

Tobias Stopka — Institute of Organic Chemistry, University of
Vienna, 1090 Vienna, Austria

Juliette Sabbatani — Institute of Organic Chemistry, University
of Vienna, 1090 Vienna, Austria

Ricardo Meyrelles — Institute of Organic Chemistry, Institute
of Theoretical Chemistry, and Doctoral School in Chemistry,
University of Vienna, 1090 Vienna, Austria

Alexander Preinfalk — Institute of Organic Chemistry,
University of Vienna, 1090 Vienna, Austria

Jan Matyasovsky — Institute of Organic Chemistry, University
of Vienna, 1090 Vienna, Austria

Boris Maryasin — Institute of Organic Chemistry and Institute
of Theoretical Chemistry, University of Vienna, 1090 Vienna,
Austria; ©® orcid.org/0000-0001-7943-7333

Leticia Gonzalez — Institute of Theoretical Chemistry,
University of Vienna, 1090 Vienna, Austria; © orcid.org/
0000-0001-5112-794X

Complete contact information is available at:
https://pubs.acs.org/10.1021/jacs.2c05637

Author Contributions
1M, P.S.G., and T.S. contributed equally. The manuscript
was written through contributions of all authors.

Funding

Funding by the Austrian Science Fund (FWF, Grants M02997
to P.S.G. and P32607 to N.M.) and the European Research

https://doi.org/10.1021/jacs.2c05637
J. Am. Chem. Soc. 2022, 144, 12536—12543


https://pubs.acs.org/doi/suppl/10.1021/jacs.2c05637/suppl_file/ja2c05637_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.2c05637/suppl_file/ja2c05637_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/jacs.2c05637/suppl_file/ja2c05637_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nuno+Maulide"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-3643-0718
https://orcid.org/0000-0003-3643-0718
mailto:nuno.maulide@univie.ac.at
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Je%CC%81re%CC%81my+Merad"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Phillip+S.+Grant"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-7077-8756
https://orcid.org/0000-0001-7077-8756
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Tobias+Stopka"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Juliette+Sabbatani"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ricardo+Meyrelles"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Alexander+Preinfalk"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ja%CC%81n+Matyasovsky"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Boris+Maryasin"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-7943-7333
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Leticia+Gonza%CC%81lez"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-5112-794X
https://orcid.org/0000-0001-5112-794X
https://pubs.acs.org/doi/10.1021/jacs.2c05637?ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c05637?fig=fig7&ref=pdf
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.2c05637?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society

pubs.acs.org/JACS

Council (CoG 682002 VINCAT to N.M.) is acknowledged.
Open Access is funded by the Austrian Science Fund (FWF).

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

Calculations were partially performed at the Vienna Scientific
Cluster (VSC). The University of Vienna is gratefully
acknowledged for continued and generous funding of our
research programs.

B REFERENCES

(1) Ertl, P.; Schuhmann, T. A Systematic Cheminformatics Analysis
of Functional Groups Occurring in Natural Products. J. Nat. Prod.
2019, 82 (5), 1258—1263.

(2) The Nobel Prize in Chemistry 1979. https://www.nobelprize.
org/prizes/chemistry/1979/summary/ (accessed 2021-05-09).

(3) (a) Wittig, G.; Geissler, G. Zur Reaktionsweise Des Pentaphenyl-
Phosphors Und Einiger Derivate. Justus Liebigs Ann. Chem. 1953, 580
(1), 44—57. (b) Peterson, D. J. Carbonyl Olefination Reaction Using
Silyl-Substituted Organometallic Compounds. J. Org. Chem. 1968, 33
(2), 780—784. (c) Baudin, J.; Hareau, G.; Julia, S.; Ruel, O. A Direct
Synthesis of Olefins by Reaction of Carbonyl Compounds with Lithio
Derivatives of 2-[Alkyl- or (2'-Alkenyl)- or Benzyl-Sulfonyl]-
Benzothiazoles. Tetrahedron Lett. 1991, 32 (9), 1175—1178.
(d) Tebbe, F. N.; Parshall, G. W.; Reddy, G. S. Olefin Homologation
with Titanium Methylene Compounds. J. Am. Chem. Soc. 1978, 100
(11), 3611—-3613. (e) Horner, L.; Hoffmann, H.; Wippel, H. G.
Phosphororganische Verbindungen, XII. Phosphinoxyde als Olefinier-
ungsreagenzien. Chem. Ber. 1958, 91 (1), 61—63. (f) Wadsworth, W.
S.; Emmons, W. D. The Utility of Phosphonate Carbanions in Olefin
Synthesis. J. Am. Chem. Soc. 1961, 83 (7), 1733—1738. (g) Julia, M;
Paris, J.-M. Syntheses a l'aide de Sulfones v(+)- Methode de Synthese
Generale de Doubles Liaisons. Tetrahedron Lett. 1973, 14 (49),
4833—4836. (h) Kocienski, P. J.; Lythgoe, B.; Ruston, S. Scope and
Stereochemistry of an Olefin Synthesis from f-Hydroxysulphones. J.
Chem. Soc. Perkin 1 1978, No. 8, 829—834. (i) Takeda, T. Modern
carbonyl olefination; Wiley-VCH: Weinheim, 2004. (j) Normant, J. F.;
Alexakis, A. Carbometallation (C-Metallation) of Alkynes: Stereo-
specific Synthesis of Alkenyl Derivatives. Synthesis 1981, 1981 (11),
841—-870. (k) Miiller, D. S.; Marek, 1. Copper Mediated
Carbometalation Reactions. Chem. Soc. Rev. 2016, 45 (16), 4552—
4566. (1) Flynn, A. B.; Ogilvie, W. W. Stereocontrolled Synthesis of
Tetrasubstituted Olefins. Chem. Rev. 2007, 107 (11), 4698—4745.

(4) Chakraborty, S.; Basu, K;; Saha, C. Distinction between the
Reactivity of Phosphorus Ylide vs. Sulfur Ylide with the Carbonyl
Compounds: Simplicity and Logic. Educ. Chem. Sci. Technol. 2014, 2
(1), 9—24.

(5) Volatron, F.; Eisenstein, O. Wittig versus Corey-Chaykovsky
Reaction. Theoretical Study of the Reactivity of Phosphonium
Methylide and Sulfonium Methylide with Formaldehyde. J. Am.
Chem. Soc. 1987, 109 (1), 1-14.

(6) Farfan, P.; Gémez, S.; Restrepo, A. Dissection of the Mechanism
of the Wittig Reaction. J. Org. Chem. 2019, 84 (22), 14644—14658.

(7) Byrne, P. A.; Gilheany, D. G. The Modern Interpretation of the
Wittig Reaction Mechanism. Chem. Soc. Rev. 2013, 42 (16), 6670—
6696.

(8) Corey, E. J.; Chaykovsky, M. Dimethyloxosulfonium Methylide
((CH;),SOCH,) and Dimethylsulfonium Methylide ((CH;),SCH,).
Formation and Application to Organic Synthesis. J. Am. Chem. Soc.
1965, 87 (6), 1353—1364.

(9) Johnson, A. W.; LaCount, R. B. The Chemistry of Ylids. VL.
Dimethylsulfonium Fluorenylide—A Synthesis of Epoxidesl. J. Am.
Chem. Soc. 1961, 83 (2), 417—423.

(10) Li, A-H; Dai, L.-X; Aggarwal, V. K. Asymmetric Ylide
Reactions: Epoxidation, Cyclopropanation, Aziridination, Olefination,
and Rearrangement. Chem. Rev. 1997, 97 (6), 2341—2372.

(11) Volatron, F.; Eisenstein, O. Theoretical Study of the Reactivity
of Phosphonium and Sulfonium Ylides with Carbonyl Groups. J. Am.
Chem. Soc. 1984, 106 (20), 6117—6119.

(12) Aggarwal, V. K; Harvey, J. N.; Robiette, R. On the Importance
of Leaving Group Ability in Reactions of Ammonium, Oxonium,
Phosphonium, and Sulfonium Ylides. Angew. Chem., Int. Ed. 2005, 44
(34), 5468—5471.

(13) Niyomchon, S.; Oppedisano, A.; Aillard, P.; Maulide, N. A
Three-Membered Ring Approach to Carbonyl Olefination. Nat.
Commun. 2017, 8 (1), 1091.

(14) Neuhaus, J. D.; Bauer, A.; Pinto, A.; Maulide, N. A Catalytic
Cross-Olefination of Diazo Compounds with Sulfoxonium Ylides.
Angew. Chem., Int. Ed. 2018, 57 (49), 16215—16218.

(15) (a) Huang, X; Goddard, R; Maulide, N. A Direct Ylide
Transfer to Carbonyl Derivatives and Heteroaromatic Compounds.
Angew. Chem., Int. Ed. 2010, 49 (47), 8979—8983. (b) Huang, X;
Patil, M.; Fares, C.; Thiel, W.; Maulide, N. Sulfur(IV)-Mediated
Transformations: From Ylide Transfer to Metal-Free Arylation of
Carbonyl Compounds. J. Am. Chem. Soc. 2013, 135 (19), 7312—7323.
(c) Huang, X,; Peng, B.; Luparia, M.; Gomes, L. F. R.; Veiros, L. F,;
Maulide, N. Gold-Catalyzed Synthesis of Furans and Furanones from
Sulfur Ylides. Angew. Chem., Int. Ed. 2012, S1 (35), 8886—8890.
(d) Kaiser, D.; Klose, L; Oost, R.; Neuhaus, J.; Maulide, N. Bond-
Forming and -Breaking Reactions at Sulfur(IV): Sulfoxides, Sulfonium
Salts, Sulfur Ylides, and Sulfinate Salts. Chem. Rev. 2019, 119 (14),
8701—8780. (e) Klimczyk, S.; Misale, A.;; Huang, X; Maulide, N.
Dimeric TADDOL Phosphoramidites in Asymmetric Catalysis:
Domino Deracemization and Cyclopropanation of Sulfonium Ylides.
Angew. Chem., Int. Ed. 2015, 54 (3S), 10365—10369. (f) Klose, I;
Misale, A.; Maulide, N. Synthesis and Photocatalytic Reactivity of
Vinylsulfonium Ylides. J. Org. Chem. 2016, 81 (16), 7201—7210.
(g) Neuhaus, J. D.; Oost, R;; Merad, J.; Maulide, N. Sulfur-Based
Ylides in Transition-Metal-Catalysed Processes. Top. Curr. Chem.
2018, 376 (3), 1S. (h) Neuhaus, J. D.; Oost, R;; Merad, J.; Maulide,
N. Sulfur-Based Ylides in Transition-Metal-Catalysed Processes. In
Sulfur Chemistry; Jiang, X, Ed; Topics in Current Chemistry
Collections; Springer International Publishing: Cham, 2019; pp
429—475;. (i) Neuhaus, J. D.; Angyal, P.; Oost, R.;; Maulide, N. (3 +
2) Cycloadditions of Thiouronium Ylides: A Room-Temperature,
One-Pot Approach to Dihydrothiophenes. J. Org. Chem. 2018, 83 (4),
2479-248S. (j) Oost, R; Neuhaus, J. D.; Merad, J.; Maulide, N.
Sulfur Ylides in Organic Synthesis and Transition Metal Catalysis. In
Modern Ylide Chemistry: Applications in Ligand Design, Organic and
Catalytic Transformations; Gessner, V. H., Ed.; Structure and Bonding;
Springer International Publishing: Cham, 2018; pp 73—11S.
(k) Sabbatani, J.; Huang, X, Veiros, L. F.; Maulide, N. Gold-
Catalyzed Intermolecular Synthesis of Alkylidenecyclopropanes
through Catalytic Allene Activation. Chem. Eur. ]. 2014, 20 (34),
10636—10639.

(16) Merad, J.; Matyasovsky, J.; Stopka, T.; Brutiu, B. R; Pinto, A.;
Drescher, M.; Maulide, N. Stable and Easily Available Sulfide
Surrogates Allow a Stereoselective Activation of Alcohols. Chem. Sci.
2021, 12, 7770.

(17) The instability of various thiocarbonyl compounds in
comparison to their oxo-analogues is well-documented, see: Hadad,
C. M,; Rablen, P. R.; Wiberg, K. B. C—O and C—S Bonds: Stability,
Bond Dissociation Energies, and Resonance Stabilization. J. Org.
Chem. 1998, 63 (24), 8668—8681.

(18) (a) Burgess, E. M.; Pulcrano, M. C. Thione S-Methylides as
Quasi-Wittig Reagents. J. Am. Chem. Soc. 1978, 100 (20), 6538—6539.
(b) Arduengo, A. J.; Burgess, E. M. Syntheses and Reactions of
Substituent Stabilized Thione Methylides. J. Am. Chem. Soc. 1976, 98
(16), 5020—5021. (c) Arduengo, A. J.; Burgess, E. M. Tricoordinate
Hypervalent Sulfur Compounds. J. Am. Chem. Soc. 1977, 99 (7),
2376—2378. (d) Arduengo, A. J.; Burgess, E. M. The Structure of a
Substituent Stabilized Thione Methylide. J. Am. Chem. Soc. 1976, 98
(16), 5021—5023.

(19) Representative examples of Corey—Chaykovsky aziridination:
(a) Degennaro, L.; Trinchera, P.; Luisi, R. Recent Advances in the

https://doi.org/10.1021/jacs.2c05637
J. Am. Chem. Soc. 2022, 144, 12536—12543


https://doi.org/10.1021/acs.jnatprod.8b01022?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jnatprod.8b01022?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://www.nobelprize.org/prizes/chemistry/1979/summary/
https://www.nobelprize.org/prizes/chemistry/1979/summary/
https://doi.org/10.1002/jlac.19535800107
https://doi.org/10.1002/jlac.19535800107
https://doi.org/10.1021/jo01266a061?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo01266a061?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/CHIN.199152114
https://doi.org/10.1002/CHIN.199152114
https://doi.org/10.1002/CHIN.199152114
https://doi.org/10.1002/CHIN.199152114
https://doi.org/10.1021/ja00479a061?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00479a061?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/cber.19580910113
https://doi.org/10.1002/cber.19580910113
https://doi.org/10.1021/ja01468a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01468a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0040-4039(01)87348-2
https://doi.org/10.1016/S0040-4039(01)87348-2
https://doi.org/10.1039/P19780000829
https://doi.org/10.1039/P19780000829
https://doi.org/10.1055/s-1981-29622
https://doi.org/10.1055/s-1981-29622
https://doi.org/10.1039/C5CS00897B
https://doi.org/10.1039/C5CS00897B
https://doi.org/10.1021/cr050051k?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr050051k?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00235a001?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00235a001?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00235a001?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.9b02224?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.9b02224?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c3cs60105f
https://doi.org/10.1039/c3cs60105f
https://doi.org/10.1021/ja01084a034?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01084a034?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01084a034?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01463a040?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01463a040?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr960411r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr960411r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr960411r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00332a081?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00332a081?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.200501526
https://doi.org/10.1002/anie.200501526
https://doi.org/10.1002/anie.200501526
https://doi.org/10.1038/s41467-017-01036-y
https://doi.org/10.1038/s41467-017-01036-y
https://doi.org/10.1002/anie.201809934
https://doi.org/10.1002/anie.201809934
https://doi.org/10.1002/anie.201002919
https://doi.org/10.1002/anie.201002919
https://doi.org/10.1021/ja4017683?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja4017683?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja4017683?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201203637
https://doi.org/10.1002/anie.201203637
https://doi.org/10.1021/acs.chemrev.9b00111?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.9b00111?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.9b00111?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201503851
https://doi.org/10.1002/anie.201503851
https://doi.org/10.1021/acs.joc.6b01073?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.6b01073?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/s41061-018-0193-4
https://doi.org/10.1007/s41061-018-0193-4
https://doi.org/10.1021/acs.joc.7b03255?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.7b03255?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.7b03255?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.201402935
https://doi.org/10.1002/chem.201402935
https://doi.org/10.1002/chem.201402935
https://doi.org/10.1039/D1SC01602D
https://doi.org/10.1039/D1SC01602D
https://doi.org/10.1021/jo972180+?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo972180+?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00488a064?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00488a064?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00432a056?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00432a056?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00449a078?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00449a078?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00432a057?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00432a057?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr400553c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.2c05637?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society

pubs.acs.org/JACS

Stereoselective Synthesis of Aziridines. Chem. Rev. 2014, 114 (16),
7881—7929. (b) Tewari, R. S.; Awasthi, A. K; Awasthi, A. Phase-
Transfer Catalyzed Synthesis of 1,2-Disubstituted Aziridines from
Sulfuranes and Schiff Bases or Aldehyde Arylhydrazones. Synthesis
1983, 1983 (4), 330—331. (c) Aggarwal, V. K,; Ferrara, M. Highly
Selective Aziridination of Imines Using Trimethylsilyldiazomethane
and Applications of C-Silylaziridines in Synthesis. Org. Lett. 2000, 2
(25), 4107—4110. (d) Marsini, M. A.; Reeves, J. T.; Desrosiers, J.-N.;
Herbage, M. A,; Savoie, J; Li, Z.; Fandrick, K. R; Sader, C. A;
McKibben, B.; Gao, D. A,; Cui, J.; Gonnella, N. C.; Lee, H.; Wei, X,;
Roschangar, F.; Lu, B. Z; Senanayake, C. H. Diastereoselective
Synthesis of a-Quaternary Aziridine-2-Carboxylates via Aza-Corey—
Chaykovsky Aziridination of N-Tert-Butanesulfinyl Ketimino Esters.
Org. Lett. 2015, 17 (22), 5614—5617. (e) Yang, X.-F.; Zhang, M.-];
Hou, X.-L.; Dai, L.-X. Stereocontrolled Aziridination of Imines via a
Sulfonium Ylide Route and a Mechanistic Study. J. Org. Chem. 2002,
67 (23), 8097—8103. (g) Li, A.-H.; Zhou, Y.-G.; Dai, L.-X.; Hou, X.-
L.; Xia, L.-J; Lin, L. Asymmetric Aziridination over Ylides: Highly
Stereoselective Synthesis of Acetylenyl-N-Sulfonylaziridines. Angew.
Chem., Int. Ed. Engl. 1997, 36 (12), 1317—1319. (h) Illa, O.; Arshad,
M.; Ros, A,; McGarrigle, E. M.; Aggarwal, V. K. Practical and Highly
Selective Sulfur Ylide Mediated Asymmetric Epoxidations and
Aziridinations Using an Inexpensive, Readily Available Chiral Sulfide.
Applications to the Synthesis of Quinine and Quinidine. J. Am. Chem.
Soc. 2010, 132 (6), 1828-1830. (i) Dokli I; Matanovi¢, I;
Hamersak, Z. Sulfur Ylide Promoted Synthesis of N-Protected
Aziridines: A Combined Experimental and Computational Approach.
Chem. Eur. ]. 2010, 16 (38), 11744—11752. (k) Illa, O.; Namutebi,
M,; Saha, C.; Ostovar, M.; Chen, C. C.; Haddow, M. F.; Nocquet-
Thibault, S.; Lusi, M.; McGarrigle, E. M.; Aggarwal, V. K. Practical
and Highly Selective Sulfur Ylide-Mediated Asymmetric Epoxidations
and Aziridinations Using a Cheap and Readily Available Chiral
Sulfide: Extensive Studies To Map Out Scope, Limitations, and
Rationalization of Diastereo- and Enantioselectivities. J. Am. Chem.
Soc. 2013, 135 (32), 11951—11966.

(20) Representative examples of N-tosyl imine olefination:
(a) Dong, D.J; Li, H-H,; Tian, S.-K. A Highly Tunable
Stereoselective Olefination of Semistabilized Triphenylphosphonium
Ylides with N-Sulfonyl Imines. J. Am. Chem. Soc. 2010, 132 (14),
5018—5020. (b) Das, M.; Manvar, A.; Jacolot, M.; Blangetti, M.;
Jones, R. C; O’Shea, D. F. Stereoselective Peterson Olefinations from
Bench-Stable Reagents and N-Phenyl Imines. Chem. Eur. J. 2015, 21
(24), 8737—8740. (c) Britten, T. K.; Basson, A. J.; Roberts, D. D,;
McLaughlin, M. G. Aza-Peterson Olefinations: Rapid Synthesis of
(E)-Alkenes. Synthesis 2021, S3 (19), 3535—3544. (d) Dhara, S;
Diesendruck, C. E. Olefination of N-Sulfinylimines under Mild
Conditions. Eur. J. Org. Chem. 2017, 2017 (8), 1184—1190. (e) Fang,
F.; Li, Y,; Tian, S.-K. Stereoselective Olefination of N-Sulfonyl Imines
with Stabilized Phosphonium Ylides for the Synthesis of Electron-
Deficient Alkenes. Eur. J. Org. Chem. 2011, 2011 (6), 1084—1091.
(f) Sha, Q.; Wei, Y. One-Pot Multistep Synthesis of Trisubstituted
Alkenes from N-Tosylhydrazones and Alcohols. Synthesis 2014, 46
(17), 2353—2361. (g) Dong, D.-J.; Li, Y.; Wang, J.-Q; Tian, S.-K.
Tunable Stereoselective Alkene Synthesis by Treatment of Activated
Imines with Nonstabilized Phosphonium Ylides. Chem. Commun.
2011, 47 (7), 2158—2160.

(21) For olefination reactions involving sulfur extrusion: (a) Mlos-
ton, G.; Jasinski, R;; Kula, K; Heimgartner, H. A DFT Study on the
Barton-Kellogg Reaction - the Molecular Mechanism of the
Formation of Thiiranes in the Reaction between Diphenyldiazo-
methane and Diaryl Thioketones. Eur. J. Org. Chem. 2020, 2020 (2),
176—182. (b) Schmidt, T. A.; Sparr, C. Catalyst-Controlled
Stereoselective Barton—Kellogg Olefination. Angew. Chem., Int. Ed.
2021, 60 (44), 23911-23916. (c) Burns, J. M.; Clark, T.; Williams, C.
M. Comprehensive Computational Investigation of the Barton—
Kellogg Reaction for Both Alkyl and Aryl Systems. J. Org. Chem. 2021,
86 (11), 7515—7528. (d) Garratt, P. J.; Payne, D.; Tocher, D. A.
Sterically Crowded Alkenes. Synthesis of 4-(Di-Tert-
Butylmethylene) Tetramethyldihydro-2(3H)-Furanone and Furanols

12543

by Ring Expansion of 3-(Di-Tert-Butylmethylene)-
Tetramethylcyclobutanone. J. Org. Chem. 1990, 55 (6), 1909—1915.

https://doi.org/10.1021/jacs.2c05637
J. Am. Chem. Soc. 2022, 144, 12536—12543


https://doi.org/10.1021/cr400553c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-1983-30330
https://doi.org/10.1055/s-1983-30330
https://doi.org/10.1055/s-1983-30330
https://doi.org/10.1021/ol006772h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol006772h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol006772h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b02838?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b02838?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b02838?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo0257389?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo0257389?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.199713171
https://doi.org/10.1002/anie.199713171
https://doi.org/10.1021/ja9100276?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9100276?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9100276?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9100276?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.201001436
https://doi.org/10.1002/chem.201001436
https://doi.org/10.1021/ja405073w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja405073w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja405073w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja405073w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja405073w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja910238f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja910238f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja910238f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.201500475
https://doi.org/10.1002/chem.201500475
https://doi.org/10.1055/a-1493-6670
https://doi.org/10.1055/a-1493-6670
https://doi.org/10.1002/ejoc.201601577
https://doi.org/10.1002/ejoc.201601577
https://doi.org/10.1002/ejoc.201001379
https://doi.org/10.1002/ejoc.201001379
https://doi.org/10.1002/ejoc.201001379
https://doi.org/10.1055/s-0034-1378231
https://doi.org/10.1055/s-0034-1378231
https://doi.org/10.1039/c0cc04739b
https://doi.org/10.1039/c0cc04739b
https://doi.org/10.1002/ejoc.201901443
https://doi.org/10.1002/ejoc.201901443
https://doi.org/10.1002/ejoc.201901443
https://doi.org/10.1002/ejoc.201901443
https://doi.org/10.1002/anie.202109519
https://doi.org/10.1002/anie.202109519
https://doi.org/10.1021/acs.joc.1c00506?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.1c00506?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00293a041?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00293a041?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00293a041?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00293a041?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.2c05637?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

