Generation and Reactivity of Hydroxycarbenes in Solution
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Carbenes in Solution ol
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Scheme 3. Proposed Mechanism of the Formation of Acetals
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McFayden-Stevens starting material as precursors for hydroxycarbenes
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Modified McFadyen-Stevens reaction for a versatile
synthesis of aliphatic/aromatic aldehydes: design,
optimization, and mechanistic investigationst

Yuri lwai, Takashi Ozaki, Ryo Takita, Masanobu Uchiyama, Jun Shimokawa
and Tohru Fukuyama™

The traditional McFadyen—Stevens reaction requires harsh alkaline reaction conditions, thus precluding
application to the synthesis of aliphatic aldehydes. Our modified McFadyen-Stevens reaction enables
the transformation from the N,N-acylsulfonyl hydrazine to the corresponding aldehyde upon treatment
with an imidazole-TMS imidazole combination without relying on oxidative or reductive reagents. The
reduced basicity and in situ protection of the resulting aldehyde widens the substrate scope to include
aliphatic aldehydes, even ones bearing an a-hydrogen atom. Close examination of the side reactions for
particular substrates in combination with theoretical considerations via DFT calculations led to a
mechanistic understanding of the McFadyen-5tevens reaction involving an acyl diazene and a hydroxy
carbene as reasonable intermediates.
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Mechanistic studies
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Scheme 4 Possible reaction pathway of our modified McFadyen-Stevens
reaction.
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Phenylhydroxycarbene in solution

Method for preparation of hydroxycarbenes in gas-phase
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Trapping with cyclopropylation reaction
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Trapping with cyclopropylation reaction
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Trapping with cyclopropylation reaction
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* Cyclohexene
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C-H insertions of Hydroxycarbenes ~
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Intramolecular hydroxycarbene C-H-insertion: The
curious case of (o-methoxyphenyl)hydroxycarbene

Dennis Gerbig, David Ley, Hans Peter Reisenauer and Peter R. Schreiner”
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Scheme 3: Attempted generation of 5 and d-5 as well as their corresponding insertion products.
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C-H insertion
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Trapping in a carbonyl-ene reaction
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Fig. 1| Mechanistic hypotheses related to sugar formation from formaldehyde. Simplified depiction of the traditional autocatalytic (with glycolaldehyde
(1a)) formose reaction (top half) in agueous media in the presence of base at ambient temperatures, and the proposed new reaction path via
hydroxymethylene {3a) (bottom half) in the gas phase or on surfaces. Mote that the initiation step in the formose reaction for the formation of the first
molecule of 1ais chemically not possible in an uncatalysed fashion.
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Fig. 2 | Mechanistic hypothesis for the uncatalysed ‘carbonyl-ene’ reaction. Formaldehyde (2a) reacts with hydroxymethylens (3a), generated from
glyoxylic acid (4a) via CO, extrusion, to give glycolaldehyde (1a). Mote the exchange of atoms from starting materials to products. The C=0 and C-OH
owygen atoms have changed places. HVFP, high-vacuum flash pyrolysis.
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Trapping in a carbonyl-ene reaction
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Trapping with benzaldehyde a8

b 2.0 eq. imidazole
2.0 eq. TMS-imidazole
1. 10.0 eq. benzaldehyde

. 1 cocl, T “omie €}

| > citric acid/MeOH @
Ts : RT, 1h OH

Q)
+0.5mg
L R B — O OH

755 750 745 740 735 730 725 720 5.955 ' 5.945

3 (ppm) 3 (ppm)
o + S i J/\@
@ . 1.5 mg O/ \O(H
d ‘
CDCI,
b
d
\e l\ 1 L l A |

105 100 95 90 85 80 75 70 65 60 5I.5 5|.0 45 40 35 30 25 20 15 10 05 00

4.
H-NMR 400 MHz 15



Trapping with benzaldehyde
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Trapping with aldehydes

o) 4.0 equiv. imidazole 0

10.0 equiv. carbonyl
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17



Calculations
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Calculations
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p-Trifluoromethylphenylhydroxycarbene ,{
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Calculations
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o-Fluorophenylhydroxycarbene
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Methylhydroxycarbene

4.0 equiv. imidazole o

)J\ 10.0 equiv. acetone
/NHZ 7 > )J\F
'Tl PhMe

Ts 55 °C, over night OH

* Trapping as acetoine was not successful
* Acetone as solvent

* Tunneling half life of 1.1 h
* Low boiling point of carbene?




Tellurium-Radicals @
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) Check for updates Spectroscopic identification of the phenyltelluryl
o radical and its reactivity toward molecular
g(l)tfgﬂ;;;_ gg; 7C.‘.!"ns'm Chem. Phys., oxy g e n _;_

Felix Keul, Artur Mardyukov@* and Peter R. Schreiner @@

The phenyltelluryl radical was prepared by high-vacuum flash pyrolysis of diphenyl ditelluride and was

Received 16th September 2019, chacracterized by matrix isolation IR and UV/Vis spectroscopy. After doping the matrix with molecular
Accepted 7th Novernber 2019 oxygen and allowing bimolecular reactions, the hitherto unkown phenyltelluro peroxy radical formed
DOI: 10.1039/c9cp05112k and was identified via IR spectroscopy. Irradiation with light at 4 = 436 nm leads to isomerization to the
thermodynamically more stable novel phenyltelluroyl radical. All experimental findings agree well with
rsc li/pccp density functional theory (UB3LYP/Def2QZVPP and UM06-2X/Def2QZVPP) computations.
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R? alkenes nitriles NPh isolation in an inert argon matrix 10 K. Warming in a matrix doped with
2 & molecular oxygen leads to the phenyltelluride peroxy radical 8 that
Scheme 1 A selection of synthetic applications of reactions with orga-  photochemically isomerizes to the phenyltelluroyl radical 9.

notellurium compounds.
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Divinylditelluride
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Fig. 3 Computed spin densities of 1, the phenylselenyl, phenylthiyl,
phenoxy, and phenyltelluroyl radicals at UB3LYP/Def2QZVPP. The chalco-
gen atom is at the top in all cases.
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Matrix isolation

B3LYP/Def2TZVPP
0.81D| Te* H—=H |
H
312 nm
°'6C/J\\F,J/\JHF—WJLM
2
f=
-
3
c 0.4
: SU S N TR
(@]
(7]
@)
< 0.2
A8 l
A L i I ‘ 1| ll
0.0
3500 3000 2500 2000 1500 1000 500

Wavenumber cm™

o &

N

26



Matrix isolation
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AGok [AE + ZPVE] / kcal mol™

Computational results of vinyltelluryl-radical ‘
/Lﬁ,,“.
H
H
7 Te
H
r— H
47.0 ¥
;23] H‘%Te HJ\ H :
//I H ./ Te =
I// Te\H .
/' 31.2 20.8 ‘ -~ TeH
/ [36.4] [36.1] 287 - H
1 ) N / °
// [349] \\\ H/ + TeH
A 16 ) 19.7 17.8
/ [29.6] 130.9)
—I
0.0
[0.0]
B3LYP/Def2QZVPP & (reaction coordinate) / amu'’? Bohr

28




Computational results of vinyltelluryl-radical

/\ °
/X =X BDE [kcal mol-1] Spin density?
Te 47.2 1.014
Se 51.3 1.008
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