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Generation and reactivity of phenylhydroxycarbenes in solution ,{
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Scheme 3. Proposed Mechanism of the Formation of Acetals
7 and Bicycles 9 in the Presence of Pentenols 8
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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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Scheme 4 Possible reaction pathway of our modified McFadyen-Stevens
reaction.

Y. lwai, T. Ozaki, R. Takita, M. Uchiyama, J. Shimokawa and T. Fukuyama, Chem. Sci., 2013, 4, 1111-1119



Generation and reactivity of phenylhydroxycarbenes in solution

Formose Chemically
not possible
o o uncatalysed I 2a i HAH
)J\ * )‘L oH @ — Agqueous
H o H H H Autocatalytic H OH solution
H H H OH
Fomaldehyde (2a) Glycolaldehyda (1a) Glyceraldehyde (5a)
Light | ‘
¥
O
)J\ AT - Very fast (5 . Very fast
C H |
—_— e P Ny
H COsH —COy H 8} H o Gas-phase
surfaces
4 f- Hydroxymethylens (3a)
Light |

Waorking hypotheasis Autocataly sis, water, base and high

CO + H; concentrations are not required

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.

]

- -H- 0
T H )J\ o0 =S n
O H  HVFP,1,000°C o~ P L o
) ik U SR [ S
(8] 5 H o
HTAZ - CO; H H
O

H

4a 3a Carbonyl-ene reaction 1a

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 the carbene with a carbonyl-ene reaction in solution (this work) —
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Spectroscopic identification of the phenyltelluryl radical and its reactivity toward molecular oxygen .4
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