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Famous Formose (Butlerow) reaction

* Glycolaldehyde is the first entry in the formose reaction
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* needs liquid water, strong bases, high concentrations and ambient temperatures

* no long term stability and no stereochemical purity

== |ess relevant for forming sugars in prebiotic and extraterrestrial context
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Sugar formation in space

*  Murchison and Murry meteorites containing sugar related compounds

“polyols were present on the early Earth and therefore at least available for incorporation into the first
forms of life”
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Sugar formation
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High vacuum flash pyrolysis
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Synthesis of reference compound
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Sugar formation




Analytics
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Analytics
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Testing the stability of glyceraldehyde o O
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Sugar formation
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Sugar formation - Outlook

(0]
H)KWOH _HVFE_
900 °C H
O
0 0.05 equiv. p-toluenesulfonic acid

1.0 equiv. trimethyl orthoformate
HO OH >
MeOH

OH reflux, 2 days

-
(0]
. )J\O(\ s o
— > o)
H ~N
OH

o 2.0 equiv. Mel o
4.0 equiv. Ag,CO3
\OJKK\OH """"""""" P \O O/
OH Ol
1%
0]

1.0 equiv. MeMgBr

Et,O
reflux

12



McFayden-Stevens starting material as precursors for hydroxycarbenes

oe
/ ) :i\
/‘)Q n)
* Method to synthesis aldehydes from carboxylic acids
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McFayden-Stevens starting material as precursors for hydroxycarbenes
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* Modified version of Fukuyama et al.
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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 =-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-Stevens reaction involving an acyl diazene and a hydroxy
carbene as reasonable intermediates.

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

* Two possible pathways

i O H
_NH
S LA
_d R™ °N
_’/S\Ar
0
0 TMS-imidazole
>’ imidazole
Ns. PhMe, 55 °C
’}‘ o citric acid
NH; MeOH, H,0
o}
> —#>= B.C
o

X J
.N .
R™ "N~ R
acyl radical \ 0
R)J\H
)OH
o Pl
hydroxy carbene
% Hozgg \ﬁk
CO,H
A (32%) C (12%)
0] _H
s — | oc
o
. .C
OH o ]

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

15



Motivation

* Carbene in solution
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* McFayden-Stevens starting material as possible precursor for hydroxycarbene in solution
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Computational studies
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McFayden-Stevens starting material synthesis

* Route after Fukuyama et al.
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McFayden-Stevens starting material as precursor o &

* Cyclohexen as carben scavenger
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McFayden-Stevens starting material as precursor &%

* Intramolecular reaction
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Phenyltelluryl-Radical - Introduction @
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* Organotellurium compounds involved in cross-coupling reactions and living radical polymerizations
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* Formation of phenyltelluryl-radical are studied with EPR-technique
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Phenyltelluryl-Radical - Hypersurface o &
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Phenyltelluryl-Radical - Results
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Phenyltelluryl-Radical - Results

Absorbance Units
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Analytics
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McFayden-Stevens starting material as precursor

* Intramolecular reaction

O
_NH, 2.0 equiv. imidazole OH
'Tl 2.0 equiv. TMS-imidazole
o Ts e >
PhMe

ﬁ 55°C,4 h o

0 1.1 equiv. allylbromide (o) (0]
2.0 equiv. K,CO4 10 equiv. NaOH
O/ » O/ — > OH
DMF _ H,0 _
OH rt, 70 h o T 120°C, 3 h o
91% 84%
1.2 equiv. EDCI'HCI o 0

; H

0 0.1 equiv. DMAP _N. 2.0 equiv. TMSCI _NH,
1.0 equiv.BocNHNHTs N" "Boc 3§ equiv. Nal A
OH » o Ts e » o Ts
CH,Cl, MeCN
O/\/ rt,2h ﬁ r.t., 30 min ﬁ
72%

27



