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Introduction — Breslow Intermediate

Catalytic Cycle

e.g., benzoin condensation with thiazolium salt

* Involves a divalent carbon species
— carbene

* Umpolung reaction

— second attack at aldehyde possible

enaminol = Breslow-Intermediate

* Dimierisation proposed by D. Lemal (1964)

bis(thiazoline-2-ylidene)-dimer

Breslow, R. J. Am. Chem. Soc. 1958, 80, 3719-3726. / Lemal, D. M.; Lovald, R. A. J. Am. Chem. Soc. 1964, 86, 2518. 3



Introduction — The Origin of Carbohydrates

Where do carbohydrates come from?

carbohydrates on earth: autotrophic organisms via photosynthesis

o
)J\H %
0.0

oligo- or polymeres of acetaldehyde )OL 2, O )&
" T )°

What are the necessary building blocks?

H.__O e
HKOH H\fo + ngOH H\fo

CH,OH CH,OH e H

glyceraldehyde glycoaldehyde \_ formaldehydej

glycolaldehyde was found in interstellar clouds through GHz-spectroscopy

—  next to formaldehyde

high dilution; particle densities 10*— 10> cm™3; T[K] = 10 - 150

Wanzlick, H.-W. Angew. Chem. Int. Ed., 1962, 74, 129. Schreiner, P. R.; Reisenauer, H. P.; Pickard, F. C.; Simonett, A. C.; Allen, W. D.; Matyus,
E.; Czsasar, A. G. Nature, 2008, 453, 906-909. Ley, D.; Gerbig, D.; Schreiner, P. R. Org. Biomol. Chem., 2012, 10, 3781-3790. Thaddeus, P,;
Gottlieb, C. A.; Mollaaghababa, R.; Vrtilek, J. M. J. Chem. Soc., Faraday Trans. 1993, 89, 2125-2129. Schreiner, P. R.; Reisenauer, H. P.; Ley, D.;
Gerbig, D.; Wu, C.-H.; Allen, W. D. Science 2011, 332 1300-1303. Carpenter, B. K. Science 2011, 332, 1269-1270. Hollis, J. M.; Lovas, F. J.;
Jewell, P. R. Astrophsy. J. 2001, 551, 803-806. Snow, T. P.; Bierbaum, V. M. Annu. Rev. Anal. Chem. 2008, 1, 229-259 4



Introduction — The Origin of Carbohydrates

Formose = Formaldehyd und Aldose o on o
HO
i U - HJ\H
= \
: o)
Butlerov reaction — HQ HO
0 HO H H
H H O =
i i HO 0 HO
mixture of .dlfferent oH oH G .
monosaccrides HO HO I
OH OH "
HO Hexose HO HO
o HO H
iti H o
Initial step: H)J\H . on
©M--0 ® | ®om--0 ®M—0 OH HO
M M M= Q HO
[ Y = i \,\9H<—>c:) P—H H oH 0
HOTH “H O HO / HJ\H
OH
HO
®M—0 o) H._O
I\:/I :\‘H+ /U\ %’ :E Pentose —OH
00/ N\ H-MOH) T oH
Formaldehyd Glycoaldehyd

Butlerov, A. M. Compt. Rend. 1861, 145, 247. Butlerov, A. M. Annalen 1861, 120, 295-298. Wanzlick, H.-W. Angew. Chem. Int. Ed.,
1962, 74, 129. Breslow, R. Tetrahedron Lett. 1959, 1, 22-26. Jalbout, A. F. Orig. Life Evol. Biosph. 2008, 38, 489-497. Shigemasa, Y.;
Nagae, O.; Sakazawa, C.; Nakashima, R.; Matsuura, T. J. Am. Chem. Soc. 1978, 100:4, 1309-1310. Flanagan, G.; Ahmed, S. N.; Shevlin, P.
B., J. Am. Chem. Soc. 1992, 114, 3892-3896. Schreiner, P. R., Reisenauer, H. P. ChemPhysChem 2006, 7, 880-885. Shevlin, P. B.;
McPherson, D. W.; Melius, P. J. Am. Chem. Soc. 1983, 105, 488-491. Sutherland, J. D. Angew. Chem. Int. Ed. 2016, 55, 104.



Motivation — The Origin of Carbohydrates

(Stlphur
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Thaddeus, P.; Gottlieb, C. A.; Mollaaghababa, R.; Vrtilek, J. M. J Chem Soc Faraday T 1993, 89, 2125.




Motivation — The Origin of Carbohydrates
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INTERMEDIACY OF HYDROXYMETHYLENE (HCOH)
iN THE LOW TEMPERATURE MATRIX PHOTOCHEMISTRY OF FORMALDEHYDE *

John R. SODEAU and Edward K.C. LEE
Department of Chemistrv, University of California,
Irvine, California 92717, USA

Received 4 March 1978

The reactive intermediate in the low temperature matrix photolysis of formaldehyde is being suggested as hydroxy-
methylene (HCOH). The reaction products formed with a series of isotopically labelled formaldehydes in argson and carbon
monoxide matrices are identified by infrared spectroscopy. The implication of the matrix result to the gas phase photo-

chemistry is briefly discussed.




Motivation — The Origin of Carbohydrates

DETECTION OF A NEW INTERSTELLAR MOLECULAR ION, H,COH" (PROTONATED FORMALDEHYDE)

MasaTosHr OHISHI AND SHIN-ICHI [SHIKAWA
Nobeyama Radio Observatory,! Nobeyama, Minamimaki, Mimanisaku, Nagano 384-13, Japan

TakaYOsHI AMANO AND HIDEHIKO OKA
Institute for Astrophysics and Planetary Science, Ibaraki University, 2-1-1 Bunkyo, Mito, Ibaraki 310, Japan

WiLLiaMm M. IRVINE AND JAMES E. DICKENS
Five College Radio Astronomy Observatory, 619 Lederle GRC, University of Massachusetts, Amherst, MA 01003

AND

L. M. Z1urys AND A. J. APPONI
Department of Chemistry, Arizona State University, Box 871604, Tempe, AZ 85287-1604
Received 1996 June 7; accepted 1996 August 21

ABSTRACT

A new interstellar molecular ion, H;COH™ (protonated formaldehyde), has been detected toward Sgr B2,
Orion KL, W51, and possibly in NGC 7538 and DR21(OH). Six transitions were detected in Sgr B2(M). The
1,9-1y, transition was detected in all sources listed above. Searches were also made toward the cold, dark clouds
TMC-1 and L134N, Orion (3N, 1E), and a red giant, IRC +10216, without success. The excitation temperatures
of H;COH™ are calculated to be 60-110 K. and the column densities are on the order of 10”-10" ¢m™* in Sgr
B2. Orion KL, and W51. The fractional abundance of H,COH" is on the order of 107" to 10°, and the ratio
of H,COH" to H,CO is in the range 0.001-0.5 in these objects. The values in Orion KL seem to be consistent
with the “early time” values of recent model calculations by Lee, Bettens, & Herbst, but they appear to be higher
than the model values in Sgr B2 and W31 even if we take the large uncertainties of column densities of H,CO
into account. We suggest production routes starting from CH; OH may play an important role in the formation
of H,COH".
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Formation of Carbohydrates in the Reaction of Atomic Carbon
with Water

Glenn Flanagan, Sheikh N. Ahmed, and Philip B. Shevlin*

Contribution from the Department of Chemistry, Auburn University, Auburn, Alabama 36849,
Received October 28, 1991

The Unusual Reactivity of Hydroxymethylene

Sheikh N. Ahmed, Michael L. McKee,* and Philip B. Shevlin*

Contribution from the Department of Chemistry, Auburn University, Auburn, Alabama 36849.
Received September 4, 1984

Abstract: Hydroxymethylene (1) has been produced by the reaction of arc generated carbon atoms with water, and several
of its intermolecular reactions have been studied. Deuterium-labeled 1 reacts with formaldehyde to generate glycolaldehyde
(2) which is labeled with deuterium on the aldehydic carbon. This result, along with those obtained from ab initio molecular
orbital studies ([MP2/6-31G*]), indicates that 1 reacts with formaldehyde via a 5-center transition state involving nucleophilic
attack of the carbene carbon on the aldehydic carbon with concurrent transfer of the hydroxyl hydrogen to the carbonyl oxygen.
This mechanism is more favorable than C-H insertion. Studies of the reaction of 1 with 2 and acetaldehyde indicate that
the S-center mechanism predominates in these systems as well. Carbene 1 can also effect intermolecular hydrogenation of
an alkene. Thus, generation of 1 in the presence of (Z)-2-butene results in the formation of small amounts of butane. The
analogous process in which ethylene is hydrogenated by 1 to form ethane is calculated at the [MP2/6-31G*] level to proceed
without barrier.




Motivation — Acetoine

Sunlight-initiated Chemistry of Aqueous Pyruvic Acid:

Building Complexity in the Origin of Life

Elizabeth C. Griffith « Richard K. Shoemaker -

Veronica Vaida

Negative production of acetoin in the
photochemistry of aqueous pyruvic acid

Recently, Griffith et al. reported that acetoin
is a major product of the photolysis of
aqueous pyruvic acid (PA), and proposed
that its mechanism of formation involves the
thermal decarboxylation of a-acetolactic acid

F AT fenbomanndiate f 1_;'- Thic Geadisor i can. e o f]o#lvﬂ!-il:-p*iqn. PRI S T, | .d'l,i'ﬂit#ff,-:-h S

separation of their 2,4-dinitrophenylhydra-
zone derivatives. Fig. 1 shows the chromato-
gram of a mixture produced from 1-h
photolysis of 50 mM PA at 4 °C, followed
by warming at 25 °C for 1 h, and subse-

products A (m/z = 177)
(2, 3), as displayed in figu
in addition, lacks signal:
tectable amounts of lacta
photolyzed sample.

metabolism and its abiotic availability on early Earth. Here, pyruvic acid (CH;COCOOH, a C;
molecule) photochemically reacts to produce more complex molecules contaming four or
more carbon atoms. Acetoin (CH;CHOHCOCH;), a C4 molecule and a modern bacteral
metabolite, 1s produced in this chemistry as well as lactic acid (CH;CHOHCOOH), a molecule

10



Motivation — Breslow Intermediate
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Characterization of the Key Intermediates of Carbene-Catalyzed
Umpolung by NMR Spectroscopy and X-Ray Diffraction: Breslow
Intermediates, Homoenolates, and Azolium Enolates™*

Albrecht Berkessel,™ Veera Reddy Yatham, Silvia Elfert, and Jorg-M. Neudorfl

In enzymes as well as in organocatalytic umpolung, catalysis
by N-heterocyclic carbenes hinges on the reversible formation
of Breslow intermediates! (chemically: (di)amino enols) I
(Scheme 1a) in which the innate polarity of, for example, an

amino enols by Mayr et all® and ourselves! With our
method for the generation of 2.2-diamino enols i hand, we
were able to characterize their solution structures and
reactivity by in situ NMR spectroscopy. Most importantly,

A=Y .""n"\lll-"l l'.']"|n"\||- 1]’1"!' r} r} -"I';"!'I"!"I';'I"h"\ .'\I"|-"\]L" ' fq{"']"h'\l"!'lu'\ I "!‘\ ;'I"h"l.\.\n"]

11



Motivation — Breslow Intermediate & &

Gas Phase Studies of N-Heterocyclic Carbene-Catalyzed
Condensation Reactions
Yuan Tian and Jeehiun K. Lee*

Department of Chemistry and Chemical Biology, Rutgers, The State University of New Jersey, New Brunswick, New Jersey 08901,
United States

© Supporting Information

ABSTRACT: N-Heterocyclic carbenes (NHCs) catalyze
Umpolung condensation reactions of carbonyl compounds, 0

including the Stetter reaction. These types of reactions have “ s’u‘n R0

not heretofore been examined in the gas phase. Herein, we ) @ \ \i

explore the feasibility of examining these reactions in the e ,\jl\ 2 . .
033 gas phase reaction?

absence of solvent. A charge-tagged thiazolylidene catalyst is
used to track the reactions by mass spectrometry. We find that
the first Umpolung step, the addition of the NHC catalyst to a

...feel free to ask Markus

12
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OH OH
o .L L Holp 0
i Ll Py
H” H :

HO H

O

o,

Kua, J.; Galloway, M. M.; Millage, K. D.; Avila, J. E.; De Haan, D. O. J. Phys. Chem. A 2013, 117, 2997-3008. Le Bars, D.; Yvon, M. J. Appl.
Microbiol. 2008, 104, 171-177. 13



Variability in mechanism

Case study: Acetoine

o-;~H OH
crco
-
17N
W/ o O\Téo
OnTCCO_

_-H.
O~ O O
)I\r\:< OH
H
CHece
-H
O~ 0O O OH
| .
H

CHeC®

Competitive to disproportionation reaction:

)CL/OH ‘—HO): \'i«—q

O
—> EtOH + CO
H

14



Flow pyrolysis

HVFP= 935 °C
Tirap= —185 - —196 °C

0
Tyioe= —10.0 - -5.8 °C
on+ | Tz 104

HVFP= 935 °C

Tirap= —185 - —196 °C

Tyiole= ~10.0 - -5.8 °C
—2CO,

15



Variabel Parameters

/iﬁn\-
Temperature 9 [°C] : viole, oven, trap liquid nitrogen 1
mean free path (@ pyrolysis tube/ 7 cm) (-210°C) A= no
light 435 nm pyruvic acid
air: atmosphere, N,, Ar
pressure p [mbar]
NMR-solvent
E, to rotatory
rolle of setup material  gyen (800°C) — vane pump

ﬁ
' quartz tube 'J (

|

pyruvic

acid acetaldehyde

products

Hollis, J. M.; Lovas, F. J.; Jewell, P. R. Astrophsy. J. 2001, 551, 803-806. Snow, T. P.; Bierbaum, V. M. Annu. Rev. Anal. Chem. 2008, 1, 229-
259. Harman, C. E.; Kasting, J. F.; Wolf, E. T. Orig Life Evol Biosph 2013, 43, 77. Martin, C. R. ODell, R. H. Rubin, A. G. G. M. Tielens, D. A.
Verner, E. M. Verner, D. K. Walter, Z. Wen, Astrophys. J. 1996, 468, L115. |. V. Delidovich, O. P. Taran, A. N. Simonov, L. G. Matvienko, V.
N. Parmon, Adv. Space Res. 2011, 48, 441. Hollis, J. M.; Lovas, F. J.; Jewell, P. R. Astrophys. J. 2000, 540, L107



Flow Pyrolysis — Results

MLMov16-2016HD.260.fid — Linden ML_009 exp_12
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Flow Pyrolysis — Results

MLMov16-2016HD.261.fid — Linden ML_009 exp_12
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L3 L3 L3 Ll
Flow Pyrolysis — spiking experiment o q
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Linden ML_009 expl0_2 2 (.I )
'I | III II|
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Flow Pyrolysis — spiking experiment

Abundance|
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Flow Pyrolysis — Results

MLIan18-2017HD.10fid
Linden ML_009expIsal
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Flow Pyrolysis — Results

MLJan18-2017HD.10fid
Linden ML_009expIsal
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Flow Pyrolysis — Results

MLJan18-2017.540.fid
Linden ML_Isolb
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Flow Pyrolysis — Results




Flow Pyrolysis — Results
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Flow Pyrolysis — Results £
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Matrix Isolation — Results 9%0\
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Flow Pyrolysis — Results
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Flow Pyrolysis — Results o O
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Flow Pyrolysis — Results
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Flow Pyrolysis — Results
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Flow Pyrolysis — Results
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Flow Pyrolysis — Results
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Flow Pyrolysis — Results

MLMowv28-2016.290.fid — Linden Glydimer_DMSO
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Flow Pyrolysis — Results
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Flow Pyrolysis — Results

MLDecl6-2016HD.500.fid
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Flow Pyrolysis — Results & B

MLDec16-2016HD.501.fid — Linden ML_12exp08DMSO
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Flow Pyrolysis — Results
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Flow Pyrolysis — Results
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Flow Pyrolysis — Results
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Outlook:

analytic for flow products (ROVI, Matrix, GC-MS; TLC)

Flow experiments with gas (e.g. Ar, N,) as collision partners

trapping Glycolaldehyde as hydrate
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Latest news:
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Latest news:
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