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Cruziforms

So-called “cruciforms” consist of two conjugated
p-systems (blue and red), which form a cross-
like structure.

They are commonly used as fluorescent
materials for optoelectronics. The central
aromatic core of theses substances often
consists of condensed heteroaromatics, such
as benzobisimidazoles.

Only obtainable as a byproduct with 12-30%
yield!

Microfluidics as a solution?
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flow chemistry

one-pot synthesis
multistep reactions

reaction cascades

tle

purification/work up

< | reaction time

< | heat transfer
mass transfer

Flow chemistry should be a solution to problems in batch
chemistry and aim to improve the ,problem childs*
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Synthesis Pathway
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novel process
k :
packed bed L
KNO4/H,SO, NH3(g)

Cl Cl 4 h, 130°C Cl Cl 3 h, 140°C HzNI:[NHz batch process

—_— _—
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fast mixing,
heterogeneous flow
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mass transfer

shear forces induce intra-droplet mixing
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Nitration of 1,3-Dichlorobenzene
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Kinetically Controlled Reactions
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1,2-addition

1,4-addition

preferred reaction pathway

1.3-addition Me,N MeyN NMe, MeoN NMe,
, -
. MesN N 4a
possible, but less favored Ji:(
pathway HoN NH,
MezN + NM62
Cl Steric hindrance leads to
higher energy barriers
MezN NM62 .. . . .
>O< | 1,4-addition is kinetically
HzN:@[N favored
HoN NHN
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Kinetically Controlled Reactions

nucleophilic addition ring closure

MezN NM62
4 4a 6
very fast “slow”
multiple side aromatization
reactions possible occurs readily
microtechnology microtechnology
necessary not “necessary”
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Evolution of a Reaction Setup
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Evolution of a Reaction Setup
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clogging inside the
reaction coil

solvent changes led
to side reactions
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Evolution of a Reaction Setup
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solubility is the
main problem

clogging inside the
mixer

higher flow rates showed
no improvement
(300-1200 pL min-1)
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Evolution of a Reaction Setup
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fast mixing
short tubing
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ice bath

the solution is stirred
after exiting the reactor
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is the mixing
speed too slow?

f?

high flow rates
Inert atmosphere

54% yield (4 times the
batch yield)

higher mixing efficiency

no clogging
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Summary
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Step Reaction ‘ time yield ‘ time yield
1 I electroph. subst. I 4 h 70% I 1.2 min 72%
2 | nucleoph. subst. | 3h 80% | 15 min _

| | |
3 I hydrogenation I Il I I Il I
4  |Mucleoph. addition| ,, 12% | 30min  65%

ring closure
| | |
Z 31h 7% 47min  23%

Switching to flow systems resulted in vastly improved reaction parameters!

JGlu

sonannes GUTENBERG
UNIVERSITAT MAINZ

Not
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A four step batch synthesis was transferred to a flow system.

Each step could have consisted of standard operations, but a
specifically tailored approach generated bigger payoffs.

cl _ - Meo,N.__NMe
Lo s A H
HoN NH; Me,N™+ "NMe, H,N N N N
j@[ —  Me,N— )—NMe,
H2N NHZ NI NH2 H N
4 MezN)\NMez 6

The reaction to 1,4-bis-[N,N,N’,N’-tetramethylguanidino]-2,5-diaminobenzene
was not controllable in batch. Only fast mixing and heterogeneous flow in
micro flow made the reaction feasible.

BN
E. 4411
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Thank you!

Pia Borner, M.Sc

Pia single handedly developed
and improved the process and

setups for the key step.

(and is looking for a PhD position starting

early 2017)
=] *ﬁﬁ_!
I h i
E. 4411
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