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Learning goals practical course
e Develop practical skills

e Learn
— Prepare experiments
— Work safely
— Interpret/report results

e Understand
— Theory behind experiments
— Logic of experimental steps




Problem & Solution
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e Important time-investments for student
— Preparation
— Understanding/reflection

e Delicate balance with busy schedule

e Aim: stimulate with LabBuddy

Graf%o ots

https://knowvu.nl

N




&

-

VU BETA =Innovationsin H2LS - N

N

2"d-year organic chemistry course

e BSc Pharmaceutical Sciences
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2"d-year organic chemistry course
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2"d-year organic chemistry course
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e First 2.5 week: basic laboratory skills
— “Cook book” experiments

e Last 1.5 week: research part
— Student synthesizes Ais/her own novel molecule

— Jan 2019: Fragment-Based Drug Discovery field
e European Training Network FragNet (coordinator Ilwan de Esch)

https://fragnet.eu

N



VU BETA =Innovationsin H2LS - N

First 2.5 week: Preparation
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e Flowsheet experiment
— Procedure - Cascade events

e Interpreting scientific text
— Do students understand?

Ig Eg Lehman, Multiscale Operational Organic Chemistry, 2" ed
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First 2.5 week: Preparation

e Reaction mechanism
— Do students understand?

gég Lehman, Multiscale Operational Organic Chemistry, 2" ed
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aie First 2.5 week: Preparation
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e Quiz, beam lab journal & plenary discussion

e How about more complex research part?

ke

Lehman, Multiscale Operational Organic Chemistry, 2" ed o]
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e Introductory lecture

— PhD candidate David Hamilton

Research Part
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Research Part

Manual distributed to students
— Previous years: detailed reaction procedures

In Figuur 3 staat de totale meerstapssynthese voor het onderzoeksdeel weergegeven.

To a 100 mL cleaned and oven-dnied round-bottom flask is added dicyclohexylammonium 3-
oxocyclobut-1-enolate salt 1 (1.60 g 6.03 mmol) and dioxane (8 mL). To this suspension.
while stiming, TFA (0.51 ml, 6.63 mmol) is added dropwise using a syringe at room
temperature (careful - TF A is corrosive) Cover your flask with a plastic stopper. The resulting
muxture is stured for a further 2 hours at room temperature to ensure complete protonation of

mixture. The precipitate is then filtered over a glass filter and
washed with dioxane (2x5 mlL., ensuring the solid is washed thoroughly by resuspending with
a spatula prior to applying vacuum). The filtrate (containing dione B) is added to a 50 mL
round-bottom flask The flask is cooled using a cold-water bath. and amine A (1.05 eq.) is
added dropwise using a syringe (be patient here). If amine A is a HCI salt, add DIPEA (di-
isopropylethylamune, 1.05 eq). After complete addition, the reaction is stirred at room
temperature for 2 nights to maxinuse completion. Time allowing, a TLC analysis can be done

After 2 nights, a TLC is taken first to check conversion. Then, the solveat is removed in vacuo
on a rotatory evaporator. The residue is dissolved in DCM (dichloromethane, 30 mL). The
organic layer is washed successively with 1 M aq. HC1(5 mlL), water (5 mL). saturated aq.
NaHCO: solution (5 mL), and brine (5 mL). The organic layer is dried over NaxSOs1in an
Erlenmeyer flask The solids are filtered over a folded paper filter and the residue is washed

H
N.
(o) # R 'Rz o]
H 0] TFA, dioxane [ ] i J;/‘/
N? — A1-A20 &
@\O ¥ Lijst van building blocks en (eind)producten
(o] OH
|| rr
Salt1 i \/@ N
0 Al _N C1 k
Risy
| the 1 in the h 2
R2 H ~ N
c1-c20 A2 - C2 q
cl
cl
Figuur 3. Meerstdq
\I\{ later on day 1 to check progress of the reaction
N \/©\
A3 | _N o | ©3
Cl Y N/

with DCM (5 mL). The filtrate is collected into a pre-weighed round-bottom flask and the
solvent removed in vacuoc on the rotatory evaporator to yield the crude product. Take a TLC
again, time allowing. Weigh the crude vield and put a little bit of the crude material aside in a
wial for TLC purposes in the purification step.
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e Approach this year:
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Research Part

Manual distributed to students

— Previous years: detailed reaction procedures

In Figuur 3 staat de totale meerstapssynthese voor het onderzoeksdeel weergegeven.
H
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— Detailed experimental procedures removed
— LabBuddy approach
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Students design own experiment
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e Experimental steps available to students as tiles
— Color - Step types

Goal &

instructions

N
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Students design own experiment
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e Experimental steps available to students as tiles
— Color - Step types

Amino- = Enaminone

alcohol :  synthesis i
synthesis b
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Goal &
instructions

Collect Collect

: enaminane crude

[ p e i . 7 e e ol product ET T
N L

alcohol

'HNMR - Thin layer

&',- b o , 14

N
|
2



$

s Students design own experiment

e Feedback-driven experimental design
— Connect steps in a logical order driven by feedback

Column
chromatogra
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a0l &

instructions

VU-BETA =Innovationsin-H2LS

iy = . =
Collect Collect Amine- : Enaminone :
crude enaminoneg alcohol synthesis

synthesis 'ln' —

&E ‘
amino- product 1 .
- — - 3 -I' - .— - .
alcohol | ! =

15



Students design own experiment
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e Feedback-driven experimental design
— Connect steps in a logical order driven by feedback

Collect = = : Enaminone =
enaminone E i = synthesis :
product : L

N
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Students design own experiment

e Feedback-driven experimental design
— Connect steps in a logical order driven by feedback
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Students design own experiment

e Feedback-driven experimental design
— Connect steps in a logical order driven by feedback

Goal &
instructions

18
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Students design own experiment

H Rotary evaporator

| | | Rotary evaporator >

Workflow feedback @ v

Enaminone
synthesis . . R .

- o The rotary evaporator is a device that is used to remove an organic solvent

o ],—r o from your reaction mixture. However, currently the sample in your design does

not contain an organic solvent.

Check the reaction progress first before you proceed with the evaporation of

18

the organic solvent!
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Students design own experiment
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Enaminone
synthesis

iF

1) Thinlayer €0 11T TRNEY)
chromatography chromatography

Students design own experiment

Protocol

Preparing the column

Determine the length of the column that needs to be used to hold
the stationary phase.

© Answer question

The best transformation from TLC to your column is obtained if
your product has a Ry value of ~0.3. Furthermore, the length of
the column and the amount of stationary phase need to be
determined. Acceptable separation is typically obtained if you
use 30-40 times more stationary phase than the weight of your
crude mixture. The length and the diameter of the column are
chosen in such a way that the column is filled for approximately
%4 of the length of the column, according to the formula:
Column length = 6 x weight of the stationary phase) / (column

diameter)?

Weigh the stationary phase.

Add eluent.

Wait until air bubbles are gone and mixture is at room

temperature.

21
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Evaluation by students

I was well instructed how to use LabBuddy
5

Implementing LabBuddy in other practical
4 . 2 courses of the FAR educational
programme should be invesstigated

It was easy and straightforward to use
LabBuddy

LabBuddy helped me in preparing and
understanding the experimentsof the | 4§
research part

4 6 LabBuddy should be used again in the
. Synthesis practical course next year

Compared to preparing from a ready-to-go
procedure, | learned more from preparing
an experiment in LabBuddy

| would have no problems using LabBuddy
formore experiments in the Synthesis
practical course

LabBuddy made me understand better
why certain experimental procedures 4 . 2
were performed

| had no objections to using my own
device inthe lab to work with LabBuddy

I're ceived enough feedback in LabBuddy
to successfully complete my experimental
design

The instructional videos in LabBuddy
helped me better understand the content



Evaluation by students
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e “| prefer to prepare for an experiment by using:”

4

Ready-to-go procedure LabBuddy

N

25



$

iH2LS

VU-BETA =Innovationsin-H2LS

N

Evaluation by students

e What did you like about LabBuddy? ..
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Evaluation by teachers

e TIpsS

Considerable effort required to setup
Carefully think about feedback
Commercial software

e Tops

Student engagement

Student understanding
e Basic questions tackled; more in-depth discussion

Clear learning process: fun to observe
Feedback can be tailored

Students are positive
e Feel like "experiment owners”

27
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Suitable for your practical course?
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e Broad technical applicability
— Compatible smartphone/tablet
— URL based

e Not only applicable to research context

 Applicable to wide variety of practical courses

— Not limited to chemistry!
— Not limited to type of practical course: wet and dry

e VVenue

— Plenary or home?
— If plenary: BYOD or not?

V Advice or sparring needed?
o

— Oscar: o.van.linden@vu.nl
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