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Abstract
trans-(4-(Dimethylamino)phenyl) (2-phenylcyclopropyl)methanone was synthesised from
4-dimethylamino chalcone and trimethylsulfoxonium iodide using sodium hydride through
a Corey-Chaykovsky reaction. 4-Dimethylamino chalcone was prepared from
4-dimethylamino benzaldehyde and acetophenone using sodium hydroxide through an
Aldol condensation reaction. The atom economy of the reaction is 22% for the formation
of 4-dimethylamino chalcone and 49% for the subsequent formation of
trans-(4-(Dimethylamino)phenyl)(2-phenylcyclopropyl)methanone, resulting in a combined
atom economy of 11%. It is as low since many heavy byproducts are obtained and
potassium hydroxide is added in large excess. The reaction between 4-dimethylamino
benzaldehyde and acetophenone is stirred over three days at 0 °C. The subsequent
reaction between 4-dimethylamino chalcone is stirred over night at RT. The crude product
is purified by recristallisation from ethanol. The obtained yield for the intermediate was
43%. The obtained yield for the product was 15%. This resulted in an overall yield of
6.5%. The product and the intermediate were analyzed by melting point and IR.
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1 Introduction

trans-(4-(Dimethylamino)phenyl) (2-phenyl-
cyclopropyl)methanone is synthesised from
4-dimethylamino chalcone and trimethylsul-
foxonium iodide using sodium hydride. 4-
Dimethylamino chalcone is prepared from 4-
dimethylamino benzaldehyde and acetophe-
Sulfur
ylides have come a long way in organic

none using potassium hydroxide.

2 Chemical Properties

synthesis since the pioneer work of Corey
and Chaykovsky in the 1960s. The Corey-
Chaykovsky reaction is used to form com-
pounds with three-membered rings. These
can vary from epoxides over aziridines to
cyclopropanes. Furthermore, usage of chiral
sulfides in stoichiometric amounts results in
an enantioselective behaviour. [1]

4-Dimethylamino chalcone was synthesised from 4-dimethylamino benzaldehyde (1) and

acetophenone (2) using sodium hydroxide.

KOH
MeOH, 16 h, 0 °C |
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Figure 1: Performed aldol condensation reaction.

trans-(4-(Dimethylamino)phenyl)(2-phenylcyclopropyl)methanone (5) was synthesised
from 4-dimethylamino chalcone (3) and trimethylsulfoxonium iodide using sodium hydride.
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Figure 2: Subsequently performed Corey-Chaykovsky reaction.
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Table 1: Chemical properties of the reactants and the product [2].

Reactants MW in g/mol Density Melting Point Boilingpoint
4-Dimethylamino benzaldehyde 149.19 - 74.5 °C 176-177 °C
Acetophenone 120.15 1.033 g/cm3 @ Temp: 15 °C 20.5 °C 202 °C
Potassium hydroxide 56.1 2.044 g/cm3 380 °C 1327 °C
Trimethylsulfoxonium iodide 220.07 - 200 °C @ Solvent: Water -
Sodium hydride 24 1.396 g/cm3 @ Temp: 25 °C - -
Product MW in g/mol Density Melting Point Boilingpoint
trans-(4-(Dimethylamino)phenyl) (2- 265.4 - 98 -99.2 °C -
phenylcyclopropyl)methanone

All chemicals were provided by the Morandi-lab and used without further purification.
The Hazard-&Precautionary-Phrases, for which the abbreviation H-&P will be used, are
listed in the appendix. They were researched on [9].
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Table 2: Safety regulations for the chemicals used during the experiment.

4-Dimethylamino ben-

H317-P261, P272,  P230,

zaldehyde, P302+P352, P333+P313,
CAS:100-10-7 P362+P364

Acetophenone, <> H302, H319-P264, P270,
CAS:98-86-2 P280, P301+4+P312,

P305+P351+P338, P337+P313

Potassium hydroxide,
CAS:1310-58-3

OO

H290, H302, H314,
H318, H315,  H319-P234,
P260, P280, P301(P312,
P303-+P361+P353,
P305+P351+P338

Methanol,
CAS:67-56-1

PO®

H225, H301, H331, H31I,
H370, H301+H311+H331,
H371, H301+H311-P210,
P233, P280, P301+P310,
P303+ P361+P353,
P304-+P340+P311

Trimethylsulfoxonium io-
dide,
CAS:1774-47-6

Sodium hydride,
CAS:7646-69-7

®

H228, H260, H290, H314-
P210, P231+P232, P260,
P280, P303+P361+P353,
P305+P351+P338

4-
(Dimethylamino)chalcone,

CAS:1030-27-9

H302, H414-P264, P270, P273,
P301+P317, P330, P501

DMSO,
CAS:67-68-5

Sodium bicarbonate,

CAS:144-55-8

Magnesium sulfate,
CAS:7487-88-9

2.1 Disposal

The organic waste is disposed in the waste for non-chlorinated organic solvents. The
aqueous solutions are disposed in the aqueous basic/acidic waste respectively. The filtered
solid and other contaminated solids are disposed in the solid waste.
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3 Reaction mechanism

This section describes the mechanism of the synthesis in detail. Acetophenone (2) is
deprotonated by potassium hydroxide. The formed enolate (6) attacks the electrophilic
4-dimethylamino benzaldehyde (1). By protonation of the resulting alkoxide (7), then
deprotonation of the CHy group and elimination of OH™ 4-dimethylamino chalcone (3) is
obtained.

Figure 3: Reaction mechanism of the performed aldol condensation to obtain of
4-dimethylamino chalcone.

Through deprotonation by sodium hydride, Me3SOI (4) forms the activated dimethy-
loxosulfonium methylide (11). 4-Dimethylamino chalcone (3) is attacked to form inter-
mediate (12) through a 1,4-addition. Through an intramolecular Sy2 like reaction with
DMSO as leaving group and the enolate as nucleophile, trans-(4-(dimethylamino)phenyl)(2-
phenylcyclopropyl)methanone is obtained. Due to the reversibility of the 1,4-addition, the
thermodinamically more stable trans product is formed.
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-Megso

Figure 4: Reaction mechanism of the synthesis of
trans-(4-(Dimethylamino)phenyl)(2-phenylcyclopropyl)methanone.

4 Atom Economy

AE1 _ MPT‘OdUCt

M Reactants

AF, — MProduct
5 =
MReactants

251.3-8
mol
- 100% = 22

(149.2 + 120.2 + 4 - 56.11) &, =
267.4-8-
mol

-100% = 49

(1.2- 24+ 1.2-220.07 + 251.3) & e

AE,y = AE; - AEy = 11%

5 Procedure

In 100 mL flask equipped with a stirring
bar 4-dimethylamino benzaldehyde (2.5 g,
17 mmol, 1.0 eq) and acetophenone (2.1 g,
17 mmol, 1.0 eq) were dissolved in methanol
(43 mL, 0.4 M) and cooled to 0 °. Potas-
sium hydroxide (3.8 g, 68 mmol, 4.0 eq) was
added and the reaction was stirred over three
days at RT, then stored in fridge for one day.
The precipitate was collected by filtration,
washed with HoO and little methanol. The
crude product was purified by recrystallisa-
tion from methanol to yield 4-dimethylamino
chalcone (1.8 g, 7.3 mmol, 43%) as a light
yellow solid.

A 100 mL flask was charged with trimethyl-

sulfoxonium iodide (1.1 g, 4.8 mmol, 1.2 eq)
and sodium hydroxide (0.18 g, 4.8 mmol,
1.0 eq, 60%). After exchange of the atmo-
sphere with nitrogen, dry DMSO (16 mL,
0.25 M) was added dropwise and the reac-
tion was stirred for 30 min at RT. The pre-
viously prepared 4-dimethylamino chalcone
(1.0 g, 4.0 mmol, 1.0 eq) was added as solid
and the reaction was stirred overnight at RT.
TLC analysis (9 : 1 hexane : ethylacetate)
showed complete consumption of the reac-
tant 4-dimethylamino chalcone. The reac-
tion was quenched with HoO and the aque-
ous layer was extracted with DCM (2 times,
40 mL). The combined organic layers were
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washed with H2O, saturated NaHCOg, brine to yield trans-(4-(dimethylamino)phenyl)(2-
and dried over MgSQy, filtered and concen- phenylcyclopropyl)methanone (0.15 g,
trated in wvacou. The crude product was 0.6 mmol, 15%) as a light yellow solid.
purified by recrystallisation from ethanol

6 Characterisation

6.1 Melting point

6.1.1 4-Dimethylamino chalcone

Literature value [7]: 111 — 113 °C

Measured value: 113 °C

6.1.2 trans-(4-(Dimethylamino)phenyl)(2-phenylcyclopropyl)methanone

Literature value [3]: 98 —99.2 °C
Measured value: 160 °C

6.2 Infrared spectrum

6.2.1 4-Dimethylamino chalcone

PerkinElmer Spectrum Version 10.4.3
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Figure 5: Measured infrared spectrum of the purified product from the synthesis of
4-dimethylamino chalcone.
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Table 3: Interpretation of the stretches in the measured IR characteristic for
4-dimethylamino chalcone @

Wave number [cm ™| Interpretation
2804 (w) C-H stretching
1647 (m) C=0 stretching
1596 (m) C=C stretching, aromatic
1523 (m) C=C stretching, aromatic
1341 (m) C-N stretching, aryl
1309 (m) C-N stretching, aryl

By comparing the measured IR spectrum to the literature spectrum , shown in Fig.
[6] the product could be clearly identified. The C=0O, the aromatic C=C and the Ar-N
stretches are characteristic for 4-dimethylamino chalcone. The peaks in the fingerprint area
are in agreement with the reported spectrum. From the absence of additional peaks it can
be deduced that 4-dimethylamino chalcone was obtained in sufficient purity.

The yield of 43% is very low, compared to the literature value of 88% [8]. A likely cause
for that would be that the starting material was obtained from a previous synthesis and
might not have been as pure as expected.
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Figure 6: Literature IR of 4-dimethylamino chalcone from
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6.2.2 trans-(4-(Dimethylamino)phenyl)(2-phenylcyclopropyl)methanone

PerkinElmer Spectrum Version 10.4.3
Dienstag, 10. Mai 2022 16:22
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Figure 7: Measured infrared spectrum of the purified product from the synthesis of
trans-(4-(Dimethylamino)phenyl) (2-phenylcyclopropyl)methanone.

Table 4: Interpretation of the stretches in the measured IR characteristic for
trans-(4-(Dimethylamino)phenyl) (2-phenylcyclopropyl)methanone [6].

Wave number [cm™!] Interpretation
3369 (m, b) O-H stretching, probably solvent
2974 (m) C-H stretching, alkyl
2798 (m) C—H stretching
1612 (s) C=C stretching, aromatic
1518 (s) C=C stretching, aromatic

Unfortunately no full spectrum could be found in literature and therefore the fingerprint
area could not be compared. However, a paper was obtained where the most important
peaks were listed as follows [5]. IR (in em™1): 2921, 1603, 1396, 1196.

Due to the great difference of the referenced melting point and the disagreement of the
literature infrared spectra it can be deduced that the wrong product was obtained from
the conducted synthesis.

Even if the right product was been obtained, the yield of 15% is very low, compared to the
literature value of 97% [4]. A likely cause for that would be that the nitrogen atmosphere
was removed to add 4-dimethylamino chalcone as solid and not dissolved in DMSO as in
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.

Another possible cause would be that only an impurity was obtained through the
recrystallisation while the product remained in solution.
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A Appendix

A.1 Safety
A.1.1 H-Phrases

H317: May cause an allergic skin reaction.

H302: Harmful if swallowed.

H319: Causes serious eye irritation.

H290: May be corrosive to metals.

H314: Causes severe skin burns and eye damage.

H318: Causes serious eye damage.

H315: Causes skin irritation.

H225: Highly flammable liquid and vapour.

H301: Toxic if swallowed.

H331: Toxic if inhaled.

H311: Toxic in contact with skin.

H370: Causes damage to organs.

H301+H311+H331: Toxic if swallowed, in contact with skin or if inhaled
H371: May cause damage to organs.

H301+H311: Toxic if swallowed or in contact with skin.

A.1.2 P-Phrases

P261: Avoid breathing dust/fume/gas/mist/vapours/spray.

P272: Contaminated work clothing should not be allowed out of the workplace.

P280: Wear protective gloves/protective clothing/eye protection /face protection.
P302+P352: TF ON SKIN: Wash with plenty of water

P333 + P313: If skin irritation or rash occurs: Get medical advice/attention.
P362+4-P364: Take off contaminated clothing. And wash it before reuse.

P264: Wash ... thoroughly after handling.

P270: Do not eat, drink or smoke when using this product.

P301 + P312: IF SWALLOWED: Call a POISON CENTER or doctor/physician if you
feel unwell.

P305 + P351 + P338: IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue rinsing.

P337 + P313: If eye irritation persists: Get medical advice/attention.

P234: Keep only in original container.

P260: Do not breathe dust/fume/gas/mist/vapours/spray.

P303 + P361 + P353: IF ON SKIN (or hair): Remove/Take off immediately all contami-
nated clothing. Rinse skin with water/shower.

P210: Keep away from heat/sparks/open flames/hot surfaces. — No smoking.

P233: Keep container tightly closed.

P301 + P310: IF SWALLOWED: Immediately call a POISON CENTER or doctor/physi-
cian.

P304+P340+P311: IF INHALED: Remove person to fresh air and keep comfortable for
breathing. Call a POISON CENTER or doctor.

11
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A.2 Lab journal copies

“—Expcf'w\.\{vd 10, q“D]W,.\’\M{\C,\m‘\M CJ/‘O:‘CO\AL
Naren

i i

o VOH Al oA
AALOH Me. N N\ e

O H t

Re,a(,*‘cm*‘\ ' MW/W—% Bq. Meles Am;/ﬂ /vl
-Dimethy lamine -
¢ %X‘J\a&mu N43.13 1.0 0013 15443

Acetophiomene 015 1.0 00T zpsq 198 105
K oW g 40 006y ByTg -
Me OH 32.064 0.4m 4.5

roduck WAL Yidd Motes o,

ECarpiitts 513 43% ‘%,zwm"lsu%
Procedatre. Mo% 08370 g iy Q—.mzj TPRE LI
~Disstive 4-Dimerwrioming § A ceto promene. in AeOr
s
~ Add UOH P v ! 125
- Cosl o 0':2 Jrousty shining e g3 clays
b;(:“‘"* percipitote i Filtrotow

wath with 10, Lk (o0d MeOpt
= |f vot pure

puvification by reorstallisabion frow Ateom
Onarackerisation:,

—MP = 113°C
- IR

DO&C of e<p.
0%.08. /1p.05. 2022

12



OAC Praktikum
ETH Ziirich, FS22

~yt \ ant 11 ! ‘V(llf\i (Q (D'\MW‘,\-”‘”:\“A\ MMI') *
t p(A/ \WALL '1""7»\‘)\’\ \"( t{f,‘n?vﬁpu'l) w"w')?MOV‘L \
O 0

1(5
. 0 J\@ 'A/aH
1

()~ e /) J
, O O o (5

e w.

W.an\cuﬂ Mw/%\ Moles  Mass V/ual By tos
d-Duchlonhe 36139 Fmed g~ 4G
MeSOT 2200t Hivmd 119~ 7w

H 0. Fmwms\ O"%g — A
éﬁgo o 16ml. O.25M
Auck MWk Yield  Meles Mo
PYL@* 2564 5%  06m015g

o ™M, zb70488, W»,-b.ﬁ%dg
voceQAuve

Chax’sc Flask with MegfOL  VaH

-APP\‘-( My GWGGPM ' ‘
Add dmy DRSO slowly stivy o RE for 30 wiv
-Add selidh Chadcone W pw‘\"\f""f

GHv For 20M umiil TLC shows storking
matoviol consuwmed (1011 hex/ERX)

-Quemche with H,0  (covetully)

CExvack with DM 2=l evine
‘Waﬁh W;W HLOJ SG*.NaHOO; , dvy ove&r
Mg 50, | filter and  concewtrate

Vurifieation by reoxictallisaon  frow EYOH

C\har ackerisahow:
MP:
R

oXe of exp.

13



OAC Praktikum
ETH Ziirich, FS22

B Acknowledgment

The author would like to thank the ETH Ziirich for providing him with the infrastructure
and support to be able to conduct the synthesis. Great thanks also to the lab assistant
Marlene Fadel for giving him the opportunity to conduct the experiment interspersed with
important theoretical background lessons.

Additionally the authors would like to thank ETH Professor Frederic Merkt who made it
possible for him to attend this laboratory course, even though it was not planned for his
bachelors degree.

14



	Introduction
	Chemical Properties
	Disposal

	Reaction mechanism
	Atom Economy
	Procedure
	Characterisation
	Melting point
	4-Dimethylamino chalcone
	trans-(4-(Dimethylamino)phenyl)(2-phenylcyclopropyl)methanone

	Infrared spectrum
	4-Dimethylamino chalcone
	trans-(4-(Dimethylamino)phenyl)(2-phenylcyclopropyl)methanone


	References
	Appendix
	Safety
	H-Phrases
	P-Phrases

	Lab journal copies

	Acknowledgment

