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QA2 ST. CATHERINE Three Step Synthesis of Fluoxetine

UNIVERSITY

Meaghan A. Bruening, Kristine N. Her
St. Catherine University

. o o . Synthetic Schemes i - ic difficulti
Fluoxetine is the active ingredient in the antidepressant Prozac. It works y T::jer:thirnee cs:t)erg Ipert(i)gﬁdg][ethgnf::cﬁg:]edscﬁg\rfgal |?1>;?;2§U§f Z‘Iszfe";#l;tlli?\s’
as a selective serotonin reuptake inhibitor to treat conditions including F ?Iuoxetineg the Enal molecule synthesized Was. the product of an Al do%
depression and obsessive-compulsive disorder. To assemble this - . ! : : .
molecule, a three-step synthesis was utilized. Intermediates included 1- O O OH F NaH ©)< reaction. Although the mSt_ reaction was gupposed t(.) proceed as a s_|mple
propanone, 3-(methylamino)-1-phenyl-(synthesized through an S,2 Proposed Path ©)J\/\C| MeNH, ©)KAN/ NaBH, WN/ /©)<F — > Sy2 replacement, the chlorine atom leaving and being replaced with an

. | : : H H ~ amine, the data collected conclusively proved this was not what
reaction between 3-chloropropiophenone and methylamine) and o-[2- Cl HV\Q ! )
(methylamino) ethyl] benzyl alcohol (synthesized through reduction of | happened. : Instead, the m(?t_h ylgmlne deprotonated the a. carbon of 3-
the first intermediate using NaBH,). The second intermediate was O Fluoxetine chloropropiophenone, facilitating the attack of a second 3-
: : e : . O chloropropiophenone molecule. This proceeded as an Aldol reaction
subjected to 4-chlorobenzotrifluoride and sodium hydride to produce MeNH O ¢l : e : -
orocedure, several ,synthetic difficulties led to the formation of O was heated, suggesting the possibility of an Aldol condensation, the data
unexpecte’d oroducts. Cl from both NMR and IR suggest the final condensation did not occur. No

alkene functionality was present in the data.

The NMR data shows the appropriate peaks, splitting, and integration to
account for all of the protons expected in the Aldol product. The IR data
requires more interpretation due to the expected OH stretch. Although
this stretch is supposed to occur around 3500 cm, this data shows a

Fluoxetine Background

Jwniterxnd-16-15_PROYON-1 jdf stretch in the 2400-2500 cm-! region. Although this is uncommon, it is
A new class of antidepressants, selective f I( not unprecedented, and, due to the heavy conjugation of the molecule,
F o serotonin reuptake inhibitors (SSRIs), has 0.20 this down-shifted peak may represent the expected OH stretch.
/@XP emerged within the last few decades. They : Therefore, both data sets support the formation of an Aldol product.
treat a broad spectrum of conditions including ]
3 O dep_res_sion, obsessive_-compulsive di_sorf:ler, and e Conclusion
N m bulimia nervosa. This class of medications has L
; been shown to be equally e_ffectlve compared to § - This synthetic scheme resulted in an unsuccessful attempt to synthesize
Fluoxetine o_Ider treatments, but contalng, far fe.Wer adverse 3 fluoxetine. Although the first reaction was supposed to proceed through
3|de-_e ﬁECtS'. One of t_he leading antidepressants . | an S,2 mechanism, the weak base favored deprotonation at the «
_ of t_h's _type Is fluoxetine. _ _ g ] carbon. This, in combination with the poor leaving group ability of
EXposure 1o _th's f_"Ed'Ca“O” _alters the prgsynaptlc serotonin : ch 7 chlorine, led to an Aldol reaction. In order to assemble the desired
transporter.  Since this presynaptic transporter differs from those of 005 ] da | Ext t " Set.Up Usi molecule, alterations will need to be made to the procedure, or a new
other neurotransmitters such as dopamine and norepinephrine, SSRIs f X La9 'on de(-:HpCIsmg synthetic scheme will need to be derived. Retrosynthetically, the first
are able to target and alter 0|_*1Iy the fu_nctlon and uptake of serotonin. - j rine an 2l solvent could be replaced with water to “green up” the reaction.
SSRls bind 1o _th? serotonin  specific enzyme at _the_ end _O_f the f A l Ji, Jk However, since the desired synthesis did not occur in the optimized
transporter, modifying the shape and reducing the binding ability of o W o oo S-S solvents, this green alternative may not be the best way to assemble the
serotonin. Beg:ause of the decreased blndlng,_serotonln accumul_ates In TR TR T A A W I N T MY molecule. The current procedure, without alterations, is not a good
the presy_na_ptlc transporter. Instead of being transportegl with the 80 75 70 65 60 S'SChemiSA?smn(Sbiq | 40 35 30 25 20 15 synthetic path to follow in an undergraduate laboratory for fluoxetine
enzyme, It |s_able to be_capturgd, stored, anc_i usec_l _Iater In the cell. synthesis.
This reallocation and redistribution of serotonin facilitates an array of 0.
physiological alterations, aiding in the treatment and recovery from * Future Directions
many physiological disorders. 96*
% 0 e - Re_p_eat synthe@ic scheme_ usin_g a prote_cting group on keton_e |
% T bl . Ut|||_ze a starting material with bromine instead of chlorine (improved
" O Cl wrobems sk leaving group)
2 HO O-H /‘ \ | sas froh . Use_X-ray crystallography to verify f_orma_tion of Aldol _product |
Green chemistry strives to improve 841 O C=0 g 1058.978.55(:;91# nm\swsawcm_ . DESIQ_I’I a new synthetic scheme using different reactions and starting
Sy the sustainability of chemical 82, Cl / T - i materials
reactions, making them safer and 80, C=C ok
less hazardous. There are a variety 78 References
B of ways to “green up” a reaction, 76 758@\%@%1
%/ often focusing on the use of 4600 3500 3000 2500 2000 1500 1600 500450 Edward, J Guy. “Selective Serotonin Reuptake Inhibitors.” BMJ

cm-1

catalysts, Improving atom economy, 305(1992): 1644-1645. Web. 20 Apr. 2015.

e e and using less dangerous starting Stahl, Stephen M. “Mechanism of Action of Serotonin Selective
materials and reagents. Practical Green Chemistry Calculations Reuptake Inhibitors.” Journal of Affective Disorders 51.3 (1998): 215-
considerations must also be taken regarding the cost of the “green” 235. Web. 20 Apr. 2015.

alternative and the time required. Zelenin, Alexander. Synthesis of 3-aminomethyl-1-propanol, a Fluoxetine
To improve this procedure, we retrosynthetically examined the first Precursor. Board of Regents, the University of Texas System, USA,
reaction and focused on safer solvents. Replacing the solvent of the Hazards Flammable, acute toxicity, organ ~ None assignee. Patent US 20040102651. 27 May 2004. \Web.
first reaction, methanol, with water, would reduce the hazards, making toxicity
the reaction safer while decreasing cost. Cost $0.07/mL $0.02/mL Acknowledgements
Percent Yield Not Determined Not Determined
E Fact Not Determined Not Determined . . . .
et oL EIETine o1 DEIErine This research project was funded by Minnesota Pollution Control Agency
Reaction Time, Temp 15 minuntes, Room Temperature  Not Determined green Chemistry curriculum initiative
Minnesota Pollution Product Purity, byproducts Minimal Impurities Not Determined Advice, assistance, and helpful suggestions from Dr. James W. Wollack
Waste produced =~ 20 mL methanol Hydrochloric acid (0.179) lab i ! !
Control Agency Hydrochloric acid (0.17g) Methylamine (8.69) (lab instructor)

Methylamine (8.69)
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