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— Esterification by Azeotropic Distillation

e Experimental Results
® Green Aspects




Green Chemistaa"

SEENULlIization' off a Set off principles that

rec ces Or eliminates the use and/or

cjer eratlon of hazardous substances in the
| esugn manufacture, and application of

; = chemlcal compounds.

-~ The Goal is to make reactions safer, more
efficient, and more cost effective while
minimizing personal and environmental
harm.




_\ VPReseanch-Objestives:

Iop @rEEner organic chemistry. Iabs
| a pGan be performed safely and
ctlvely Py undergraduate students.

_' -abs must incorporate CHE 305/306
= Course material.

~» [[abs must meet the goals of Green
Chemistry.




Green-Considerations

PRI ECE  Nazaldous reagents with' safer
ENEWEDIE reagents

J J\_/ |m|ze Or eliminate the generation of
_;. n zardous waste and products

= - - _h-__

—

= e Avoid auxiliary substances, such as solvents,
~ whenever possible.

¢ [Jse reagents catalytically rather than
stoichiometrically
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Consideration: Genptifttied. =

J\/J]r MIZE Eneragy’ Use

J M~ dmize the incorporation of all starting
£ terlals used into the final product (Atom
: :conomy)

:
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= Develop procedures that can be performed
= 0Rn an open bench top

¢ Generate products and by-products that
can be recycled or reused
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AteomyECOnOmyA

aueiiiEconomy=_ MW of Product  x 100%
MW: of all Reagents

:—._.- -

S mcorporatlon of as many of the atoms
used in the reagents into the final product.
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AtemEconomya=

ROIgEXample. ..

= 0
— OH o iOH o )l\o/\/\ + HO

-
= —
et

'=_f | butanol acetic acid n-butyl acetate

e 116.15g C,H,,0, X 100% = 86.6%
(74.12g C,H,,O + 60.05g C,H,0,)

® By-Product is H,O accounting for 18.02g
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[dentityaofi By-Preduct™

EENERaLEISmall Dy-proaucts (ex. H,0)

Byds jodlicts must be evaluated for:
=4 OXICIW

—

-T;__Potentlal hazards (volatile, Cl,)

—

___.—-—

= — Ease and appropriateness of Disposal (Drain,
~ Scrubbers, Fume Hood)




S
A Greener Synthesis Ofiss
£ ceWIsallcyllc Acid (ASPirin)

SRPEVEIOPE DY FeliX >

SOliinen i 1893 ‘
) ;._g'ested adding an

3 E'étyl group to
E=Salicylic acid
T oday: aspirin is the

most widely used
medicine of all time.




iErcialsSynthesissef@ASpirT
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benzene - phenol salicylic acid

aspirin




Neltiiral Synthesis eivASHIHT =

OH
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OH HSC/KO

: salicylic acid "
methyl salicylate y aspirin
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e rimentalsSynthesis orn ASpiFhT

Aon

salicylic acid acetic anhydride aspirin acetic acid
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perimental \Vanaisie
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> Tengdieitiige
SH00E for' 15 minutes
C0YE for 5 minutes

—

— Average percent yields were 20% higher at
90 °C




perimen_tal Procedlre

J

IFSRNTIOIAr ratior mixture of salicylic acid
z2ifich acetlc anhyaride

oSN rops OF catalytic 85% phosphoric acid
= | eated I[N open air reflux apparatus for 5

= e Reactlon was quenched with 5 mL of H,0
(destroy excess acetic anhydride)

® Cooled in ice bath, and collected
percipitate by vacuum filtration
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Green ASpecisus

|
N o

B T HiC CH o+

= OH 3

.'E;Q[i(.; acid acetic anhydride aspirin acetic acid
FW= 138.1 FW=102.1 FW=180.2 FW=60.0

= E&‘g_‘c Made from renewable resource

#-SA" il catalyst

s No additional solvent

s Absence of fume hood

Average Percent Yield= 93%

Atom economy= /5%

Safe by-product (Acetic Acid)

Confirmed by IR spectroscopy, melting point, and proton NMR
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Phidergraduate Preceatire

> U~~' EPUIMIZEd precedure to develop
SLUEENE procedure

C|I|tated Lindergraduate experiment

= SICollected and analyzed undergraduate
: results
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Jitergraduates.abaRestlts ==

o Per_ Yield range= 63% to 84%

Fage Percent Yield= 75%
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. Conflrmed identity by IR spectroscopy and
melting point determination
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e Experimental Time: 2hrs
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PRVIaEly used

& Preservatives
== _ Additives
— Fragrances

— Lotions




ischer Esterification

— _—-)\OH + R—OH

-l
—
B —

-~ carboxylic acid alcohol
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ISSESWIthEISEher Esterification’

EEuilibriumcIssues s
v\/a;; to Shift Equilibrium

‘sé EXCESS Off One reagent
_ __:'emove product

==
R/kOH +  R—OH

carboxylic acid alcohol




iy

terification by Azeotropit
Pistillationref Water

® Microscale azeotropic apparatus
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AGreenerEsterification

BRBGirements for azeotropic distillation
Alcotiol can not be miscible in water
&= Four carbon alcohol or larger is needed




@eneral . Procedure™ ™

SRININOI caroxylic acid
510 moI alconol
J O 03 Dowex resin beads (acid catalyst)

Sefiuxed mixture in apparatus for ca. 20
— mlnutes (until secession of growth of water
iayer)
e Removed resulting liquid from resin beads
Via pipette
e Confirmed Ester by IR spectroscopy,
refractive index value, and proton NMR
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SEXPErmMental Esterfications™

O
Car o

e _ - —
. W/VOH + )l\OH e O/\( + H0

Isoamy| acetic acid iIsoamy| acetate
alcohol

cat. H" O|

n-butyl acetate
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SXperimentall Esteriications™

5

v OJlJF\ )N \/l\ ot H* \)‘\
OH + HO
Hror)Jc ate =3 o >

2-methyl-1-propanol  propanoic acid isobutyl propionate

- ' j)l\ cat. H" j)l\
T )\/ + H,0
o [sobutyl H o = R
Formate formicacia  2-methyl-1- isobutyl formate
propanol
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permental Esterfications™
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® Octyl acetate

1
cat. H' )\O/\/\/\/\ -+ H,O

+\/\/\/\,OH—>

acetic acid octyl alcohol octyl acetate
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-«perirmerntal Outcornas
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Grreen, Aspecisps™

~

EIEIREAgents
SNGIEXGESS! O Reagents

NEEGES Ester Atom Economy (%)
0 '\F*e Catalyst Isoamyl acetate 87.8

ESEDLIEX Resin Beads- n-butyl acetate 86.6
E" "‘fRecoverabIe & Reusable isobutyl propionate 87 8

o —

— % Splventless Reaction isobutyl formate 85.0
~ -8 -Absence of fume hood octyl acetate 90.5
High Atom Economy

Safe By-Product (H,0)

Pleasant scent

—
-




Iitergraduate Expenifient =

PiEEnIc Chemistry Lalb performed
= rf ilication using the general method

J a‘ ' student performed 1 of 3 reactions as
=i Unknown”
"'""“"“f; Isoamyl acetate
—— N-Butyl acetate
— [sobutyl propionate
® Students were asked to identify the ester

and scent generated

e
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Jitergraduates.abaRestlts ==

EEICENTYIEIN lange= 62% to 61%

Fage Percent Yield= 72%
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® Products were successfully confirmed by
IR spectroscopy, refractive index value,

and generation of expected scent
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Conclusions e

Jr,{r)er-‘ SAtal and undergraduate Data was
FOH# sued and! interpreted.

Dzjie) Gives Evidence that both Aspirin and Fischer
Es e_rlﬂcatlon Procedures can be performed safely

B=iid effectively in an undergraduate organic lab.

..--

"-_" Procedural evaluations conclude that both reactions
-~ have been significantly improved for overall
greenness.

e A Win : Win Situation is a SUCCESS in Green
Chemistry! (Performing safe, efficient reactions
while minimizing environmental harm)




&
ACKknewledgemenis®

R —

2 SpedfE Thanks To
— r EariflLecher

—

. -Marlan College and The Department of Natural

—
—

= and Behavioral Sciences

—
—
" —
_-|—-

— CHE 498 Group




QUESTIONS s




