CHEM 304 Experiment Prelab Coversheet

Name: Justin Arthur Student Date: __ og/22/2014 Exp. #: JAS-14
Title: Preparation of NN-Dlethyl-w-toluamide (DEET)
Purpose: 7o prepare N N-diethyl-m-toluamide (DEET) and characterize it by IR and

proton NMR sPectrosoml: Y

Chemical & Safety Data:

Substance Structure MW (g/mol) | m.p. (°C) b.p. (°C) | Density (g/mL) Role
Name: ne-7oluic Acid g 13615 108112 236 1.05 Reactant
Formula: c-+-0- = Safety: cawses eye skin, & respiratory tract lrvitation
e
Name: 7oyl Chioride 112.97 ‘ 105 ‘ 7 162 ‘ Reactant
/,
-Formula: soct. s Safety: may be fatal if inhaled. Causes burns by all exposure routes. \Water-
reactive. Contact with water Liberates toxic gas. Lachrymator.
Name: piethylamine #2413 -50 55 0.7 ReactanE
Formula: c.r..~7 (CHsCH2)NH Safety: Harmuficl if absorbed through the skin. Causes gye & skin burns.
Causes digestive and resplratory tract burns. Extrenmely flammable.
Name: thfhgl Ether F4.12 116 325 ‘ 0.7 ‘ Solvent
Formula: ..o (CHsCHR)20 Safety: Extrencely Aammable. may form explosive peroxides. (rvitating to
éyes, skiv and respiratory) tract. VApOrs may cause aArowsiness & dizziness.
Name: sodivm sulfate N/A ‘ N/A ‘ N/A ‘ N/A Drying Agent
N/A
Formula: va-so. Safety: possible ivvitant.
Name: tSoz?lu/ww N/A N/A N/A N/A Aqv/telcms
Hydroxide, 10% aq N/A Auxiliary
Formula: naOH Safety: corvosive. causes eye & skin burns. Causes respivatory tract burns.
Name: Hydrochloric Adgueous
! ydrochlort N/A N/A N/A N/A 01/ ,
Actd, 10% ag, /A Auxiliary
Formula: Hcl Safety: cawses eye skin, and respivatory tract burns. Corrosive.
Name: Aluming N/A N/A N/A N/ A Adsorbent
N/A

Formula: AlL.0-

Safety: MAY Cause respiratory tract rritation. MAay cause lung damage.
May cause mechanical eye & skin irvitation.

Name: A, A-Dlethyl-se-
| rethyl-ne §gtthth 191.27 N/A 111 0.99¢ Product
toluamide £ e, - —
Formula: c.ot+.=NO @C ’ Safety: iitant.
h
Safety Notes: Prelab: (25 points)
- When heating a reaction apparatus, be sure that it is open to the aiv so that pressure Inlab: (15 points)
build up and subsequent rupture of the apparatus dpes not occur. .
) . ) L » L Postlab: (60 points)
- When heating liquids, malke sure the liquid is stirved (or a boiling chip is added) to -
prevent “bumping’. Total: (100 points)
- When performing an extraction, make sure to vent the separatory funnel often to
prevent pressure build-up.




DATE EXP. NUMBER EXPERIMENT

cVZ5/207 7 | JAS 4 Freparation of VA /V—p/étéda/—m—fa&am&/e / pfm

NAME LAB PARTNER WITNESS
ustin Arthuwe Stadent

7. The qpparatus botow was assembled] flame-dricd] and vented its the hood/ (NOTE: Apparatus mst be aﬂy,//

2. 0275 9 (0,0020 mot, ﬂf n~tobue acid was adied to the reaction fﬁmé

3.tk a tHODD(7),0.30 nl (0489 4, 0.00#7 wot) of thiny! chtorite was adied via syringe.

4. Cirealttion of water through the reflun condenser was sturted] then the reactin was heated }wyb‘{y wt the misture began to borl,
5. The mistare was ﬁef/m«’ /e/(féﬂ/ fw‘ 20 i, then cooted to room lemperature / ook about 70 /rr/)r/.

6. M’/ﬁy the Syringe, add 4.3 ml MW&«& elher was adted to the mivture and it was stirred awntil a solution was obtaied

7. A solution of 0.70 ml (0.49 g, 0.0067 mot)) of ioe-cod disthybamive ix 1.5 L of anbydrons disthyl ether was addod to the reaction
misture dropuise via yringe over about 15 mix. During the addition, a thick white ofoud formed sver the reaction misture,
8, After complete adilitin, the reaction misture was stirred for 70 mi at room temperature,
9, 2.4l 10% NaDHf (v syringe) was addod] and the misture was stivred for 75 mix at room lemperature,
70. The misture was transferred to a separatory fumned and the agueans (bottom) tayer was discarded,
77, The organic lager was washed with 2 wl 10% NaDFy, foltwed by wasking with 2 nl 10% HCV Diseard agueons (bottom) lager.
72. The organte lager was dricd over sodim sulffte, then docanted ixto a smatl conival wiel and evaporated over tou heat (setting = 3
73, The crade, brown lyuil product from step 12 was fiftered throgh 7.0 g abumina i @ Pastear pjpet column wsing hexane (5 - 7 )
as the ebent, and the hevane solution was cotbooted iv a small tared beaker (Tare wt = 31,873 4).
74, The henane solttion was evgporated on a hot plate over bw heat (settiyg = 3) to afford a pale yellow off,
Beaker + DEET = 32213 5
We DEET = 0340 9
75, A (R (thic fitw) axd protox NHR (COCY,) spectea were obtuied,




Preparation of N,N-Diethyl-m-toluamide (DEET) and its Identification by IR and NMR Spectroscopy

Justin Arthur Student
CHEM 304
September 8, 2014

INTRODUCTION

N,N-Diethyl-m-toluamide (DEET) is the active ingredient in many insect repellants.” In this experiment,
DEET will be prepared from m-toluic acid through the intermediate acid chloride and then identified by its IR
and proton NMR spectra. The overall reaction is a series of two acyl substitutions and is shown in Scheme 1

below:
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Carboxylic acids can be converted to acid chlorides by treatment with a compound such as phosphorus
trichloride (PCls) or thionyl chloride (SOCI,).2 The reactive acid chloride can then be treated with a primary or

secondary amine to give the amide along with HCI, which reacts with the excess amine to give an

alkylammonium chloride salt. The mechanism of this process is shown on the following page in Scheme 2%
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Scheme 2

Comment [h1]: TITLE. Note that the title
summarizes in one sentence the purpose of the
experiment

Comment [h2]: Lab Reports should be written
using passive voice. The experimenter is ideally an
objective observer, and writes his or her reports as
such.

Comment [h3]: PURPOSE of the experiment.
Also include the TYPE of reaction

Comment [h4]: Include the REACTION in the
introduction for synthesis experiments.

Comment [h5]: Structures must be drawn BY
HAND. This will give the student more practice and
also help prevent errors.

Comment [h6]: Make sure to also include the
MECHANISM of the reaction in synthesis labs

Comment [h7]: Structures must be drawn BY
HAND. This will give the student more practice and
also help prevent errors.



To carry out this reaction, the apparatus shown in Figure 1 will be assembled. The apparatus must be dry,
since thionyl chloride will react with water to give sulfur dioxide and hydrogen chloride.*
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Figure 1°

m-Toluic acid and thionyl chloride will be charged into the reaction flask (USE A HOOD?!), then boiled gently
to effect the formation of the acid chloride. The acid chloride will then be cooled to room temperature and
dissolved in anhydrous ether. Ice-cold diethylamine will be added as a solution in anhydrous ether to form the
amide. The resulting ether mixture will washed with aqueous sodium hydroxide (to remove any excess acid
chloride), then washed with hydrochloric acid (to remove any excess diethylamine). The resulting ether
solution of DEET will be dried and evaporated to yield the crude product, which will then be purified by
column chromatography to afford pure DEET. The percent yield from m-toluic acid will be determined and the
product will be analyzed by transmission infrared spectroscopy (IR) as a neat sample using NaCl plates® to
confirm its structure by (1) looking at the major absorptions and comparing them to a correlation table® and (2)
by comparing the spectrum to that of an authentic sample. The major IR absorption is expected to be the amide
carbonyl at 1640 — 1700 cm™.® The product will also be analyzed by *H-NMR spectroscopy as a solution in
CDCls. The *H-NMR chemical shifts are expected to be a multiplet at & 7 — 8 for the four aromatic protons, a
singlet around & 2 — 3 for the three protons on the benzylic methyl group, a quartet at 8 2 - 3 for the four CH,
protons in the ethyl groups, and a triplet at around & 0.5 — 1 for the six CHs protons in the ethyl groups.’

Comment [h8]: This example report assumes that
the student has discussed the principles of both NMR
and IR spectroscopy in a previous lab report. If
these are techniques new to the student, the
principles of that technique must be discussed here.

Comment [h9]: METHODS. This is a general
description of the method which will be used to carry
out the experiment. The specific lab procedure is to
be recorded in the “Experimental” section.

In addition, note the description of the analysis of the
isolated product and what the writer is expecting to
see for this particular product.



EXPERIMENTAL

The apparatus shown in Figure 1 was assembled. The 10-mL reaction flask was charged with 0.275 g of
m-toluic acid (0.0020 mol) and 0.30 mL of thionyl chloride (0.492 g, 0.0041 mol). The condenser water was
started, and the mixture was gently heated with stirring on an aluminum block (block temp ~ 90 °C) until
boiling started. The reaction mixture was then gently boiled for about 15 minutes. After the boiling period was
finished, the reaction mixture was cooled to room temperature. 4.0 mL of anhydrous ether were added, and the
mixture was stirred at room temperature until a homogeneous mixture was obtained. To this solution was added
(dropwise over a 15 minute period) a solution of 0.66 mL of cold (0 °C) diethylamine (0.462 g, 0.0063 mol) in
1.33 mL of anhydrous ether. During the addition, a thick white cloud of diethylamine hydrochloride was
formed. After complete addition, the reaction mixture was stirred at room temperature for about 10 minutes.
10% aqueous sodium hydroxide (2 mL) was then added, and the reaction mixture was stirred for an additional
15 minutes at room temperature, then poured into a separatory funnel and allowed to separate. The aqueous
layer was discarded, and the organic layer was washed with an additional portion of 10% aqueous sodium
hydroxide (2 mL), followed by a portion of 10% hydrochloric acid (2 mL). The organic layer was washed with
water (2 mL), dried (Na;SO,) and evaporated to yield crude N,N-diethyl-m-toluamide as dark brown liquid.

The crude product was filtered through a short alumina column (hexanes) to give pure N,N-diethyl-m-toluamide

asa yellow quuid. Comment [jmh10]: The experimental
description here assumes the reader is schooled in
the techniques of organic chemistry. Note that actual

Product mass: 0.340 g amounts are used, not necessarily the amounts listed
FTIR (film, NaCl plates): 2980, 2880, 1633 (C=0), 1585 (C=C) cm™. in the table of chemical substances.
'H-NMR (300 MHz, CDCl3): & 7.3 7.1 (m, 5H, Ar-H), 3.53 (g, 2H, CHy), 3.24(q, 2H, CH,), 2.35 (s,

3H, Ar-CHj3), 1.23 (t, 3H, ethyl CHg), 1.09 (t, 3H, ethyl CH3) Comment [jmh11]: Provide product mass and

analytical data at the end of the experimental section.

RESULTS AND DISCUSSION

Reaction of m-toluic acid with thionyl chloride, followed by diethylamine produced 0.340 g of a yellow
liquid the IR spectrum of which unequivocally showed the presence of the amide carbonyl functional group at
1633 cm™. In addition, absorptions due to aliphatic C-H (2980 — 2880 cm™), and aromatic C=C (at 1585 cm™).
The IR spectrum is attached to this report. These data are consistent with the structure of N,N-diethyl-m-
toluamide (DEET), shown in Figure 2 below:

Figure 2: N,N-Diethyl-m-toluamide (DEET)

In addition, the IR of the product closely corresponds with that of an authentic sample of N,N-diethyl-m-
toluamide (DEET) shown in the lab text.” Also, the "H-NMR shows the presence of four (4) aromatic protons
in the region 7.3 — 7.1 ppm, as well as a three (3) proton singlet at 2.35 ppm, which corresponds to the benzylic
methyl group. The presence of two ethyl groups is clearly shown by the presence of two quartets which
integrate to 2 protons each at 3.53 and 3.24 ppm, and two triplets which integrate to 3 protons each at 1.23 and
1.09 ppm. Although the ethyl groups look chemically equivalent, because of restricted rotation about the C-N
bond (due to the relatively large contribution of the resonance structure shown in Figure 3 to the overall
structure of the DEET molecule), they are not equivalent, and this is reflected in the *H-NMR, which contains
signals for two chemically nonequivalent ethyl groups.
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Figure 3. Alternative Resonance Structure of DEET

Furthermore, the *H-NMR of the product isolated from this experiment closely corresponds to that of an
authentic sample of DEET. It can therefore be concluded that the product synthesized in this laboratory was,
in fact, DEET.

0.34 g of N,N-diethyl-m-toluamide (DEET) was produced from 0.275 g of m-toluic acid. This
corresponds to a percent yield of 88.1%. The calculations are shown below:

The limiting reactant in this preparation is m-toluic acid. Therefore, the theoretical yield of DEET is
calculated as follows:

1 mol DEET 193.1 g DEET
Theoretical yield of DEET = (moles m-toluic acid) x X
1 mol m-toluic acid 1 mol DEET

1 mol DEET 193.1 g DEET
Theoretical yield of DEET = (0.0020 mol) x X =0.386 g DEET
1 mol m-toluic acid 1 mol DEET

Actual yield of DEET (0.340 g)
% Yield = x 100 = 88.1%
Theoretical Yield of DEET (0.386 g)

The experiment proceeded as planned, giving a very good yield (88.1%) of DEET. There were no spills
or other abnormal physical losses, so it is doubtful that this procedure can be improved much further without a
significant amount of effort.

SUMMARY AND CONCLUSIONS

In this experiment, it was shown that N,N-diethyl-m-toluamide (DEET) could be produced from m-toluic acid
by treatment with thionyl chloride followed by reaction of the intermediate acid chloride with diethylamine in
an overall yield of 88.1%. That the product synthesized was, in fact, N,N-diethyl-m-toluamide was
demonstrated by its IR and *H-NMR spectra.

Comment [h12]: THOROUGHLY INTERPRET
YOUR DATA, provide the meaning of each piece of
data, and state what can be concluded from these
data.

Comment [h13]: PROVIDE CALCULATIONS.
Make sure to show all of your calculations. How to
calculate the theoretical yield of a compound is
shown in Pavia, p. 562 ff 4" ed)

Comment [h14]: COMMENT ON SOURCES
OF ERROR and how they could be avoided or
minimized.
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ANSWERS TO QUESTIONS

1. Why is the reaction mixture extracted with 10% aqueous sodium hydroxide? Write an equation.

In the event any acid chloride did not react with diethylamine, the sodium hydroxide converts the
residual acid chloride to the sodium salt of m-toluic acid. This salt is water soluble and is
extracted out of the organic layer into the aqueous layer and therefore is separated from the
product. The equation which describes this process is:

o o
ngH 1. Na®
- Nacl c—o0 Na
+ NaOH = NaOH
e
-H,0
s CH
3

2. What reaction would take place if the acid chloride of m-toluic acid were mixed with water? Write an
equation.

The acid chloride would hydrolyze according to the following equation:
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Reproduced from the Spectral Database for Organic Compounds (SDBS). www.aist.go.jp/RIODB/SDBS/cgi-bin/cre_index.cgi (accessed May, 2006)
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Reproduced from the Spectral Database for Organic Compounds (SDBS). www.aist.go.jp/RIODB/SDBS/cqgi-bin/cre_index.cgi (accessed May, 2006)
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