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Abstract

The ACS Green Chemistry Institute Pharmaceutical Roundtable was formed in 2005 to encourage the incorporation of
green chemistry techniques into the synthetic pathways of pharmaceuticals. Through this initiative, synthetic path-
ways of several pharmaceuticals have been altered to adapt more environmentally friendly procedures. The amount
of electricity required to complete chemical reactions have become an environmental concern due to depleting fossil
fuels. A technique was recently developed in which satellite dishes were repurposed as solar reflectors capable of pro-
viding a heat source through solar irradiation. The ability to use the solar reflector as the sole heat source for synthetic

reactions has been analyzed for the commercially important pharmaceutical, ibuprofen. Ibuprofen synthesis also
incorporates chemicals that are not particularly friendly to the environment. The exchange of these chemicals with
more environmentally friendly substitutes has been analyzed. The goal of this study is to incorporate a solar energy
heat source to develop an alternative energy, more environmentally friendly pathway to ibuprofen.
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Background

Ibuprofen is a nonsteroidal anti-inflammatory drug that
is commonly used worldwide for pain relief and fever/
inflammation reduction [1]. It was discovered in the
1960s by Andrew Dunlop, who initially tested the drug
on cures for hangovers. The drug was first made available
via prescription in 1974 (United States) and soon became
available as an over the counter drug purchasable at retail
shops around the globe [2].

The synthetic procedure to synthesize ibuprofen was
patented by the Boots Pure Drug Company in the 1960s
(Fig. 1). Their synthetic process involved several com-
plicated steps that generated a considerable amount of
chemical waste [3]. Since the Boots method of synthesiz-
ing ibuprofen generated an enormous amount of waste
when performed on the industry scale, alternative syn-
thetic routes the drug have became of public interest.
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In 1992, BHC Company unveiled a new, alternative
process of synthesizing ibuprofen (Fig. 2) that was much
more environmentally friendly and a model of “atom
economy” [4]. This procedure is now owned by BASF and
is used as the synthetic procedure for the production of
this pharmaceutical. The plant generates approximately
7.7 million pounds of ibuprofen per year representing
about 20-25 % of the global production of this pharma-
ceutical [5].

Electricity is needed for most synthetic steps in both
the BHC and Boots method of synthesizing ibuprofen.
Most of the electricity in the United States is generated
from fossil fuels, thus the usage of electricity has some
form of environmental impact associated with it. Solar
and water-based energy generation processes, which are
virtually greenhouse gas emission-free, have been engi-
neered and implemented in various parts of the United
States [6]. The solar oven was recently introduced a pos-
sible heat source for chemical reactions [7]. However, it
has been determined that solar ovens have the capacity to
only heat up to approximately 170 °C, far less than some
known synthetic reactions [8].

© 2016 The Author(s). This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40508-016-0052-y&domain=pdf

Agee et al. Sustain Chem Process (2016) 4:8

Page 2 of 9

NH,OH

(CH,C0),0
AlCl
O
CICH,COOC,H;
NaOC2H5
m - \‘/\Ov
(e}

N/OH X
| —— I

OH

Fig. 1 Boots method for synthesizing ibuprofen. A previously published synthetic route to ibuprofen

Recently, it was shown that solar energy could be used
to perform high temperature chemical reaction as the
heat source [9-12]. A solar reflector was designed out
of satellite dishes and Mylar® tape, and a Friedel-Crafts
acylation reaction was performed using the solar reflec-
tor as the sole thermal heat source.

The goal of this study was to synthesize ibuprofen with-
out the use of any fossil fuels for electricity. This particu-
lar reaction was chosen based on its current synthetic
processes in industry and because advancements in the
reaction are currently needed in order to incorporate
more sustainable and environmentally friendly tech-
niques. Not only did we intend to modify the synthetic

procedure for ibuprofen by using only solar energy as the
heat source, but we intended to modify and develop new
synthetic techniques that incorporate the use of more
environmentally friendly and sustainable chemical rea-
gents to synthetic pathway of ibuprofen. It is hoped, as
a result of this work that a synthesis of ibuprofen can be
taught in teaching labs as a “green synthesis” experiment
or potentially scaled up to fit the needs of industry.

Results and discussion

A solar reflector was designed through the repurpos-
ing of satellite dishes into a reflective parabolic mirror
to serve as the sole heat source for synthetic chemical
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Fig. 2 BHC method for synthesizing ibuprofen. A previously published green synthetic route to ibuprofen
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reactions [9]. The surface of the satellite dish was com-
pletely covered with Mylar® tape to give it reflective
properties capable of generating heat when directed at
the sun. The feed horn of the satellite dish was removed
and reaction flasks were placed in this position in
order to achieve maximum intensity from the directed
sunlight.

This work demonstrated that the modified solar heat
source can be used successfully in the place of an electric
heating source. The solar heat source was able to synthe-
size a commercially important pharmaceutical product
from a well-known, high temperature reaction. Further-
more, the solar heat source was observed to be capable
of generating reaction yields that were comparable to
the same scale reaction performed using an electric heat
source. Also seasonal variations do not seem to cause
reaction problems as long as sunlight is present. Further-
more, the intensity of the light did not seem to produce
any major problems either. As long as the solar irradia-
tion levels were 500 W/m? or greater, the location, time
and day did not seem to affect the results of the solar
reactions. Similar results for reactions were obtained
during all seasonal periods throughout various times of
the day [9-12].

By exposing the round bottom flasks to direct contact
with the focal point, a very efficient heating method to
provide thermal energy to a chemical reaction without
using electricity was established. Through the use of the
solar reflector heat source, no electrical waste is being

generated since the only energy being used is the energy
from the sun, which is renewable.

A Fisher Scientific thermocouple (with a temperature
range of —200 °C to +1370 °C) was used to monitor
the reflux temperatures. Reaction temperatures were
controlled simply by proportioning the solar reflec-
tor in order to allow more or less of the focal point to
be directed at the center of the flask. If more heat was
needed in order to raise the temperature reaction, the
focal point should be completely directed at the center
of the flask. If a lower, more controlled temperature
is desired, the focal point needs to be held slightly
off-center, which allows the researcher to easily con-
trol the temperature of the reaction through careful
monitoring.

The process described in this manuscript also details a
method of producing ibuprofen in a much more environ-
mentally friendly manner. All reactions were carried out
under air environment conditions and therefore oxygen
does not appear to play any role in the reaction process,
with the exception of the Grignard reaction. The Grig-
nard reaction is a moisture sensitive reaction, and thus
a drying apparatus had to be applied to the set-up to
successfully carry out this reaction. We have exchanged
non-environmentally friendly chemicals with substitutes
that are often bio-degradable, synthesized from renew-
able feedstocks, and are less hazardous to our environ-
ment. Chemicals for this project were purchased from
Acros Organics, Sigma-Aldrich Chemical Company, Alfa
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Table 1 Chemical reagents list

Chemical Company CAS #
Benzene Fischer scientific 71-43-2
Isobutyryl chloride ACROS organics 79-30-1
Aluminum chloride ACROS organics 7446-70-0
Hydrazine hydrate Sigma alderich 10217-52-4
Propylene glycol ACROS organics 57-55-6
Ethylene glycol ACROS organics 107-21-1
Diethylene glycol ACROS organics 111-46-6
Glycerol ACROS organics 56-81-5
Potassium hydroxide Fischer scientific 1310-58-3
Acetyl chloride ACROS organics 75-36-5
Sodium borohydride ACROS organics 16940-66-2
Hydrochloric acid Fischer scientific 7647-01-0
Methanol Fischer scientific 67-56-1
Petroleum ether (30-60) Fischer scientific 68476-82-6
Sodium sulfate Fischer scientific 7757-82-6
Tetrahydrofuran Sigma alderich 109-99-9
Magnesium Fischer scientific 7439-95-4
1,2-dibromoethane Eastman organic chemicals 106-93-4
Carbon dioxide Air gas USA 124-38-9
Diethyl ether Fischer scientific 60-29-7
Sodium hydroxide Fischer scientific 1310-73-2
Anthracene Fischer scientific 120-12-7
Maleic anhydride Fischer scientific 108-31-6
Toluene Fischer scientific 108-88-3
Calcium Chloride Fischer scientific 10043-52-4

Aesar, and TCI America. All reagents and solvents used
in the research were used without further purification.
Table 1 provides a detailed list of all reagents used during
the research process. Furthermore, we have developed a
method of synthesizing this compound with the use of
fossil fuel derived electricity. The incorporation of a solar
energy heat source and use of environmentally friendly
chemicals has provided a new synthetic pathway to ibu-
profen that can be taught in teaching labs as a “green syn-
thesis” experiment or scaled to fit the needs of industrial
synthesis.

As seen in Table 2, a new synthetic route to ibuprofen
has been developed in which each step in the synthetic
pathway uses no fossil fuel derived electrical energy. Fur-
thermore, each step in the synthetic pathway has a com-
parable product yield (within experimental error) when
comparing the solar heated procedure to the electrical
heated procedure. The only step that appears to have a
yield difference not within experimental error is the reac-
tion to synthesize isobutyrophenone. Since the temper-
atures and reaction times were identical, it can only be
assumed that some other factor played a role in the yield
difference.
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Table 2 Comparison of solar vs.
for complete synthesis of ibuprofen

electric technique

Compound Technique  %Yield
Isobutyrophenone Inlab 55
Solar 83
Isobutylbenzene In lab 67
Solar 62
4’-isobutylacetophenone Inlab 51
Solar 60
1-chloro-1-(4-isobutyphenyl)ethane ibuprofen  Inlab 88
Inlab 33
Solar 27

Through the use of a P4400 Kill A Watt® power meter
[13], it was determined that the amount of energy in kil-
owatt-hours (KWH) for the total synthesis and purifica-
tion of ibuprofen using this synthetic technique required
approximately 4.0 kWh. Since no electricity is consumed
when using solar energy as the thermal heat source, the
only electrical requirements for this process would be
that from the purification step (0.13 kWh for vacuum
distillation). Thus, using the current step-up as proposed,
approximately 3.5 kWh of energy is saved for the entire
synthesis of ibuprofen. This result would be observed on
both small scale reactions as reported or for industrial
scale reactions. The only difference when comparing the
small scale reactions to industry scale reactions is that
the KWH for the synthetic and purification steps would
scale due to the larger volume. However, by using the
solar reflector thermal heat source, all electricity usage
for the synthetic process would be removed, and the only
energy consumption would come from the purification
process.

Safety concerns arose concerning reactions being per-
formed at elevated temperatures outside of the confines
of a chemical fume hood. Since the chemical reactions
are being performed outside, the fumes generated during
the reactions escaped into the environment just as they
would if the reaction was performed inside a fume hood.
In the case of using the solar reflector as a heat source,
the outside environment acts as a “natural” fume hood
to disperse the fumes. As long as the researchers are not
constantly standing directly over the openings of the
reaction, expose to fume levels are no more than students
working on a bench top in an undergraduate chemical
laboratory.

Experimental

Development of the solar heat source

The same design for the solar reflector was used as the
reflector in our previous publications [9-11]. The solar
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Fig. 3 Solar reflector design. A solar reflector was designed through
the repurposing of an unused satellite dishes into a reflective para-
bolic mirror that will serve as the sole heat source to drive synthetic
chemical reactions to completion. Satellite dishes were completely
covered with Metalized Mylar® tape to attain the reflective properties

needed to generate heat

reflector was developed through the repurposing of a
satellite dish into a reflective parabolic mirror (Fig. 3).
The satellite dish was completely covered with metalized
Mylar® tape to attain the reflective properties needed to
generate heat. Since the feed horn of the dish is located
at the focal point, it was removed and reaction flasks
were placed in this position in order to achieve maxi-
mum intensity from the sunlight. Round bottom flasks
that were used as the reaction vessels were painted black
up to approximately half-way up the flask using VHT®
Flame Proof paint, which can withstand intermittent
temperatures up to 1093 °C. The round bottom flasks
were painted to prevent photochemical side reactions
and allow for an efficient heating process. The synthesis
consists of five steps, beginning with the Friedel-Crafts
acylation of benzene (Fig. 4).

Isobutyrophenone synthesis

The synthetic procedure for this step has been published
in a previous manuscript [9]. Benzene underwent a Frie-
del—Crafts acylation with isobutyryl chloride to synthe-
size isobutyrophenone. The reaction was performed using
excess benzene as a replacement for a typical solvent and
heat to reflux (88 °C) for a period of 3 hours. Any unre-
acted benzene was recovered after the reaction during
the distillation process. A 66 % yield of isobutyrophenone
was obtained from the solar synthesis, compared to a 44 %
yield from an in-lab, electrical heating analysis.
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Isobutylbenzene synthesis

The synthetic procedure for this step has been published
in a previous manuscript [10, 11]. Isobutyrophenone,
from the previous reaction, underwent a Wolff-Kishner
reduction using hydrazine hydrate and strong base con-
ditions to synthesize isobutyl benzene. The solvent for
this reaction was replaced with the more sustainable sol-
vent glycerol. The glycerol for this reaction was obtained
from the synthesis of biodiesel. The reaction was allowed
to heat at reflux (149-155 °C) for a period of three hours.
An average 51 % vyield of isobutyl benzene was obtained
from the solar synthesis, compared to a 55 % yield from
an in-lab, electrical heating analysis.

Isobutylacetophenone synthesis

A solution of isobutyl benzene (61.4 mmol), acetyl
chloride (57.3 mmol), and aluminum chloride
(25.1 mmol) was placed into a 25 mL round bottom
flask. The flask was then placed in an aluminum heat-
ing block that was attached to the solar heat source
near the point at which the focal point was going to be
located. Because the reaction was required to reflux for
a certain amount of time, a condenser was filled with
cold water and capped with pipet bulbs to ensure that
the water stayed in the condenser (Fig. 5). The same
procedure as used in the synthesis of isobutyroph-
enone was incorporated into this synthetic procedure.
The solar heat source was then moved into a position
in which it was reflecting sunlight such that the focal
point of the sunlight was directed at the bottom of the
aluminum block. The solution was allowed to reflux at
a temperature of 49-58 °C for a period of three hours.
After reflux period was complete, the solution was
washed with methanol and poured over ice. The prod-
uct was extracted using dichloromethane and dried
over calcium chloride. Pure isobutylacetophenone was
obtained via vacuum distillation. The in-lab study of
this chemical reaction was conducted using the same
molar amounts of each reactant, but the reaction was
heated using a Fisher Scientific hotplate.

A 60 % yield (6.015 g) of isobutylacetophenone was
obtained when the Friedel-Crafts acylation of benzene
was performed with the solar reflector, while a compara-
tive study using an electric heat source only had a 51 %
yield (5.113 g) of isobutylacetophenone. Spectral analysis
using 'H and *C NMR identified the products. "H NMR
(300 MHz, CDCl,): §7.893 (2H, m, ] = 5.4 Hz), §7.313
(2H, m, ] = 5.8 Hz), §2.581 (3H, s, ] = 2.1 Hz), §2.522
(2H, t, ] = 5.4 Hz), §1.874 (1H, m, ] = 5.1 Hz, 10.2 Hz),
80.913 (6H, q, ] = 4.5 Hz). '*C NMR (300 MHz, CDCl,):
8197.002, 6146.36, 06135.169, §129.509, §128.224,
645.227, §30.76, 625.757, §23.337.
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Fig. 5 Solar Friedel-Crafts (isobutylacetophenone) set-up. Solar
apparatus set-up to synthesize isobutylacetophenone

L

Fig. 6 Solar Grignard reaction set-up. Solar apparatus set-up to
perform the Grignard reaction to synthesize ibuprofen

1-(4-isobutylphenyl)ethanol synthesis

The synthetic procedure for this step was a modifica-
tion of the synthesis previously published by Kjon-
aas et al. [14]. A solution of p-isobutylacetophenone
(1.20 mL), methanol (3.00 mL), and sodium boro-
hydride (0.2509 g) was mixed in a separatory fun-
nel and allowed to sit for 10 min. After the standing
time period, a 10 % HCI solution (10.0 mL) was added
to remove any unreacted sodium borohydride, and
the product was extracted using petroleum ether.
1-(4-isobutylphenyl)ethanol product (1.002 g, 87.2 %)
was collected and dried using anhydrous sodium sul-
fate. 'H NMR (300 MHz, CDCl,): §7.281 (2H, m,
J = 4.0 Hz), §7.174 (2H, m, ] = 4.0 Hz), 54.855 (1H, s,
] = 0.92 Hz), 62.714 (3H, q, ] = 2.2 Hz), §2.554 (2H,
t, ] = 2.8 Hz), 51.795 (1H, q, ] = 2.7 Hz), 51.484 (1H,
m, ] = 2.8 Hz), 80.976 (6H, q, ] = 6.1 Hz). 3C NMR
(300 MHz, CDCl;): 143.325, 140.684, 129.143, 125.357,
70.034, 45.196, 30.343, 25.076, 22.725, 22.465.

1-chloro-1-(4-isobutylphenyl)ethane synthesis

The synthetic procedure for this step was a modifica-
tion of the synthesis previously published by Kjonaas
et al. [14]. A solution of 1-(4-isobutylphenyl)ethanol
(1.10 mL) was placed into a separatory funnel and mixed
with 12.0 M HCI (10.0 mL) for a period of 5 min. The
product of the reaction was extracted using petroleum
ether.  1-chloro-1-(4-isobutylphenyl)ethane  product
(0.860 g, 78.8 %) was collected and dried using anhydrous
sodium sulfate. 'H NMR (300 MHz, CDCl,): §7.111 (2H,
m, | = 4.0 Hz), §7.104 (2H, m, ] = 4.0 Hz), 85.985 (1H,
q, ] = 0.94 Hz), §3.341 (3H, q, ] = 2.0 Hz), §2.701 (2H,
t,] = 3.1 Hz), 81.761 (1H, m, ] = 2.1 Hz), 80.996 (6H,
¢ J = 6.1 Hz). 3C NMR (300 MHz, CDCl,): §197.002,

0146.36, 8135.169, §129.509, §128.224, §45.227, §30.76,
825.757, §23.337.

Ibuprofen synthesis via Grignard reaction using solar heat
source

The synthetic procedure for this step was a modification
of the synthesis previously published by Kjonaas et al.
[14]. A solution of 1-chloro-1-(4-isobutylphenyl)ethane
(0.25 mL), magnesium (0.507 g), THF (10.00 mL) and
1,2-dibromoethane (4 drops) was placed in a dry 50-mL
round bottom flask that had been painted black using
VHT® Flame Proof paint. No stir-bar was placed into
the round bottom flask because refluxing liquid was suf-
ficient to mix the solutions. The flask was attached to the
solar reflector in the position that the feed horn of the
satellite dish was located to provide the best location for
the directed focal point of sunlight (Fig. 6).

Fig. 7 Foaming as evidence of grignard formation. Solar Grignard

reaction in process displaying foaming as evidence of the formation
of the Grignard reagent
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A modified Baum et al. [15] Allign-type condenser,
filled with propylene glycol and capped with pipet bulbs
to insure that the propylene glycol stayed in the con-
denser, was attached to the round bottom flask. To
ensure that the reaction stayed moisture free, a drying
tube filled with calcium chloride was attached to the top
of the condenser. The solar heat source was then moved
into a position in which it was reflecting sunlight onto
the bottom of the round bottom flask. The solution was
allowed to heat at reflux temperature (65 °C) for 30 min
once there was evidence that the Grignard formation
had begun (large amount of foaming present) (Fig. 7).
After 30 min of reflux, the solution was moved out of
the focal point and the solution was allowed to cool to
ambient temperature. Carbon dioxide was bubbled into
the reaction mixture for a period of 15 min. This solution
was then decanted into a separatory funnel and washed
with diethyl ether. The solution was then washed with
10 % HCI (8.00 mL) and mixed for a period of 5 minutes.
The aqueous phase was then extracted using diethyl ether
and combined with the organic phase. This new organic
phase was then washed with 5 % NaOH solution. The
aqueous layer from this wash was acidified using 10 %
HCI until the solution was acidic to litmus. The aqueous
layer was washed with diethyl ether to extract the prod-
uct. Ibuprofen product (37 mg, 27.2 %) was collected.
"H NMR (300 MHz, CDCl,): §12.22 (1H, s, ] = 3.1 Hz),
§7.22 (2H, m, ] = 8.1 Hz), 87.10 (2H, m, ] = 7.9 Hz), §3.71
(1H, q, ] = 7.2 Hz), 52.44 (2H, t, ] = 7.2 Hz), 51.84 (3H,
q, ] = 6.7 Hz), §1.50 (1H, m, ] = 7.2 Hz), 60.89 (6H, q,
] = 6.6 Hz). >*C NMR (300 MHz, CDCl,): 180.21, 140.77,
136.95, 129.41, 127.22, 45.03, 44.70, 33.13, 22.37, 17.98.

Ibuprofen synthesis via Grignard reaction using electrical
heat source

The synthetic procedure for this step was a duplicate
of the synthesis previously published by Kjonaas et al.
[14]. A solution of 1-chloro-1-(4-isobutylphenyl)ethane
(0.25 mL), magnesium (0.510 g), THF (10.00 mL), and
1,2-dibromoethane (4 drops) was placed in a dry 50-mL
round bottom flask. The flask was heat using an electric
heating mantle. To ensure that the reaction stayed mois-
ture free, a drying tube filled with calcium chloride was
attached to the top of the condenser. The solution was
allowed to heat at reflux temperature (65 °C) for 30 min
once there was evidence that the Grignard formation had
begun (large amount of foaming present). After 30 min of
reflux, heat was removed and the solution was allowed to
cool to ambient temperature. Carbon dioxide was bub-
bled into the reaction mixture for a period of 15 min.
This solution was then decanted into a separatory fun-
nel and washed with diethyl ether. The solution was then
washed with 10 % HCI (8.00 mL) and mixed for a period
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of 5 minutes. The aqueous phase was then extracted
using diethyl ether and combined with the organic
phase. This new organic phase was then washed with 5 %
NaOH solution. The aqueous layer from this wash was
acidified using 10 % HCI until the solution was acidic
to litmus. The aqueous layer was washed with diethyl
ether to extract the product. Ibuprofen product (48 mg,
35.1 %) was collected.. '"H NMR (300 MHz, CDCl,):
612.52 (1H, s, ] = 3.1 Hz), §7.28 (2H, m, ] = 8.0 Hz),
87.17 (2H, m, ] = 8.0 Hz), §3.65 (1H, q, ] = 7.1 Hz),
82.47 (2H, t, ] = 7.0 Hz), 81.89 (3H, q, ] = 6.9 Hz), 81.55
(1H, m, ] = 7.2 Hz), §0.91 (6H, q, ] = 6.6 Hz). 1*C NMR
(300 MHz, CDCl,): 180.45, 140.77, 136.50, 129.45,
127.25, 45.01, 44.62, 33.19, 22.17, 17.78.

Conclusion

When comparing the reactants used for the synthesis of
ibuprofen in this study to the Boots and BHC methods,
several intriguing observations can be made concerning
the safety hazards for all reactants involved. The BHC
method uses several chemicals that are not environ-
mentally friendly including hydrofluoric acid and Raney
Nickel. Hydrofluoric acid is a highly corrosive liquid and
a contact poison whose vapors can penetrate tissue [16].
Raney Nickel, though not as severe of a health hazard, is
a pyrophoric material that must be handled under inert
atmosphere [17]. One of the positive features of the BHC
method is that there is practically no waste generation
for this process and therefore, it has a very good atom
economy. The Boots method of synthesizing ibuprofen
also consists of several environmentally hazardous rea-
gents. This synthetic pathway utilizes hydroxylamine,
which must be handled with care since it can explode
upon heating [18]. Furthermore, this reagent is an irri-
tant that can absorb through the skin causing cellular
mutations.Through the use of the synthetic pathway to
ibuprofen proposed in this manuscript, we have reduced
the use of toxic chemicals (along with the elimination of
fossil fuel derived electricity use). Reagents that are com-
monly listed as irritants are still used in this pathway
(aluminum chloride, acetyl chloride) [19, 20, 21]. The
reagent that poses the most environmental/health con-
cerns throughout this process is hydrazine. Hydrazine is
a highly toxic, corrosive liquid that has several adverse
health effects [22]. However, in our process, we were able
to successfully exchange hydrazine for hydrazine hydrate.
The hydrate form is still considered to be hazardous upon
human contact, but health hazards are greatly reduced
when compared to hydrazine [23].

In the future, we plan on continuing to look at this
process to make it more of a green synthetic process by
reducing the volume of waste generated by this process
and increasing its atom economy. One area of interest in
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continuing this project would be the attempted replace-
ment of aluminum chloride in the Friedel-Crafts acyla-
tion with a more environmentally friendly alternative.
During the process of this reaction, the aluminum chlo-
ride is converted to aluminum hydroxide, which is fil-
tered off as a cake of solid waste. Since waste products
are generated, this process needs to be modified in order
to increase its atom economy. We are also attempting to
modify conditions at every step in the synthesis to opti-
mize overall yield.

Furthermore, we plan to continue attempting to extend
the efficiency of the solar reflector as a heat source. One
area that is currently being investigated is the scalability
of the solar reflector. We are attempting to determine if
there is a point at which our method of direct solar heat-
ing could not provide enough thermal heat to success-
fully drive chemical reactions to completion. Other well
know chemical reactions are also currently being inves-
tigated using the solar reflector, as well as multi-step
organic synthesis reactions used to synthesize commer-
cial products that are highly valued by the general public.
The results of using our solar reflector in other organic
synthesis reactions, and its further development is also
being studied.
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