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Ibuprofen is the first pharmaceutical compound that was 
recognized by the U.S. Environmental Protection Agency 
Presidential Green Chemistry Challenge Awards in 1997. The 
Boots-Hoechst-Celanese (BHC) synthesis has been used as a 
model of green chemistry achievement over the original 
Boots Drug Company plan.

is a nonsteroidal anti-inflammatory 
drug (NSAID) used for relieving pain, 
alleviating fever, and reducing 
inflammation.
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Elango V et al. (1991) U.S. Patent 4981995; Lindley DD et al. (1991) U.S. Patent 5068448 

Presidential Green Chemistry Challenge Award in 1997 
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2,2,4-Trimethyl-2,3-Dihydro-1H-
Benzo[B][1,4]Diazepine

Green Chemistry – Prof. Rossi – AA 2017-2018

Benzodiazepines enhance the effect of the neurotransmitter gamma-
aminobutyric acid (GABA) at the GABAA receptor, resulting in sedative, 
hypnotic (sleep-inducing), anxiolytic (anti-anxiety), euphoric, anticonvulsant, 
and muscle relaxant properties; also seen in the applied pharmacology of 
high doses of many shorter-acting benzodiazepines are amnesic-dissociative 
actions.
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contributions from by-
products and unreacted 
starting materials (E-
kernel), excess reagent 
consumption (E-excess), 
and auxiliary material 
consumption, such as 
reaction solvent, workup 
extraction solvents, and 
solvents used in 
purification procedures 
(E-aux). 

Green Chemistry 05



2,2,4-Trimethyl-2,3-Dihydro-1H-
Benzo[B][1,4]Diazepine

Green Chemistry – Prof. Rossi – AA 2017-2018

18. Pozarentzi, M., Stephanidou-Stephanatou, J., Tsoleridis, C. A. Tetrahedron Lett. 2002, 43, 1755–1758. 
19. Sivamurugan, V., Deepa, K., Palanichamy, M., Murugesan, V. Synth. Commun. 2004, 34, 3833–3846. 
20. Pasha, M. A., Jayashankara, V. P. Indian J. Chem. B 2006, 45B, 2716–2719. 
21. Hegedüs, A., Hell, Z., Potor, A. Catal. Lett. 2005, 105, 229–232. 
22. An, L.-T., Ding, F.-Q., Zou, J.-P., Lu, X.-H. Synth. Commun. 2008, 38, 1259–1267. 
23. Ried, W., Torinus, E. Chem. Ber. 1959, 92, 2902–2916. 
24. Guzen, K. P., Cella, R., Stefan, H. A. Tetrahedron Lett. 2006, 47, 8133–8136. 
25. Jarikote, D. V., Siddiqui, S. A., Rajagopal, R., Daniel, T., Lahoti, R. J., Srinivasan, K. V. Tetrahedron Lett. 2003, 44, 1835–1838. 
26. Luo, Y.-Q., Xu, F., Han, X.-Y., Shen, Q. Chin. J. Chem. 2005, 23, 1417–1420. 
27. Chari, M. A., Shobha, D., Syamasundar, K. J. Heterocycl. Chem. 2007, 44, 929–932. 
28. Chari, M. A., Syamasundar, K. Catal. Commun. 2005, 6, 67–70. 
29. Sabitha, G., Reddy, G. S. K. K., Reddy, K. B., Reddy, N. M., Yadav, J. S. Adv. Synth. Catal. 2004, 346, 921–923. 
30. Xia, M., Lu, Y. Heteroat. Chem. 2007, 18, 354–358. 
31. Hekmatshoar, R., Sadjadi, S., Shiri, S., Heravi, M. M., Beheshtiha, Y. S. Synth. Commun. 2009, 39, 2549–2559. 
32. Yadav, J. S., Reddy, B. V. S., Praveenkumar, S., Nagaiah, K., Lingaiah, N., Saiprasad, P. S. Synthesis 2004, 901–904. 
33. Shobha, D., Chari, M. A., Mukkanti, K., Ahn, K. H. J. Heterocycl. Chem. 2009, 46, 1028–1033. 
34. Yadav, J. S., Reddy, B. V. S., Eshwaraiah, B., Anuradha, K. Green Chem. 2002, 4, 592–594. 
35. Landge, S. M., Torok, B. Catal. Lett. 2008, 122, 338–343. 
36. Kaboudin, B., Navaee, K. Heterocycles 2001, 55, 1443–1446. 
37. Hazarika, P., Gogoi, P., Konwar, D. Synth. Commun. 2007, 37, 3447–3454. 
38. Sharma, S. D., Gogoi, P., Konwar, D. Green Chem. 2007, 9, 153–157. 
39. Kumar, S., Sandhu, J. S. Indian J. Chem. B 2008, 47B, 1463–1466. 
40. Saini, A., Sandhu, J. S. Synth. Commun. 2008, 38, 3193–3200.

Green Chemistry 05



2,2,4-Trimethyl-2,3-Dihydro-1H-
Benzo[B][1,4]Diazepine

Green Chemistry – Prof. Rossi – AA 2017-2018 Green Chemistry 05



Pravadoline

Green Chemistry – Prof. Rossi – AA 2017-2018

Pravadoline is a nonsteroidal anti-inflammatory drug (NSAID) whose 
synthesis was the first pharmaceutical to be “greened up” using an 
ionic liquid as a reaction solvent.
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Sitagliptin is a new treatment for type two 
diabetes via inhibition of the DPP-IV enzyme

From Green to Greener; from a Catalytic Reaction to a 
Metal-Free Enzymatic Process
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[Kim, D , Wang, L , Beconi, M  et al  J  Med  Chem , 2005, 48, 141–151]
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[Hansen, K B , Balsells, J , Dreher, S  et al  Org  Process Res  Dev , 2005, 9, 634–639]
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2006 Presidential
Green Chemistry
Challenge Award 
for Greener
Synthetic
Pathways
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2010 Presidential
Green Chemistry
Challenge Award for 
Greener Reaction
Conditions
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34 L of ethanol, 
12 L of hexane,
8 L of toluene, 

19 L of THF, 
28 L of ethyl acetate 
per kilogram of 
sertraline product
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2002 Presidential Green Chemistry Challenge Award for Greener Synthetic Pathways
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DPP-IV inhibitor developed by Bristol-Myers Squibb

Elimination of Toxic Chemicals and the Use of a Biocatalytic
Approach
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[Augeri, D J , Robl, J A , Betebenner, D A  et al , J Med Chem 2005, 48, 5025–5037]
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[Godfrey, J D  Jr, Fox, R T , Buono, F G  et al  J Org Chem 2006, 71, 8647–8650]
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[Gill, I  and Patel, R Bioorg Med Chem Lett 2006, 16, 705–709]
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EmendTM is a new therapy for chemotherapy-
induced nausea and vomiting 

Aprepitant is the API 
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[Hale, J J , Mills, S G , MacCoss, M  et al  J Med Chem , 1998, 41, 4607–4614] 
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[Cowden, C J , Wilson, R D , Bishop, B C  et al  Tetrahedron Lett 2000, 41, 8661–8664]
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Three routes to 4,7-dichloroquine (Scheme 2.17) and two routes to 
N,N’-diethyl-1,4-diaminopentane (Scheme 2.18) are considered for 
the synthesis of the antirheumatic chloroquine (Scheme 2.19). Find 
the most atom-economical route to this target compound.
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Three routes to 4,7-dichloroquine (Scheme 2.17) and two routes to 
N,N’-diethyl-1,4-diaminopentane (Scheme 2.18) are considered for 
the synthesis of the antirheumatic chloroquine (Scheme 2.19). Find 
the most atom-economical route to this target compound.

Determination of best route based on overall atom economy for each plan
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G. Darzens, Compt. Rend. 1904, 13, 9, 1214.

The Darzens Reaction is the condensation of a carbonyl
compound with an α-halo ester in the presence of a base 
to form an α,β-epoxy ester.

Green Chemistry 05



Darzens Condensation

Green Chemistry – Prof. Rossi – AA 2017-2018

G. Darzens, Compt. Rend. 1904, 13, 9, 1214.

The Darzens Reaction is the condensation of a carbonyl
compound with an α-halo ester in the presence of a base 
to form an α,β-epoxy ester.
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Esterification of an alcohol with carboxylic acid in 
the presence of dialkyl azodicarboxylate and 
triphenylphosphine

O. Mitsunobu, Bull. Chem. Soc. Jpn. 1967, 40, 4235–4238.
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Mechanism
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Mechanism

1. formation of the activating agent from 
triphenylphosphine and diethyl azodicarboxylate (DEAD) 
or diisopropyl azodicarboxylate (DIAD); 

2. activation of the substrate alcohol 1; 
3. a bimolecular nucleophilic substitution (SN2) at the 

activated carbon center. 
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Mechanism

nucleophilic displacement of the oxyphosphonium group by the 
carboxylate anion via a SN2-mechanism, yielding ester 3 with inverted 
configuration at the stereogenic center
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Summary
condensation of an alcohol 1 and a nucleophile—NuH—11, where 
the reagent triphenylphosphine is oxidized to triphenylphosphine
oxide and the azodicarboxylate reagent 12 is reduced to a 
hydrazine derivative 13

!

PPh3+!RO2C*N=N*CO2R!+!R'OH!+!NuH!→
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!12!!!!!!!!!!!!!!!!!!1!!!!!!!!11
→ !RNu!+!PPh3O!+!RO2C*NH*NH*CO2R

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!13
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Variation
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Exchange of alkylidene groups of alkenes-
metathesis of olefins

In synthetic organic chemistry, alkene metathesis has become a 
valuable method for the construction of ring systems. This reaction 
has also gained industrial importance. 
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Mechanism
The reaction proceeds by a catalytic cycle mechanism 
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Mechanism
The reaction proceeds by a catalytic cycle mechanism 
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Ring-Closing Metathesis
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Ring-Opening Metathesis
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Ring-Opening Metathesis Polymerizations (ROMPS)
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