
Research Module 55 
Multistep synthesis of an Acyl Pyrazolidinone 
 
Introduction 

We will begin a two-week research sequence in which we make a variety of novel “acyl 
pyrazolidinones”, see structures B and C in the figure below.  Most of these substances have never been 
synthesized previously, and are of interest as medicinal candidates.  Research collaborators at the Mayo clinic 
have identified the chemical “antipyrine” (structure A) as a lead but non-optimized drug candidate for 
idiopathic pulmonary fibrosis (“IPF”).  The Jasperse research group is involved in making a diverse library of 
analogs for antipyrine, (structure D) and having them bio-screened, in hopes of both improving drug 
performance and the understanding of drug binding and mechanism. Where is there volume allowance to get 
bigger?  Where is it necessary to include hydrophobic substituents, versus performance and binding being 
improved by inclusion of hydrophilic elements? 

 

 
 
Structures “B” (targeted in the morning lab) will differ from antipyrine in three ways:  it’s lack of the 

C=C double bond, it’s inclusion of the carbonyl, and variation of the R2 group.  Structures “C” (targeted in the 
afternoon lab) will be similar but include an ethyl group rather than a methyl group on the C5 position.  First, 
within a given “B” or “C” series, drug tests should indicate how variations in the size and nature of R2 impact 
drug performance.  Second, by comparing structures with the same R2 group between the 5-methyl “B” and 5-
ethyl “C” series should indicate whether the drug receptor prefers the more hydrophobic, larger-volume 5-
ethyl series or not.  It is beyond the scope of the Chem 365 research module for this year, but the Jasperse 
research group will hopefully develop a procedure for oxidizing structures “B” and “C” to convert the C4-C5 
single bond into a double bond.  Drug test comparisons between the single versus double-bonded analogs 
should help identify whether the double bond is essential or irrelevant.  
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Scheme 1:  Synthesis of N1-Methyl Pyrazolidinone Rings
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2.  1.2 CH3NHNH2
     (52.4 ml/mol)

3.  room temp: 10 min
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The syntheses will involve two reactions.  The initial reaction, illustrated in Scheme 1, will react 

methylhydrazine (CH3NHNH2) with either “crotonic acid” (2-butenoic acid, morning lab), or 2-pentenoic acid 
(afternoon lab), to make the methyl and ethyl analogs 3a and 3b.  These products will likely be oils.  The 
mechanism probably involves amine and carboxylic acid acid-base chemistry; the involvement of amines as 
nucleophiles; the impact of an electron-donating methyl group; the involvement of an enolate intermediate; 
and thermal addition of an amine to a carboxylic acid to form an amide.  Some selectivity (but how much?) 
for products 3a/3b over 4a/4b is expected, based on the expectation that the N-methyl nitrogen in 
methylhydrazine should be more electron rich and nucleophilic based on the electron-donor effect of the 
methyl substituent. The only purification will be hot vacuum distillation to remove side products triethylamine, 
excess methylhydrazine, and water.   
 
 The crude products 3a and 3b will then be carried on directly through the reaction illustrated in Scheme 
2.  In this reaction, the N2-nitrogen will be acylated by various carboxylic acids 5.  Of the ten products 6 whose 
synthesis is being proposed in this research module, only one of them (6ab, in which R1 is a methyl group and 
R2 is CH=CHCH3), has been made previously, and that here at MSUM.  None of the molecules 6 have been 
reported in the literature, nor of course been tested for medicinal use.  These are truly novel molecules that 
have never been made before!  JJ  
 

 
 
 The chemistry used in Scheme 2 is not necessarily fast.  Thus, students will want to start the Scheme 2 
reaction at the end of the first laboratory day.  That will allow a full week to ensure completion.  During the 
second week, they will conduct a chromatographic workup to remove the majority of side products and 
contaminants.   
 

NMR and GC-MS analyses will be conducted on both product 3 and final product 6.  The chiral center 
in products 3 and 6 will complicate their NMR spectra. The two alpha hydrogens on the CH2 carbon (C4) will 
have significantly different chemical shifts, and splitting patterns that are unfamiliar to you.  This is because 
one alpha-H will be “cis” to the C5-methyl or ethyl group, while the other alpha-H will be trans.  Being in 
different chemical environments, they will have different chemical shifts.  A special video is available to help 
guide students through the NMR analyses.  
 
 Two lab reports will be required. One will cover the chemistry of Scheme 1, the other the chemistry 
involved in Scheme 2.  Even though much of the Scheme 2 chemistry will be conducted during the end of the 
first week, that chemistry will be included in the Scheme 2 report which is due a week following the conclusion 
of the Scheme 2 workup and chromatography chemistry.   
 
 This kind of modular preparation of chemical libraries is routine in industry and medicinal chemistry.  
Subsequent biological testing can provide insights into the relationships between structure and activity.  
(Which parts of the molecule matter?  Where does getting bigger or smaller help? Etc.)   
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Reagents: 

1. 20.0	mmol	of	Crotonic	acid	(morning	lab)	or	2-pentenoic	acid	(afternoon	lab)	
• Crotonic	acid:		86.0	g/mol	
• 2-pentenoic	acid:		100.0	g/mol,	101	mL/mol.		

2. 20.5	mmol	of	Triethylamine	(139	ml/mol)	
3. 30	mmol	of	Methyl	Hydrazine	(52.4	ml/mol)			
4. 125	mL	Ground-Glass	Erlenmeyer	flask	
5. Long	sized	stir	bar	
6. Hot	plate	
7. Reflux	Condenser	
8. Vacuum	Condenser	

 
Scheme 1 Procedure:  Formation of Pyrazolidinone Ring Using Hydrazine  
Part A.  Heating/Hydrazine Addition Phase   
1. Get a 125-mL ground-glass-jointed Erlenmeyer, and add a long stir-bar.  Weigh the combination and 

record the mass.  
• You’ll need this mass to calculate your product yield, so record it somewhere! 

2. Weigh	out	20.0	mmols	of	either	“crotonic”	(2-butenoic)	acid	(morning	lab)	or	2-pentenoic	acid	
(afternoon	lab): 
• Morning:		Crotonic	acid,	86.0	g/mol,	is	a	solid	by	a	balance.			Add	it	using	a	powder	funnel. 
• Afternoon:		2-pentenoic	acid,	101	mL/mol,	is	a	liquid.		Add	it	using	a	syringe.		 
• PANDEMIC NOTE:  Do all your calculations, report, and product structure assuming crotonic acid 

as used, and products 3a and 4a were formed.  But, the actual video was done with pentenoic acid.  
JJ  Pretend it was crotonic while crafting your report! 

3. Add a rubber septum to the flask, and poke a syringe needle through it to vent any pressure buildup.  
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4. Add 20.5 mmol (0.020 mol) of triethylamine (0.139 ml/mmol) by syringe, and stir.   

• You can pull the septum out before injecting, and replace the septum following the addition. 
5. Add 30 mmol (0.024 mol) of liquid methylhydrazine (0.0524 ml/mmol) via syringe while stirring. 

• You can pull the septum out before injecting, and replace the septum following the addition. 
6. Stir the mixture rapidly for 5 minutes at room temperature. 
7. Add a reflux condenser, with a gentle flow of water running through it, and place the septum on top to 

prevent oxygen exposure 
8. Turn the hot plate setting to 4, and stir vigorously for another 10 minutes.   

• Make sure that your Erlenmeyer and the hot plate are in contact.  
• Make sure that the flask is not tipped and doesn’t have any air-space between the hot-plate and the 

flask.  You need direct contact for the heat to do its work in the time given. If you leave space in 
between, or have a tipped flask without good thermal contact, the reaction might not complete. 

9. After 10 minutes, turn your hot-plate setting up to 8, and continue stirring for an additional 30 minutes. 
10. During the stirring times, plan ahead.  Prepare the following: 

a. Find your vacuum adapter, and plug it into the vacuum hose. This is about 1 inch long, with a ground-
glass joint on one end and a 90-degree curve.  The ground-glass end will plug into a reflux condenser, 
the tapered end into your vacuum hose.  

b. Familiarize yourself with your vacuum:  With your vacuum attached to the vacuum hose, put your 
thumb over the end, and turn the vacuum counterclockwise to get an idea of how far you have to turn 
it before any vacuum actually starts to work.  Then turn the vacuum back off.   

o You’ll want to know this so that when you really need to apply the vacuum, you’ll be able to 
get near the point where the vacuum engages, and then open it VERY cautiously and slightly 
at first. 

c. Ensure that the vacuum is turned all the way off (to the right). IF SOMEBODY HAS THEIR 
VACUUM OPEN TO THE AIR, THAT AIR LEAK WILL COMPROMISE EVERYBODY’S 
VACUUM AND NOBODY WILL GET THE LOW PRESSURE THEY NEED for the next procedure.  
Don’t let your hood’s vacuum ruin everybody’s experiment! 

d. Get a glove for your left hand, so you can handle the hot glassware; 
e. Calculate what the theoretical yield for your 3 should be, given the 20.0 mmol scale. 
f. Look ahead to both subsequent stages of Scheme 1, but also to Scheme 2, which you will do today and 

will start shortly after you complete Scheme 1. You could do all of your Scheme 2 calculations right 
now… 

g. Get an empty NMR tube and stand it inside an empty Erlenmeyer; 
h. Get a long-stemmed pipet, with a pipet bulb to be used with NMR tube;  
i. At this stage, you should have mostly the open form of the product with a carboxylic acid (rather than 

the closed ring with an amide); see the Hypothetical Mechanisms figure on the previous page).  
j. At this stage you should also have, in addition to the product, at least three other chemicals: 

o Triethylamine 
o The excess methylhydrazine 
o Water which is produced during the ring closure.   
o Probably some contaminants or side products. 

• The hope is to vacuum-distill away all or most of these extra things, without decomposing the cyclic 
products 3 in the process.   

 
11. After the heating is complete, a) slide the hot plate out from under your flask, b) reduce the hot-plate 

setting to 5, c) turn off your reflux condenser water, and d) detach the hose from the water source and 
redirect it into the drain so that most of the water in the condenser can drain out.   

12. Let your solution (and the hot-plate) cool for at least 5 minutes before starting Scheme 1 Part B.   
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Scheme 1 Part B:  Heat/Vacuum/Ring-Closure/Amide Formation Phase   
13. After the 5-minutes, attach the vacuum adapter to your reflux condenser, and then slide your hot plate 

back under the reaction flask.  The hot plate should be set at 5 for heat.  (And maybe 3-5 for stirring?)  
• If you didn’t turn your hot plate down to 5 earlier, do so now and wait five minutes.   

14. Crack the vacuum open, really, really carefully and gently at first (so that it doesn’t cause everything to 
erupt and boil/foam over).  As soon as the vacuum is engaged but the bubbling isn’t too wild, open the 
vacuum until it’s wide open as soon as possible (two full revolutions will more than suffice).  If the 
mixture splatters/bubbles a lot, it may help to lower the plate slightly. 
• If instructor is available, it may be reassuring to request some help on getting the vaccum opened. 

15. Stir/heat/vacuum for 15 minutes.  (Measured from when the vacuum was first fully open.)   
• Excess vacuum heating may result in some decomposition, so avoid excess heat and time.   
• Notice that the volume should decrease as non-product chemicals boil off with the assistance of the 

vacuum.  
• The hot vacuum is intended to do several things: 

a. During this time, the triethylamine, excess methylhydrazine, and the water produced during 
ring closure should ideally be boiled away, leaving only the product and whatever organic 
contaminants and side-products remain. 

b. Each of the chemicals that get distilled away inhibits the ring formation.  So their distillative 
removal, in addition to being an end in itself, also enables the ring closure to proceed more 
effectively. 

16. After the 15 minutes, slide the hot plate out from under your reaction mixture. 
17. After the flask cools a little, turn the vacuum off, and detach the vacuum adapter. 

• NOTE:  If you forget to turn your vacuum off, it will ruin things for everybody else because 
their vacuum won’t work if yours is left open to the air.   

• Pulling the vacuum adapter is easier if you grasp the hot flask with a GLOVED hand. 
• Remove the reflux condenser and replace with the septum with the syringe stuck through it.   

 
 
Critical Note: Be sure to start the next reaction as described in Scheme 2 before week one is done.   
• Before week one is completed, it is urgent that you get the subsequent reaction started.  See Scheme 2.  
• This reaction takes at least several hours after it is begun, so you don’t want to be trying to both start and 

finish it and work it up and purify it all during the same lab period.  So, if it has the whole week to 
complete itself, that will work out great and will allow you to waste no time! 

• Plus it requires time-consuming workup.  So I’d like to have next week completely available for that. 
• If you don’t get it started during the same lab period, you will want to/need to come in sometime at least 

a day before the next lab period to get it started.   
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Scheme 1 Part C:  Product Analysis.  NMR, GC/MS, and yield.  And Deciding whether You Need to 
Heat and Vacuum Further.  

• Hopefully everything has gone reasonably well.  However, this isn’t certain; perhaps the ring closure 
and water/hydrazine removal is not sufficiently complete, in which case you’ll need to do some more 
vacuuming.  (And in which case the yield will be too high, and the NMR will be contaminated.)   

• We don’t want to do additional heat/vacuum time unless absolutely necessary, though, because doing 
so can cause some decomposition of your product. 

• To decide whether you need additional heating/vacuuming, you need a quick way to assess the 
situation.  Both the NMR and/or the % yield can tell us. If the yield significantly exceeds 100%, that 
represents trouble.  And if the NMR shows more complexity than expected, that too means trouble.   

 
18. NMR and GC analysis:  dip a long-stemmed pipet into the product and draw up about a quarter-inch (1 

cm) sample (finger-nail length) of your hot mixture into the skinny tip of your pipet 
• Sample should be small, both to give sharpest NMR and to minimize yield loss.   

19. Put your pipet with that small sample into an NMR tube.  
20. Put a septum into the top of your reaction flask to keep air out.   

• Air can cause some oxidation and decomposition of your product, particularly when it’s hot.   
21. Add 1.2 mL of CDCl3 into the same pipet that has the sample in it and is in the NMR tube, and attach a 

pipet bulb to the pipet.   
22. GC Prep:  Using the same long-stemmed pipet, draw out what solution it can reach from your NMR 

tube, and transfer it directly into a GC-MS vial.   
• There will still be enough solution for the NMR.   
• Basically, the same solution will feed both NMR and GC-MS analyses 

23. Submit the NMR sample to the NMR queue.   
• Students will be using the NMR both for submitting, but also for processing (printing extra copies, 

doing horizontal expansions, etc.)  So you may need to be able to work your way between “submit” 
and “spectrometer” modes. 
• If not in submit mode, click “New Study” to get into submit mode.  The correct experiment should 

automatically load when you do so, if the software is working right. 
24. Submit your GC-MS sample to the GC-MS queue.   

• This will probably take a while to run.   
25. Mass measurement and % yield determination.  Take your flask to the balance and measure the mass.  

• Take the septum out before recording the mass; replace it immediately after recording the mass. 
• Subtract the original mass of the flask and stir bar in order to determine the mass of product. 
• Record the mass of product; you’ll need it both for this week’s lab report (as the product) and for next 

week’s lab report (as the reactant). 
26. Calculate the percent yield of your Scheme 1 reaction (1 à 3)  

• If your yield exceeds 100%, it probably means your heat/vacuum process had problems.  See 
instructor, in that case.   

27. Calculate how many mmol of product you have. 
28. If you have the NMR, or you have the mass and use that to calculate the % yield, those will provide the 

information needed to determine whether or not you’re good, or need more vacuum.  Consult instructor? 
29. Make an extra copy of both your NMR and your GC and put the extras in your drawer.  You’ll 

need them for your lab report for this week, but you’ll also need them for your lab report next week! J  
• Today’s product will be Scheme 2’s reactant.  As you go through Scheme 2, you’ll want to be able to 

compare your NMR and GC for your product versus those of the reactant.   
• NMR:  If in submit mode, click “Cancel” to exit Submit mode in order to enter the 

spectrometer/processing mode for doing additional prints or horizontal expansions.   
• In “Spectrometer” mode, must have “Zones” map displayed (96 sample nodes show).  Click on 

little circle icon ( ) to the upper left of the spectra-display panel, if zones map not already open. 
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NMR and GC-MS Data in the Research Module.   
 

NMR Analysis/Interpretation, General Considerations,  
1. An abbreviated summary report process will be required.  Draw the structure and label the different 

carbons.  Then make a table with the actual chemical shifts, integrations, and splittings for the actual 
spectra, and by each one write the letter of the carbon to which it is attached.  This will demonstrate 
that you have analyzed and understand your spectrum.  The two alpha-hydrogens will have difference 
chemical shifts 
• Include integration.   
• Do not analyze/report the splitting (although you may do so.)   
• Which signal is from the b-H, and which two signals are from the a-H’s? 
• Does your product look pretty pure?  If so, there should be a fairly limited number of contaminant 

signal sets.  
2. Scheme 1:  Does your NMR confirm that your heat-vacuum completed ring-closure, and 

removed water and triethylamine and methylhydrazine?  If your heat-vacuum concentration of 
product 3 was successful, you should NOT see a big broad lump that appears in the non-aromatic 
region, and you should see mostly only one N-methyl singlet.  If you do have a big lump, that probably 
reflects residual water and/or methylhydrazine. Does it look like the hydrazine/water is gone?   

3. Scheme 2:  Does your NMR confirm that your heat-vacuum process removed the solvent?  Does 
it look like your product is relatively clean, or is there a lot of junk present?  Does it confirm 
that you starting material 3 converted to new product 6?  

4. If you later compare your NMR for 2nd-week product 6 versus for structure 3, you should be able to 
see whether reactant 3 is gone or is still present at the end of the second-week reaction. 

5. You should be able to recognize the presence of residual solvents.  CH2Cl2 gives a singlet at ~5.28 
ppm; diethyl ether gives a quartet in the low-to-mid 3’s, and a triplet in the low 1’s.   

6. Chirality, H-non-equivalency, and chemical shift:  In your NMR for both week-one product 3 and 
after week-two product 6, the b-carbon will be chiral. When you have a chiral carbon, it makes the 
two a-hydrogens (on the CH2 group next to the carbonyl) unequal to each other.  One a-H is cis and 
the other is trans to your b-H, so they are not in the same chemical environment.  These unequal a-
hydrogens usually (not always) come at significantly different chemical shifts, but both should appear 
in the 2’s.  The b-H, which is attached to a nitrogen-bearing carbon, should be further downfield, 
probably in the 3’s.  A video talking through some of this is available.   

7. Chirality, H-non-equivalency, and splitting:  The non-equivalence of the two a-hydrogens also 
complicates the splitting.  They now are split by each other, as well as by the neighboring b-H.  Plus 
the splitting magnitudes are different because of the differing distances.  (The “other” a-H is closer 
than the b-H, so they don’t usually provide equivalent magnetic splitting, and don’t usually provide a 
nice triplet.)  In practice, each of the two a-hydrogens will usually appear as a four-line “doublet of 
doublets”, and the two a-hydrogens should normally combine to show eight lines. The b-H will 
typically look much more highly split, being split by each of the two a-H’s, plus by the methyl or 
ethyl group depending on whether you have 3a or 3b.  A video talking through some of this is 
available. 

8. N-H hydrogens, like OH hydrogens, are typically broad and unpredictable.  In many cases you won’t 
be able to see them at all.  Don’t look for them or try to assign them 

9. Signature signals:  All of the samples will have the interesting a- and b-hydrogens.  But there will 
be other signature peaks for other situations:   
• N-methyl	singlets	for	all	samples	3	and	6.				
• For samples 3a and 6a, there should be a nice methyl doublet in the 1’s.   

  



 62 

• For samples 3b and 6b, there should be a recognizable ethyl group.    
10. Nitrogen impact on chemical shift:  The impact of a nitrogen attachment on chemical shifts is 

somewhat similar to but weaker than the impact of an oxygen attachment.  In other words it has an 
addition factor of about +1.5-2.  This will impact the chemical shift for hydrogen on the b-carbon (b 
relative to the carbonyl) and the N-methyl signal.  Typically the N-methyl should appear somewhere 
in the 2.6-3.3 range.  The hydrogen on the b-carbon will probably show up somewhere in the 3’s. 

11. Chemical shift logic:   
• For the a-hydrogens in 3a, they are next to a carbonyl.  So we’d expect them to come in the 2’s.  

They are also b to nitrogen, which further pushes one or both of them variably downfield within 
the 2’s.   

• For the b-hydrogen, the b-carbon has a nitrogen (+1.5-2) so should appear in the 3’s.   
12. Impurities/contamination:	 	Real	products	often	are	accompanied	by	many	impurities.	 	The	

present	 of	 impurities,	 can	 complicate	 NMR	 interpretation.	 	 Recognizing	which	 signals	 come	
from	the	desired	product	and	which	do	not	is	significant.		And	qualitatively	recognizing	whether	
a	spectrum	is	relatively	clean	or	is	pretty	contaminated	is	important.		 
• Remember that there should be a logical integration ratio for the main H’s in your actual products 

3 and 6. 
• Often there will be a variable amount of smaller signals in the baseline resulting from 

contaminants, side products, and product-decomposition.  The less, the better. 
13. Isomer	ratio:		Two	structural	isomers	form,	the	“major”	isomer	3a	and	the	“minor”	isomer	4a,	

There	are	five	main	signals	for	3a	(N-methyl,	C5-methyl,	b-hydrogen, and two a-hydrogens), there 
should likewise be five signals for 4a,	but	at	variably	different	chemical	shifts.		The	product	ratio	
should	be	reflected	in	their	integrals:	in	other	words,	if	the	isomer	ratio	is	5:1,	then	the	N-methyl	
signal	for	4a	should	be	only	1/5	as	big	as	the	N-methyl	for	3a;	and	the	b-hydrogen for 4a should 
be only 1/5 as big as the b-hydrogen for 3a, etc. 

 
GC-MS Analysis/Interpretation  
14. Draw the structure for your specific product on each GC-MS sheet, and write the molecular weight 

underneath the picture. (No “R” groups; write the specific structures.)   
15. Retention	time?		What	is	the	retention	time	for	your	3?		 

• Bigger	structures	will	have	longer	retention	times.		Product	6	should	have	a	longer	retention	
time	than	product	3.		 

16. Purity:	How	pure	is	your	3	by	GC? 
• Many	contaminants	will	NOT	appear,	since	they	come	off	fast	during	the	solvent	delay.		So	

your	purity	reading	will	be	deceptively	high.		NMR,	which	shows	everything,	is	
qualitatively	more	representative.		 

• Often	nitrogen-containing	molecules,	because	of	their	basicity,	get	badly	broadened	on	our	
GC	column.		So	we’ll	have	to	see	whether	the	GC’s	look	useful	for	3	or	6.		 

17. Isomer	ratio:		What	is	the	ratio	of	the	“major”	isomer	3a	versus	the	“minor”	isomer	4a? 
18. Mass	Spec	and	Molecular	Ion:		Check	in	the	mass-spec	whether	there	is	a	molecular	ion	peak	

that	matches	the	molecular	weight	for	your	product.		 
19. Lab	report:		In	your	lab	report,	make	sure	that	you	have	not	only	attached	the	labeled	GC-MS	

information,	 but	 that	 you	 also	 discuss/present	 the	 retention	 time	 and	 purity	 in	 your	
data/results/discussion	section.			  
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Pandemic-Modified Lab Report for Research-Module Week 1: 
Scheme 1/Week 1 Lab Report: 
1. Download the docx written procedure for Scheme 1 reaction (1 à 3a). 
2. Insert listing of chemicals used; show your mole calculations; identify limiting reactant; and show 

your theoretical yield calculation.  (As per normal report.) 
3. Note:  assume you used crotonic acid 1a and made product 3a (and minor isomer 4a).   

• Even though in the actual video, I actually did it using 2-pentenoic acid 1b!  J   
• But the data analysis, NMR analysis, and derivative products from Week 2 will involve 3a, 

not 3b.  And the GC-MS had a problem so that I couldn’t analyse 3b.   
• The NMR analyses involving 3a are also much easier than for 3b.  

• So it will work much better for you (and for me) to just work with and analyze known data, 
NMR’s, and GC’s for 3a rather than 3b.   

4. Insert observations as they occur; or any changes in procedure.   
• (A different font or a different color would be nice, so your inserts stand out from copied text!  

J) 
5. Include final mass, % yield calculation. 
6. Make sure that all structures are drawn explicitly.   

• As always for a synthesis style report, you’ll want to draw out the reactants and the products.  
In this case, be sure you draw the actual crotonic acid reactant and product 3a in your reaction.   

• None of your pictures should have an “R1”: you should illustrate each structure with your 
actual R1 group drawn, whether that’s methyl or phenyl or 4-methoxyphenyl or whatever. 

7. Show all calculations.  (Including any mole => mass for reactants, or mass => mole for products) 
8. Calculate mass yields, and percent yields, etc., for product 3. 
9. Include presentation and data summary of your NMR-3 

• The NMR is attached as the last page of this document.   
• Be sure to draw your structure, and then provide an abbreviated summary report.  This should 

include a listing of chemical shifts, integrations, and splittings, and a matchup-assignment 
between signals and hydrogens in the molecule. 

• Note:  you do not need to include impurities/solvents/contaminants in the abbreviated 
NMR summary report.  

• Some of the splitting will be more complex than you’ve previously experienced, due to the 
impact of chirality.  See NMR-processing discussion.  I won’t be very concerned about how 
you report some of these.  (“m” for multiplet, or “dd” for doublet-of-doublet might be OK…) 

10. Include your data summary for GC-MS data for 3a and 3b.  The GC-MS data summary is included 
at the back of this document. 

11. Include a results/data/discussion/analysis section.  The analysis/discussion section needs to 
address what the yield information told you, and what the NMR and GC-MS data tells you about 
both the success and the efficiency of your reaction, and the purity of your product 3.  

12. The results/data/discussion/analysis section should summarize what the mass/yield/NMR/GC-MS 
data is, and what conclusions can be drawn from them.  Just attaching the NMR’s and GC-MS’s 
without discussing or showing that you understand them will not be good.  What is the summary 
for the key non-aromatic C-H hydrogens in your NMR?  What is your GC-retention time?  
Between the NMR and the GC, did it look like the product 3 was formed successfully, and does 
it look reasonably clean?  Or is it obviously significantly contaminated?   

13. Answer the post-lab questions on the following two pages, and include in your report.   
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Postlab Questions for Research Module Week 1 
Some of the information that addresses these questions may have come in the written prelab; in the 
prelab video; or perhaps in the experiment itself or the associated video. 
 
1. What	famous	health-care	clinic	is	collaborating	with	Dr.	Jasperse	and	MSUM	students	in	

investigating	antipyrine,	antipyrine	analogs,	and	idiopathic	pulmonary	fibrosis?			
 
 
 
2. One	of	the	week-two	products	will	be	6ac.		Just	looking	at	the	structures,	what	are	two	

structural	differences	between	6ac	and	antipyrine?			

  
 
 
 
 
3. When	comparing	6ac	(pictured	above)	to	antipyrine,	*if*	drug-binding	involves	hydrogen-

bonding	to	a	polar	drug-receptor,	would	you	guess	that	6ac	might	hydrogen-bond	better	
or	worse	than	antipyrine,	and	why?			

 
 
 
 
 
4. In	today’s	reaction	mechanism,	methylhydrazine	has	two	different	methyls.		Given	the	

mechanism	for	the	reaction	(see	introduction,	p57),	why	do	you	think	the	N-methyl	
nitrogen	usually	adds	to	the	alkene,	leading	to	major	isomer	3a,	with	the	NH	nitrogen	ends	
up	connected	to	the	carbonyl?			Why	does	isomer	3a	predominate	over	isomer	4a?			

  
 
 
5. In	today’s	experiment,	what	was	the	approximate	ratio	of	major	product	3a	to	minor	

product	4a,	based	on	GC	data?			
 
 
 
6. In	the	GC,	what	was	the	retention	time	for	the	major	isomer,	versus	the	minor	isomer?	
 	

N
N

O

H3C CH3

O

6ac

N
N

O

H3C CH3
Antipyrine
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7. Given	the	major/minor	3a/4a	ratio	measured	by	GC,	can	you	see	evidence	in	the	H-NMR	
for	a	similar	mixture	of	major-to-minor	isomers?		What	are	the	chemical	shifts	for	the	N-
methyl	signal	from	3a,	versus	the	N-methyl	signal	in	4a?			

 
 
 
 
8. This	should	have	already	been	in	your	main	lab	report,	but	for	my	grading	convenience,	for	

the	major	producd	3a,	list	the	chemicals	shifts	for	the	following	signal	sets	in	major	
product	3a:	

• N-methyl	
• C-methyl	
• b-H 
• a-H (one of them) 
• a-H (the other one)	

 
9. Explain	very	briefly	why	the	two	a-Hydrogens in the NMR have different chemical shifts, 

despite being connected to exactly the same carbon?  		
 
 
 
 
 
 
10. There	were	a	number	of	chemicals	or	byproducts	in	the	product	solution	in	addition	to	the	

major	products.		What	“cleanup”	procedure	was	used	to	remove	the	triethylamine,	excess	
methylhydrazine,	and	water?				

 
 
11. During	the	addition-phase	of	the	reaction	(Part	A,	step	7)	in	which	the	reactants	were	

being	heated,	I	had	water	running	through	the	reflux	condenser.				In	step	11c,d,	prior	to	
heating	under	vacuum,	I	turned	the	water-flow	off,	and	poured	the	water	OUT	of	the	
condenser	prior	to	applying	the	vacuum.		Explain	briefly	why	it	was	important	and	
desirable	to	have	water	flowing	through	the	condenser	during	the	reaction	(Part	A),	but	it	
was	important	and	essential	that	the	water	was	NOT	flowing	during	the	vacuum	phase,	
Part	B?		

	
	
	
	
	
	

12. I	tried	to	keep	a	septum	attached	to	keep	air	from	flowing	freely	into	my	chemical	mixture.		
What	did	I	think	might	undesirably	happen	if	I	had	not	bothered	with	the	septum,	and	had	
just	left	solutions	open	to	the	air	all	of	the	time?				
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H-NMR Data: 

 
 
GC data:   
Retention Time % of Total Mass Spec Molecular Weight 
3.35 min 11.5% 114 g/mol 
3.65 min 86.2% 114 g/mol 
6.06 min 1.2% 142 g/mol 
6.14 min 1.1% 200 g/mol 

 

Emma_and_Abby 

Sample Name Emma_and_Abby Pulse sequence PROTON Temperature 25 Study owner Chem365 
Date collected 2019-04-04 Solvent cdcl3 Spectrometer aspect.mnstate.edu-vnmrs400 Operator user 

Data file /home/user/vnmrsys/data/Chem365/Emma_and_Abby_20190404_01/PROTON_01.fid Plot date 2020-04-01

ppm12345678910

0.93
0.25

0.98
3.00

0.96
3.11

CDCl3

Minor
Isomer

Minor
Isomer

Minor
Isomer

Minor
Isomer


