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Total Project Overview 
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Some Overall General Project Goals: 

1. Prepare a family of substrates 2, 4, and 5.  (This has been achieved.) 
2. Optimize methodology for preparing 2 and 4.  (This has been considered but not completely 

optimized.)   
3. Use cycloaddition reactions to compare the reactivity and stereoselectivity of substrates 5 and 

to that of previously known oxazolidinone or pyrazolidinone analogs in the literature.   
a. Do our compounds perform better?   
b. Do our compounds perform as well, while being easier to prepare?    

4. Consider the impact of solubilized Lewis acids on reaction outcome.   
a. Can we either find or make an achiral ligand that will solubilize Mg, Zn, Cu, or Yb Lewis 

acids?   
b. When is Lewis‐acid activation necessary for cycloadditin? 
c. How does Lewis‐acid inclusion impact the kinetics, yields, and stereoselectivity of 

cycloadditions?   
d. Concept:  Inclusion of a coordinating Lewis acid will dictate reaction via either 5 (s‐cis) 

or 5 (s‐trans) 
e. Lewis acid coordination enhances reactivity (catalyzes) 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Chiral Relay, Stereoselectivity, and Lewis Acids 
1. Shown is one example of a “dipole” undergoing dipolar cycloadditions to a chiral substrate 
2. Whether from the s‐trans or s‐cis conformatin of substrate 5, two product diastereomers can form.  

(And in some  cycloadditions reactions even more isomers are possible…) 
3. Chiral Relay:  The permanent chiral center on the substrate ring causes the fluxional nitrogen to 

have it’s benzyl group on the opposite face, which then blocks addition of the dipole.  In the 
pictures, the benzyl group on the nitrogen orients itself trans to the phenyl group on the ring 

a. From 5 (s‐trans), blockage of the back face leads to formation of product 6a as the major 
product, 6b as the minor product.  But how selective is this?   

b. From 5 (s‐cis), blockage of the back face leads to formation of product 6b as the major 
product, 6a as the minor product.  But how selective is this? 

 
Various Questions: 
1. Do we need Lewis acid for reactions to work at all? 
2. Is the selectivity good with or without Lewis acid?  

• Prediction:  selectivity better with Lewis acid, because the alpha‐carbon of the enoyl group is 
closer to the blocking group, so steric face‐shielding is more likely to be effective 

3. How will replacement of the Ph or CH2Ph groups on the original ring in reactant 5 impact levels of 
selectivity? 
• Prediction:  bigger may be better?   

4. Does the identity of the Lewis acid matter? 
5. How does the identity of the dipole that’s adding impact selectivity and Lewis‐acid compatibility? 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Original Chiral relay: JACS 2001, 123(34), 8444-8445 http://pubs.acs.org/doi/pdf/10.1021/ja016396b 
Full relay: JACS 2007; 129(2); 395-405 http://pubs.acs.org/doi/pdf/10.1021/ja066425o 
Lewis Acid: JACS (1995), 117(43), 10779-80.  http://pubs.acs.org/doi/pdf/10.1021/ja00148a035  
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Variations on Pyrazolidinone Substrates 

1. A gram or more of 5a has been made and is ready for cycloadditions, and procedures are pretty well 
worked out. 

2. The precursor for 5b has been made, to screen for impact of size of the substituent on C-5.   The 
precursor is easy to make. 

3. A tiny amount of 5c is available.  This is not easy to make, so we want to use that selectively.   
4. Contrasting 5a-c in some standard cycloadditions would evaluate the impact of the steric size of the 

C-5 substituent. 
5. I think that 5d may actually result in higher stereoselectivity.  This has not been made, but the 

precursor 4d is actually somewhat easier to make than for 5a-c.  So I definitely want somebody to 
make 5d, for comparison with substrate 5a 

6. If we find out that 5d >> 5a = 5c > 5b, we may also want to make 5d or other analogs with especially 
large N-ary groups.    
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1. I have made 4d (10 grams?) once by the process shown, but have not converted it to 5d 
2. My 4d is in large enough and pure enough quantity that it can be reacted to hopefully produce 5d as 

is, without a student currently needing to remake 4d or to purify it 
3. An advantage for N-aryl compounds is that potentially we can go from 1!  4 in one step rather than 

two, perhaps with good usability. 
4. Product 4d had nice physical qualities:  it is a nice, easy to handle solid, and could probably be 

recrystalized easily. 
5. We can buy the napthylhydrazine precursor  
6. A reason I’m optimistic about 4d is that in a related chiral oxazolidinone series, the phenyl analog A 

was better than benzyl analog B in terms of  
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Dipoles to Consider for Cycloadditions 

1. Reactivity increases from the oxide to the imine to the ylide 
2. Basic electronegativity impact on stability, and stability-reactivity principle 
3. The dipoles get increasingly difficult to make and work with as their stability decreases. 
4. Nitrile oxides have some problems, I don’t want to focus on those. 
5. Nitrile imine seems to be quite good, and I made a batch of the precursor.  So that should be ready to 

go, and that might be an ideal agent to use for screening different cycloadditions acceptors 
6. Nitrile ylide precursors C and D need to be made and tested 

• I think they may give excellent stereoselectivity results 
• They give more complex cyclic products (three new stereocenters) 
• I have some ideas for preparing and handling them in possibly convenient ways 
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Preparation of Nitrile Ylide Precursors C and D
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Comments about Azomethine Dipoles:  Allyl Types 
1. They are more stable than the nitrile‐type dipoles, so are harder to get to react 
2. Some are stable enough to isolate and use straight from the bottle:   

a. I have several nitrones. 
• You can actually buy one or two nitrones, or make them very easily 

b. I have a small amount of the azomethine imine shown, but it’s hard to make 
• I’d like to have a convenient access to other azomethine imines, but I’m not sure  

3. There are a wide variety of azomethine ylide reactions in the literature, and a wide range of 
reactivity.  
• The simples and most precedented one is shown.   
• I’d like to consider some other more novel ones 
• I have one (tetrahydroisoquinolide‐derived) that I invented myself that gives some good 

products and procedes with high selectivity 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Summary 
We want to evaluate cycloadditions for levels of diastereoselectivity, with or without Lewis acid 
(mostly with).  Can we get: 

1. High yields? 
2. Good stereoselectivity? 
3. Does chiral relay work?   

 
We need: 

1. Substrates 
2. Dipoles 
3. Lewis‐acid‐solubilizing ligands. 

 
Some but not all of these are made 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Specific Sub-Projects/Goals: 
Project 1:  Preparation of an achiral dissolving ligand.   
1. Goal:  synthesize compound F 
2. Background:   

a. We need to be able to dissolve ionic Lewis acids (MgBr2, ZnCl2, etc) in organic solvents  
• An organic ligand with enough organic stuff is needed.  

b. We want to have a large supply, so that we aren’t always afraid to do a reaction because we’ll run out 
of the ligand 

c. My past research has extensively used the chiral ligand G, which is excellent for dissolving Lewis 
acids and facilitating reactions.  But it is very expensive, problematic to make, and I depend on 
getting small donations from research colleagues.   

d. For some of this year’s projects involving chiral compounds, I need achiral, not chiral ligand.   
3. Note:  A literature preparation for compounds of type D is reported, but not for conversion to E 
4. I have done a single run-through on reactions A !  B !  C !  D.  The middle step wasn’t perfect, so my 

product D isn’t perfect.  But basically I have some D that could be used for screening a couple of 
attempts at D !  E.   
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ref:  diimine prep:  JOC2008, 73, 8673-8674 http://pubs.acs.org/doi/suppl/10.1021/jo801691m  
 
Specific things to do: 

1. Take crude D and try to convert to F using LHMDS 
2. Take crude D and try to convert to F using NaH/DMSO 
3. Test commercial H on chiral N-benzyl C5-phenyl crotonate, for solubility.   
4. Test homemade F on chiral N-benzyl C5-phenyl crotonate, for solubility.   
5. Contrast H, F, and G 
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Project 2:  Preparation of N­Phenyl Substrate 5d 
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1. I have made 4d (several grams?) once by the process shown, but have not converted it to 5d 
2. My 4d is in large enough and pure enough quantity that it can be reacted to hopefully produce 5d as 

is, without a student currently needing to remake 4d or to purify it 
3. An advantage for N-aryl compounds is that potentially we can go from 1!  4 in one step rather than 

two, perhaps with good usability. 
4. Product 4d had nice physical qualities:  it is a nice, easy to handle solid, and could probably be 

recrystalized easily. 
5. Once made, either the synthesizer or the people doing cycloadditions can use it. 
6. If made successfully, the preparation of 4d should be repeated to test for reproducibility 
7. A reason I’m optimistic about 4d is that in a related chiral oxazolidinone series, the phenyl analog A 

was better than benzyl analog B  
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Ref:  Jasperse and Taka paper, unpublished, will appear in Org Lett 
Ref for prep:  Jasperse notebook summer 2009 
 
Project 3:  Make the N-Naphthyl analog of 4d/5d 

1. We can buy the napthylhydrazine precursor  
2. Try all the same analog reactions and see if the napthyl one works better.   
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Project 4: Optimization of Substrate Preparation for Adaptation in Organic Lab 
Context:  In my $130‐K NSF grant that will give the department a new GC‐MS and automated 
chromatography system, I proposed to introduce a module involving this sort of chemistry into 
Organic II lab.  Students would use GC‐MS and the new NMR from my $430‐K NMR grant to analyze 
reactions, and use both analytical TLC and automated chromatography to purify some of these.   
 
Project would involve: 

1. How long and hot does the first reaction need, and at what Variact setting? 
2. How long and hot must the ring closing phase be? 
3. How long and hot must the alkylation be? 
4. Does this vary with the nature of R, or if the N‐benzyl group is replaced by something else?   
5. Are there easily chrystallized intermediates?  Are products clean enough in the crude stage to 

carry on?  Are there practical tricks for handling some of these?  (Some turn hard and glassine)   
6. Screening would be completd using R=Ph initially, then methyl 
7. Replacing benzyl  bromide with a different SN2 electrophile would also be nice to check.   
8. Optimizing the shorter N‐phenyl reaction could also fit. 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Ref:  Unpublished, developed by Jasperse and MSUM students. 
 
 
Project 5:  Nitrile imine Cycloadditions using Lewis Acid 
1. This project is dependent on coming up with a solubilizing ligand.   
2. If/when we can get a solubilizing ligand, then the nitrile imine cycloadditions can be screened on 

whatever substrates are available at the time.   
3. At present I have variable amounts of a couple of substrates with R1 = Ph, iPr, or tBu.  And R2 = 

CH2Ph or CH2Npth.  Hopefully the R1, R2 = Ph version will be ready soon.   
4. If there is one that gives substantial selectivity, repeating it without the Lewis acid to see how that 

impacts it 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Ref: J. Am. Chem. Soc.; (Communication); 2005; 127(23); 8276-8277. http://pubs.acs.org/doi/suppl/10.1021/ja051650b  
Hydrazonoyl bromide prep:  Tetrahedron, 1996, 52, 661-558 Jasperse can access via NDSU library 
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Project 6:  Nitrile ylide Precursor Synthesis 
1. Make some N‐(p‐nitrobenzyl)benzamide from p‐nitrobenzylamine, the expensive precursor 
2. Then do the chlorination reaction on both the nitrobenzyl benzamide and the commercial N‐benzyl 

benzamide   
3. The products will then be available for nitrile ylide cycloadditions reactions. 
4. Try the ability to make the N‐(p‐nitrobenzyl)benzamide from benzamide and relatively 

inexpensive p‐nitrobenzyl bromide 
 

Preparation of Nitrile Ylide Precursors C and D

D

Ph Cl

O
+

H2N Ph
NEt3

Ph N
H

O

Ph

3 SOCl2

reflux,
overnight
then concentrate

Ph N

Cl

Ph
Buy or Make

Strong
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Polar
Solvent

C N CPh
Ph

H

Ph Cl

O

+

H2N C6H4NO2

NEt3 Ph N
H

O

C6H4NO2

3 SOCl2

reflux,
overnight
then concentrate

Ph N

Cl

C6H4NO2

Make

C

NEt3 C N CPh
C6H4NO2

H

Expensive

Ph NH2

O
C6H4NO2Br

1.  BuLi

2.
????

cheap

E

 
 
Project 7:  Nitrile ylide Cycloadditions Without using Lewis Acid 
1. Once the chlorides in project 5 have been made, the p‐nitro one can be used for cycloaddition. 
2. The non‐nitro one needs a stronger base than triethylamine 
3. I’d like to try it with potassium t‐butoxide, in either tetrahydrofuran or alcohol solvent 
4. I’d also like to perhaps try it with LDA or LHMDS in tetrahydrofuran solvent 
5. With lithium counterion, that may provide the same s‐cis organization as with a Lewis acid, so 

might give opposite stereoselectivity from a Lewis‐acid free reaction, if it works.   
6. If in fact LDA works, then we could perhaps do additional examples with different nitrile ylides.   
7. Note:  in related oxazolidinone type systems, the nitrile ylides gave really good selectivity even in 

the absence of Lewis acid, so these have a chance to be nicely selective. 
8. It will be good to run analog reactions using the nitrobenzyl compound on phenyl‐ and benzyl‐

substituted oxazolidinone.  That will provide a reference.   
9. I think these nitrile ylides are too reactive to be compatible with Lewis acid, but if we’ve got some 

good Lewis acid going for one of the other projects, we could test it once.   
 

C N CPh
Ar

H
O

N

CH3

X

O

Ph

Ph Cl

NCH2Ar

N
N

O

R1 R2

+

NEt3

CH2Cl2 solvent
molecular sieves Ar  

 
Reference:  Jasperse paper, submitted but not yet published, will appear in Org Lett. 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Project 8:  Azomethine Ylide Cycloadditions With Lewis Acid 
1. I’d very much like to get this worked out 
2. I have no experience with these reactions 
3. Might be interesting to do with and without an additional Lewis acid.   
4. May need to do some trial and error to find optimal conditions for optimal stereoselectivity 
 

O

N
N

O

R1 R2

+
N

O

Ph

OMe
Ag2CO3 or 
LDA or LHMDS

N
O

Ph

OMe

Ag

or Li

after

workup NH

CH3

X

O

CO2Me

Ph
 

 
Prep from methyl glycine plus benzald plus MgSO4, can perhaps use in situ.   
http://pubs.acs.org/doi/suppl/10.1021/ja036558z Schreiber JACS 2003 Ag  

Supporting describes convenient prep of usable imine ester, simple procedure: 
 http://pubs.acs.org/doi/suppl/10.1021/ja036558z/suppl_file/ja036558zsi20030723_020135.pdf  
ZnOTf2/ligand/NEt3 Org. Lett., 2006, 8 (21), pp 4687–4690  http://pubs.acs.org/doi/suppl/10.1021/ol061521f  
Tetrahedron, 2008, 8974,  Grigg 1:1 Stoich, 1.5 AgOAc, 1 NEt3, CH3CN, suspension, rt
 http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235289%232008%23999359962
%23695180%23FLA%23&_cdi=5289&_pubType=J&_auth=y&_acct=C000054569&_version=1&_urlVersion=0&_userid
=1822444&md5=aacae5768c4861f1569bb2acdb7bc5a4    
Org Let 2009 393  copper LA, NEt3 
JACS 2008 13321 
 
Project 9:  Nitrone Cycloadditions With Lewis Acid 
1. I have several nitrones that are ready for use. 
2. Once a Lewis‐acid dissolving ligand is identified or prepared, somebody could try one of these.   
3. I’m not sure whether yields will be high, or stereoselectivity.  Possibly not.  But if they are, then this 

would be a good project.   
4. Copper triflate (trifluoromethylsulfonate) may be better than magnesium Lewis acids in this case 
5. A control reaction without Lewis acid should be done, at both room temp and probably also at 

elevated temp  
 

O N

CH3

X

O
Ph

Ph

O

N
N

O

R1 R2

+
MgX2
Ligand

NEt3
CH2Cl2 solvent
molecular sieves

Ph

N PhO

 
 
Ref: http://pubs.acs.org/doi/suppl/10.1021/ja039087p  Exo Selective Enantioselective Nitrone Cycloadditions  
Sibi, M. P.; Ma, Z.; Jasperse, C. P.; J. Am. Chem. Soc.; (Communication); 2004; 126(3); 718-719. 
 
Project 10:  Azomethine Imine Cycloaddition With Lewis Acid 
1. This would only be after we have a Lewis‐acid dissolving ligand set up, and have had some success 

with other cycloadditions. 
2. Reactivity may be problematic. 
3. Lewis acid compatibility may be problematic 
4. If it works, I exect selectivity will be really good.   
5. This might just be a couple of experiments, unless we come up with a better way to access a larger 

stock of azomethine imine dipole.  
6. A control reaction without Lewis acid should be done, at both room temp and probably also at 

elevated temp 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N N

CH3

X

O
PhN

N

Ph

O O

O

N
N

O

R1 R2

+
MgX2
Ligand

NEt3
CH2Cl2 solvent
molecular sieves  

Reference for use of this dipole and reactivity with crotonates: http://pubs.acs.org/doi/suppl/10.1021/ol800904t 
  Copper(II)-Catalyzed Exo and Enantioselective Cycloadditions of Azomethine Imines.   Org. Lett., 2008, 10 (14), pp 
2971–2974 

Project 11: Azomethine Ylide Cycloaddition with Tetrahydroisoquinolide Reagent 1  
1. No Lewis acid 
2. Molecular Sieves probably needed  
3. I expect really good stereoselectivity 
4. This chemistry is unpublished, but Jeff Backous worked up the dipole side two years ago 

O

N
N

O

R1 R2

+
N CO2Me

1.  NBS

2.  NEt3 N CO2Me N CO2Me

MeX
O

H

 
Jasperse, C. P.; Backous, J.  Unpublished 
 
Project 12: Azomethine Ylide Cycloaddition Using Secondary Amines and Aldehyde to Generate 
Dipoles In­situ  

1. I have done only a little reading here.  But if there is a way for certain 2º amines to be converted 
to dipoles directly, we should try it on our compounds.   

 
Project 13:  Not involving any Chiral Relay or Pyrazolidinones, but yes involving certain 
cycloadditions and Lewis acids.  Cycloadditions on N­methylimidazole substrates to create 
quaternary centers.   

N
Me

N 1.  BuLi

2.  Acylating agents N
Me

N

N
Me

N

O

O

and

Nitrile Imine

Cycloaddition?

N N
X

O

Ph

Ph

N N
X

O

Ph

Ph

Me

Me

Nitrile Imine

Cycloaddition?

 
 
Ref for imidazole acylations: http://pubs.acs.org/doi/suppl/10.1021/ja052433d  J. Am. Chem. Soc.,  2005,  127 (25),  
pp 8942Ð8943  Dave Evans etc. 
 
Project 14:  Preparation of Achiral Box Ligand, As a Dissolving Ligand.   
Organometallics 2004, 23, 3053-3061  From malonate.  Malonate isn’t to expensive.   
Should be able to do the analogous from the malonyl dichloride.  Should work very well, only dichloride isn’t cheap.   
Synlett article, in folder, from the malononitrile and ZnOTf,  very good, if slow.  Malononitrile isn’t cheap.   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Chemicals to buy (dollar figures are approximate for my own sake) 
CAS:  1072-53-3   1,3,2-Dioxathiolane 2,2-dioxide (ethylene sulfate) 
5g $65 
ALDRICH   
Order Number: 471690   
 
CAS: 3741-38-6   Ethylene Sulfite,  
25 grams.  $35 
Aldrich  
 
CAS: 4039-32-1   Lithium bis(trimethylsilyl)amide solution, 1.0 M in tetrahydrofuran 
Aldrich (I want Aldrich, nobody else.  I know there solution is clean and good.)   
225770-800 mL  ($210) 
 
CAS:  1485-70-7   N-BENZYLBENZAMIDE 
25 grams $35 
Alfa Aesar or anybody 
 
CAS:  867-13-0  Triethylphosphonoacetate 
25 grams $40 
Everybody sells it. 
 
CAS: 2243-56-3 1-Naphthylhydrazine Hydrochloride 
Quantity: 10gm  $50 
Several suppliers, one of which is: 
City Chemical LLC 
139 Allings Crossing Road 
West Haven, CT, 06516 
Phone: 800-248-2436 
Phone: 203-932-2489 
Fax: 203-937-8400 
Email: sales@citychemical.com 
Web: http://www.citychemical.com 
 
Isopropanol, HPLC grade.  Do we have some?  If not buy me some.   
500 mL 
 
CAS 616‐47‐7   1‐Methylimidazole 
25‐100 mL  $25 
Anybody 
 
CAS 100‐52‐7   Benzaldehyde >99.5% purified, SureSeal Bottle 
100 mL  $40 
Aldrich supplier with sureseal bottle,  
Aldrich 418099‐100mL 
 
CAS 54010‐75‐2  Zinc trifluoromethanesulfonate, >95%  (Note:  NOT HYDRATE)  
10g  $40 
Lots of suppliers 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CAS 534‐16‐7   Silver carbonate:  I assume stockroom has this?   
10g or 5g or 25g or so… 
 
CAS 77‐25‐8    Diethyl diethylmalonate 
25g or more    $35 
Aldrich for sure, probably many others.   
 
CAS 54505‐72‐5  Diethylmalonyl dichloride 
5g or more    $40 
Aldrich for sure, probably others. 
 
Syringe needles, 12‐inch, whichever gage is available or cheapest, 18 gage or 20 gage or whatever.  
Whichever package they sell them for, 6 or 5 or whatever.   


