Summary of PEDOT-E and PEDOT-Fe reactions

Oddball reactions:

JGD8-0

When all the used PEDOT-E (batch-x) was refluxed overnight with benzyl alcohol and 25% TsOH in toluene, the crude NMR showed the desired Friedel-Crafts products in addition to di-benzyl ether.  The relative integration showed that 20% of the product was ether.  Filtering the sample through a pad of silica with pentane almost completely removed the ether.  The GCMS confirmed the presence of the desired products, and a very small amount of ether.  The GCMS also showed there was NO obvious evidence of polymer decomposition.  The percent recovery of the desired products was poor, 49%.  Considering that the crude NMR showed that 20% of the product was ether, the total yield is approximately 70%.  
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JGD8-1 ON PAGE 2

When EDOT was stirred at reflux overnight with 4.0 eq. of benzyl alcohol and 25% TsOH in benzene, a mixture of products was obtained.  Di-benzyl ether, benzyl alcohol, di-phenyl methane, and 2-benzyl EDOT were all observed in the mixture in the GCMS.  Filtering the sample through a pad of silica in ether gave NO CHANGE in the NMR.  There are several unidentified peaks, as well.  In addition, EDOT was observed in the GCMS, along with some possible products that support decomposition of EDOT.  The EDOT also appeared to polymerize under these conditions, which was not at all surprising.  Approximately 0.39g of material were recovered.  
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JGD8-2 ON PAGE 1

When EDOT was stirred at reflux overnight with 4.0 eq. of benzyl alcohol and 25% TsOH in hexanes, a mixture of products was obtained.  Di-benzyl ether, benzyl alcohol, EDOT, 2-benzyl EDOT and 2,5 di-benzyl EDOT were all observed in the GCMS.  Filtering the sample, in ether, through a pad of silica gave NO CHANGE in the NMR.  There were peaks from ~14.5 minutes to ~19 minutes that were NOT present in JGD8-1.  This suggests a change in reactivity with the switch to hexanes instead of benzene.  There are also some un-identified peaks, and peaks that have the same retention time as the peaks from JGD8-1 that suggested EDOT decomposition.  
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Reactions from PEDOT-E batch-x

The following reactions will be discussed twice.  Once here, and then again with the appropriate alcohol.  I organized all the data by alcohol, and kept these together, that latter, we discussed.  Each reaction was run on 0.4 mmol scale.  As a result, no accurate yields could be obtained.  The yields given are GC yields.

PEDOT-E and PEDOT-Fe reactions organized by alcohol

Phenethyl alcohol

JGD6-94B

The phenethyl alcohol reaction, in benzene, with the PEDOT-Fe, failed.  By the time this reaction was performed, the PEDOT-Fe was quite aged.  A benchmark check using benzyl alcohol confirmed that the PEDOT-Fe had lost its activity.  This reaction has not yet been re-run.  The GCMS showed only alcohol.
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3-methyl-2-buten-1-ol

JGD7-16F

With 3-methyl-2-buten-1-ol was stirred in refluxing benzene overngiht with PEDOT-E from batch-x, the NMR gave unclear results.  However, the GCMS suggests the desired product was obtained.  The yield does not appear to be much more than trace.  This reaction was re-run on larger scale to get an actual yield on it.  This will be discussed below.
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JGD7-8B

On another trial, the yield appears slightly higher.  This was also done with PEDOT-E.  There is one peak that suggests that no rearrangement occurred, but it is a minor peak.  Predominantly, rearrangement is occuring.  This assignement was made based on the base peak.  It also appears that di-substituted also formed in small amounts.  This was run in toluene, not benzene
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JGD7-8C

This trial used benzene as the solvent.  Oddly, products from both benzene and toluene are observed.  Something must have been mixed.  The percent recovery is poor for this reaction.  Nothing in the NMR suggests the reaction worked.  only in the GCMS are the products observed.

this gcms needs to be re-run

JGD8-5C

3-methyl-2-buten-1-ol was refluxed with PEDOT-E in toluene overnight.  This time the reaction was performed on a scale that would allow for quantification.  When 1.1mmol (0.095 g) was used, 0.18g were recovered.  There were many peaks observed in the GCMS that indicated the product was formed.  There were no other substantial peaks observed.  If it is assumed that 100% of the material isolated is actual product (NMR and GCMS suggest this is an OK assumption) then the yield is near, or slightly above 100%.  The NMR is too crowded to allow for true quantification like in the benzyl alcohol.  There was some evidence of di-substitution as well, which likely is partly responsible for the impossible yield.  
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3,3-dimethyl 2-butanol

JGD7-16B

Both by NMR and GCMS, this reaction appears to have completely failed.  Only noise is observed.


[image: image8.wmf]O

H

benzene

reflux

N

2

overnight

PEDOT-E

N.R.


2-methyl 1-butanol

JGD7-16A

With 2-methyl 1-butanol and PEDOT E from batch-x, in refluxing benzene, the NMR of the product mixture suggests the prescence of product (aromatic protons) however, no sense could be made of the GCMS.  There are 3 peaks with the same molecular weight, and similar fragmentation that do not agree with the molecular weight of the expected products.
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3-methyl-1-butanol

JGD6-93A

With 3-methyl-1-butanol, and PEDOT-Fe in refluxing benzene, there is no evidence to suggest that the reaction worked.  However, it is not known if this is because the reaction fails with this alcohol, or if it is because the PEDOT-Fe was no longer active.
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cyclohexanol

cyclohexanol DOES give the Friedel-Crafts product when FeCl3 is used instead of either of the PEDOTs,  With PEDOT-E, the reaction doesn’t seem to work.  With PEDOT-Fe, it DOES work, although if the polymer is allowed to age, the conversion decreases.

JGD7-16H

With PEDOT-E “batch-x”, cyclohexanol in refluxing benzene gave NO product.  Arvind Kumar in Sotzing’s lab ran cyclohexanol with toluene with this same batch and obtained something we have not yet identified.  This reaction (with toluene) was re-run on a different sample of PEDOT-E, on 1 mmol scale so that a yield can be obtained.
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JGD6-91A

With PEDOT-Fe, cyclohexanol in refluxing benzene gave a mixture of products.  The mixture included the desired, Friedel-Crafts product, cyclohexanol, cyclohexyl chloride, and cyclohexanone.  There was also an unidentified peak and there wasn't any ether, apparently.
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JGD6-94A

With aged PEDOT-Fe, the yield of all the products decreased.  The chloride completely vanished.  The alcohol was the predominantly the only thing recovered.
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JGD7-8A

With PEDOT-E in refluxing toluene, nothing was observed in the NMR or the GCMS.  There was also little to nothing recovered.  
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JGD7-7D

With PEDOT-E in refluxing benzene, NO Friedel-Crafts products were observed in any appreciable amounts.  A very small amount of cyclohexanone was observed as was a large amount of cyclhexanol.  This is good evidence for different reactivity with toluene vs. benzene.  Unfortunately, in this case, polymer age must also be considered.
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JGD8-5B

Cyclohexanol was refluxed with PEDOT-E in toluene overnight.  This time, the reaction was performed on a scale that allowed for quantification.  Unfortunately, when 1.1 mmol (0.11 g) of cyclohexanol was used, almost nothing was recovered.  There was no evidence of product in the NMR.  However, the Friedel-Crafts product was observed in the GCMS.  It was not isolated however, as too small an amount was produced.  Also, there were several unidentified peaks in the GCMS.  
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2-octanol

JGD6-92A

2-octanol, with PEDOT-Fe in refluxing benzene gave the desired, Friedel-Crafts product, unreacted alcohol, some 2-octanone, and a few un-identified peaks.  
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benxyl alcohol

JGD7-16I

Benzyl alcohol was refluxed in toluene with PEDOT-E “batch-x”.  The NMR shows the desired Friedel-Crafts products, aldehyde and ether.  The GCMS confirms the presence of all 4 products.  NO alcohol was recovered.  
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JGD7-16J

Benzyl alcohol was refluxed in benzene with PEDOT-E “batch-x”.  The NMR showed the desired Friedel-Crafts product and ether.  The GCMS showed toluene, ether, the product, aldehyde and what might be evidence of the polymer decomposing.  
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JGD7-9A

Benzyl alcohol was refluxed in toluene with 4% PEDOT-E.  Although the reaction did work beyond 50%, it did not go as far to completion as when more PEDOT-E is used.  The products observed in the mixture were unreacted alcohol, di-phenyl methane, di-benzyl ether, benzaldehyde and what appeared to be triflated benzyl alcohol.
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JGD 6-87B

Benzyl alcohol was refluxed in benzene with PEDOT-Fe.  After rotavap, the GCMS changed.  The benzyl alcohol peak became VERY broad.  This was run, I think, during the time when there were big problems with the GCMS being abused.  In any case, benzyl alcohol was observed in the mixture as was aldehyde, chloride, di-phenyl methane, and ether.  
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JGD6-98A

Benzyl alcohol was refluxed in benzene with PEDOT-Fe.  The GCMS suggested that benzyl alcohol remained, and benzaldehyde, benzyl chloride, di-benzyl ether, and the desired Friedel-Crafts product, di-phenyl methane were produced as well.
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JGD7-7C

Benzyl alcohol was refluxed in toluene with 35% PEDOT-E.  The NMR and GCMS showed that NO alcohol remained.  Careful analysis of the GCMS shows what may be a trace of alcohol.  The GCMS and NMR also showed a trace of benzaldehyde, some di-benzyl ether and the two desired Friedel-Crafts products.  This suggests one of two things.  The PEDOT-E is either acting catalytically, or the assumed molecular weight/equivalents is wrong.  Recall that the 4% PEDOT did not proceed to completion.


[image: image23.wmf]O

H

O

O

toluene

reflux

N

2

overnight

35% PEDOT-E


JGD7-7B

Benzyl alcohol was refluxed in toluene with PEDOT-E.  The NMR and GCMS suggest that virtually no alcohol remains.  Present in the mixture is benzaldehyde, di-benzyl ether, and the two desired Friedel-Crafts products.
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JGD7-7A

Benzyl alcohol was refluxed in benzene with PEDOT-E.  Observed in the NMR and GCMS was benzyl alcohol, di-benzyl ether, benzaldehyde and the desired Friedel-Crafts product, di-phenyl methane.
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JGD6-88

Benzyl alcohol was refluxed in hexanes with PEDOT-Fe in the presence of 10.0 eq. of NaCN.  Observed in the mixture was benzaldehyde, benzyl chloride, benzyl alcohol and di-phenyl ether.  It is interesting to note that the NaCN which has considerable bascicity did not appear to suppress the formation of the acid-catalyzed by-products at all.
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JGD7-95

Benzyl alcohol was refluxed in toluene with 2.0 eq. of PEDOT-E.  Observed in the GCMS was the two Friedel-Crafts products, and a very small amount of benzaldehyde.  No alcohol and no ether were observed.
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JGD7-96

JGD7-96B is JGD7-96 filtered through silica

Benzyl alcohol was refluxed with PEDOT-E in toluene.  The only identifiable peaks were the two Friedel-Crafts products.  There is no apparent alcohol or ether in the mixture.  
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JGD8-5A

Benzyl alcohol was refluxed with PEDOT-E in toluene overnight.  This time, the reaction was performed on a scale that allowed for quantification.  When 1.1 mmol (0.11 g) of benzyl alcohol was used, 0.3 g of material was recovered.  The observed compounds in the mixture were the desired Friedel-Crafts products (ortho and para), di-benzyl ether, and several isomers of di-substituted Friedel-Crafts products.  Based on NMR relative integrations, the di-benzyl ether accounted for 6.6% of the product mixture.  This would give a yield of >100%.  A small amount of toluene was observed in the GCMS, and although there is no hard evidence of other polymer-type products, perhaps something of this sort responsible for the impossible yield.  
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2-butanol

JGD7-10B

2-butanol was refluxed with PEDOT-E in toluene.  Nothing was seen in the NMR or GCMS to suggest that the reaction worked at all.
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JGD7-10A

2-butanol was refluxed with PEDOT-E in benzene.  Again, nothing was seen in the NMR or the GCMS to suggest that the reaction worked at all.
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JGD7-16C

2-butanol was refluxed with PEDOT-E from “batch-x” in benzene.  In this case as well, nothing was observed in the GCMS or NMR to suggest the reaction proceeded.
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JGD6-92B

2-butanol was refluxed with PEDOT-Fe in benzene.  In this case, the desired product was observed.  This is the first case of the PEDOT-Fe working better than the PEDOT-E.  In all the other cases, the PEDOT-E gives cleaner and more efficient conversion to the Friedel-Crafts product.  Was it the iron present that got this one to work?
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Tri-phenyl methanol

JGD7-16D

Tri-phenyl methanol was refluxed with PEDOT-E from “batch-x” in toluene.  The desired products were observed in very small amounts.  The principal components of the mixture were tri-phenyl methane, and a strange rearrangement product.  Strangely, in another case, where this odd product was observed, tri-phenyl methanol and cyclohexanol may have both been in the reaction mixture.  Further, this product was NOT always observed.  It also sometimes overlaps with the alcohol.  


[image: image34.wmf]H

O

H

toluene

reflux

N

2

overnight

PEDOT-E


JGD7-2B

Tri-phenyl methanol was refluxed with PEDOT-Fe in benzene.  The desired product was not observed.  A very small amount of alcohol was observed.  The major product was tri-phenyl methane.
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JGD7-9C

Tri-phenyl methanol was refluxed with PEDOT-E in toluene.  This time, only one of the desired products was observed.  In addition, tri-phenyl methane and the odd rearrangement product were also observed.  Curiously, the ratio of the rearrangement to tri-phenyl methane was different for this reaction than for the PEDOT-E from “batch-x”
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JGD7-9B

Tri-phenyl methanol was refluxed with PEDOT-E in benzene.   In this case as well, no evidence of the desired product was observed.  Also, the odd rearrangement product was NOT present.  There is a peak in the GCMS, but, although the retention time is close, the fragmentation pattern is extremely different.  This is also another peak at about 12 minutes  this peak is also observed in the toluene reaction and it is bigger there, but it can’t be identified yet.
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JGD6-91B

Tri-phenyl methanol was refluxed with PEDOT-Fe in benzene.  In this case, almost all the product is un-reacted tri-phenyl methanol.  There is a mystery peak near the RT of the rearrangement product, and there is only a small amount of tri-phenyl methane.
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