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   We propose preparing medium ring heterocycles using rhodium-catalyzed 

hydroacylation, which is the addition of an aldehyde to an alkene.  If this were performed in an 

intramolecular fashion, with the aldehyde and alkene residing on the same compound, the 

resulting product would be a ring.  In the past, intramolecular hydroacylation has been successful 

in the formation of smaller rings but has had limited utility in reactions that form medium rings, 

such as those where the aldehyde and the alkene are separated by more than three carbons. 

Instead of producing medium rings, attempts have usually resulted in no reaction or a 

decarbonylation of the aldehyde.  Several strategies have been devised to overcome these 

obstacles to be able to use intramolecular hydroacylation to make medium rings.  These 

strategies include using a conjugated diene to extend the pi system from the alkene, a strained 

ring to favor ring expansion of the intermediate, a chelating atom in the middle of the molecule 

as a tether, and finally a chelating imine cocatalyst to encourage hydroacylation. 

Emergence of Intramolecular Hydroacylation 

Intramolecular hydroacylation was first used to make cyclopentanone, a small ring, from 

4-pentenal by Sakai in 1972 using stoichiometric amounts of the rhodium catalyst (eq. 1).4  The 

reaction was successful with 2- and 3-substituted 4-pentenals, but neither increased substitution 

nor longer carbon chains to make larger rings were explored.   

 

 

 

 

The stoichiometric use of Wilkinson’s catalyst by Sakai is unfavorable; rhodium is an 

expensive metal, therefore, using more than catalytic amounts is impractical.  Larock developed 

eq. 1 
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eq. 2 

With the goal of discovering a more active catalyst for intramolecular hydroacylation, 

Larock screened many analogs of Wilkinson’s catalyst by altering the phosphine ligands.5  There 

were problems experienced in the attempts to isolate the new catalysts due to their increased 

solubility and their sensitivity toward oxygen.  Because of this, the new catalysts were generated 

in situ (eq. 2). 

½ [RhCl(olefin)2]2  +  nL                                   RhCl(olefin)3-nLn 

n = 1-3 

One, two, and three equivalents of the phosphine ligands were used.  The highest yields 

were obtained when a 2 to 1 ratio of phosphine ligand to rhodium was used.  Three useful 

catalysts were made by adding tri-p-tolylphosphine, tri-p-anisylphosphine, or tris(p-

dimethylaminophenyl)phosphine to chlorobis(cyclooctene)rhodium in methylene chloride.  

These ligands all have electron donating groups that increase electron density on the rhodium, 

which helps to accelerate the oxidative addition.  

Another alteration to the catalytic species was the use of cationic rhodium complexes and 

bidentate phosphine ligands.6  It was observed that these complexes could accelerate 

intramolecular hydroacylation over the unwanted and irreversible decarbonylation and double-

bond migration reactions; bidentate coordination of the aldehyde oxygen and the olefin group 

leads more readily to hydroacylation (eq. 3).7  

 

 

  

Decarbonylation can also be avoided by adjusting the concentrations of both substrate 

and catalyst.  Decarbonylation is seen more frequently if the amount of substrate is increased 

eq. 3 
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while the concentration of the rhodium stays constant.6  The rate of the cyclization reaction slows 

down because coordination sites on the catalyst are occupied by the high concentration of 

substrate, and there is a greater chance for unproductive substrate-catalyst adducts to form.  

Therefore, the goal is to increase the rate of formation of the metallacycle intermediate 4 

(Scheme 2) so that the decarbonylation step is slower than the metallacycle intermediate 

formation; this rate difference would ensure that hydroacylation occurs and not decarbonylation.  

This was achieved by either increasing the concentration of the rhodium or decreasing the 

concentration of the substrate.  The dilute reaction conditions decrease the formation of 

unwanted substrate-catalyst adducts and increase the rate of the desired reaction.  

Reacting 4-pentenal with [Rh(diphos)]+, a cationic catalyst used by Bosnich, or any of the 

three derivatives of Wilkinson’s catalyst used by Larock gave solely the cyclopentanone product 

in high yields (78-98%).5,6  The cationic catalyst was effective at loadings as low as 1 mole 

percent.  In contrast, Wilkinson’s catalyst derivatives required loadings of 10 mole percent; 

lower amounts of catalyst resulted in drastically reduced yields.   

With Larock’s catalysts, substitution on the 3- and/or 4- positions of the 4-pentenal 

allowed for excellent yields of cyclized product.  However, monosubstitution of either the 2- or 

5- position cut the yields of cyclized product in half, and disubstitution of the same positions 

inhibited the reaction altogether.  The same pattern was observed when using the cationic 

catalyst, but only for disubstitution on the 2- and 5- positions; monosubstitution on those 

positions were not a problem.  A reason for this pattern is perhaps that substitution on the 5- 

position slows down the insertion of the alkene into the rhodium-hydrogen bond, and substitution 

on the 2- position might induce too much steric hindrance that could interfere with oxidative 
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Scheme 4 

addition.  The cationic rhodium complex would already be less sterically hindered than a neutral 

complex and would allow monosubstitution but not disubstitution.    

With 5-hexenals, the hydroacylation still occurs; however, the reaction yields a methyl 

substituted cyclopentanone instead of the expected six-membered ring due to favored 

exoyclization over the previously seen endocyclization with pentenals (Scheme 4).  This 

difference occurs in the insertion step that forms metallacycle intermediate 4.  Increasing the 

distance further by using 6-heptenals inhibits the progress of the reaction entirely. When the 

aldehyde and alkene functional groups are moved further away from each other, the coordination 

of the rhodium to the alkene is too far to position the aldehyde effectively for oxidative addition.  

Because of this, it would not be possible to use this mechanism to form medium rings.5,6  

 

 

 

 

 

 

 

 

 

Formation of Medium Rings Using Conjugated Dienes 

Medium rings can be formed using intramolecular hydroacylation if the 4-pentenal is 

substituted with another alkene in conjugation.  Using the cationic rhodium catalyst 

[Rh(dppe)]ClO4 , dienals were converted to cycloheptenones.
8  In this mechanism (Scheme 5), 
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R=CH2CH2Ph	   	  

 

 

 

   

 

   

This same reaction was studied in ionic liquids instead of organic solvents.9  An ionic 

liquid is of interest because it might facilitate separation of the cationic catalyst, which would 

remain in the ionic liquid, from the organic compounds, which can be extracted out.  This allows 

for environmentally benign chemical processes and facile recyclization of the catalyst.  It was 

proven that the recovered catalyst could be repeatedly used without a significant decrease in the 

catalytic activity (eq. 5). 

 

 

 

 

 

The use of a diene is applicable in a hydroacylation/cycloisomerization cascade 

reaction.10  Cascade reactions enable multiple carbon-carbon bonds to be formed in one sequence 

without having to change the reaction conditions, add reagents, or isolate intermediates.  In the 

mechanism for the cascade reaction (Scheme 6), oxidative addition of the aldehyde to the 

R = CH2CH2(C6H11) 0% 66% 9% 

R = CH2OBn 45% 15% 3% 

R = H 7% 0% 45% 

Table 1 
eq. 4 

eq. 5 
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One technique used to enhance the selectivity of either the cyclopentanone or the 

cyclooctanone product is by altering the catalyst for the reaction.  Wilkinson’s catalyst, 

Rh(PPh3)3Cl, provided mainly the cyclopentanone while the cationic catalyst [Rh(dppe)]ClO4 

favored the medium ring (eq. 6).  The ideal conditions for formation of the medium ring used 20 

mole percent of the cationic catalyst in dichloroethane at 65°C under an atmosphere of ethylene. 

 

 

 

 

Eliminating sp3 hybridized carbon that separates the alkene from the cyclopropane ring in 

the substrate allows for the synthesis of seven-membered rings in place of eight-membered 

rings.12  Aissa was able to cyclize these substrates under mild conditions using a modified 

catalyst (eq. 7).  Substitution on the α-carbon was compatible with the reaction, and alkyl, 

phenyl, silyl, and benzyl ether substitutents were tolerated.  The formation of a spiro-bisketone 

was also achieved via a bidirectional intramolecular hydroacylation reaction (Scheme 8).   

 

 

 

 

 

 

 

 

eq. 6 

eq. 7 

Scheme 8 
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Formation of Medium-Ring Heteroycles Using Chelating Substrates 

A useful tool in the synthesis of medium-ring heterocycles via intramolecular 

hydroacylation is the incorporation of a chelating atom, such as sulfur, into the substrate.15  A 

Lewis base atom such as sulfur can coordinate to the rhodium catalyst by donating a pair of 

electrons.  Coordination of the sulfur atom positions the aldehyde for oxidative addition and 

forms a metallabicyclic intermediate (Scheme 10).  Oxygen and nitrogen atoms may also be used 

in place of a sulfur atom. 

 

 

 

 

 

 

 

 

Using this strategy, Bendorf was able to react ω-alkenals and alkynals with Wilkinson’s 

catalyst (eq. 10).  However, the distance between the sulfur atom and the alkene and aldehyde is 

critical.  Product was observed only when there were two or three carbons between the sulfur 

eq. 9 

Scheme 10 
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atom and the alkene.  Similarly, the sulfur atom also needed to be three bonds away from the 

aldehydic carbon. 

 

 

 

It was observed that the 3-butenyl (n = 2) and 4-pentenyl (n = 3) substituents on the 

sulfur produced seven- and eight-membered rings respectively.  Alkynes could be used in place 

of alkenes to generate enone products (eq. 11).  Internal alkynes gave higher yields of product 

than terminal alkynes because the enone products of the latter proved to be difficult to isolate and 

purify.  Also noted was the importance of the heteroatom.  When the sulfur was replaced with 

oxygen or a carbon, the once successful cyclization becomes unfavorable.  Oxygen, a weaker 

Lewis base, coordinates more weakly to the rhodium catalyst, and therefore is a less useful 

chelating atom.  This supports the proposed mechanism that suggests that the coordination of the 

tether atom is required to promote oxidative addition. 

 

 

 

 

Dong extended the work done by Bendorf by reproducing the cyclizations with chiral 

catalysts and was also able to obtain the products in high enantiomeric ratios.16  Dong also 

reported that hydroacylation is possible for substrates with an ether or sulfoxide group in the 

place of the sulfide.  All tether atoms allowed for cyclizations to form medium-ring heterocycles 

in good yields.  Dong explored different catalysts, including [Rh((R,R)-Me-DuPHOS)]BF4 which 

eq. 10 

eq. 11 
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is useful for exocyclization of oxygen- and sulfur-containing substrates (eq. 12 & 13), as well as 

[Rh((S,S)-BDPP)]BF4 which promotes endocyclization of sulfur-containing substrates to provide 

eight-membered rings (eq. 14).  

 

 

 

 

 

 

 

 

 

 

 

Dong was able to apply this strategy of hydroacylation to ketones in place of the normal 

alkene.17  She found that a reaction in dichloromethane at room temperature with [Rh((R)-

(14))]BF4 afforded the optimal results.  Aromatic, butyl, benzyl, t-butyl and methyl ketones gave 

cyclized products in good yields of greater than 84% (eq. 15).  The basicity of the phosphine 

ligand affects the reaction dramatically; highly basic phosphines increase electron density on the 

rhodium, resulting in sluggish reactions. 

 

 

 

eq. 12 

eq. 13 

eq. 14 

eq. 15 
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This reaction fails for nine-membered rings.  It was also observed that the nitrogen atom 

must be alpha to the aromatic ring that has the aldehyde for cyclization to an eight-membered 

ring to occur (eq. 17). 

 

  	  

 

 

 

Recent work by the Bendorf group explored the synthesis of medium-ring nitrogen 

heterocycles by hydroacylation of alkenes and alkynes with Wilkinson’s catalyst.19 Methyl-, 

benzyl-, homoallyl-, and allyl-substituted amines were examined (eq. 18).  Only the allyl-

substituted amines produced impressive yields (Table 2).  This suggests that the allyl alkene also 

coordinates to the rhodium and further stabilizes the metal-substrate complex.  Although the 

butenyl can also complex to rhodium, the increased distance of the π-system from the nitrogen 

may limit the roll it plays in stabilizing the metal-substrate complex.  The closer π-system of the 

benzyl group would alleviate this issue, but it is a weaker π donor due to aromaticity. 

 

 

 

 

               

 

 

 

eq. 17 

eq. 18 
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                                                               Table 2 

Substrate Yield (%) 

R = CH3 11 

R = CH2Ph 10 

R = CH2CH2CH=CH2 35 

R = CH2CH=CH2 72 

 

The reaction was successful with mono-substituted alkenes, cis- and trans-disubstituted 

alkenes, and terminal alkynes.  Substrates that contain aromatic heterocycles also undergo 

hydroacylation.  Interestingly, the bis-allyl substrate failed to cyclize when treated with 

Wilkinson’s catalyst. Upon treatment with a cationic catalyst, [Rh(dppe)]BF4 , it underwent 

intramolecular hydroacylation with an in-situ deprotection of the nitrogen (eq. 19).   

 

 

 

 

 

Formation of Medium Rings Using a Chelating Amine Cocatalyst 

  Direct intramolecular hydroacylation to form medium rings is possible for compounds 

that do not contain dienes, strained rings, or chelating atoms.20,21,22  By using a chelating amine 

cocatalyst alongside the rhodium catalyst, an imine intermediate is formed in situ and then 

undergoes oxidative addition.20  This imine intermediate can function as a surrogate for the 

aldehyde in hydroacylation while also suppressing decarbonylation because of the substitution 

eq. 19 
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Work on this subject in Dr. Bendorf’s lab is now aimed at making the reaction work with 

allyl-derived substituents of sulfur and nitrogen-containing chelating substrates.  This will allow 

for the formation of a variety of different medium-ring substrates either with or without a 

substituent on the alpha carbon.  The focus is on allyl derivatives due to the ease of installing 

them on the heteroatom and the commercial availability of said derivatives.  Also, 

hydroacylation with an in situ deprotection of diallylamines would further diversification of 

products. 

 

 

 

 

3.  Results and discussion 

Sulfur Heterocycles 

The first substrates investigated were allyl sulfides.  The aims of these studies were to 

optimize the reaction conditions for sulfur-containing substrates and find which substrates were 

compatible with the reaction.  Scheme 12 illustrates a representative synthesis that was used to 

produce the substrates, beginning with a reduction of thiosalicylic acid, 20, alkylation with allyl 

bromide to form compound 22, and then oxidation of the alcohol to an aldehyde with either 

eq. 21 

eq. 22 
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Table 3 

Solvent Equiv of 

catalyst 

Temperature Yield 

CH2Cl2 0.05 rt 58% 

CH2Cl2 0.05 reflux 75% 

CH3CN 0.05 rt 0% 

CH3CN 0.05 reflux 0% 

ClCH2CH2Cl 0.05 reflux 65% 

ClCH2CH2Cl 0.10 reflux 51% 

  

Nitrogen Heterocycles 

Changing the chelating atom from a sulfur atom to a nitrogen atom has many 

benefits.10,11  There are more pharmaceutical agents that contain nitrogen heterocycles compared 

to the amount containing sulfur heterocycles.  As an added benefit, the hydroacylation of N-allyl 

substrates is more facile because amine substrates show greater reactivity than the analogous 

sulfide and ether substrates.10 One objective with amines is to try to perfect the conditions 

needed for endocyclization, which is a more difficult pathway than exocyclization.  

Endocyclization is desired because it will allow for seven-membered rings to be prepared from 

allyl amines either with or without a substituent next to cyclic carbonyl.    Ideally, substituents 

R1-R3 can be varied to produce a variety of different substrates (eq. 24).   

 

 

 

eq. 24 
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Although refluxing in acetonitrile worked for the synthesis of compound 28, it provided 

lower yields for substrates 29 and 32.  There was optimism in the initial attempts to run the 

reaction in DMF at 95°C in a typical reflux apparatus because the boiling point of diallylamine is 

around 115°C and would not evaporate out of the vessel.  Low yields were obtained using this 

set up, so pressure tubes were used in all further reactions with DMF as the solvent.  Entries 5-6 

and 9-13 in Tables 4 and 5 were subjected to a different work-up than the earlier reactions for 

each substrate to no positive effect.  Since the crude product was insoluble in ether, it was 

thought that the 2:1 ether/hexane mixture was not extracting all of the product.  A switch to 

extracting with ethyl acetate was made since the crude product was soluble in it.24 

  The equivalents of diallylamine necessary for the reaction were also varied.  Attempts 

were made to optimize the reaction by increasing the equivalents of diallylamine.  Yields 

improved slightly, but not dramatically (entries 3-4, 7-8).  There was also a concern whether the 

purity of the diallylamine was a factor due to the presence of the radical inhibitor.  The yield 

with distilled diallylamine was slightly less than that of the reaction with the undistilled 

diallylamine, proving that distillation was not necessary (entries 10-11). 

  With entries 6 and 13, the reaction was scaled up so that there would be less head space 

in the pressure tube in order to test whether the diallylamine was in the vapor phase in the space 

above solution during the reaction and unable to react.  This scale up would leave less of a space 

above solution and hopefully keep more of the diallylamine dissolved in the solvent.  To push 

this concept further, a greater excess of diallylamine and longer reaction times were used.  These 

reactions provided the best, but still disappointing, yields of product.   

  Substrates 28, 29, and 32 were subjected to hydroacylation conditions.  Only trace 

amounts of intramolecular hydroacylation products were observed; the reactions yielded mainly 
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This is an example of a cationic catalyst being capable of cyclizing a chloro-containing substrate, 

but this catalyst is also larger and chiral.  Having larger ligands that are fixed in place may allow 

for only the oxidative addition of the aldhydic carbon and hydrogen due to accessibility of the 

open coordination sites.   

4.  Conclusions 

  Useful conditions to cyclize the allyl sulfide compound were successfully determined, 

and cyclized product was obtained.  Substitution of the amine influenced the course of the 

reaction.  A benzyl-substituted amine was very reactive with the reaction going to completion at 

room temperature in twenty-four hours.  An acetyl-substituted allylamine underwent an alkene 

isomerization instead of the desired hydroacylation.  Functionalizing the phenyl ring with a 

chloro substitutent, pyridine, or quinoline appears to be incompatible with the two cationic 

catalysts tested.  In the future, perhaps different cationic rhodium catalysts will alter the reaction 

to favor the cyclized product and further extend this chemistry.     

5.  Experimental 

General Methods:   

All reactions were carried out under nitrogen or argon unless otherwise noted.  All 

glassware and syringes were either oven-dried or flame-dried and cooled under nitrogen.  

Methylene chloride, dichloroethane, and acetonitrile were distilled from calcium hydride and 

then allowed to cool prior to use.  2-Aminobenzyl alcohol was recrystallized from a 3:1 toluene-

hexane mixture and stored under argon prior to use in all reactions.  All other commercially 

available reagents were used as received unless otherwise noted.  Reactions were monitored with 

thin layer chromatography (TLC), using Analtech, silica gel-GF, 250 micron, glass-backed TLC 

plates. TLC plates were visualized using both ultraviolet (UV) light and iodine (I2).  Products 



	   35	  

were purified either by recrystallization or flash chromatography on 70-230 mesh silica gel 

(Merck, grade 60) with differing ratios of hexane and ethyl acetate as the mobile phase.  1H 

spectra were acquired with a Bruker Avance DPX-300 Spectrometer using CDCl3 as the solvent 

and TMS as the reference for δ = 0.  IR spectra were obtained using a Thermo Electron IR100 

equipped with an ATR device.  

 

CMD-i-001: 2-mercaptobenzyl alcohol  

 

LiAlH4 (3.09 g, 81.4 mmol) was added to a 500 mL round bottom flask that was 

equipped with a dropping funnel.  The flask was evacuated and backfilled three times with 

argon.  The round bottom flask was cooled to 0 °C with an ice water bath, and THF (40 mL) was 

added slowly.  Thiosalicylic acid (6.09 g, 39.5 mmol) was dissolved in THF (30 mL) in a 125 

mL Erlenmeyer flask and then added to the round bottom flask slowly via the dropping funnel.  

The Erlenmeyer flask and the dropping funnel were each rinsed with 10 mL of THF, and these 

rinsings were added to the reaction mixture.  The reaction was allowed to warm to room 

temperature while stirring for 24 h.  After reaction completion, it was cooled to 0 °C and treated 

with ethyl acetate (20 mL) followed with 10% H2SO4 (70 mL).  The reaction was allowed to 

warm to room temperature and stir for 15 min.  The mixture was then filtered through a celite 

pad with ethyl acetate.  The filtrate was then washed with brine (2x50 mL), and the organic layer 

was dried over Na2SO4 for 1 h and then gravity filtered and concentrated in vacuo.  The crude 

product was a clumpy, beige solid (4.89 g, 34.9 mmol, 88%), and was used without further 

purification. 1H NMR (300 MHz, CDCl3, δ):  7.36 (m, 2H, phenyl), 7.18 (m, 2H, phenyl), 4.74 
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(s, 2H, phenyl-CH2-OH), 3.68 (s, 1H, SH), 1.92 (s, 1H, OH). 
13C NMR (75 MHz, CDCl3, δ): 

133.8, 131.3, 130.3, 125.7, 128.4, 125.3, 64.19. 

 

CMD-i-002: 2-(2-propen-1-ylthio)-benzenemethanol  

 

A 500 mL round bottom flask was charged with product from 001 (0.99 g, 7.09 mmol), 

CH2Cl2 (50 mL), DBU (1.17 mL, 7.8 mmol), and allyl bromide (0.67 mL, 7.8 mmol) and was 

stirred at room temperature for 24 h.  The clear, yellow mixture was extracted with ether (3x15 

mL), and then the combined organic layers were washed with water (3x50 mL), 10% HCl (3x50 

mL), and brine (2x50 mL).  The organic layer was dried over Na2SO4 and concentrated in vacuo.  

The product was obtained as a yellow oil (1.07 g, 5.9 mmol, 84%).  1H NMR (300 MHz, CDCl3, 

δ):  7.37 (m, 2H, phenyl), 7.20 (m, 2H, phenyl), 5.88 (q, J = 9.9 Hz, 1H, alkene CH), 5.04 (m, 

2H, alkene CH2), 4.73 (s, 2H, phenyl-CH2-OH), 3.50 (d, J = 6.9 Hz, 2H, S-CH2), 2.47 (s, 1H, 

OH). 13C NMR (75 MHz, CDCl3, δ): 141.2, 133.8, 133.3, 130.7, 128.0, 127.9, 126.8, 117.9, 

63.2, 37.4.  IR (neat, cm-1): 3339, 3059, 2917, 1635, 1589, 1440, 746. 

 

CMD-i-004: 2-(2-propen-1-ylthio)-benzaldehyde  

 

A 100 mL round bottom flask was charged with pure product from 002 (0.65 g, 3.6 

mmol) along with MnO2 (3.13 g, 36.1 mmol), and methylene chloride (30 mL).  The reaction 

was allowed to stir at room temperature for 24 h, and then filtered through a celite pad and rinsed 
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with ether.  The filtrate was concentrated and the resulting compound was purified using flash 

chromatography with a mobile phase ramp from 100% hexane to 98:2 hexane/ethyl acetate. The 

product was obtained as a yellow oil (0.16 g, 0.65 mmol, 87%).  1H NMR (300 MHz, CDCl3, δ):  

10.40 (s, 1H, aldehyde), 7.86 (dd, J = 7.6, 1.5 Hz, 1H, phenyl), 7.51 (m, 2H, phenyl), 7.32 (m, 

1H, phenyl), 5.87 (m, 1H, alkene CH), 5.11 (m, 2H, alkene CH2), 3.58 (d, 2H, S-CH2).  IR (neat, 

cm-1): 3060, 2841, 2738, 1687, 1585, 1459, 1194, 748. 13C NMR (75 MHz, CDCl3, δ): 191.7, 

140.5, 134.5, 133.3, 132.5, 131.7, 129.5, 125.9, 118.8, 56.7. 

 

CMD-i-010: 3,4-dihydro-1-bensothiepin-5(2H)-one 

 

Product from 004 (0.11 g, 0.61 mmol) was added to a 10 mL Schlenk flask.  The flask 

was evacuated and backfilled with argon three times.  Methylene chloride (1.5 mL) and 

[Rh(dppe)]BF4 (0.030 mmol, 1.5 mL of 0.02 M CH2Cl2 solution) were added.  The reaction 

mixture was refluxed gently for 24 h.  The mixture was concentrated and purified by flash 

chromatography with 95:5 hexane/ethyl acetate.  The product was obtained as a yellow oil (0.062 

g, 0.35 mmol, 75%).  1H NMR (300 MHz, CDCl3, δ):  7.84 (d, J = 1.6 Hz, 1H, phenyl), 7.46 (m, 

1H, phenyl), 7.26 (m, 2H, phenyl), 3.08 (t, J = 4.8 Hz, 4H), 2.97 (t, J = 4.8 Hz, 2.28 (m, 2H).  

13C NMR (75 MHz, CDCl3, δ): 203.0, 142.2, 138.3, 131.0, 130.3, 130.2, 126.0, 40.2, 34.9, 30.0.  

IR (neat, cm-1): 3055, 2922, 2853, 1673, 1586, 1429, 1285, 740. 
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CMD-i-037: 1,4-dyhydro-2-phenyl-2H-3,1-benzoxazine 

 

Aminobenzyl alcohol (1.50 g, 12.4 mmol) and methylene chloride (40 mL) were added to 

a 100 mL round bottom flask.  Benzaldehyde (1.32 g, 12.4 mmol) and K2CO3 (8.56 g, 61.9 

mmol) were added, producing a clear brown reaction mixture.  The reaction was stirred at room 

temperature for 24 h to yield a cloudy, pale yellow mixture.  TLC revealed that the starting 

material had been consumed.  The mixture was filtered through a celite pad with ether.  The 

product was concentrated in vacuo.  The crude product was a light brown powdery solid (2.52 g, 

11.9 mmol, 96%) and was used without futher purification.  1H NMR (300 MHz, CDCl3, δ):  

7.57 (m, 2H, phenyl), 7.42 (m, 3H, phenyl), 7.11 (t, J = 7.3 Hz, 1H, phenyl), 6.97 (d, J = 7.7 Hz, 

1H, phenyl), 6.87 (td, J = 7.4, 1.1 Hz, 1H, phenyl), 6.73 (d, J = 7.9 Hz, 1H, phenyl), 5.60 (s, 1H, 

N-H), 5.05 (dd, J = 14.7, 55.4 Hz, 1H, phenyl-CH2-O-CH-phenyl), 4.12 (s, 1H, NH-CH-phenyl).  

13C NMR (75 MHz, CDCl3, δ): 141.7, 139.2, 129.1, 128.9, 128.7, 127.5, 126.5, 125.1, 122.2, 

119.9, 117.1, 85.3, 67.8.  IR (neat, cm-1): 3331, 3038, 2852, 1610, 1590, 1483, 1020, 754, 696. 

 

CMD-i-039: 2-[(phenylmethyl)amino]-benzenemethanol 

 

LiAlH4 (0.87 g, 23.1 mmol) was added to a 250 mL round bottom flask that was 

equipped with a dropping funnel.  The flask was evacuated and backfilled three times with 

argon.  The round bottom flask was cooled to 0 °C with an ice water bath, and THF (30 mL) was 
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added slowly.  The crude product from 037 was dissolved in THF (30 mL) in a 125 mL 

Erlenmeyer flask and then added to the round bottom flask slowly via the dropping funnel.  The 

Erlenmeyer flask and the dropping funnel were each rinsed with 10 mL of THF, and these 

rinsings were added to the reaction mixture.  The reaction was allowed to warm to room 

temperature while stirring for 24 h.  After reaction completion, it was cooled to 0 °C and treated 

with ether (30 mL) followed with water (0.9 mL), 10% NaOH (1.4 mL), and then more water 

(2.7 mL).  The reaction was allowed to warm to room temperature and stir for 15 min.  MgSO4 

(~2.0 g) was added, and the mixture was allowed to stir for another 15 min.  It was then filtered 

through a celite pad with ether.  The filtrate was then washed with 10% NaOH (2x30 mL), water 

(2x20 mL), and brine (2x20 mL).  The organic layer was allowed to dry over Na2SO4 for 3 h, and 

then gravity filtered.  The crude product was a clumpy white solid at room temperature, and was 

recrystallized in hexane.  The final product was fine white needles (1.92 g, 9.0 mmol, 78%).  1H 

NMR (300 MHz, CDCl3, δ):  7.37 (m, 4H, phenyl), 7.26 (m, 1H, phenyl), 7.18 (dd, J = 7.8, 6.6 

Hz,  1H, phenyl), 7.07 (dt, J = 7.3, 1.6 Hz, 1H, phenyl), 6.67 (m, 2H, phenyl), 5.22 (s, 1H, NH), 

4.71 (s, 2H, phenyl-CH2-OH), 4.39 (s, 2H, NH-CH2-phenyl), 1.58 (s, 1H, O-H).  
13C NMR (75 

MHz, CDCl3, δ): 147.4, 139.4, 129.7, 129.1, 128.6, 127.4, 127.1, 124.2, 116.7, 111.0, 64.9, 47.7.  

IR (neat, cm-1): 3411, 3261, 3052, 2913, 2865, 1605, 1585, 1520, 1446, 988, 743, 694. 

 

CMD-i-041:  2-[(benzyl)(2-propen-1-yl)amino]benzenemethanol 
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A 100 mL round bottom flask was charged with pure product from 039 (0.21 g, 0.97 

mmol), CH3CN (30 mL) and K2CO3 (0.27 g, 2.0 mmol).  The mixture was allowed to stir for 5 

min at room temperature.  Then allyl bromide (0.10 mL, 1.2 mmol) was added, a condenser was 

attached, and the reaction was refluxed gently under nitrogen for 24 h.  After 24 hours, NaI (0.15 

g, 0.97 mmol) and more allyl bromide (0.017 mL, 0.19 mmol) was added and the reaction was 

left to reflux gently another 24 h.  The mixture was cooled and extracted with ether (3x15 mL).  

The combined organic layers were washed with water (3x15 mL), which was made pH = 9 with 

a few drops of 10% NaOH, and brine (3x15 mL).  The organic layer was dried over Na2SO4 and 

rotovapped.  The product was purified using flash chromatography, with a mobile phase ramp of 

97:3 to 95:5 hexane/ethyl acetate.  The product was obtained as a yellow oil (0.19 g, 0.76 mmol, 

79%).  1H NMR (300 MHz, CDCl3, δ):  7.11-7.40 (m, 9H, phenyl), 5.79 (m, 1H, N-CH2-

CH=CH2), 5.16 (d, J = 4.5 Hz, 2H, N-CH2-CH=CH2), 4.92 (s, 1H, phenyl-CH2-OH), 4.74 (s, 

2H, phenyl-CH2-OH), 4.10 (s, 2H, N-CH2-phenyl), 3.55 (d, J = 6.5 Hz, 2H, N-CH2-CH=CH2).  

13C NMR (75 MHz, CDCl3, δ): 149.0, 137.3, 136.8, 133.9, 129.4, 128.5, 128.4, 127.9, 127.5, 

125.1, 123.5, 118.8, 64.5, 58.7, 56.3.  IR (neat, cm-1): 3375, 3063, 3028, 2838, 1598, 1490, 1451, 

1027, 918, 765, 724, 697. 

 

CMD-i-042: 2-[(benzyl)(2-propen-1-yl)amino]benzaldehyde 

 

A 50 mL round bottom flask was charged with pure product from 041 (0.19 g, 0.76 

mmol) along with PhI(OAc)2 (0.30 g, 0.93 mmol), TEMPO (0.023 g, 0.15 mmol), and methylene 
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chloride (10 mL).  The reaction was allowed to stir at room temperature for 24 h, and then 

extracted with ether (3x15 mL).  The combined organic layers were then washed with NaS2O3 

(3x15 mL) and brine (3x15 mL).  The organic layer was dried over Na2SO4 and concentrated in 

vacuo.  The crude product was purified using flash chromatography with a mobile phase ramp of 

100% hexane to 97:3 hexane/ethyl acetate.  The product was collected and concentrated to a 

yellow oil (0.16 g, 0.65 mmol, 87%).  1H NMR (300 MHz, CDCl3, δ):  10.46 (s, 1H, aldehyde), 

7.82 (dd, J = 8.2, 1.9 Hz, 1H, phenyl), 7.44 (td, J = 6.5, 1.8 Hz, 1H, phenyl), 7.25 (m, 5H, 

phenyl), 7.11 (m, 2H, phenyl), 5.86 (m, 1H, N-CH2-CH=CH2), 5.20 (m, 2H, N-CH2-CH=CH2), 

4.35 (s, 2H, N-CH2-phenyl), 3.73 (d, J = 6.2 Hz, 2H, N-CH2-CH=CH2).  
13C NMR (75 MHz, 

CDCl3, δ): 191.5, 154.3, 137.4, 134.4, 133.6, 129.6, 129.5, 128.4, 128.3, 127.3, 122.6, 121.8, 

118.5, 58.4, 57.7.  IR (neat, cm-1): 3065, 3030, 2842, 1684, 1595, 1480, 1452, 1417, 1279, 1189, 

921, 831, 764, 729, 697. 

 

CMD-i-050: (2-propen-1-yl)aminobenzenemethanol 

 

A 200 mL Schlenk flask was charged with aminobenzyl alcohol and evacuated and 

backfilled three times with argon.  Then THF (40 mL) and 9-BBN (32.6 mL of 0.5M in THF) 

were added, and the reaction was stirred at room temperature for 2 h.  Potassium t-butoxide (17.9 

mL of 1.0M in THF, 17.9 mmol) was added via syringe, and the reaction was stirred at room 

temperature for 40 min.  Allyl bromide (1.7 mL, 19.5 mmol) was added via syringe, and the 

reaction was stirred at room temperature for 24 h.  The mixture was gravity filtered, rotovapped, 

and added to 1M HCl (200 mL) and stirred at room temperature for 48 h.  The mixture was 
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washed with ether (3x50 mL).  The aqueous layer was made basic with 20% NaOH and 

extracted with ether (4x50mL).  The combined organic layers were then washed with brine (3x50 

mL).  The organic layer was dried over Na2SO4 and rotovapped.  The crude product was purified 

by flash chromatography with 95:5 to 90:10 hexane/ethyl acetate.  The product was collected as 

a yellow oil (1.82 g, 11.1 mmol, 68%).  1H NMR (300 MHz, CDCl3, δ):  7.25 (td, J = 7.7, 1.6 

Hz, 1H, phenyl), 7.07 (dd, J = 7.7, 1.7 Hz, 1H, phenyl), 6.67 (m, 2H, phenyl), 6.03 (m, 1H, N-

CH2-CH=CH2), 5.29 (dq, J = 17.2, 1.7 Hz, 1H, N-CH2-CH=CH2), 5.18 (dq, J = 10.2, 1.6 Hz, 

1H, N-CH2-CH=CH2), 4.92 (s, 1H, NH), 4.67 (s, 2H, phenyl-CH2-OH), 3.82 (dd, J = 5.2, 1.6 

Hz, 2H, NH-CH2-CH=CH2), 1.59 (s, 1H, OH).  
13C NMR (75 MHz, CDCl3, δ):  147.3, 135.4, 

129.6, 129.1, 124.5, 116.9, 116.1, 111.1, 64.7, 45.0.  IR (neat, cm-1): 3387, 3077, 2870, 1606, 

1586, 1512, 1459, 1416, 1312, 1261, 992, 921, 745. 

 

CMD-i-052: N-[2-[(acetlyoxy-methyl]phenyl]-N-(2-propen-1-yl) acetamide 

 

A 50 mL round bottom flask was charged with allylaminobenzyl alcohol (0.58 g, 3.6 

mmol) and pyridine (3.6 mL) and cooled to 0 °C.  Acetic anhydride (1.08 mL, 11.4 mmol) was 

added slowly, and the reaction was allowed to stir and warm to room temperature for 24 h. The 

reaction was poured onto a NaHCO3/H2O mixture (15 mL), stirred for 30 min., and then 

extracted with 2:1 ether/CH2Cl2 (3x15 mL).  The organic layer was dried over Na2SO4 and 

concentrated in vacuo.  The product was obtained as a yellow oil (0.85 g, 3.5 mmol, 97%) and 

was used without further purification.  1H NMR (300 MHz, CDCl3, δ):  7.49 (m, 1H, phenyl), 
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7.38 (m, 2H, phenyl), 7.14 (m, 1H, phenyl), 5.91 (m, 1H, N-CH2-CH=CH2), 5.13 (m, 2H, N-

CH2-CH=CH2), 5.08 (m, 2H, N-CH2-CH=CH2), 4.65 (dt, J = 5.4, 1.3 Hz, 1H, phenyl-N-CH2-

CH=CH2), 3.77 (dd, J = 14.4, 7.4 Hz, 2H, phenyl-N-CH2-CH=CH2), 2.10 (s, 3H, O-CO-CH3), 

1.80 (s, 3H, N-CO-CH3).  
13C NMR (75 MHz, CDCl3, δ): 170.6, 170.5, 141.4, 133.7, 132.6, 

130.6, 129.8, 129.7, 128.8, 118.7, 62.4, 51.9, 22.5, 20.9, 20.5.  IR (neat, cm-1): 2934, 1737, 1660, 

1601, 1581, 1493, 1381, 1221, 1027, 979, 923, 750.  

 

CMD-i-053: [Rh(dppp)]BF4 and [Rh(dppe)]BF4 

A 25 mL Schlenk flask was charged with anyhydrous acetone and was 

freeze/thaw/degassed three times.  A 10 mL schlenk flask was charged with [Rh(NBD)2]BF4 

(0.0234 g, 0.063 mmol) and dppp (0.026g, 0.063 mmol) and evacuated and backfilled three times 

with argon.  Acetone (6.26 mL) was added to the [Rh(NBD)2]BF4 and the mixture was bubbled 

with hydrogen for 5 min.  The reaction mixture was freeze/thaw/degassed three times and 

backfilled with argon.  The product was a clear, orange-yellow color and was used without any 

further purification.   

 

CMD-i-054: 1,2,3,4-tetrahydro-1-(phenylmethyl)-5H-1-benzazepin-5-one 

 

Product from 051 (0.11 g, 0.43 mmol) was added to a 10 mL Schlenk flask.  The flask 

was evacuated and backfilled three times with argon, then acetone (4.3 mL) and [Rh(dppp)]BF4 
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(2.15 mL of 0.01 M in acetone, 0.0215 mmol, 053) were added.  The reaction mixture was 

stirred at room temperature for 24 h.  The resulting red mixture was concentrated and purified 

with flash chromatography using a mobile phase ramp of 100% hexane to 95:5 hexane/ethyl 

acetate.  Product was obtained as a yellow solid (0.0895 g, 0.356 mmol, 83%).  1H NMR (300 

MHz, CDCl3, δ):  7.78 (dd, J = 7.8, 1.8 Hz, 1H, phenyl), 7.34 (m, 6H, phenyl), 6.82 (m, 2H, 

phenyl), 4.70 (s, 2H, phenyl-N-CH2-phenyl), 3.36 (t, J = 6.6 Hz, 2H, N-CH2-CH=CH2), 2.84 (t, 

J = 7.2 Hz, 2H, CO-CH2), 2.15 (m, 2H, CO-CH2-CH2-CH2-N).  
13C NMR (75 MHz, CDCl3, δ): 

203.2, 153.8, 137.9, 132.5, 129.3, 128.8, 127.3, 127.2, 126.9, 118.3, 115.0, 55.5, 54.5, 41.2, 31.5.  

IR (neat, cm-1): 3062, 2946, 2924, 2856, 1650, 1591, 1556, 1482, 1441, 1366, 1338, 1293, 1222, 

1203, 1160, 1038, 774, 754, 739, 704. 

 

CMD-i-055: 2-[(acetyloxy)(2-propen-1-yl)amino]benzenemethanol 

 

A 50 mL round bottom flask was charged with product from 052 (0.38 g, 1.5 mmol) and 

methanol (3.0 mL) and cooled to 0 °C.  Potassium carbonate (0.32 g, 2.3 mmol) was added, and 

the reaction was stirred and allowed to warm to room temperature for 24 h.  The reaction mixture 

was filtered through a celite pad with ether, and the filtrate was removed in vacuo.  The crude 

product was purified using flash chromatography with a mobile phase ramp of 85:15 to 60:40 

hexane/ethyl acetate.  1H NMR (300 MHz, CDCl3, δ):  7.60 (m, 1H, phenyl), 7.38 (m, 2H, 

phenyl), 7.09 (m, 1H, phenyl), 5.91 (m, 1H, N-CH2-CH=CH2), 5.13 (m, 2H, N-CH2-CH=CH2), 

4.63 (d, J = 5.5 Hz, 2H, phenyl-CH2-OH), 4.57 (m, 1H, phenyl-N-CH2-CH=CH2), 3.92 (dd, J = 
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14.4, 7.1 Hz, 1H, phenyl-N-CH2-CH=CH2), 2.23 (t, J = 5.5 Hz, 1H, phenyl-CH2-OH), 1.78 (s, 

3H, N-CO-CH3).   

 

CMD-i-056: 2-[(acetyloxy)(2-propen-1-yl)amino]benzaldehyde 

 

A 50 mL round bottom flask was charged with product from 055 (0.19 g, 0.91 mmol), 

PhI(OAc)2 (0.37 g, 1.1 mmol), TEMPO (0.028 g, 0.18 mmol), and methylene chloride (5 mL).  

The reaction was allowed to stir at room temperature for 24 h, and then extracted with ether 

(3x15 mL).  The combined organic layers were then washed with NaS2O3 (3x15 mL) and brine 

(3x15 mL).  The organic layer was dried over Na2SO4 and concentrated in vacuo.  The crude 

product was purified using flash chromatography with a mobile phase ramp of 90:10 to 70:30 

hexane/ethyl acetate.  The product was collected and concentrated to a yellow oil (0.17 g, 0.82 

mmol, 90%).  1H NMR (300 MHz, CDCl3, δ):  10.14 (s, 1H, aldehyde), 7.98 (dd, J = 7.7, 1.7 Hz, 

1H, phenyl), 7.70 (td, J = 1.7, 7.6 Hz, 1H, phenyl), 7.54 (t, J = 7.6 Hz, 1H, phenyl), 7.27 (dd, J = 

7.9, 1.1 Hz, 1H, phenyl), 5.89 (m, 1H, N-CH2-CH=CH2), 5.15 (dd, J = 10.0, 1.1 Hz, 1H, N-CH2-

CH=CH2), 5.05 (dq, J = 17.1, 1.3 Hz, 1H, N-CH2-CH=CH2), 4.48 (dd, J = 14.3, 6.7 Hz, 1H, N-

CH2-CH=CH2), 4.21 (dd, J = 14.4, 6.9 Hz, 1H, N-CH2-CH=CH2), 1.82 (s, 3H, N-CO-CH3).  
13C 

NMR (75 MHz, CDCl3, δ):  189.7, 169.9, 144.5, 135.5, 132.9, 131.9, 130.1, 130.0, 129.0, 119.7, 

52.9, 22.8.  IR (neat, cm-1): 2856, 1692, 1658, 1595, 1483, 1455, 1383, 1267, 1191, 989, 925, 

822, 779, 748. 
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CMD-i-058: 2-[(acetyloxy)(2-propen-2-yl)amino]benzaldehyde 

 

Product from 056 (0.096 g, 0.47 mmol) was added to a 10 mL schlenk flask and 

evacuated and backfilled three times with argon.  Acetone (4.7 mL) and [Rh(dppp)]BF4 (2.35 

mL of 0.01 M in acetone, 0.0235 mmol, 057) were added.  The reaction mixture was stirred and 

gently heated for 24h.  The resulting clear, orange mixture was concentrated and purified with 

flash chromatography using a mobile phase ramp of 90:10 to 70:30 hexane/ethyl acetate.  

Product was obtained as a light beige solid (0.079 g, 0.39 mmol, 83%).  NMR shows isomerized 

starting material instead of intented cyclized product.  1H NMR (300 MHz, CDCl3, δ):  10.14 (s, 

1H, aldehyde), 8.07 (dd, J = 7.7, 1.7 Hz, 1H, phenyl), 7.78 (td, J = 7.6, 1.7 Hz, 1H, phenyl), 7.63 

(m, 2H, phenyl), 7.27 (dd, J = 7.8, 1.0 Hz, 1H, N-CH=CH-CH3), 4.37 (dq, J = 13.4, 6.7 Hz, 1H, 

N-CH=CH-CH3), 1.82 (s, 3H, N-CO-CH3), 1.62 (dd, J = 6.7, 1.6 Hz, 3H, N-CH=CH-CH3).  
13C 

NMR (75 MHz, CDCl3, δ):  189.4, 167.8, 142.2, 135.8, 133.1, 130.3, 129.9, 129.6, 129.4, 110.6, 

23.3, 15.2.  IR (neat, cm-1): 3082, 2956, 2868, 2360, 1696, 1673, 1654, 1595, 1483, 1458, 1367, 

1304, 1273, 1261, 1195, 1125, 1088, 957, 825, 789, 748.   

 

CMD-i-063: 2-chloro-6-(di-2-propen-1-ylamino)-benzaldehyde 
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A 25 mL round bottom flask was charged with 2.6-dichlorocarboxaldehyde (0.11 g, 0.70 

mmol), K2CO3 (0.11 g, 0.77 mmol), diallylamine (0.17 mL, 1.4 mmol), and acetonitrile (3 mL).  

The reaction was heated to reflux for 24 h, and then extracted with 2:1 ether/hexane (4x10 mL).  

The combined organic layers were then washed with brine (3x10 mL).  The organic layer was 

dried over Na2SO4 and concentrated in vacuo.  The crude product was purified using flash 

chromatography with a mobile phase ramp of 100% hexane to 99:1 hexane/ethyl acetate.  The 

product was collected and concentrated to a bright yellow oil (0.12 g, 0.51 mmol, 73%).  1H 

NMR (300 MHz, CDCl3, δ):  10.31 (s, 1H, aldehyde), 7.31 (t, J = 6.7 Hz, 1H, phenyl), 7.01 (m, 

2H, phenyl), 5.78 (m, 2H, N-CH2-CH=CH2), 5.17 (m, 4H, N-CH2-CH=CH2), 3.76 (dt, J = 6.0, 

1.2 Hz, 4H, N-CH2-CH=CH2).  
13C NMR (75 MHz, CDCl3, δ): 189.74, 154.37, 136.00, 133.65, 

133.16, 126.11, 123.61, 119.73, 118.46, 56.72.  IR (neat, cm-1): 3057.3, 2977.6, 2920.9, 2854.1, 

1678.8, 1614.2, 1586.1, 1553.9, 1488.9, 1430.9, 1395.8, 933.4, 919.2, 750.7. 

 

CMD-i-077: 6-(di-2-propen-1-ylamino)-pyridinecarboxaldehyde 

 

A pressure tube was charged with 2-chloro-3-pyridinecarboxaldehyde (0.30 g, 2.1 mmol), 

K2CO3 (0.44 g, 3.2 mmol), diallylamine (0.78 mL, 6.3 mmol), and DMF (10 mL).  The reaction 

was heated to 95°C for 24 h in a silicon oil bath and then extracted with ethyl acetate (4x10 mL).  

The combined organic layers were then washed with brine (3x10 mL).  The organic layer was 

dried over Na2SO4 and concentrated in vacuo.  The crude product was purified using flash 

chromatography with a mobile phase ramp of 100% hexane to 95:5 hexane/ethyl acetate.  The 



	   48	  

product was collected and concentrated to a pale yellow oil (0.094 g, 0.47 mmol, 22%).  1H 

NMR (300 MHz, CDCl3, δ):  10.01 (s, 1H, aldehyde), 8.33 (dd, J = 4.6, 2.0 Hz, 1H, phenyl), 

7.98 (dd, J = 7.6, 2.0 Hz, 1H, phenyl), 6.81 (dd, J = 7.6, 4.6 Hz, 1H, phenyl), 5.93 (m, 2H, N-

CH2-CH=CH2), 5.27 (m, 4H, N-CH2-CH=CH2), .10 (d, J = 6.0 Hz, 4H, N-CH2-CH=CH2).  
13C 

NMR (75 MHz, CDCl3, δ): 190.17, 160.68, 152.29, 139.88, 133.91, 118.41, 117.83, 114.57, 

53.76.  IR (neat, cm-1): 3076.5, 2981.6, 2851.9, 1673.5, 1582.7, 1540.4, 1473.7, 1410.1, 1217.6, 

921.1, 847.5, 773.9. 

 

CMD-i-078: 6-(di-2-propen-1-ylamino)-quinolinecarboxaldehyde 

 

A pressure tube was charged with 2-chloro-3-quinolinecarboxaldehyde (0.29 g, 1.5 

mmol), K2CO3 (0.31 g, 2.2 mmol), diallylamine (0.55 mL, 4.5 mmol), and DMF (7.5 mL).  The 

reaction was heated to 95°C for 24 h in a silicon oil bath and then extracted with ethyl acetate 

(4x10 mL).  The combined organic layers were then washed with brine (3x10 mL).  The organic 

layer was dried over Na2SO4 and concentrated in vacuo.  The crude product was purified using 

flash chromatography with a mobile phase ramp of 100% hexane to 98:2 hexane/ethyl acetate.  

The product was collected and concentrated to a bright yellow solid (0.095 g, 0.38 mmol, 25%).  

1H NMR (300 MHz, CDCl3, δ):  10.16 (s, 1H, aldehyde), 8.47 (s, 1H, phenyl), 7.77 (m, 2H, 

phenyl), 7.66 (m, 1H, phenyl), 7.32 (m, 1H, phenyl), 6.01 (m, 2H, N-CH2-CH=CH2), 5.27 (m, 

4H, N-CH2-CH=CH2), 4.13 (d, J = 5.7 Hz, 4H, N-CH2-CH=CH2).  
13C NMR (75 MHz, CDCl3, 

δ):  190.62, 158.10, 149.27, 141.73, 134.25, 132.38, 129.19, 127.30, 124.07, 123.48, 121.91, 
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117.96, 53.76.  IR (neat, cm-1): 3079.9, 2955.0, 1692.5, 1583.3, 1454.1, 1417.3, 1232.3, 1174.0, 

991.5, 921.0, 782.3, 723.2. 
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