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ABSTRACT 

Acyl-transfer reactions have become commonplace in organic synthesis and organocatalysis of 

these reactions is becoming increasingly popular. 4-Dimethylaminopyridine has proven to be 

very useful in acylations; over the recent years chiral and more reactive analogs 

have received much attention. Interestingly, catalysis of acyl-transfers by diamines has also been 

shown to be effective. We present the synthesis of several DMAP analogs containing 

heteroatoms near the nucleophilic nitrogen. These analogs of DMAP vary from basic amidines, 

oxazolines, and amines, to alcohols, and fluoro-derivatives all of which may provide hydrogen 

bonding to the alcohol undergoing acyl-transfer. Since Steglich proposed the need for a base in 

the DMAP catalyzed acyl-transfer transition state no studies have been performed on the effect 

that nearby hydrogen bonding or nearby bases might have on catalytic efficiency and 

enantioselectivity of acylations. The variety of compounds synthesized should allow for studies 

into rate and selectivity enhancements in nucleophilic pyridine catalysis. 
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INTRODUCTION 

Acyl transfer reactions have become commonplace in organic synthesis and enantioselective 

catalysis of these reactions has received significant attention in recent years.1  Of the many acyl 

transfer reactions one that receives much attention is kinetic resolution of secondary alcohols, 

probably because of the chiral center at the alcohol unlike primary alcohols and also their 

synthetic utility in the formation of natural products, polymers, chiral ligands, biologically active 

compounds, auxiliaries, pro-drugs, and catalysts.2  Because this reaction can be utilized in the 

formation of such a variety of products the development of new catalysts and improvement of 

established methods is essential. 

Stemming from the desire for low cost and environmentally friendly methods of production, the 

use of organocatalysts for acyl transfers and the development of those catalysts has become a 

rich field of study. Organocatalysts are, “Small organic molecules where an inorganic element is 

not part of the active principle.”3 Catalytic asymmetric reactions are based in three fields of 

research: biocatalysis (enzymes), metal catalysis, and organocatalysis.3 Although organocatalysis 

is arguably the oldest of these fields it received little attention until just a few decades ago.2b 

Enzymes have been used in acyl transfer reactions for many years, but may be plagued by 

prohibitive cost stemming from difficulties in formation and purification.1c Transition metal 

catalysts have also been used for long periods of time, and may be costly to make, and the use 

and disposal of these compounds may not be environmentally friendly.   

The field of organocatalysis has been dominated by Lewis base catalysis, namely amines, 

phosphines and carbenes. The varied nucleophilicity of these catalysts allows for a variety of 
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transformations. Furthermore, the ease of producing single enantiomers of catalysts has 

enriched the availability of enantioselective transformations. 1c, 2a, 3 

Nucleophilic Pyridines as Organocatalysts 

Among organocatalysts 4-N,N-dimethylaminopyridine (DMAP) (1) has high catalytic efficiency 

and is useful in a wide variety of acyl transfer reactions. Its utility was originally described in the 

late 1960s when it was shown to have a 10,000 fold rate increase over pyridine in acyl transfer 

reactions.4  It is much more nucleophilic than similar catalysts and therefore in this case has 

higher reactivity. This enhanced reactivity was used to acylate even sterically hindered alcohols 

like 1-methylcyclohexanol (2) (Scheme 1).5  Since its initial discovery DMAP has been used to 

catalyze a variety of reactions and has been widely used in acylations.  

 

Scheme 1. DMAP and acylation of 1-methylcyclohexanol 

Chiral Versions 

Because of this catalyst’s high reactivity and versatility it would be ideal to make a chiral version 

that would allow for enantioselective catalysis of acyl transfer reactions among others. Logically, 

one would design a version of DMAP with a chiral controlling group in the 2-position because it 

is close to the reactive nitrogen. However in one of the original studies of acyl transfer catalyzed 

by DMAP even a small group (methyl) in the 2-position significantly lowers the activity.6 This 
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leads to the question: What design of a DMAP catalyst can allow for selectivity without paying 

an objectionable cost with regard to activity?   

The first progress that was made in this area was by the Vedejs group when they produced a 

DMAP variant (4) that could effect an acyl transfer with very high selectivity(Figure 1).6b  

Although it needed to be used in a stoichiometric quantity, the DMAP component could be 

recovered from the reaction and used again without loss in selectivity.  

 
Figure 1. Vedejs’ DMAP derivative 

With the growing desire for a catalytic version and considering the results of Vedejs’ study  the 

2-position has been avoided as a location for the chirality, with the exception of Fu’s planar 

chiral derivative(5). Development of other chiral variants has generally moved to the 3-position 

as in Spivey’s (7) and Vedejs’ (8) analogs or the 4-position as in Fuji’s analog (6) (Figure 2). These 

variants employ sterically bulky groups that are further from the pyridyl nitrogen to provide 

selectivity and have found some success in enantioselective catalysis.6a, 7 

 
                        Fu 1996                          Fuji 1997                      Spivey 2000                Vedejs 2006 

Figure 2. Chiral analogs of DMAP 
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Mechanism of Acyl Transfer 

The mechanism of enantioselective acyl transfer by nucleophilic catalysis can be thought to 

proceed through three basic steps (Figure 3). First the acyl transfer to the chiral catalyst from an 

acyl donor forming an intermediate that must be more reactive than the original donor. This 

intermediate is attacked by the alcohol which should proceed through a diastereomeric 

transition state in which there is a large difference in energy between leading to 

enantioselectivity. Lastly, the chiral catalyst is regenerated usually by a stoichiometric amount of 

base and the catalytic cycle can be repeated.1c 

 

Figure 3. Catalytic cycle of enantioselective acylations1c 

The idea of this research is that it may be possible to overcome the decrease in reactivity caused 

by 2-substitution through placement of a participating functional group. This group may 

participate in a number of ways including hydrogen bonding, or placement of a nearby base to 

deprotonate the alcohol being acylated. 



13 
 

HYDROGEN BONDING CATALYSTS 

In a recent computational study  Zipse et al. propose that the rate limiting step for acetylation in 

DMAP catalyzed reactions involves the deprotonation of the corresponding alcohol.8   Recently, 

Ishihara et al. demonstrated acylations in the absence of an auxiliary base, under solvent free 

conditions.9 In both studies they proposed the deprotonation of the attacking alcohol by the 

acetate ion noting that “neither the auxiliary base NEt3 or the catalytic base DMAP appear to be 

involved in the deprotonation of the alcohol” (Figure 4).8 

 
Figure 4. Deprotonation of alcohol by acetate formed from acetic anhydride 

If the proposed transition state is rate limiting, then placement of a group with an adjacent lone 

pair may yield the ability to hydrogen bond and aid in the transfer and removal of the alcoholic 

hydrogen. Furthermore, if the hydrogen bonding group was chiral it has the potential to 

selectively direct the acylation as in Figure 5. 

 
Figure 5. Hydrogen bonding directed acylations 
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If the functional group were an alcohol or amine there is the potential that it may effect a 

hydrogen transfer by deprotonating and being deprotonated simultaneously (Figure 6); thereby 

providing more accessible hydrogen for deprotonation and possibly aiding the reactivity in the 

rate limiting step. This may also provide an appropriate functional group for hydrogen transfer 

in a more rigid environment. All of which may increase enantioselectivity in enantioselective 

acylations. There is a concern about the alcohol or amine of the catalyst being acylated and 

subsequently the catalyst becoming less reactive or unreactive, therefore in catalyst design 

there must be a balance between sterically encumbered alcohols and amines that might not 

undergo acylation reactions under normal catalytic conditions and that of catalysts in which the 

reactive nitrogen is completely blocked from participating in the reaction yielding an unreactive 

catalyst. For these reasons ketones, amides, esters, and ethers are of interest as they are not 

generally acylated under normal catalytic conditions. 

 

Figure 6. Hydrogen transfer in acylations 

Hydrogen bonding to the alcohol may arise from a variety of functional groups including the 

carbonyls of ketones, aldehydes, esters, and amides, also alcohols, ethers, amines and fluorides. 

Preparation of many of these derivatives has been accomplished. 
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Synthesis 

Ketones 

Methyl (9), ethyl (10), t-butyl (12), and phenyl (11) ketones were all prepared in one step from 

deprotonation of DMAP and addition of the resulting organolithium to the corresponding acid 

chloride(Scheme 2). This was accomplished using a modified procedure from Vedejs’s synthesis 

of 2-(tert-butylcarbonyl)-4-(dimethylamino)pyridine.6b 

Scheme 2. Synthesis of ketone DMAP derivatives 

 

Esters and Amides 

Esters in the 2-position were made similarly to the ketones. Following deprotonation of DMAP 

by n-butyllithium, methyl chloroformate was added and methyl ester 13 was isolated. That 

methyl ester can then be reacted with ammonia to form amide 14(Scheme 3).10 
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Scheme 3. Formation of the methyl ester and amide 

 

Other amides were formed by conversion of picolinic acid (15) into methyl  4-choloropicolinate11 

(16) via the acid chloride and then addition of ammonia10 followed by heating with pyrrolidine 

to yield amide 17(Scheme 4).12 

Scheme 4. Another method for amide formation 

 

Alcohols 

The previously mentioned ketones (11,12) can be converted into secondary alcohols (18,32) by 

reduction with lithium aluminum hydride or sodium borohydride in near quantitative yields 

(Schemes 2, 5, 8). Reduction of phenyl ketone (11) yielded secondary alcohol 18 which could be 

resolved by acylation with D-dibenzoyltartaric anhydride13 producing diastereomeric esters 19. 

That mixture was recrystallized to yield one diastereomer, although it is unknown which 

diastereomer was isolated, an X-ray crystallographic structure study may provide that 

determination. In lieu of such studies the chirality is arbitrarily assigned as shown in 20 and 21. 

Subsequent cleavage of ester 20 lead to enantiopure (by chiral HPLC) alcohol 21 (Scheme 5). 
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Scheme 5. Synthesis and resolution of DMAPCH(OH)Ph (21) 

 

It was also possible to form secondary alcohols by the direct addition of the DMAP anion to 

ketones in lower yields. This was performed on (-)-menthone yielding one diastereomer of the 

corresponding alcohol (22)(Scheme 6). This alcohol was inert to further reactions including 

oxidation to the N-oxide and alkylation of the alcohol via a Williamson ether type synthesis.  

Scheme 6. Addition of DMAP to (-)-Menthone 

 

The least sterically encumbered alcohol was made by the reduction of methyl ester 13 with 

lithium aluminum hydride. This provided the primary alcohol 23 and a foundation from which to 

perform testing of alcohols (Scheme 7). 
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Scheme 7. Reduction of ester to primary alcohol 

 

Other alcohols were synthesized by the addition of methyl Grignard to the ketone yielding a 

variety of substituted DMAP analogs. The methyl (9), phenyl (11) and t-butyl (12) ketones were 

all methylated in this manner to yield analogs 24, 25, and 26 with the possibility of hydrogen 

bonding, and of different steric sizes. These were also converted to fluoro analogs 27, 28, and 29 

by employing deoxo-fluor™.14 The fluoro-analogs may also affect the electronics of the pyridine 

ring, in addition to their ability to participate in hydrogen bonding (Scheme 8). They are also an 

interesting addition to the array of catalysts because of their small steric size. 

Scheme 8. Methylation of ketones and subsequent fluorination 
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To provide a variety of different steric environments the ethyl (10) and t-butyl (12) ketones 

underwent the addition of lithiated TMS acetylene to provide tertiary alcohols 30 and 31 

(Scheme 9). The acetylene group is much smaller than the methyl group and provides a different 

steric environment from the reduced ketones and the methylated ones. Interestingly, the TMS 

group was cleaved in the course of the reaction with the ethyl ketone, but remained intact in 

the addition to 12 forming 31 (Scheme 9). 

Scheme 9. Alkynylation of ketones 

 

Ethers 

Because of the concern about acylation of the alcohol on the catalyst and subsequent 

deactivation of the catalyst many alcohols were converted to their methyl ethers under 

Williamson etherification conditions.  These included the alcohols formed from the reduction of 

both the phenyl and t-butyl ketones, the methylation of methyl and phenyl ketone and the 

alkynylation of the t-butyl ketone including the loss of the TMS group on the alkyne as seen in 

Scheme 10. 
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Scheme 10. Etherification of a variety of alcohols 

 

Summary 

To probe the ability of hydrogen bonding to overcome the attenuation of reactivity caused by 

substitution at the 2-position several substituted DMAP analogs were synthesized. These 

included a variety of functional groups including ketones, esters, amides, alcohols, and ethers. 
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NEARBY BASE AIDED NUCLEOPHILIC CATALYSIS 

The proposal that deprotonation may be the rate limiting step in acylation of alcohols leads to 

the idea that placing a base nearby may overcome the decrease in reactivity caused by 2-

position substitution and allow for increased selectivity (Figure 7). This base not only has the 

potential to participate in hydrogen bonding, but also to directly deprotonate the alcohol. It may 

then, later, be deprotonated by the stoichiometric base in order to regenerate the catalyst. 

Something as simple as a methyl pyrrolidine DMAP (MP-DMAP) analog may be effective (40) 

(Figure 7). 

 

Figure 7. Nearby base aided catalysis and one possible derivative 

Others have employed diamine type catalysts in acylation reactions with some success.15 These 

diamines may provide an example from which to build DMAP analogs that contain a nearby 

base. Oriyama and coworkers demonstrated high enantioselectivity in acylations using their 

diamine catalyst; 41 (Scheme 11).15a  

Scheme 11. Success with diamine catalysis in acylation reactions 
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These amine analogs  may stabilize a cationic intermediate similar to the one Oriyama proposed 

(42) with his diamine (Figure 8).15a Furthermore a rigid pyrrolidine ring might hold the nitrogens 

in proximity enhancing the interactions of the amines with the acylating reagent (43).  

 

Figure 8. Oriyama’s proposed diamine intermediate and a similar intermediate from a DMAP 

analog 

More recently, Birman showed that amidines like 44 also catalyze acylation reactions.16 His 

studies showed reactivity of amidines in addition to isothioureas and found the most reactive 

amidines to be those that may form an aromatic intermediate during the course of the reaction 

like the proposed (45) (Figure 9). Since amidines are basic it might therefore also be interesting 

to place an amidine (46) or oxazole (47) in the 2-position to test for increased reactivity as in 

Figure 9.  

 

Figure 9. Birman’s amidine acylation catalyst, proposed intermediate, proposed DMAP analogs  
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Synthesis 

N-Methylpyrrolidino DMAP Analog 

To form the N-methyl pyrrolidine DMAP analog, N-methylpyrrolidinone (48) was hydrolyzed 

with Barium Hydroxide to N-methyl-4-aminobutyric acid (49).17 The amine was BOC protected17 

(50) and then the acid was reduced to the alcohol18 (51) and another oxidation state 

manipulation yielded aldehyde 52 (Scheme 12).19 

Scheme 12. Synthesis of N-methyl-N-tert-butoxycarbonyl-4-aminobutanal 

 

DMAP was deprotonated by butyllithium then the corresponding alkyllithium was added to 

previously formed aldehyde 52 to provide alcohol 53. This alcohol was converted to the 

mesylate and then deprotection of the BOC group afforded the cyclic N-methylpyrrolidinone 

DMAP analog 54 (Scheme 13). 

Scheme 13. Formation N-methylpyrrolidinone analog of DMAP 
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Oxazoline DMAP Analog 

Chiral DMAP oxazoline catalyst was synthesized from cyanide catalyzed condensation of (+)-

phenylglycinol with DMAP methyl ester 13.20 Amide 55 was then cyclized with methanesulfonyl 

chloride to provide oxazoline 56 (Scheme 14).20-21 

Scheme 14. Formation of oxazoline DMAP analog 

 

Amidine DMAP Analog 

A chiral DMAP amidine catalyst was synthesized via dehydration of amide 1422 then 

condensation with 1,2-diphenylethanediamine to yield amidine 57 (Scheme 15).23  

Scheme 15. Synthesis of diphenylamidine DMAP analog 
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1,2-Diazolane DMAP Analog 

Another interesting DMAP analog with a nearby base was made from the addition of hydrazine 

to cinnamaldehyde (58) and methylation forming known compound 59.24   Followed by addition 

of the DMAP anion to dihydrophenylpyrazole (59). This provided 1,2-diazolane 60 (Scheme 

16).6b, 24a 

Scheme 16. Synthesis of a pyrazolane DMAP derivative 
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DMAP N-OXIDES 

It has been shown that the 4-dimethylaminopyridine N-oxide (DMAPO) (61) can also catalyze 

acylations and therefore may be of interest in design of enantioselective catalysts (Figure 10). 

 

Figure 10. DMAP and DMAPO 

The Shiina macrolactonization protocol provides an example of the use of DMAP analogs in 

synthesis (Figure 11).25  Shiina noted in his original papers that the lactonization occurred more 

rapidly and in higher yields if DMAPO was used in place of DMAP.26  

 

Figure 11. A recent example of the Shiina macrolactonization25 

This produced interest in the use of DMAP N-oxide in acylations. In designing substituted 

versions of DMAPO some variables should be considered. For example, how much substitution 

may be tolerated in the 2-position? Whether there is catalyst decomposition during the course 

of a reaction? Lastly, what is the inherent reactivity of DMAPO and similar derivatives?  

If the N-oxide has the appropriate nucleophilicity (it must be a good nucleophile and a good 

leaving group) then this may allow for substitution at the 2-position of the pyridine ring. The 



27 
 

oxygen of DMAP N-oxide is less sterically encumbered than the pyridyl nitrogen of DMAP, 

therefore if it acts as the nucleophilic atom in acylations that may allow for catalyst design with 

substitution at the 2-position. Also, the placement of a chiral center near the reactive N-oxide 

may allow for enantioselective acylations. Although the reactivity of DMAP is attenuated by 

substitution in the 2-position, the appropriately substituted DMAPO may show increased 

reactivity relative to the same substitution on DMAP. 
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Synthesis 

The N-oxides of various DMAP derivatives were all formed by oxidation with dimethyldioxirane 

(DMDO). Although other protocols for DMAP oxidation have been reported reactions seldom 

went to completion and purification was difficult.27 DMDO had also been previously reported to 

oxidize DMAP to DMAPO in high yields. This conversion may also produce singlet oxygen and 

cause the loss of the oxidizing reagent making it difficult to get complete conversion and making 

the purification more difficult.28  

By the addition of DMDO in acetone, alcohols 18, and 32 and ether 33 were converted to their 

respective N-oxides (62, 63, 64) (Scheme 17). 

Scheme 17. Conversion of some DMAP analogs to their N-oxides 
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MORE ELECTRON RICH PYRIDINES 

Following Steglich’s reasoning that a more electron rich pyridine and one in which the nitrogen 

lone pair orbital was parallel to the pyridine’s π orbitals; Han and coworkers synthesized more 

reactive pyridine derivatives 65 and 66.29 More recently Olivier synthesized an even more 

reactive nucleophilic pyridine catalyst (67) (Figure 12).30  

 

Figure 12. More reactive nucleophilic pyridines 

These analogs might suggest that adding a “donating group” to the ring may enhance the 

reactivity sufficiently to overcome 2-position substitution, especially if that group is constrained 

in such a way that the nitrogen lone pair orbital was parallel to the pyridine’s π orbitals. 

Furthermore, there should be a larger effect from donation in the 2-position than the 3-position 

as in Han’s and Olivier’s catalysts. Pyridines with an ether (68) or amine (69) in the 2-position 

should be more able to stabilize the acylpyridinium intermediate (70) (Figure 13). Also, there 

may be greater potential for catalytic ability if the electron donating group does not contribute 

significantly to the steric bulk in the 2-position as in compound 68. 

 

Figure 13. Potentially more reactive pyridines and stabilization of an acylpyridinium ion 
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Synthesis 

4-Pyrrolidine-7-aza-2,3-dihydrobenzofuran 

4-Pyrrolidine-7-aza-2,3-dihydrobenzofuran (68) was synthesized following a modified procedure 

for making dihydrobenzofuran.31 Thiosemicarbazide (71) was methylated with iodomethane and 

the S-methylthiosemicarbazide (72) was condensed with glyoxal to give 3-methylthio-1,2,4-

triazine (73). The thioether was oxidized with m-CPBA to form known sulfone 74 which was 

substituted with 4-bromo-3-butyn-1-ol. Ether 75 was then heated until the Diels-Alder/ retro-

Diels-Alder reaction had occurred, yielding dihydrobenzofuran 76. This was then heated with 

pyrrolidine to yield 4-pyrrolidino-7-aza-2,3-dihydrobenzofuran (68) (Scheme 18).  

Scheme 18. Formation of 4-pyrrolidino-7-aza-2,3-dihydrobenzofuran 
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4-N,N-dimethylamino-2-pyrrolidinopyridine 

 4-dimethylamino-2-pyrrolidinopyridine (78) was synthesized from the Buchwald-Hartwig 

coupling of 2-bromo-DMAP (77) and pyrrolidine (Scheme 19).32 

Scheme 19. Formation of 4-dimethylamino-2-pyrrolidinopyridine 
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CONCLUSION 

Based on studies performed by Zipse and Steglich several novel DMAP analogs with potential to 

hydrogen bond to the alcohol being acylated have been designed and synthesized. In addition 

several diamine catalysts that are DMAP analogs with nearby basic moieties have been designed 

and prepared.  Furthermore, some DMAPO derivatives and some potentially more reactive 

DMAP analogs were prepared. Overall 29 novel DMAP analogs were synthesized including two 

ketones, eight alcohols, four ethers, one ester, two amides, two amines, one pyrazole, one 

amidine, one oxazole, three fluorinated, three N-oxides, and two heteroatom disubstituted 

DMAP analogs. 

Future Directions 

By designing several DMAP analogs that vary in steric bulk, ability to hydrogen bond, nearby 

basic substitution, and nucleophilicity, knowledge may be gained of the most functional 

substitutions. Furthermore, testing of these catalysts may afford the ability to design catalysts 

with greater enantioselectivity. A continuation of this project would involve testing these and 

other catalysts under various acylation conditions to aid in finding the most effective 

substitutions that afford the greatest selectivity.  
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EXPERIMENTAL 

General 

Reagents were purchased from Sigma-Aldrich, TCI, Acros Organics, or Oakwood Chemical. Ethyl 

ether, THF, DCM and toluene were dried by passage through an activated alumina column 

immediately before use. The 1H (600 MHz, 500 MHz), 13C (125 MHz, 100 MHz), NMR spectra 

were measured on Bruker Avance DRX-600, and DRX-500. CDCl3 used for NMR (Cambridge 

isotope) was additionally dried by addition of molecular sieves (4 Å) and stored under argon. 1H 

NMR spectra were referenced to the solvent residual peak (CHCl3, δ 7.26 ppm). Overlapping 

signals are designated os. 

Chiral HPLC was performed on a Chiracel® OD-H Column (250 x 4.6 mm), eluted with a mixture 

of hexanes and isopropanol. 

General procedure for formation of 1-(4-(N,N-dimethylamino)pyridine-2-yl)ketones 10 

and 11 and ester 13 

To a stirring solution of 4-dimethylaminopyridine (2.00 g, 16.0 mmol) in THF (100 mL) at 0 °C 

was added borontrifluoride diethyletherate (2.30 mL, 18.0 mmol) and the resulting slurry was 

allowed to stir for 30 min. This solution was then cooled to -78 °C and n-butyllithium (14.2 mL, 

21.0 mmol, 1.50 M) was added dropwise over the course of 15 minutes then the reaction 

mixture was allowed to stir 30 minutes. To this solution was added acid chloride or 

chloroformate (21.0 mmol) and the solution was allowed to warm to room temperature 

overnight. The reaction mixture was quenched with saturated sodium bicarbonate, the THF 

removed under reduced pressure and the resulting aqueous solution was extracted with DCM 
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three times. The combined organic solution was washed with water and brine then dried over 

sodium sulfate. The crude sample was purified using flash chromatography. 

1-(4-(N,N-dimethylamino)pyridine-2-yl)propan-1-one (10) 

 

 Chromatography solvent: 20% ethyl acetate in hexanes.  

Light yellow oil. 1.5 g (52 % yield) 1H NMR (600 MHz, CDCl3) δ 8.21 (d, J = 5.9 Hz, 1H), 7.22 (d, J = 

2.8 Hz, 1H), 6.54 (dd, J = 5.9, 2.8 Hz, 1H), 3.14 (q, J = 7.3 Hz, 2H), 2.98 (s, 6H), 1.13 (t, J = 7.3 Hz, 

3H). 

(4-(N,N-dimethylamino)pyridine-2-yl)(phenyl) methanone (11)33 

 

Chromatography solvent: 1:1 ethyl acetate:hexanes.  

Bright orange oil. 1.05 g (38 % yield (from 1.50 g DMAP))  1H NMR (600 MHz, CDCl3) δ 8.32 (d, J = 

5.9 Hz, 1H), 8.05 (d, J = 8.4 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H), 7.25 (d, J = 2.7 

Hz, 1H), 6.63 (dd, J = 5.9, 2.8 Hz, 1H), 3.08 (s, 6H). 
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methyl 4-(N,N-dimethylamino)picolinate(13)34 

 

Chromatography solvent: 20% ethyl acetate in hexanes.  

Orange semi-solid. 1.10 g (37% yield) 1H NMR (600 MHz, CDCl3) δ 8.33 (d, J = 5.9 Hz, 1H), 7.41 (d, 

J = 2.7 Hz, 1H), 6.60 (dd, J = 5.9, 2.7 Hz, 1H), 3.98 (s, 3H), 3.06 (s, 6H). 

4-(N,N-dimethylamino)picolinamide (14) 

 

Methyl 4-(dimethylamino)picolinate (368 mg, 2.0 mmol) was dissolved in methanol (1 mL). To 

that stirring solution was added concentrated NH4OH (10 mL). The reaction mixture was allowed 

to stir overnight. The methanol was removed under reduced pressure and the aqueous layer 

extracted three times with DCM. The combined organic solution was washed with water and 

brine, dried over sodium sulfate and the solvent removed under reduced pressure. No further 

purification was necessary.  

Pale yellow oil. 330 mg (98% yield) 1H NMR (600 MHz, CDCl3) δ 8.17 (d, J = 5.9 Hz, 1H), 7.91 (s, 

1H), 7.47 (d, J = 2.7 Hz, 1H), 6.57 (dd, J = 5.8, 2.8 Hz, 1H), 5.52 (s, 1H), 3.06 (s, 6H). 
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4-(pyrrolidin-1-yl)picolinamide (17) 

 

Methyl 4-chloropicolinate (1.5 g, 8.1 mmol) was dissolved in methanol (10 mL). This solution 

was cooled to 0 °C and while stirring concentrated ammonium hydroxide was added (5 mL). The 

reaction mixture was allowed to warm to room temperature overnight and then the solvent was 

removed under reduced pressure to yield 1.3 g of crude 4-chloropicolinamide. Crude 4-

chloropicolinamide (142 mg, 0.91 mmol) was dissolved in pyrrolidine and while stirring was 

heated in a sealed vial to 95 °C for four hours. The reaction mixture was cooled and excess 

pyrrolidine removed under reduced pressure. The crude product was purified using flash 

chromatography with 40% ethyl acetate in hexanes.  

Brown oil. 150 mg (87% yield over 2 steps) 1H NMR (600 MHz, CDCl3) δ 8.12 (d, J = 5.8 Hz, 1H), 

7.94 (s, 1H), 7.32 (d, J = 2.6 Hz, 1H), 6.43 (dd, J = 5.8, 2.6 Hz, 1H), 5.85 (s, 1H), 3.35 (t, J = 6.6 Hz, 

4H), 2.07 – 1.97 (m, 4H). 13C NMR (151 MHz, CDCl3) δ 167.9, 152.6, 149.5, 148.2, 108.6, 105.8, 

47.2, 25.3. 

(4-( N,N-dimethylamino)pyridin-2-yl)(phenyl)methanol (18)35 
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(4-(dimethylamino)pyridine-2-yl)(phenyl) methanone (111 mg, 0.50 mmol) was dissolved in THF 

(2.40 mL). While stirring lithium aluminum hydride (18.5 mg, 0.50 mmol) was added. The 

reaction mixture was stirred at room temperature for 16 hours then water (0.20 mL) was added, 

followed by 15% NaOH (0.40 mL), followed again by water (0.60 mL). The resulting slurry was 

filtered through a pad of celite, the solids washed with ethyl acetate. The combined organic 

solution was washed with water and brine, and then dried over magnesium sulfate. The crude 

product was purified using flash chromatography with 10% methanol in DCM. 

White solid. 32.5 mg (28% yield) 1H NMR (600 MHz, CDCl3) δ 8.11 (d, J = 6.2 Hz, 1H), 7.39 (d, J = 

7.1 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.24 (t, J = 7.3 Hz, 1H), 6.42 (dd, J = 6.2, 2.6 Hz, 1H), 6.34 (d, J 

= 2.6 Hz, 1H), 5.67 (s, 1H), 3.39 (s, 1H), 2.96 (s, 6H). 

(2S,3S)-2,3-bis(benzoyloxy)-4-((4-( N,N-dimethylamino)pyridin-2-yl)(phenyl)methoxy)-4-

oxobutanoic acid (19 and 20) 

 

(4-(dimethylamino)pyridin-2-yl)(phenyl)methanol (182 mg, 0.80 mmol) was dissolved in DCM 

(8.0 mL). Separately dibenzoyl D-tartaric acid (271 mg, 0.80 mmol) was dissolved in DCM (8.0 

mL). These solutions were combined, DMAP was added (0.1 mg, 0.0008 mmol), and the reaction 

mixture was stirred overnight. Some solid precipitated during the course of the reaction. The 
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solvent was removed under reduced pressure to yield ester 19. To get one diastereomer it was 

recrystallized twice from methanol. 

Pale yellow: mixture of solids. Single diastereomer (by NMR): white solid: 125 mg (28% yield). 

NMR data unavailable. 

(4-( N,N-dimethylamino)pyridin-2-yl)(phenyl)methanol (21)35 

 

(2S,3S)-2,3-bis(benzoyloxy)-4-((4-(dimethylamino)pyridin-2-yl)(phenyl)methoxy)-4-oxobutanoic 

acid (23 mg, 0.04 mmol) and potassium carbonate (14 mg, 0.10 mmol) were stirred in methanol 

(2.0 mL) until completely dissolved and allowed to continue stirring for 1 hour. The methanol 

was removed under reduced pressure and the residue was brought up in DCM and saturated 

sodium bicarbonate. This mixture was extracted three times with DCM. The organic layers were 

combined, washed with water, washed with brine, and dried over sodium sulfate. The solvent 

was removed under reduced pressure to yield (4-(dimethylamino)pyridin-2-yl)(phenyl)methanol. 

White solid. 9.1 mg (99% yield) 1H NMR (600 MHz, CDCl3) δ 8.17 (d, J = 6.0 Hz, 1H), 7.40 (d, J = 

7.4 Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.28 – 7.23 (os, 2H), 6.41 (dd, J = 6.0, 2.5 Hz, 1H), 6.29 (d, J = 

2.4 Hz, 1H), 5.64 (s, 1H), 2.94 (s, 6H). [α]24.0
D=-25.1 (c=4.5, CHCl3, λ=589) 

Chiral HPLC eluent 2% 2-propanol in hexanes (0.8 mL/min). Racemate 18 eluted at 31.3 and 33.9 

minutes. Compound 21 eluted at 34.0 minutes no peak was observed near 30-32 minutes.  
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(1S,2S,4R)-1-(4-( N,N-dimethylamino)pyridin-2-yl)-2-isopropyl-4-methylcyclohexanol (22) 

 

To a stirring solution of 4-dimethylaminopyridine (1.0 g, 8.0 mmol) in THF (75 mL) at 0 °C was 

added borontrifluoride diethyletherate (1.2 mL, 9.0 mmol) and allowed to stir for 30 min. This 

solution was then cooled to -78 °C and n-butyllithium (4.3 mL, 11 mmol, 1.9M) was added 

dropwise over the course of 15 minutes then the reaction mixture allowed to stir 30 minutes. To 

this solution was added menthone (1.84 mL, 11.0 mmol) and the solution allowed to warm to 

room temperature overnight. The reaction mixture was quenched with saturated sodium 

bicarbonate, the THF removed under reduced pressure and the resulting aqueous solution was 

extracted with DCM three times. The combined organic solution was washed with water and 

brine then dried over sodium sulfate. The crude sample was purified using flash 

chromatography with 10% ethyl acetate in hexanes. [α]24.0
D=-10.3 (c=4.1, CHCl3, λ=589) 

Colorless prismatic crystals. 213 mg (9% yield) 1H NMR (600 MHz, CDCl3) δ 7.98 (d, J = 6.9 Hz, 

1H), 6.61 (dd, J = 6.8, 1.5 Hz, 1H), 6.30 (s, 1H), 3.17 (s, 6H), 2.05 (dd, J = 6.7, 3.4 Hz, 1H), 1.87 (d, J 

= 12.8 Hz, 1H), 1.82 – 1.70 (os, 2H), 1.63 (dd, J = 13.2, 3.2 Hz, 1H), 1.55 (s, 1H), 1.46 (d, J = 12.2 

Hz, 1H), 1.32 – 1.23 (m, 1H), 1.17 (t, J = 12.4 Hz, 1H), 1.06 – 0.95 (os, 2H), 0.92 (d, J = 6.8 Hz, 3H), 

0.88 (d, J = 6.6 Hz, 3H), 0.74 (d, J = 6.9 Hz, 3H). 13C NMR (151 MHz, CDCl3) δ 157.1, 138.2, 106.7, 

98.5, 83.6, 49.8, 49.6, 40.0, 35.1, 28.2, 27.8, 24.1, 22.2, 21.9, 18.2. 
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(4-( N,N-dimethylamino)pyridin-2-yl)methanol (23)36 

 

Methyl 4-dimethylaminopicolinate (354 mg, 2.0 mmol) was dissolved in THF (6.0 mL) and then 

lithium aluminum hydride (223 mg, 6.0 mmol) was added slowly. The resulting mixture was 

heated at reflux with stirring for 1 hour. The reaction mixture was cooled and quenched with 

water (0.6 mL), 15% NaOH (0.6 mL), and water (0.6 mL). It was then filtered through a pad of 

celite and the filter cake was washed with ethyl acetate. The solvent was removed under 

reduced pressure. The crude oil was purified using flash chromatography with 5% methanol in 

DCM. 

Light tan oil. 136 mg (45% yield) 1H NMR (600 MHz, CDCl3) δ 8.17 (d, J = 5.8 Hz, 1H), 6.47 – 6.37 

(os, 2H), 4.64 (s, 2H), 3.78 (s, 1H), 3.01 (s, 6H). 

General Procedure for Methylation of Ketones 9, 11, and 12 

The ketone (44.0 mmol) was dissolved in THF (50.0 mL) and cooled to 0 °C. To this mixture is 

added methylmagnesium chloride (48.0 mmol, 3.00M in THF). The reaction mixture was allowed 

to warm to room temperature over the course of 1 hour and then quenched with HCl (5 mL, 1 

M). The resulting mixture was made basic with saturated sodium bicarbonate and extracted 

three times with DCM. The combined organic solution was washed with water and brine and 

dried over sodium sulfate. If necessary the compounds were purified using flash 

chromatography. 



41 
 

1-(4-( N,N-dimethylamino)pyridin-2-yl)-1-phenylethanol (24) 

 

Flash chromatography solvent: 40% ethyl acetate in hexanes. 

Off white solid. 450 mg (42% yield) 1H NMR (600 MHz, CDCl3) δ 8.13 (d, J = 6.0 Hz, 1H), 7.51 (d, J 

= 8.1 Hz, 2H), 7.30 (t, J = 7.8 Hz, 2H), 7.20 (t, J = 7.3 Hz, 1H), 6.42 (d, J = 2.4 Hz, 1H), 6.39 (dd, J = 

6.0, 2.5 Hz, 1H), 6.24 (s, 1H), 2.94 (s, 6H), 1.91 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 164.8, 154.9, 

147.7, 147.0, 128.0, 126.6, 125.8, 105.4, 102.2, 74.8, 39.1, 29.2. 

2-(4-( N,N-dimethylamino)pyridin-2-yl)propan-2-ol (25) 

 

Colorless oil. 116 mg (from 256 mg 9, 41% yield) 1H NMR (600 MHz, CDCl3) δ 8.14 (d, J = 6.0 Hz, 

1H), 6.50 (d, J = 2.5 Hz, 1H), 6.42 (dd, J = 6.0, 2.5 Hz, 1H), 5.30 (s, 1H), 3.02 (s, 6H), 1.52 (s, 6H). 

13C NMR (151 MHz, CDCl3) δ 166.3, 155.2, 147.3, 105.3, 100.5, 71.5, 39.3, 30.8. 

2-(4-( N,N-dimethylamino)pyridin-2-yl)-3,3-dimethylbutan-2-ol (26) 
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White solid. 2.1 g (from 2.0 g 12, 98% yield) 1H NMR (600 MHz, CDCl3) δ 8.13 (d, J = 5.9 Hz, 1H), 

6.47 (s, 1H), 6.45 – 6.39 (m, 1H), 5.88 (s, 1H), 3.02 (s, 6H), 1.50 (s, 3H), 0.93 (s, 9H). 13C NMR (151 

MHz, CDCl3) δ 163.5, 154.3, 146.2, 105.2, 103.9, 77.1, 39.2, 38.5, 25.9, 23.1. 

General Procedure for Fluorination of Alcohols 24, 25, and 26 

The alcohol (1.9 mmol) was dissolved in DCM (20 mL) and cooled to -78 °C. Deoxo-fluor (1.9 

mmol) was added dropwise over the course of 5 minutes. The reaction mixture was allowed to 

warm to room temperature overnight and then was poured into cold saturated sodium 

bicarbonate solution. The resulting mixture was extracted three times with DCM. The combined 

organic solution was washed with water, brine and dried over sodium sulfate. The solvent was 

removed under reduced pressure and the crude product was purified using flash 

chromatography. 

2-(1-fluoro-1-phenylethyl)-N,N-dimethylpyridin-4-amine (27) 

 

Flash chromatography solvent: 5% methanol in DCM. 

Yellow oil. 62 mg (14% yield) 1H NMR (600 MHz, CDCl3) δ 8.20 (d, J = 5.9 Hz, 1H), 7.51 (d, J = 7.3 

Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.24 (dd, J = 11.4, 4.1 Hz, 1H), 6.83 (dd, J = 2.4, 1.3 Hz, 1H), 6.39 

(dd, J = 7.3 2.7 Hz, 1H), 2.99 (s, 6H), 2.10 (d, J = 23.6 Hz, 3H). 13C NMR (151 MHz, CDCl3) δ 154.9, 

148.8, 144.2 (d, J = 23.4 Hz), 128.1, 127.4, 125.0 (d, J = 8.3 Hz), 105.3, 101.8 (d, J = 10.6 Hz), 98.8, 

97.7, 39.2, 27.1 (d, J = 23.8 Hz). 
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2-(2-fluoropropan-2-yl)-N,N-dimethylpyridin-4-amine (28) 

 

Flash chromatography solvent: 1:1 ethyl acetate: hexanes. 

Light tan oil. 40 mg (from 57 mg of 25, 70% yield) 1H NMR (600 MHz, CDCl3) δ 8.17 (d, J = 5.9 Hz, 

1H), 6.78 (s, 1H), 6.40 (dd, J = 5.9, 2.5 Hz, 1H), 3.03 (s, 6H), 1.71 (d, J = 22.5 Hz, 6H). 

2-(2-fluoro-3,3-dimethylbutan-2-yl)-N,N-dimethylpyridin-4-amine (29) 

 

Flash chromatography solvent: 25% ethyl acetate in hexanes. 

Colorless oil. 29.0 mg (from 140 mg of 26, 20% yield) 1H NMR (600 MHz, CDCl3) δ 8.17 (d, J = 5.8 

Hz, 1H), 6.76 (d, J = 2.7 Hz, 1H), 6.39 (dd, J = 5.9, 2.7 Hz, 1H), 3.01 (s, 6H), 1.70 (d, J = 24.0 Hz, 

3H), 1.00 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 154.3, 147.9, 104.9, 103.4 (d, J = 14.2 Hz), 102.8, 

101.6, 39.2, 38.0 (d, J = 22.5 Hz), 25.8 (d, J = 5.0 Hz), 21.3 (d, J = 23.3 Hz). 

(S)-3-(4-( N,N-dimethylamino)pyridin-2-yl)pent-1-yn-3-ol (30) 
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Trimethylsilylacetylene (0.71 mL, 5.1 mmol) was dissolved in THF (30 mL) and cooled to -78 °C. 

To this stirring solution was added n-butyllithium (4.6 ml, 5.1 mmol, 1.1 M in hexanes). To this 

solution was added a solution of 10 (0.75 g, 4.2 mmol) in THF (20 mL). The reaction mixture was 

allowed to warm to room temperature over the course of an hour and was then quenched with 

saturated aqueous sodium bicarbonate. The resulting mixture was extracted three times with 

DCM. The combined organic solution was washed with water, brine and dried over sodium 

sulfate. The solvent was removed under reduced pressure and the crude product was purified 

using flash chromatography with 15% methanol in DCM. 

Light tan solid. 0.43 g (50% yield) 1H NMR (600 MHz, CDCl3) δ 8.12 (d, J = 6.0 Hz, 1H), 6.73 (d, J = 

2.3 Hz, 1H), 6.45 (dd, J = 5.9, 2.4 Hz, 1H), 3.03 (s, 6H), 2.51 (s, 1H), 2.10 – 1.96 (m, 1H), 1.96 – 

1.80 (m, 1H), 0.97 (t, J = 7.3 Hz, 3H). 

(S)-3-(4-( N,N-dimethylamino)pyridin-2-yl)-4,4-dimethyl-1-(trimethylsilyl)pent-1-yn-3-ol (31) 

 

Trimethylsilylacetylene (0.82 mL, 5.9 mmol) was dissolved in THF (30 mL) and cooled to -78 °C. 

To this stirring solution was added n-butyllithium (2.2 ml, 5.9 mmol, 2.7 M in hexanes). To this 

solution was added a solution of 12 (1.0 g, 4.8 mmol) in THF (20 mL). The reaction mixture was 

allowed to warm to room temperature over the course of an hour and was then quenched with 

saturated aqueous sodium bicarbonate. The resulting mixture was extracted three times with 

DCM. The combined organic solution was washed with water, brine and dried over sodium 
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sulfate. The solvent was removed under reduced pressure and no further purification was 

necessary. 

Pale yellow oil. 1.4 g (95% yield) 1H NMR (600 MHz, CDCl3) δ 8.12 (d, J = 5.6 Hz, 1H), 6.86 (d, J = 

2.2 Hz, 1H), 6.45 (s, 1H), 5.96 (s, 1H), 3.04 (s, 6H), 1.01 (s, 9H), 0.20 (s, 9H). 

General Procedure for Ether Synthesis 

To a solution of alcohol (4.8 mmol) in DMF (50 mL) at 0 °C was added sodium hydride (7.2 mmol 

(60% dispersion in mineral oil). The reaction mixture was warmed to room temperature and 

iodomethane (4.8 mmol) was added dropwise and the resulting mixture was allowed to stir for 3 

hours. The reaction mixture was poured into water (100 ml) and extracted three times with 

DCM. The combined organic solution was washed with water, brine and dried over sodium 

sulfate. The solvent was removed under reduced pressure and the crude product was purified 

using flash chromatography. 

2-(methoxy(phenyl)methyl)-N,N-dimethylpyridin-4-amine (33)35 

 

Flash chromatography solvent 40% ethyl acetate in hexanes. 

Colorless oil. 2.1 g (from 4.72 g of 18, 42% yield) 1H NMR (600 MHz, CDCl3) δ 8.16 (d, J = 5.9 Hz, 

1H), 7.46 – 7.42 (os, 2H), 7.31 (dd, J = 10.5, 4.7 Hz, 2H), 7.25 – 7.21 (m, 1H), 6.72 (d, J = 2.7 Hz, 

1H), 6.37 (dd, J = 6.0, 2.7 Hz, 1H), 5.27 (s, 1H), 3.44 (s, 3H), 2.99 (s, 6H). 
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2-(2-methoxypropan-2-yl)-N,N-dimethylpyridin-4-amine (34) 

 

Flash chromatography solvent 50% ethyl acetate in hexanes 

Colorless oil. 1.08 g (from 1.4 g of 25, 72% yield) 1H NMR (600 MHz, CDCl3) δ 8.21 (d, J = 5.9 Hz, 

1H), 6.79 (d, J = 2.6 Hz, 1H), 6.40 (dd, J = 5.9, 2.6 Hz, 1H), 3.19 (s, 3H), 3.01 (s, 6H), 1.55 (s, 6H). 

2-(3-methoxy-4,4-dimethylpent-1-yn-3-yl)-N,N-dimethylpyridin-4-amine (35) 

 

Flash Chromatography solvent: 15% methanol in DCM 

Light yellow oil. 609 mg (from 1.40 g of 31, 54% yield) 1H NMR (600 MHz, CDCl3) δ 8.28 (d, J = 5.9 

Hz, 1H), 6.75 (d, J = 2.6 Hz, 1H), 6.42 (dd, J = 5.9, 2.6 Hz, 1H), 3.32 (s, 3H), 2.99 (s, 6H), 2.68 (s, 

1H), 1.03 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 157.6, 154.1, 148.5, 105.9, 105.6, 87.0, 83.0, 76.1, 

53.2, 39.8, 39.2, 25.8. 

2-(1-methoxy-1-phenylethyl)-N,N-dimethylpyridin-4-amine (37) 
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Flash chromatography solvent: 40% ethyl acetate in hexanes 

Colorless oil. 525 mg (from 789 mg of 24, 63% yield) 1H NMR (600 MHz, CDCl3) δ 8.18 (d, J = 5.9 

Hz, 1H), 7.41 (d, J = 7.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 7.17 (t, J = 7.3 Hz, 1H), 6.83 (d, J = 2.6 Hz, 

1H), 6.34 (dd, J = 5.9, 2.7 Hz, 1H), 3.23 (s, 3H), 2.95 (s, 6H), 1.94 (s, 3H). 

2-(2-methoxy-3,3-dimethylbutan-2-yl)-N,N-dimethylpyridin-4-amine (39) 

 

Flash chromatography solvent: 7% methanol in DCM 

Pale orange oil. 1.70 g (from 1.65 g of 38, 99% yield) 1H NMR (600 MHz, CDCl3) δ 8.23 (d, J = 5.9 

Hz, 1H), 6.73 (d, J = 2.7 Hz, 1H), 6.40 (dd, J = 5.9, 2.7 Hz, 1H), 3.13 (s, 3H), 3.00 (s, 6H), 1.57 (s, 

3H), 0.91 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 105.9, 104.9, 84.9, 50.9, 39.2, 38.5, 25.9, 17.7. 

tert-butyl (4-hydroxybutyl)(methyl)carbamate(51)37 

 

To a stirring solution at 0 °C of 4-((tert-butoxycarbonyl)(methyl)amino)butanoic acid  (1.0 g, 4.6 

mmol) in THF (9.7 mL) was added borane-THF (4.8 mL, 0.5 M). The reaction mixture was allowed 

to warm to room temperature and stir for 20 hours and then was quenched with 6 M HCl. The 

resulting mixture was made basic with 1 M NaOH and then extracted three times with ethyl 

acetate. The combined organic solution was washed with  water and brine and dried over 

sodium sulfate. 
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Colorless oil. 0.89 g (95% yield) 1H NMR (250 MHz, CDCl3) δ 3.66 (t, J = 5.1 Hz, 2H), 3.23 (t, J = 6.4 

Hz, 2H), 2.83 (s, 3H), 1.64 – 1.49 (m, 4H), 1.44 (s, 9H). 

tert-butyl methyl(4-oxobutyl)carbamate (52)38 

 

To a stirring solution at -78 °C of oxalyl chloride (0.41 mL, 4.7 mmol) in DCM (12.5 mL) was 

added DMSO (0.7 mL) and allowed to stir for 10 minutes. A solution of alcohol 51 (0.8 g, 3.9 

mmol) in DCM (5 mL) was added slowly and allowed to stir for 15 minutes. Triethylamine (2.7 

mL) was then added slowly and the resulting mixture was allowed to warm to 0 °C over the 

course of 1 hour. The reaction mixture was quenched with water and then extracted with DCM 

three times. The combined organic solution was washed with water, brine, and then dried over 

sodium sulfate. The crude product was purified using flash chromatography with 30% ethyl 

acetate in hexanes as the solvent. 

Colorless oil. 0.44 g (48% yield) 1H NMR (250 MHz, CDCl3) δ 9.78 (s, 1H), 3.24 (t, J = 7.0 Hz, 2H), 

2.83 (s, 3H), 2.45 (t, J = 7.2 Hz, 2H), 1.83 (p, J = 7.1 Hz, 2H), 1.44 (s, 9H). 

tert-butyl (4-(4-( N,N-dimethylamino)pyridin-2-yl)-4-hydroxybutyl)(methyl)carbamate(53) 

 

To a stirring solution of 4-dimethylaminopyridine (1.0 g, 8.1 mmol) in THF (100 mL) at 0 °C was 

added borontrifluoride diethyletherate (1.1 mL, 8.9 mmol) and the resulting slurry was allowed 
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to stir for 30 min. This solution was then cooled to -78 °C and n-butyllithium (4.40 mL, 11.3 

mmol, 2.57 M) was added dropwise over the course of 15 minutes then the reaction mixture 

allowed to stir 30 minutes. To this solution was added aldehyde 52 (2.28 g, 11.3 mmol) and the 

solution allowed to warm to room temperature overnight. The reaction mixture was quenched 

with saturated sodium bicarbonate, the THF removed under reduced pressure and the resulting 

aqueous solution was extracted with DCM three times. The combined organic solution was 

washed with water and brine then dried over sodium sulfate. The crude sample was purified 

using flash chromatography with 60% ethyl acetate in hexanes as the solvent. 

White solid. 1.34 g (51% yield) 1H NMR (600 MHz, CDCl3) δ 8.14 (d, J = 6.0 Hz, 1H), 6.41 (os, J = 

4.9 Hz, 2H), 4.57 (2 overlapping bs, 2H), 3.25 (bs, 2H), 3.01 (s, 6H), 2.81 (s, 3H), 1.86 – 1.74 (m, 

1H), 1.72 – 1.57 (m, 3H), 1.42 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 154.9, 105.7, 79.1, 72.4, 39.2, 

35.6, 34.0, 28.4. 

N,N-dimethyl-2-(1-methylpyrrolidin-2-yl)pyridin-4-amine (54) 

 

To a stirring solution at 0 °C of tert-butyl (4-(4-(dimethylamino)pyridin-2-yl)-4-

hydroxybutyl)(methyl)carbamate (2.0 g, 6.1 mmol) in DCM (25 mL) was added triethylamine (2.7 

mL) and methanesulfonyl chloride (1.15 mL, 14.8 mmol). This mixture was stirred for 3 hours 

and then trifluoroacetic acid (4.8 mL) was slowly added and the reaction was allowed to stir 

another 3 hours. The resulting mixture was quenched with 1 M sodium hydroxide and was then 
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extracted with DCM three times. The combined organic solution was washed with water and 

brine then dried over sodium sulfate. The crude sample was purified using flash 

chromatography with 10% methanol in DCM as the solvent. 

Brown-orange solid. 73 mg (6% yield) 1H NMR (600 MHz, CDCl3) δ 8.17 (d, J = 5.9 Hz, 1H), 6.67 (d, 

J = 2.7 Hz, 1H), 6.38 (dd, J = 5.9, 2.7 Hz, 1H), 3.23 (t, J = 8.6 Hz, 1H), 3.18 (t, J = 8.3 Hz, 1H), 3.00 

(s, 6H), 2.31 (dd, J = 17.4, 9.3 Hz, 1H), 2.26 (os, 4H), 1.98 – 1.87 (m, 1H), 1.85 – 1.75 (m, 2H). 13C 

NMR (151 MHz, CDCl3) δ 155.1, 149.1, 105.3, 103.2, 72.9, 57.1, 40.8, 39.2, 33.8, 22.7. 

(S)-4-( N,N-dimethylamino)-N-(2-hydroxy-1-phenylethyl)picolinamide (55) 

 

Methyl 4-(dimethylamino)picolinate (370 mg, 2.1 mmol), phenylglycinol (367 mg, 2.7 mmol), 

potassium cyanide (26.8 mg, 0.4 mmol), and toluene (5 ml) were all stirred together. The 

reaction mixture was heated at reflux for 48 hours. The reaction mixture was cooled and solvent 

removed under reduced pressure. The crude product was purified using flash chromatography 

with 20% acetone in DCM as the solvent. [α]24.0
D=22.3 (c=2.6, CHCl3, λ=589) 

White solid. 574 mg (98% yield) 1H NMR (600 MHz, CDCl3) δ 8.73 (d, J = 7.8 Hz, 1H), 8.00 (d, J = 

5.9 Hz, 1H), 7.35 (os, 3H), 7.28 (t, J = 7.6 Hz, 2H), 7.21 (t, J = 7.3 Hz, 1H), 6.42 (dd, J = 5.9, 2.7 Hz, 

1H), 5.22 (dd, J = 13.2, 5.7 Hz, 1H), 4.51 (s, 1H), 3.92 (d, J = 5.9 Hz, 2H), 2.92 (s, 6H). 13C NMR (151 

MHz, CDCl3) δ 165.4, 154.9, 149.5, 147.9, 139.2, 128.4, 127.3, 126.7, 107.8, 105.1, 66.0, 55.8, 

38.9. 
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(S)-N,N-dimethyl-2-(4-phenyl-4,5-dihydrooxazol-2-yl)pyridin-4-amine ( 56) 

 

To a stirring solution at 0 °C of (S)-4-(dimethylamino)-N-(2-hydroxy-1-phenylethyl)picolinamide 

(142 mg, 0.5 mmol) in DCM (3 mL) was added thionyl chloride (40 µL, 0.55 mmol). The solution 

was allowed to warm to room temperature over the course of thirty minutes and then was 

quenched with saturated aqueous sodium bicarbonate. The resulting mixture was extracted 

three times with DCM. The combined organic solution was washed with water and brine and 

then dried over sodium sulfate. The crude product was purified by flash chromatography using 

10% acetone in DCM as the solvent. [α]24.0
D=21.1 (c=3.7, CHCl3, λ=589) 

Pale yellow oil. 51.9 mg (39% yield)  1H NMR (600 MHz, CDCl3) δ 8.66 (d, J = 7.0 Hz, 1H), 7.39 (d, J 

= 2.8 Hz, 1H), 7.37 (t, J = 7.5 Hz, 2H), 7.30 (os, J = 8.7 Hz, 3H), 6.82 (dd, J = 7.0, 2.8 Hz, 1H), 5.52 – 

5.41 (m, 1H), 4.97 (dd, J = 10.2, 8.8 Hz, 1H), 4.45 (t, J = 8.7 Hz, 1H), 3.23 (s, 6H). 13C NMR (151 

MHz, CDCl3) δ 165.8, 155.2, 149.7, 148.2, 139.1, 128.7, 127.8, 126.9, 108.1, 105.3, 66.9, 56.5, 

39.2. 

2-((4S,5S)-4,5-diphenyl-4,5-dihydro-1H-imidazol-2-yl)-N,N-dimethylpyridin-4-amine (57) 
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2-cyano-4-dimethylaminopyridine (85 mg, 0.60 mmol) and 1,2-diphenylethylenediamine (135 

mg, 0.6 mmol) were dissolved in toluene (5 mL), methanol (0.05 mL), and pyrrolidine (2 drops). 

The reaction mixture was heated at reflux for 24 hours and then cooled and solvent removed 

under reduced pressure. The crude product was purified by flash chromatography using 20% 

acetone in DCM as the solvent. 

Colorless oil. 20.4 mg (10% yield) 1H NMR (600 MHz, CDCl3) δ 8.24 (d, J = 5.9 Hz, 1H), 7.56 (d, J = 

2.4 Hz, 1H), 7.37 – 7.27 (os, 10H), 6.59 (dd, J = 5.8, 2.6 Hz, 1H), 6.55 (s, 1H), 5.11 (s, 1H), 4.79 (s, 

1H), 3.07 (s, 6H). 13C NMR (151 MHz, CDCl3) δ 163.6, 154.8, 148.9, 128.6, 108.0, 105.3, 39.4. 

N,N-dimethyl-2-(cis-1-methyl-5-phenylpyrazolidin-3-yl)pyridin-4-amine (60) 

 

To a stirring solution of 4-dimethylaminopyridine (62 mg, 0.50 mmol) in THF (10 mL) at 0 °C was 

added borontrifluoride diethyletherate (66 µL, 0.53 mmol) and allowed to stir for 30 min. This 

solution was then cooled to -78 °C and n-butyllithium (0.25 mL, 0.55 mmol, 2.19 M) was added 

dropwise over the course of 15 minutes then the reaction mixture allowed to stir 30 minutes. To 

this solution was N-methyl-3-phenyldiazole. (0.55 mmol) and the resulting solution was allowed 

to warm to room temperature overnight. The reaction mixture was quenched with saturated 

sodium bicarbonate, the THF removed under reduced pressure and the resulting aqueous 

solution was extracted with DCM three times. The combined organic solution was washed with 

water and brine then dried over sodium sulfate. The crude sample was purified using flash 

chromatography with 10% acetone in DCM as the solvent. 
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Pale brown oil. 100 mg (64% yield) 1H NMR (600 MHz, CDCl3) δ 8.19 (d, J = 6.1 Hz, 1H), 7.44 (d, J 

= 7.0 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.30 (t, J = 7.3 Hz, 1H), 7.12 (d, J = 2.7 Hz, 1H), 6.47 (dd, J = 

6.2, 2.7 Hz, 1H), 4.20 (dd, J = 14.4, 10.4 Hz, 1H), 3.70 (dd, J = 16.8, 10.4 Hz, 1H), 3.06 (s, 6H), 2.87 

(s, 3H), 2.17 (s, 1H), 2.06 (s, 1H). 

4-( N,N-dimethylamino)-2-(hydroxy(phenyl)methyl)pyridine 1-oxide (62) 

 

(4-(dimethylamino)pyridin-2-yl)(phenyl)methanol (32.5 mg, 0.15 mmol) was dissolved in a 

DMDO acetone solution ( 15 mL, 0.05M) and allowed to stir at room temperature for 1 hour. 

The solvent was removed under reduced pressure and the compound was purified by flash 

chromatography with 1% triethylamine and 10% methanol in DCM as the solvent. 

Colorless oil. 5.9 mg (17% yield) ) 1H NMR (600 MHz, CDCl3) δ 8.28 (d, J = 6.1 Hz, 1H), 7.47 – 7.42 

(m, 2H), 7.40 – 7.34 (m, 2H), 7.33 – 7.27 (m, 1H), 6.84 (dd, J =6.2, 2.7 Hz, 1H), 6.72 (d, J = 2.7 Hz, 

1H), 5.61 (s, 1H), 3.21 (s, 1H), 2.64 (s, 6H) 

4-(N,N-dimethylamino)-2-(methoxy(phenyl)methyl)pyridine 1-oxide (63) 
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2-(methoxy(phenyl)methyl)-N,N-dimethylpyridin-4-amine (0.70 g, 2.9 mmol) was dissolved in 

DCM (30 mL) and a solution of m-CPBA (1.7 g, 6.9 mmol) in DCM (50 mL) was added and allowed 

to stir at room temperature for 18 hours. The solvent was removed under reduced pressure and 

the compound was purified by flash chromatography with 10% methanol in DCM as the solvent. 

Pale brown oil. 203 mg (27% yield) 1H NMR (600 MHz, CDCl3) δ 8.18 (d, J = 7.1 Hz, 1H), 8.10 (d, J 

= 3.3 Hz, 1H), 8.02 (dd, J = 7.1, 3.3 Hz, 1H), 7.49 (d, J = 7.6 Hz, 2H), 7.31 (t, J = 7.2 Hz, 3H), 5.83 (s, 

1H), 3.61 (s, 6H), 3.38 (s, 3H). 

4-(N,N-dimethylamino)-2-(1-hydroxy-2,2-dimethylpropyl)pyridine 1-oxide (64) 

 

1-(4-(dimethylamino)pyridin-2-yl)-2,2-dimethylpropan-1-ol (49 mg, 0.24 mmol) was dissolved in 

DCM (5 mL) and a solution of m-CPBA (230 mg, .96 mmol) in DCM (10 mL) was added and 

allowed to stir at room temperature for 18 hours. Solvent was removed under reduced pressure 

and the compound was purified by flash chromatography with 10% methanol in DCM as the 

solvent. 

Pale brown oil. 10 mg (19% yield) 1H NMR (600 MHz, CDCl3) δ 8.13 (d, J = 6.1 Hz, 1H), 6.42 (dd, J 

= 6.0, 2.1 Hz, 1H), 6.38 (d, J = 2.0 Hz, 1H), 5.63 (s, 1H), 4.25 (s, 1H), 3.01 (s, 6H), 0.92 (s, 9H). 
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3-((4-bromobut-3-yn-1-yl)oxy)-1,2,4-triazine (75)39 

 

To a solution of 4-bromo-3-butyn-ol (534 mg, 3.6 mmol) in THF (10 mL) was added sodium 

hydride (149 mg, 3.7 mmol) and allowed to stir for 30 minutes. To the reaction mixture was 

added dropwise a solution of 3-(methylsulfonyl)-1,2,4-triazine (0.475 g, 3.0 mmol) in THF (5 mL) 

and the resulting mixture was stirred for 5 hours. The reaction mixture was quenched with 

saturated aqueous sodium bicarbonate and extracted three times with DCM. The combined 

organic solution was washed with water and brine and then dried over sodium sulfate. The 

crude product was purified using flash chromatography with ether as the solvent. 

Colorless oil. 67.1 mg (10% yield). No NMR data. 

4-bromo-2,3-dihydrofuro[2,3-b]pyridine (76)39 

 

3-((4-bromobut-3-yn-1-yl)oxy)-1,2,4-triazine (67 mg, 0.30 mmol) was dissolved in chlorobenzene 

(5.0 mL) and heated at reflux for 4 hours. The solvent was removed under reduced pressure and 

the crude product was purified using flash chromatography with ether as the solvent. 

Colorless oil. 42.7 mg (73% yield) 1H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 5.7 Hz, 1H), 6.92 (d, J = 

5.6 Hz, 1H), 4.64 (t, J = 8.7 Hz, 2H), 3.25 (t, J = 8.7 Hz, 2H).  



56 
 

4-(pyrrolidin-1-yl)-2,3-dihydrofuro[2,3-b]pyridine (68) 

 

To a solution of 4-bromo-2,3-dihydrofuro[2,3-b]pyridine (43 mg, 0.20 mmol) in toluene (4.0 mL) 

was added potassium tert-butoxide (60 mg, 0.50 mmol), pyrrolidine (0.50 ml, 0.60 mmol), 

palladium trisdibenzyilideneacetone (12 mg, 0.02 mmol), and propane-1,3-

diylbis(diphenylphosphane) (8.8 mg, 0.02 mmol). The reaction mixture was then heated at 85 °C 

for 7 hours. The solvent was removed under reduced pressure and the crude product was 

purified using flash chromatography with 1% triethylamine in ethyl acetate as the solvent. 

Brown oil. 3 mg (7% yield) 1H NMR (600 MHz, CDCl3) δ 7.68 (d, J = 6.0 Hz, 1H), 5.99 (d, J = 6.0 Hz, 

1H), 4.47 (t, J = 8.6 Hz, 2H), 3.50 (t, J = 6.1 Hz, 4H), 3.47 (t, J = 8.7 Hz, 2H), 1.99 – 1.93 (m, 4H). 

 

N,N-dimethyl-2-(pyrrolidin-1-yl)pyridin-4-amine (78) 

 

To a solution of 2-bromo-4-dimethylaminopyridine (0.37 g, 1.8 mmol) in toluene (4.0 mL) was 

added potassium tert-butoxide (0.52 g, 4.6 mmol), pyrrolidine (0.3 ml, 0.45 mmol), palladium 

trisdibenzyilideneacetone (10.6 mg, 0.02 mmol), and propane-1,3-diylbis(diphenylphosphane) 

(7.6 mg, 0.02 mmol). The reaction mixture was then heated at 85 °C for 16 hours. The solvent 
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was removed under reduced pressure and the crude product was purified using flash 

chromatography with 1% triethylamine in ethyl acetate as the solvent. 

Dark brown oil. 200 mg (57% yield) 1H NMR (600 MHz, CDCl3) δ 7.88 (d, J = 6.0 Hz, 1H), 5.98 (dd, 

J = 6.0, 2.3 Hz, 1H), 5.45 (d, J = 2.2 Hz, 1H), 3.46 – 3.42 (m, 4H), 2.96 (s, 6H), 2.00 – 1.95 (m, 4H). 
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APPENDIX A - NMR SPECTRA OF THE SYNTHESIZED COMPOUNDS 
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