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Acid promoted cyclodehydration of amino alcohols 

with amide acetal 

Soonho Hwang, Heemin Park, Yongseok Kwon, and Sanghee Kim*  

A convenient acid-promoted cyclization protocol for the formation of azaheterocycles from 

amino alcohols is described. The reaction involves the use of N,N-dimethylacetamide dimethyl 

acetal (DMADA) as the activating reagent of the hydroxyl group. Using this protocol, 

pyrrolidines or piperidines with various substituents can be synthesized in good to high yields. 

Introduction 

The formation of saturated azaheterocycles, such as pyrrolidine 

and piperidine, is of fundamental importance in organic 

synthesis, not only for the obvious reason that they are 

ubiquitous in nature,1 but also because they are key functional 

motifs in numerous synthetic molecules.2 As a result, there is an 

ever-growing number of synthetic methods, and the 

development of effective and environmentally benign methods 

is of considerable interest.3 

The intramolecular displacement of a hydroxyl group by an 

amine nucleophile is the most popular strategy to construct 

azaheterocycles.3 In this type of cyclization, the hydroxyl group 

requires prior activation for a smooth and high-yielding process. 

Conventionally, the hydroxyl group has been activated by 

converting it to a good leaving group such as a halide or 

sulfonate ester, which subsequently undergoes intramolecular 

N-alkylation under basic conditions. To reduce the number of 

chemical steps, direct methods were also devised, such as 

phosphorus assisted Mitsunobu-type reactions and Appel 

halogenation/in situ base-induced ring closure.4–6 However, 

there are some drawbacks such as the use of toxic reagents and 

the difficulty of byproduct removal. The direct ring closure of 

amino alcohols can also be achieved under acidic conditions.7 

However, vigorous conditions such as strong acid and high 

temperature are needed to realize this type of transformation. 

In our studies on the synthesis of azaheterocycle natural 

products and their analogues, we were confronted with the 

necessity to induce the cyclization of amino alcohols in neutral 

or mildly acidic conditions. To this end, we focused our 

attention to an oxocarbenium ion for the activation of the 

hydroxyl group. Although the chemistry of such carbenium ion 

has been well explored,8 its use as an activator of a hydroxyl 

group has not received much attention in substitution 

reactions,9,10 especially when an amine is used as the 

nucleophile. 

 
Scheme 1 Strategy for the synthesis of azaheterocycles. 

As shown in Scheme 1, our cyclization strategy was based on 

the formation of an acetal intermediate A from amino alcohol 1 

via trans-acetalization and the in situ generation of carbenium 

ion B for the activation of the hydroxyl group. Subsequent 

intramolecular displacement of the activated hydroxyl group by 

the amine nucleophile was envisioned to afford the 

azaheterocycle 2. For the successful implementation of our 

strategy, there are several issues to be addressed. The first is the 

complication associated with the trans-acetalization of the 
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reagent with the hydroxyl group in the presence of the amino 

function. Despite the improbability of the chemoselective trans-

acetalization, we were optimistic about the success of our 

cyclization strategy because the trans-acetalization is a process 

of thermodynamic equilibrium. Even in the case that only small 

proportion of A is formed compared to the N-acetalized 

intermediate C, the equilibrium would shift to make more A if 

that small amount undergoes an irreversible intramolecular 

cyclization readily. Another important issue is the ambident 

electrophilic reactivity of carbenium ion B. Although the 

preferred reactive site of such carbenium species is dependent 

on the reaction conditions and the nature of the nucleophile,8d 

we anticipated on the basis of entropic considerations that the 

carbenium function in B would react with the pendant amino 

group preferentially at the position of the sp3 carbon (path a) 

over the sp2 oxocarbenium carbon (path b) to yield 

azaheterocycles 2. Even in the case where D is formed as an 

initial reaction product due to the higher electrophilic reactivity 

of the sp2 oxocarbenium carbon, the azaheterocycle products 2 

could be eventually formed through the reversible 

thermodynamic equilibrium processes. 

Results and discussion 

Table 1 Optimization of reaction conditions for the cyclization of substrate 
1aa 

NHBn
HO

1a

reagent, acid

2a

N

Bn

solvent, temp, time

 

Entry Reagentb Acid Solvent 
Temp 
(°C) 

Time 
(h) 

Yieldc 

(%) 

1 TMOA HCl 1,2-DCE reflux 18 35 

2 TMOB HCl 1,2-DCE reflux 18 38 

3 DMFDA HCl 1,2-DCE reflux 18 65 

4 DMADA HCl 1,2-DCE reflux 18 85 

5 DMADA HCld CH2Cl2 rt 1 93 

6 DMADA SnCl4 CH2Cl2 rt 1 91 

7 DMADA BF3·Et2O CH2Cl2 rt 18 65 (12)e 

8 DMADA TiCl4 CH2Cl2 rt 18 75 (8)e 

9 DMADA InBr3 CH2Cl2 rt 18 75 (12)e 

10 DMADA CSA CH2Cl2 rt 18 60 (23)e 

aReaction conditions: 1a (0.50 mmol), reagent (1.0 mmol), acid (0.050 mmol), 
solvent (10 mL) under N2. 

bReagent for carbenium ion precursor. cIsolated 
yield of the HCl salt form of amine 2a. d1 equiv of HCl was used. eThe values 
in parentheses indicate the yield of recovered starting material. CSA: (±)-
camphorsulfonic acid. 

The simple amino alcohol 1a (Table 1) was chosen as the 

model substrate to test the viability of the envisioned 

cyclization process. At first, several types of carbenium ion 

precursors (2 equiv) were screened in the presence of catalytic 

amount of HCl (0.1 equiv)11 at the reflux temperature of 1,2-

dichloroethane (1,2-DCE). When orthoesters were employed, 

such as trimethyl orthoacetate (TMOA) and trimethyl 

orthobenzoate (TMOB), the desired cyclized product was 

obtained, but only in low yield (entries 1 and 2). Substantial 

amounts of the N-acyl derivative and N,O-diacyl derivative of 

1a were also formed.12 Alterations in the equivalent of reagents 

and acid, solvent, reaction time, and temperature failed to 

suppress the production of the N-acylated by-products. 

However, when amide acetals13 were employed, the reaction 

afforded the desired product without noticeable formation of 

the N-acylated compounds. N,N-Dimethylacetamide dimethyl 

acetal (DMADA)14 was much more efficient than N,N-

dimethylformamide dimethyl acetal (DMFDA) in promoting 

the reaction (entries 3 vs. 4). The use of DMADA led to 2a in 

18 h in 85% yield under the screening conditions (0.1 equiv of 

HCl, 1,2-DCE, reflux). The reaction with DMADA could 

proceed at room temperature with very satisfactory results, but 

it required more acid to go to completion (entry 5). A range of 

acids were screened at room temperature to further optimize 

this reaction and the typical results are shown in Table 1 

(entries 6–10). SnCl4 was identified as the optimal choice for 

both chemical yield and reaction time. A catalytic amount of 

SnCl4 (0.1 equiv) provided the product 2a after 1 h at room 

temperature in 91% yield. Many other Lewis acids produced 

the desired 2a, but did not fully complete the reaction at room 

temperature in spite of a long reaction time. 

 
Scheme 2 Plausible reaction mechanism. 

To verify the mechanism that we have postulated, an NMR 

study on the reaction of 1a with DMADA in CD2Cl2 was 

carried out.15 In the presence of catalytic amounts of SnCl4
16 at 

room temperature, the 1H NMR spectrum revealed no 

predominant intermediate (Figure S1, Electronic 

Supplementary Information). The cyclized product 2a and N,N-
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dimethylacetamide (DMA) were generated in a nearly 

stoichiometric ratio.17 When the reaction mixture was quenched 

with water during the course of the reaction, we could detect 

the formation of the O-acetyl and N-acetyl derivatives, 3 and 4, 

in the same mutual ratio (Figure S2, Electronic Supplementary 

Information). These acetylated derivatives might arise by the 

action of water on the proposed carbenium intermediates 

(Scheme 2). This result together with the detection of DMA as 

a byproduct strongly suggested that the reaction proceeded via 

the envisaged intermediate carbenium ion species, such as I, 

and intramolecular nucleophilic attack of the amine. 

A carbenium ion intermediate similar to I has been proposed 

in the activation of the hydroxyl group with Vilsmeier 

reagent.10 Although several functional groups, such as thiols 

and imides, can serve as the nucleophile in the Vilsmeier 

reagent-mediated displacement of hydroxyl groups, an amine 

group has not been employed. We attempted the cyclization of 

1a with Vilsmeier reagent to verify the benefit of DMADA 

(Table 2). When the reaction was performed at room 

temperature in the absence or presence of acid, the N-formyl 

chlorinated compound 5 was the major product of the reaction 

(entries 1–3). In the presence of base,18 the N-formyl 

chlorinated compound 5 was not formed. The cyclized 

compound 2a was the major component, but the yield was only 

43% (entry 4). The reaction in THF afforded similar result 

(entry 5). At the reflux temperature of 1,2-DCE for 20 h, the 

yield of 2a increased up to 75% (entry 6), but ca. 20% of by-

products were still formed such as O-formylated and N,O-

diformylated derivatives of 1a. These results showed that the 

cyclization of amino alcohol with Vilsmieier reagent was much 

less efficient than that with DMADA with respect to reaction 

conditions and yield. 

Table 2 Cyclization of substrate 1a with Vilsmeier reagenta 

 

Entry 
Additive 

(eq) 
Solvent 

Temp 
(°C) 

Time 
(h) 

Yieldb (%) 
2a 5 

1 - CH2Cl2 rt 20 20 42 

2 HCl (1.0) CH2Cl2 rt 20 25 43 

3 SnCl4 (0.1) CH2Cl2 rt 20 22 47 

4 Et3N (3.0) CH2Cl2 rt 20 43 0 

5 Et3N (3.0) THF rt 20 42 0 

6 Et3N (3.0) 1,2-DCE reflux 20 75 0 

aReaction conditions: 1a (0.50 mmol), Vilsmeier reagent (1.0 mmol), 
additive, solvent (10 mL) under N2. 

bIsolated yield of the HCl salt form of 
amine 2a and the amide 5. 

With the optimized reaction conditions (DMADA and SnCl4), 

the cyclization of various types of substrates was investigated 

(Table 3). The cyclization reaction proceeded efficiently with 

various secondary amine substrates 1b–g to provide the N-

substituted pyrrolidines 2b–g (entries 1–6). The reaction 

tolerated a broad range of N-substituted groups including alkyl, 

allyl, benzyl, and even sterically bulky groups. On the other 

hand, the reaction with the primary amine substrate 1h failed to 

yield the corresponding product and a complex mixture of 

unidentified products was obtained (entry 7). This failure is 

most likely because of the facile condensation of the primary 

amine with DMADA to give the acetamidine or imidate ester.19 

Table 3 Results of cyclization of amino alcohols 1a 

 

Entry 1 R1 R2 n 
Time 
(h) 

2 
Yieldb 

(%) 

1 1b 4-OMe-Bn H 1 1 2b 92 

2 1c 4-CF3-Bn H 1 1 2c 90 

3 1d Allyl H 1 1 2d 90 

4 1e C7H15 H 1 1 2e 92 

5 1f 
 

H 1 1 2f 91 

6 1g 

 
1 2g 93 

7 1h H H 1 16 2h -c 

8 1i Bn H 2 2 2i 90 

9 1j 4-OMe-Bn H 2 2 2j 91 

10 1k C7H15 H 2 2 2k 89 

11 1l Bn H 3 16 2l -c 

12 
1

m 
Bn Me 1 5 

2

m 
89 

13d 1n Bn n-Bu 1 16 2n 82 

14d 1o Bn Ph 1 16 2o 82 

aReaction conditions: 1 (0.50 mmol), DMADA (1.0 mmol), SnCl4 (0.050 
mmol), CH2Cl2 (10 mL), rt. bIsolated yield of the HCl salt form of 2. 
cCyclized product was not detected. dThe reaction was conducted in 1,2-DCE 
(5 mL) at reflux temperature with 100 wt% of 4Å molecular sieve. 

Under these reaction conditions, the six-membered 

piperidine ring formation could also be achieved with high 

yields (entries 8–10). However, the formation of a seven-

membered azepane ring was not successful even when exposed 

to prolonged high temperature (entry 11). The substrates with a 

secondary hydroxyl group were also well suited for the reaction 

and gave the corresponding cyclized products (entries 12–14). 
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However, this type of substrates generally required a longer 

reaction time and higher temperature to reach completion. We 

considered this reaction proceeds via SN2 mechanism because 

the chiral non-racemic 1o afforded the corresponding cyclized 

product without any racemization.15 

Because the cyclized product could be obtained even with a 

stoichiometric equivalent of HCl (Table 1, entry 5), we 

anticipated that the acid salt of the amino alcohol itself could 

undergo the reaction with DMADA without needing the extra 

acid catalyst. The success of such transformation would open 

avenues for simple manipulation of the amino alcohol salt 

substrates because it does not require the addition of base to 

liberate the free amine function. As we expected, when the HCl 

or TFA salt form of amino alcohol 1 was employed as a 

substrate and merely treated with DMADA, the cyclized 

product 2 was successfully obtained in high yields (Table 4). 

Table 4 Results of cyclization of amino alcohol salts 1-HAa 

 

Entry 1-HA Time (h) 2-HA Yieldb (%) 

1 1a-HCl 1 2a-HCl 93 

2 1a-TFA 1 2a-TFA 94 

3 1b-HCl 1 2b-HCl 91 

4 1b-TFA 1 2b-TFA 90 

5 1c-HCl 1 2c-HCl 94 

6 1d-HCl 1 2d-HCl 93 

7 1i-HCl 16 2i-HCl 94 

8 1i-TFA 2 2i-TFA 91 

9 1j-HCl 2 2j-HCl 91 

10 1k-HCl 2 2k-HCl 90 

11c 1m-HCl 16 2m-HCl 89 

12c 1n-HCl 5 2n-HCl 85 

aReaction conditions: 1-HA (0.50 mmol), DMADA (1.0 mmol), CH2Cl2 (10 
mL), rt. bIsolated yield of 2-HA. cThe reaction was conducted in 1,2-DCE (5 
mL) at reflux temperature with 100 wt% of 4Å molecular sieve. 

Building on the above results, an efficient process for 

converting N-Boc protected amino alcohols to the 

corresponding azaheterocycles was developed. For this, we 

employed the known N-Boc protected amino alcohol 6 (Scheme 

3) which has been converted to the natural product crispine A 

(7) in several ways.20 

As the first step, the Boc group was removed by using HCl in 

CH2Cl2, and the hydrochloride salt 8 was obtained by 

evaporation. Without further purification, salt 8 was next 

treated with DMADA at room temperature for 1 h. This 

reaction sequence gave a high yield of the cyclization product, 

crispine A (7), which gave spectral data that was identical to 

what previously reported.20,21 

 
Scheme 3 Synthesis of crispine A (7). 

Conclusions 

In conclusion, we have developed a convenient and efficient 

synthetic method for the generation of azaheterocycles from 

amino alcohols. Our method is unique among other previously 

developed synthetic methods in that the cyclization is promoted 

by acid under mild conditions. This method is applicable to 

substrates with various functional groups, especially those with 

base-sensitive groups. A key feature of this protocol is the use 

of an aza-oxo-stabilized carbenium ion for the activation of the 

hydroxyl group which has rarely been explored in substitution 

reactions, especially when an amine used as the nucleophile. 

Several types of pyrrolidines and piperidines were successfully 

prepared in good to high yields from the amino alcohols with 

DMADA in the presence of an acid catalyst. Moreover, we 

found that the acid salt of the amino alcohol could undergo the 

facile reaction with DMADA without requiring any additional 

acid catalyst. These results open avenues for the mild synthesis 

of azaheterocycles with the advantages of simple manipulations, 

especially when the amino alcohol substrate is in its salt form. 

Experimental 

General Information 

All chemicals were of reagent grade and used as received. All 

reactions were performed under dry nitrogen using distilled, dry 

solvents. The reactions were monitored by TLC (Merck®, Silica 

gel 60 F254). Flash column chromatography was performed on 

silica gel (230–400 mesh). 1H (300 or 400 MHz) and 13C NMR 

(75 or 100 MHz) spectra were recorded. Chemical shifts (δ) are 

reported in ppm relative to the non-deuteriated solvent as 

internal reference; coupling constants (J) are given in Hz. 

Multiplicities are denoted as follows: s = singlet, d = doublet, t 

= triplet, q = quartet, and m = multiplet. The 1H NMR spectra 
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are presented as follows: chemical shift (multiplicity, coupling 

constant, integration). IR spectra were recorded with a Fourier 

Transform Infrared spectrometer. High resolution mass spectra 

(HRMS) were obtained by Electron ionization (EI) using a 

double focusing mass spectrometer. Previously reported 

compounds were confirmed by comparison of their 1H NMR 

with those of references. 

Representative procedure for the synthesis of amino alcohol 1a 

(reductive amination protocol) 

Benzaldehyde (6.9 mL, 67.3 mmol, 1.2 equiv) and sodium 

sulfate (Na2SO4, 15 g, 1.9 equiv) were added to a solution of 

commercially available 4-amino-1-butanol (5.0 g, 56.1 mmol, 1 

equiv) in CH2Cl2 (56 mL, 1.0 M) under N2 atmosphere. After 

stirring for 15 h at room temperature, the crude reaction 

mixture was filtered through a pad of Celite, and the filtrate was 

concentrated under reduced pressure. The crude mixture 

obtained was dissolved in EtOH (112 mL, 0.5 M) and NaBH4 

(4.3 g, 112.2 mmol, 2 equiv) was added portionwise at 0 °C. 

After stirring for an additional 2 h at room temperature, the 

reaction was quenched by the addition of saturated NH4Cl 

solution at 0 °C. After evaporation of the excess EtOH, the 

reaction mixture was diluted with water and extracted twice 

with EtOAc. The combined organic layers were washed with 

brine, dried over MgSO4, and concentrated in vacuo. The 

residue was purified by flash chromatography on silica gel 

(CH2Cl2/MeOH, 10:1 + 1% NH4OH) to give known N-Bn 

amino alcohol 1a.22 

Amino alcohols 1b,23 1c, 1e, 1i,22 1j, 1k,24 and 1l22 were 

prepared by this reductive amination protocol with 11.2 mmol 

of corresponding amines. The following requisite aldehydes (p-

anisaldehyde, 4-(trifluoromethyl)benzaldehyde, and 

heptaldehyde) and amines (4-amino-1-butanol, 5-amino-1-

pentanol and 6-amino-1-hexanol) were commercially available. 

Representative procedure for the synthesis of amino alcohol 1d 

(amidation – LAH reduction protocol) 

Allylamine (2.3 mL, 30 mmol, 1.5 equiv) and γ-butyrolactone 

(1.6 mL, 20 mmol, 1 equiv) were dissolved in benzene (10 mL, 

2.0 M) and refluxed for 12 h under a N2 atmosphere. After 

cooling to room temperature, excess allylamine and benzene 

were removed under reduced pressure. The residue was diluted 

with EtOAc, washed with a 1.0 M HCl solution and brine, dried 

over MgSO4, and concentrated in vacuo to give N-allyl-4-

hydroxybutanamide, which was used in the next step without 

further purification. To a solution of LiAlH4 (1.5 g, 40 mmol, 2 

equiv) in THF (80 mL) at 0 °C was added slowly dropwise a 

THF (20 mL) solution of the amide (2.86 g, 20 mmol, 1 equiv). 

After stirring for 30 min at room temperature, the reaction 

mixture was refluxed for 18 h. After cooling to 0 °C, the 

reaction was quenched by the careful addition of H2O (1.5 mL), 

10% NaOH solution (1.5 mL), and H2O (4.5 mL) sequentially. 

After stirring an additional 2 h at room temperature, the crude 

mixture was filtered through a pad of Celite, and the filtrate was 

concentrated under reduced pressure. The residue was purified 

by flash chromatography on silica gel (CH2Cl2/MeOH, 10:1 + 1% 

NH4OH) to give known N-allyl amino alcohol 1d.22 

Amino alcohols 1f, 1g, 1m,25 1n, and 1o26 were prepared by 

this amidation - LAH reduction protocol with 4 mmol of 

corresponding lactones. The following requisite lactones (γ-

valerolactone, γ-octanolactone, and γ-phenyl-γ-butyrolactone) 

and amines (4,4'-dimethoxybenzhydrylamine and benzylamine) 

were commercially available. α-Phenyl-γ-butyrolactone 

required for 1g was prepared by a previously developed 

procedure.27 

Representative procedure for the preparation of amino alcohol 

salts 1-HCl 

HCl solution (4.0 M soln. in dioxane, 5 equiv) was slowly 

added to a solution of the obtained amino alcohol 1 (1 equiv) in 

THF (0.3 M) at 0 °C. After stirring for an additional 5 min, the 

crude reaction mixture was concentrated under reduced 

pressure. The crude solid was purified by recrystallization 

(EtOAc and hexane) to afford pure 1-HCl. 

4-((4-(Trifluoromethyl)benzyl)amino)butan-1-ol (1c) 

Yellow oil (2.1 g, 77%); 1H NMR (400 MHz, CDCl3) δ 1.57 

(brs, 4H), 2.61 (brs, 2H), 3.51 (brs, 2H), 3.76 (s, 2H), 7.36 (d, J 

= 5.9 Hz, 2H), 7.50 (d, J = 5.7 Hz, 2H); 13C NMR (100 MHz, 

CDCl3): δ = 27.8, 31.6, 49.1, 53.1, 62.2, 124.1 (q, J = 270.3 Hz), 

125.3 (q, J = 3.7 Hz, 2C), 128.4 (2C), 129.3 (q, J = 32.0 Hz), 

143.3; IR (CHCl3) υmax 3717, 2933, 2858, 1651 (cm–1); HRMS 

(EI) calcd. C12H17F3NO 248.1262 ([M+H]+), found 248.1269. 

4-(Heptylamino)butan-1-ol (1e) 

 Brown oil (1.5 g, 70%); 1H NMR (400 MHz, CDCl3) δ 0.77 (t, 

J = 6.8 Hz, 3H), 1.18 (brs, 8H), 1.40 (t, J = 6.8 Hz, 2H), 1.54 

(brs, 4H), 2.50 (t, J = 7.3 Hz, 2H), 2.55 (t, J = 3.0 Hz, 2H), 3.46 

(t, J = 4.7 Hz, 2H), 3.90 (brs, 1H); 13C NMR (100 MHz, 

CDCl3): δ = 13.9, 22.4, 27.1, 28.2, 29.0, 29.3, 31.6, 32.1, 49.3, 

49.4, 62.1; IR (CHCl3) υmax 3273, 2924, 2854, 1462 (cm–1); 

HRMS (EI) calcd. C11H26NO 188.2014 ([M+H]+), found 

188.2017. 

4-((Bis(4-methoxyphenyl)methyl)amino)butan-1-ol (1f) 

Colorless oil (0.94 g, 75%); 1H NMR (400 MHz, CDCl3): δ 

1.58−1.62 (m, 4H), 2.56 (t, J = 5.5 Hz, 2H), 3.57−3.61 (m, 2H), 

3.73 (s, 6H), 4.71 (brs, 1H), 6.81 (d, J = 8.5 Hz, 4H), 7.24 (d, J 

= 8.2 Hz, 4H); 13C NMR (100 MHz, CDCl3): δ = 28.3, 31.8, 

48.0, 55.1 (2C), 62.6, 66.5, 113.9 (6C), 128.1 (4C), 135.7, 

158.9; IR (CHCl3) υmax 3292, 2934, 2837, 1609 (cm–1); HRMS 

(EI) calcd. C19H26NO3 316.1913 ([M+H]+), found 316.1916. 

4-(Benzylamino)-3-phenylbutan-1-ol (1g) 

 Pale yellow oil (0.71 g, 70%); 1H NMR (400 MHz, CDCl3): δ 

1.81–1.95 (m, 2H), 2.79–2.85 (m, 2H), 2.88–2.90 (m, 1H), 

3.50−3.56 (m, 1H), 3.62–3.67 (m, 3H), 3.80 (s, 2H), 7.14 (d, J 

= 7.4 Hz, 2H), 7.18–7.31 (m, 8H); 13C NMR (100 MHz, 

CDCl3): δ = 39.3, 44.8, 53.6, 55.1, 61.1, 126.5, 127.1 (2C), 

127.2, 128.2 (2C), 128.5 (2C), 128.6 (2C), 138.7, 144.3; IR 
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(CHCl3) υmax 3300, 2928, 2937, 1453 (cm–1); HRMS (EI) calcd. 

C17H21NO 256.1701 ([M+H]+), found 256.1704. 

5-((4-Methoxybenzyl)amino)pentan-1-ol (1j) 

Yellow oil (1.8 g, 73%); 1H NMR (400 MHz, CDCl3): δ 1.31–

1.35 (m, 2H), 1.44–1.52 (m, 4H), 2.45 (brs, 2H), 2.56 (t, J = 7.0 

Hz, 2H), 3.52 (t, J = 6.4 Hz, 2H), 3.73 (s, 3H), 6.80 (d, J = 8.3 

Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3): 

δ = 23.3, 29.4, 32.3, 48.9, 53.2, 55.1, 62.0, 113.6 (2C), 129.2 

(2C), 132.0, 158.5; IR (CHCl3) υmax 3296, 2932, 2857, 2837 

(cm–1); HRMS (EI) calcd. C13H22NO2 224.1651 ([M+H]+), 

found 224.1657. 

1-(Benzylamino)octan-4-ol (1n) 

Yellow oil (0.68 g, 72%); 1H NMR (400 MHz, CDCl3): δ 0.87 

(t, J = 6.1 Hz, 3H), 1.18–1.55 (m, 10H), 1.60–1.73 (m, 2H), 

2.52–2.58 (m, 1H), 2.72–2.77 (m, 1H), 3.48 (brs, 1H), 3.60 (m, 

1H), 3.73 (s, 2H), 7.20–7.31 (m, 5H); 13C NMR (100 MHz, 

CDCl3): δ = 14.0, 22.8, 27.1, 28.1, 36.7, 37.3, 49.3, 53.8, 71.3, 

127.1, 128.2 (2C), 128.4 (2C), 139.3; IR (CHCl3) υmax 3290, 

2923, 2858, 1453 (cm–1); HRMS (EI) calcd. C15H26NO 

236.2014 ([M+H]+), found 236.2012. 

Non racemic 4-(benzylamino)-1-phenylbutan-1-ol (1o) 

To a stirred solution of known N-Benzyl-4-oxo-4-

phenylbutanamide28 (400 mg, 1.50 mmol, 1 equiv) in CH2Cl2 

was added formic acid/triethylamine (5:2, 0.80 ml, molar ratio) 

and Noyori’s transfer hydrogenation catalyst RuCl(p-

cymene)[(S,S)-Ts-DPEN] (10 mg, 1 mol %) at room 

temperature. The resulting solution was stirred at room 

temperature for 24 h. The reaction mixture was diluted with 

water and extracted twice with EtOAc. The combined organic 

layers were washed with brine, dried over MgSO4, and 

concentrated in vacuo. The residue was purified by flash 

chromatography on silica gel (Hexane/EtOAc, 1:1) to give N-

Bn amide alcohol as white solid (330 mg, 82%). 1H NMR (300 

MHz, CDCl3) δ 1.97–2.16 (m, 2H), 2.37 (t, J = 7.1 Hz, 2H), 

3.48 (brs, 1H), 4.42 (d, J = 5.5 Hz, 2H), 4.77 (dd, J = 7.5 Hz, 

4.6 Hz, 1H), 6.12 (brs, 1H), 7.21–7.35 (m, 10H). The 1H NMR 

spectrum was identical with that reported for its racemate.29 

To a solution of LiAlH4 (125 mg, 3.3 mmol, 3 equiv) in THF 

(20 mL) at 0 °C was added slowly dropwise a THF (5 mL) 

solution of the N-Bn amide alcohol (296 mg, 1.1 mmol, 1 

equiv). After stirring for 30 min at room temperature, the 

reaction mixture was refluxed for 18 h. After cooling to 0 °C, 

the reaction was quenched by the careful addition of H2O (125 

µL), 10% NaOH solution (125 µL), and H2O (625 µL) 

sequentially. After stirring an additional 2 h at room 

temperature, the crude mixture was filtered through a pad of 

Celite, and the filtrate was concentrated under reduced pressure. 

The residue was purified by flash chromatography on silica gel 

(CH2Cl2/MeOH, 10:1 + 1% NH4OH) to give non-racemic 

amino alcohol 1o as white solid (265 mg, 85%). 1H NMR (300 

MHz, CDCl3) δ 1.56–1.74 (m, 2H), 1.76–1.87 (m, 1H), 1.89–

1.99 (m, 1H), 2.66 (qd, J = 4.1 Hz, 12.0 Hz, 1H), 2.81 (qd, J = 

3.8 Hz, 11.6 Hz, 1H), 3.80 (s, 2H), 4.68 (dd, J = 3.1 Hz, 8.2 Hz, 

1H), 7.14–7.37 (m, 10H). The 1H NMR spectrum was identical 

with that reported for its racemate.26 The optical purity (91% ee) 

of non-racemic amino alcohol 1o was determined by 1H NMR 

spectroscopic analysis of N-Boc (S)-(+)-α-

(trifluoromethyl)phenylacetyl ester derivative. 

Representative procedure for the SnCl4-catalyzed cyclization of 

amino alcohols 1 (Table 2) 

To a stirred solution of amino alcohol 1 (0.50 mmol, 1 equiv) in 

CH2Cl2 (0.05 M, 10 mL) was added SnCl4 (1.0 M soln. in 

CH2Cl2, 50 µL, 0.050 mmol, 0.1 equiv) and N,N-

dimethylacetamide dimethyl acetal (DMADA, 0.17 mL, 1.0 

mmol, 2 equiv) at room temperature. After disappearance of the 

starting material, HCl (4.0 M soln. in dioxane, 0.50 mL, 2.0 

mmol, 4 equiv) was added to make 2 into its corresponding salt. 

After stirring an additional 5 min at room temperature, the 

crude mixture was azeotropically evaporated under reduced 

pressure. The residue was purified by flash chromatography on 

silica gel (CH2Cl2/MeOH, 10:1) to give 2-HCl.30 After 

checking the chemical yield, small amounts of 2-HCl was 

basified with a NaOH solution to confirm the chemical identity. 

Representative procedure for the cyclization of amino alcohol 

salts 1-HA (Table 3) 

To a stirred solution of 1-HA (0.50 mmol, 1 equiv) in CH2Cl2 

(0.05 M, 10 mL) was added DMADA (0.17 mL, 1.0 mmol, 2 

equiv) at room temperature. The following reaction procedure 

was the same as the above procedure. 

1-Benzylpyrrolidine (2a)31 

Colorless oil (74.2 mg, 93%); 1H NMR (300 MHz, CDCl3) δ 

1.68−1.81 (m, 4H), 2.40−2.50 (m, 4H), 3.58 (s, 2H), 7.33−7.41 

(m, 5H). 

1-(4-Methoxybenzyl)pyrrolidine (2b)32 

Yellow oil (87.1 mg, 92%); 1H NMR (300 MHz, CDCl3) δ 

1.74−1.85 (m, 4H), 2.53−2.58 (m, 4H), 3.57 (s, 2H), 3.79 (s, 

3H), 6.82−6.87 (m, 2H), 7.24−7.27 (m, 2H). 

1-(4-(Trifluoromethyl)benzyl)pyrrolidine (2c) 

Colorless oil (103.4 mg, 90%); 1H NMR (400 MHz, CDCl3) δ 

1.77 (brs, 4H), 2.48 (brs, 4H), 3.64 (s, 2H), 7.40 (d, J = 7.9 Hz, 

2H), 7.54 (d, J = 7.9 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 

23.4 (2C), 54.2 (2C), 60.1, 124.3 (q, J = 270.2 Hz), 125.1 (q, J 

= 3.7 Hz, 2C), 128.9 (2C), 129.1 (q, J = 32.1 Hz), 143.7; IR 

(CHCl3) υmax 2966, 2787, 1326, 1124 (cm–1); HRMS (EI) calcd. 

C12H15F3N 230.1157 ([M+H]+), found 230.1153. 

1-Allylpyrrolidine (2d)33 

Colorless oil (49.4 mg, 90%); 1H NMR (400 MHz, CDCl3) δ 

1.79 (brs, 4H), 2.54 (brs, 4H), 3.12 (d, J = 6.4 Hz, 2H), 5.09 (d, 

J = 10.0 Hz, 2H), 5.19 (d, J = 17.1 Hz, 2H), 5.88–5.98 (m, 1H). 

1-Heptylpyrrolidine (2e)34 
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Colorless oil (77.3 mg, 92%); 1H NMR (400 MHz, CDCl3) δ 

0.85 (t, J = 6.4 Hz, 3H), 1.26 (brs, 8H), 1.50 (t, J = 6.8 Hz, 2H), 

1.76 (brs, 4H), 2.41 (t, J = 7.8 Hz, 2H), 2.50 (brs, 4H). 

1-(Bis(4-methoxyphenyl)methyl)pyrrolidine (2f)35 

Colorless solid (135.4 mg, 92%); 1H NMR (400 MHz, DMSO) 

δ 1.68 (brs, 4H), 2.30 (brs, 4H), 3.68 (s, 6H), 4.09 (brs, 1H), 

6.81 (d, J = 8.0 Hz, 4H), 7.31 (d, J = 7.8 Hz, 4H). 

1-Benzyl-3-phenylpyrrolidine (2g)36 

Brown oil (111.3 mg, 93%); 1H NMR (300 MHz, CDCl3) δ 

1.81–1.92 (m, 1H), 2.25–2.37 (m, 1H), 2.48 (t, J = 8.5 Hz, 1H), 

2.63−2.71 (m, 1H), 2.78–2.86 (m, 1H), 3.02 (t, J = 8.5 Hz, 1H), 

3.29–3.40 (m, 1H), 3.65 (s, 2H), 7.11–7.17 (m, 1H), 7.21–7.35 

(m, 9H). 

1-Benzylpiperidine (2i)31 

 Yellow oil (78.2 mg, 90%); 1H NMR (400 MHz, CDCl3) δ 

1.40 (brs, 2H), 1.52–1.56 (m, 4H), 2.35 (brs, 4H), 3.45 (s, 2H), 

7.21–7.29 (m, 5H). 

1-(4-Methoxybenzyl)piperidine (2j)31 

Yellow oil (93.4 mg, 91%); 1H NMR (400 MHz, CDCl3) δ 1.40 

(brs, 2H), 1.51–1.57 (m, 4H), 2.33 (brs, 4H), 3.39 (s, 2H), 3.77 

(s, 3H), 6.82 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.2 Hz, 2H). 

1-Heptylpiperidine (2k)37 

Colorless oil (81.2 mg, 89%); 1H NMR (400 MHz, CDCl3) δ 

0.85 (t, J = 5.4 Hz, 3H), 1.24 (brs, 8H), 1.39–1.45 (m, 4H), 

1.52–1.56 (m, 4H), 2.24–2.19 (m, 2H), 2.33 (brs, 4H). 

1-Benzyl-2-methylpyrrolidine (2m)38 

Yellow oil (78.5 mg, 89%); 1H NMR (300 MHz, CDCl3) δ 1.15 

(d, J = 6.1 Hz, 3H), 1.37−1.50 (m, 1H), 1.53−1.75 (m, 2H), 

1.86−1.97 (m, 1H), 2.07 (q, J = 9.0 Hz, 1H), 2.31−2.42 (m, 1H), 

2.84−2.91 (m, 1H), 3.11 (d, J = 12.7 Hz, 1H), 4.00 (d, J = 13.0 

Hz, 1H), 7.18−7.35 (m. 5H). 

1-Benzyl-2-butylpyrrolidine (2n)39 

Yellow oil (88.5 mg, 82%); 1H NMR (400 MHz, CDCl3) δ 0.87 

(t, J = 6.1 Hz, 3H), 1.50–1.57 (m, 5H), 1.62–1.72 (m, 4H), 

1.89–1.94 (m, 1H), 2.08–2.10 (m, 1H), 2.31 (brs, 1H), 2.90 (brs, 

1H), 3.15 (d, J = 8.1 Hz, 1H), 4.04 (d, J = 9.6 Hz, 1H), 7.20–

7.31 (m, 5H). 

1-Benzyl-2-phenylpyrrolidine (2o)40 

Colorless oil (97.4 mg, 82%); 1H NMR (300 MHz, CDCl3) δ 

1.66–1.72 (m, 2H), 1.75–1.85 (m, 1H), 2.05–2.17 (m, 2H), 

2.93–3.05 (m, 2H), 3.29 (t, J = 7.9 Hz, 2H), 3.78 (d, J = 13.0 

Hz, 1H), 7.10–7.30 (m, 8H), 7.40 (d, J = 7.3 Hz, 2H). The 

optical purity of non-racemic 2o was determined by chiral 

HPLC analysis (Chiracel OJ; retention time, major 10.56 min, 

minor 15.92 min; 92% ee). 

Procedure for capturing O-acetyl derivative 3 and N-acetyl 

derivative 4 

To a stirred solution of 1a (0.50 mmol, 1 equiv) in CH2Cl2 

(0.05 M, 10 mL) was added SnCl4 (0.1 M soln. in CH2Cl2, 50 

µL, 0.0050 mmol, 0.01 equiv) and DMADA (0.17 mL, 1.0 

mmol, 2 equiv) at room temperature and continued to stir for 30 

min. After the mixture was cooled to 0 oC, the reaction was 

quenched with water and extracted with EtOAc. The organic 

layer was washed with saturated NaHCO3 solution and brine, 

dried with MgSO4, and concentrated in vacuo. The resulting 

residue was purified by flash chromatography on silica gel 

(CH2Cl2/MeOH, 15:1 + 1% NH4OH) to give 3 and 4. 

4-(Benzylamino)butyl acetate (3) 

Colorless oil (26.5 mg, 24%); 1H NMR (400 MHz, CD2Cl2) δ 

1.21–1.56 (m, 3H), 1.62–1.69 (m, 2H), 1.99 (s, 3H), 2.62 (t, J = 

6.9 Hz, 2H), 3.75 (s, 2H), 4.03 (t, J = 6.5 Hz, 2H), 7.19–7.23 

(m, 1H), 7.27–7.30 (m, 4H); 13C NMR (100 MHz, CD2Cl2) δ 

21.1, 26.9, 27.0, 49.3, 54.2, 64.7, 127.1, 128.4 (2C), 128.6 (2C), 

141.3, 171.2; IR (CHCl3) υmax 3029, 2940, 2817, 1737 (cm–1); 

HRMS (EI) calcd. C13H19NO2 221.1451 ([M+H]+), found 

221.1448. 

N-benzyl-N-(4-hydroxybutyl)acetamide (4)40 

Colorless oil (25.4 mg, 23%); 1H NMR (300 MHz, CDCl3) δ 

1.45–1.64 (m, 4H), 1.94 (brs, 1H), 2.09 (s, 3H, rotamer), 2.14 (s, 

3H, rotamer), 3.21 (t, J = 7.3 Hz, 2H, rotamer), 3.38 (t, J = 6.9 

Hz, 2H, rotamer), 3.59–3.65 (m, 2H), 4.51 (s, 2H, rotamer), 

4.58 (s, 2H, rotamer), 7.13–7.37 (m, 5H). 

Representative procedure for the cyclization of amino alcohol 1a 

using Vilsmeier reagent (Table 2) 

To a stirred solution of amino alcohol 1a (0.50 mmol, 1 equiv) 

in solvent (0.05 M, 10 mL) was added additive and Vilsmeier 

reagent, easily prepared from dimethyl formamide and oxalyl 

chloride,10b (1.0 mmol, 2 equiv) at room temperature. The 

reaction mixture was stirred at the indicated temperature for the 

indicated amount of time. After disappearance of the starting 

material, HCl (4.0 M soln. in dioxane, 0.50 mL, 2.0 mmol, 4 

equiv) was added to make 2a into its corresponding salt. After 

stirring an additional 5 min at room temperature, the crude 

mixture was azeotropically evaporated under reduced pressure. 

The residue was purified by flash chromatography on silica gel 

(CH2Cl2/MeOH, 10:1) to give 2a-HCl and 5. 

N-benzyl-N-(4-chlorobutyl)formamide (5) 

Yellow oil; 1H NMR (400 MHz, CDCl3) δ 1.57–1.80 (m, 4H), 

3.14 (t, J = 6.4 Hz, 1H), 3.23 (t, J = 7.1 Hz, 1H), 3.44-3.50 (m, 

2H), 4.37 (s, 2H, rotamer), 4.52 (s, 2H, rotamer), 7.17–7.36 (m, 

5H), 8.17 (s, 1H, rotamer), 8.27 (s, 1H, rotamer); 13C NMR 

(100 MHz, CDCl3) δ 24.1, 25.4, 29.2, 29.6, 40.9, 44.2, 44.4, 

45.2, 46.1, 51.2, 127.5, 127.6, 128.1, 128.2, 128.7, 128.9, 135.9, 

136.3, 162.7, 162.9; IR (CHCl3) υmax 3032, 2932, 2868, 1669 

(cm–1); HRMS (EI) calcd. C12H16ClNO 225.0913 ([M+H]+), 

found 225.0911. 

Crispine A (7)21 
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To a stirred solution of known N-Boc protected amino alcohol 

620a (175.5 mg, 0.50 mmol, 1 equiv) in CH2Cl2 (0.1 M, 5.0 mL) 

was added HCl (4.0 M soln. in dioxane, 1.0 mL) at 0 °C under 

N2 atmosphere. After disappearance of the starting material, 

excess HCl and solvent were azeotropically evaporated under 

reduced pressure to give crude HCl salt 8. Salt 8 was dissolved 

in CH2Cl2 (0.05 M, 10 mL), and DMADA (0.17 mL, 1.0 mmol, 

2 equiv) was added at room temperature. After allowing the 

reaction to proceed for 1 h, the reaction was quenched with 1.0 

M NaOH solution at 0 °C and then the mixture was extracted 

twice with EtOAc. The combined organic layers were dried 

over MgSO4, and concentrated in vacuo. The residue was 

purified by flash chromatography on silica gel (CH2Cl2/MeOH, 

20:1 + 1% NH4OH) to give crispine A (7) (93.2 mg, 80% for 2-

steps) as a colorless solid. 1H NMR (300 MHz, CDCl3) δ 

1.63−1.76 (m, 1H), 1.81−1.99 (m, 2H), 2.25−2.35 (m, 1H), 

2.52−2.74 (m, 3H), 2.92−3.09 (m, 2H), 3.12−3.19 (m, 1H), 

3.43 (t, J = 8.2 Hz, 1H), 3.82 (s, 6H), 6.54 (s, 1H), 6.58 (s, 1H). 
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Intramolecular N-alkylation of amino alcohol using an amide acetal was developed that is 

widely applicable to conformation of azaheterocycles. 
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