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N-HETEROCYCLIZATION OF PRIMARY AMINES WITH
DIHALIDES USING MICROREACTORS

Hongjie He, Qi Lin, Xiaofeng Liu, Yongtai Yang,
Yaming Zhou, Yu Jia, and Xiang Gao
Department of Chemistry, Fudan University, Shanghai, P.R. China

GRAPHICAL ABSTRACT
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Abstract A practical, rapid, and efficient reaction using microreactors for the direct
N-alkylation from aniline derivatives and alky! dihalides has been achieved in the presence
of aqueous potassium carbonate at an elevated temperature. This improved synthetic
methodology provides a straightforward microfiuid approach to the synthesis of a variety
of N-aryl azacycloalkanes.

Keywords Azacycloalkanes; continuous process; microreaction; N-alkylation

INTRODUCTION

Recently, the use of microreactors for organic reactions has drawn a lot of
attention.!' ! The typical dimensions of microreactors are in the range of
10-500 pm. Because of this microstructure and high surface-area—to—volume ratio,
it has particularly excellent heat and mass transfer characteristics.! In such a reaction
system, almost every site has the same temperature, so the phenomenon of local
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overheating or local overcooling can be avoided. Compared with conventional
macroscale batch reactors, the microreactor has excellent features, such as fast mix-
ing, fast heat transfer, and short residence time. Such advantages would favorably
affect reaction processes, and therefore the outcome has greater selectivity, yield,
and product quality in many cases.

In addition, microflow reactors enable the precise control of reaction conditions
and therefore facilitate highly selective reactions that are difficult to achieve in
conventional reactors.

N-Aryl heterocycles are of great significance to life because their structural sub-
units exist in many natural products.”) They are one of the most common structural
features occurring in biologically active compounds and are widely used throughout
the chemical industry as basic intermediates or additives for the preparation of phar-
maceuticals, herbicides, dyes, and many other compounds.'® According to previous
literature reports, the N-aryl heterocycles are generally prepared via the reaction of
pyrrolidine with halogenated benzene in the presence of a base (KOH or -BuOK),[”)
the alkylation of amines by alcohols or halides,™ or via the coupling reactions using
expensive metal catalysts.!”) These reactions are carried out in traditional batch reac-
tors. It always requires a long time (more than 4 h), harsh reaction conditions, or
expensive metal catalysts.

Recently, these reactions were performed using microwave reactors, which give
a faster and more sustainable result.'”) However, it requires the use of specialized
microwave equipment, and it is not suitable for large-scale reactions because of
the limited penetration depth of microwave irradiation into absorbing media.

In this study, double alkylation of aniline derivatives with alkyl dihalides on a
mild basic condition was first explored using microreactors. A series of N-aryl
azacycloalkanes have been successfully obtained in good yields within several min-
utes, which is a convenient and feasible approach to the synthesis of these important
chemicals on a large scale.

RESULTS AND DISCUSSION

The alkylation reaction using an integrated flow microreactor system, as repre-
sented in Fig. 1, was first examined. To accurately control the ratio of the precursors,
three kinds of materials were injected separately by three pumps (P1, P2 and P3). The
two organic reactants, aniline and dihalide, were dissolved separately in a low-
toxicity organic solvent, ethanol, then injected and mixed in micromixer M1, and
mixed with potassium carbonate aqueous solution that was injected by P3. By
adjusting the liquid’s flow rate of P1, P2, and P3, respectively, the injection volume
of the reactants could be easily controlled. To provide a better reaction environment
in which the mixture can be rapidly heated in sealed vessels at temperatures far above
the boiling point of the solvent during the experimental procedure, a pressure valve
(V1) was used to control the pressure inside the microreactors.

Because this is a heterogeneous mixture reaction procedure, the solid precipi-
tation is easily formed, which can block the microchannel. Thus, an appropriate ratio
between water and organic solvent is required to generate a uniform solution con-
dition. A broad wide ratio was tested in our experiment, and we found that the ratio
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Figure 1. Microflow system consisting of three injection pumps (P1, P2, P3), two T-shaped micromixers
(M1, M2), and one peek microtube reactor (inner diameter ¢ =0.5mm, length L =200cm). (Figure is
provided in color online.)

of 5/2 water/ethanol is the best condition for all the reactions. The mixed solution
was passed through microtube reactor immersed in an oil bath, and the product
was collected directly.

The reaction of aniline and 1,4-dibromobutane was picked out as a model reac-
tion (Scheme 1) to optimize the reaction conditions.

Firstly, the effect of the ratio of precursors on the yields of the product was
investigated (Table 1). At a fixed temperature of 120°C and a controlled pressure
of 75 psi in the micro-reactor, the reaction accomplished completely when the molar
ratio of the three precursors was set to be 1/3/3 (Aniline/Dihalide/K,CO3). With
further reducing the amount of potassium carbonate, CO, gas was generated
(Scheme 2). Then excessive internal pressure caused by accumulation of the gas
can cause further problems of injection, which was detrimental to this reaction in
the manner of continuous flow reaction.

The effect of different residence time (10 s-5 min) was then explored through adjust-
ing the flow rate. Ethanol solutions of aniline (2.0 mmol, flow rate: 0.011-0.330 mL /min),
1,4-dibromobutane (6.0 mmol, flow rate: 0.011-0.330 mL/min), respectively, as well as
the aqueous solution of K,COj3 (6.0 mmol, flow rate: 0.055-1.650 mL/min), were respect-
ively injected into the micro-reactor in an order as illustrated in Figure 1. It has been
shown that residence time has a great influence on the reaction yields. With the increase
of the residence time, the reaction gradually approached a completion (Figure 2). After 5
minutes, the aniline was nearly undetectable, indicating the best residence time for this
certain reaction. The crude product was purified by column chromatography to give
the pure compound of 1-phenyl-pyrrolidine at 95% yield.

This double-alkylation reaction using micro-reactor was then found to be appli-
cable to a variety of aniline derivatives to furnish N-aryl azacycloalkanes in high
yields. All the reaction results, which were performed with the optimized conditions,

QNHZ + g~ Br KeCOs QN@ + 2HBr
microreaction

Scheme 1. Synthesis of 1-phenyl-pyrrolidine in a microreactor system.
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Table 1. Effect of feed ratio on the reaction yield

Product Mol equiv ratio (A/B/C)

Yield (%)

1.0/1.1/1.1
1.0/2.0/2.0
1.0/2.0/3.0
1.0/3.0/3.0

1.0/1.1/1.1
1.0/2.0/2.0
1.0/2.0/3.0
1.0/3.0/3.0

L4

21
54
75
95

38
50
61
96

@NHZ + B N\\Br + KoCO3 — @—N@ + 2KBr + 002T+ H,O
QNHz + Br NN Br + 2K,C03 — @—N(j + 2KBr + 2KHCO;

Scheme 2. Carbon dioxide gas would be produced when an insufficient amount of alkali was used.

—

/

100 4
90 4 /
S 80+
k=]
2
>_
70
60 -
0 50 100 150 200
t(s)

T

250 300

Figure 2. Effect of residence time on the yield of the reaction of substrate aniline at fixed temperature and
pressure. The yield detected by HPLC; temperature: 20°C; pressure: 75 psi.
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are listed in Table 2. It can obviously be concluded that electron-donating substitu-
ents on anilines are a benefit for this cyclization reaction, giving both better reaction
rate and yields (entries 2-6 and 11). The reaction was also feasible with halogen sub-
stituted anilines. However, because of the electron-withdrawing effects, a longer reac-
tion time (10 min) was needed for a completed reaction (entries 7-10). In addition,
steric hindrance also has a great impact on the reaction rate as shown by entry 10.
Based on these results, N-alkylation of five-membered rings can be easily
performed in the micoreactors with good yields, even with electron-withdrawing or
steric hindrance groups on anilines. These results greatly inspired us to further study
different membered rings, which are still a great challenge in traditional batch reaction
conditions within acceptable reaction time. With the same synthetic condition, the

Table 2. Microfluid reactions of azacycloalkanes (part 1)

Entry Primary amines Products Time (min) Yield (%)

NH, @‘N@ (a) 5 95

NH; Q‘NO 5 90
(2a)

Q”@ 5 94
(3a)
o0, ; "

Q’“@ 5 96
(5a)
ate
(6a)

QNG 5 64

24

P4
I
5

34

000

z
I
5

44

275

6b H;CO

w

98

1/@
z
I
N

7!1
(7a)
g QN“Z N(] 5 33
B B - 10 80
9 QNHZ N(j 5 57
cl al ) 10 91
5 30
Br NH. Br N
10¢ C{ : C< G 10 57
(102) 15 90

0
3

11°

{0
@\o Q/ 5 85

(11a)

“The amount of primary amines added was at 2-mmol scale.
®The amount of primary amines added was at 1-mmol scale. Temperature: 120°C; Pressure: 75 psi;
Yields based on starting aniline derivatives.
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Table 3. Microfluid-reactions of azacycloalkanes (part 2)

Entry Primary amines Dihalides Products Time (min) Yields (%)

12 @—NHz Br(CH,)sBr @*N: ) i) 5 93

13 HSCOGNHZ Br(CH,)sBr H3CO—©—NC> ) 5 89
NH. N
14 Q : Br(CH,)sBr C> 5 60
Cl Cl (3b)
15 QNW Br(CH,)¢Br QND ) 5 87

16 QNHZ Br(CH,);Br OO . 5 30

six- and seven-membered rings also have been obtained in good yields (Table 3, entries
12-15), though the yield of four-membered rings is relatively poor because of the high
ring strain (entry 16). Compared with the results of traditional reactions, using
microreactors can give excellent yields of these products in only serveral minutes.

H3COOC HOOC H,COOC
K,CO4
NH, + Br(CH,),Br DN@ + QNG
Hydrolysis
H3COOC HOOC H,COOC
[ (Main product of the

traditional reaction)

Scheme 3. N-Heterocyclization of the ester-substituted aniline derivatives.
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Figure 3. Effect of residence time on the yield of the reaction of ester-substituted aniline. Temperature:
120°C; pressure: 75 psi.
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These results inspired us to further study a more challenging N-alkylation
reaction, the cyclization of ester-substituted aniline. The N-alkylation reaction is
generally carried out in an alkaline environment, which will no doubt cause hydroly-
sis of ester group (Scheme 3). This reaction was first carried out in a traditional reac-
tor, and as expected, very poor yield of the ester-substituted product was obtained
(<10%). Though further increasing the amount of alkaline, based on these results,
will help cyclization, the hydrolysis reaction could also be promoted. Then the same
reaction was conducted in our microreactor. A plot of the yield against the residence
time for this substrate is shown in Fig. 3, indicating that the yield progressively
increased with the residence time during the initial stage of the reaction. After
Smin, the yield of the ester-substituted product reached up to 68%. However, with
the the reaction time further prolonged, the yield decreased continually because of
the hydrolysis of the ester group. This result can be explained by the special nature
of the microreactor, high efficiency of rapid heat and mass transfer in short time,
leading to the high selectivity of the final product. The experimental results showed
that the proposed method has good prospects in improving the reaction selectivity.

CONCLUSION

The N-heterocyclization of primary amines with benzylic dihalides has been
studied in a continuous-flow laboratory-scale microreactor for the first time. We have
developed a new synthetic method in a microreactor system to prepare an important
class of compounds, N-aryl azacycloalkanes, in an aqueous/ethanol medium. With
this method, a high level control of the reaction process was achieved easily because
of fast mixing and accurate residence time control. Compounds have been synthesized
at excellent yields within much shorter reaction time than traditional methods. In
addition, the shortened reaction time and greater reaction efficiency could improve
reaction selectivity of some reactions, which were difficult to complete through the
traditional methods.

EXPERIMENTAL
Fabrication of Microreactor System

The continuous-flow microreactor system used for our studies mainly consists
of five parts (as shown in Fig. 1): three injection pumps (P1, P2, P3), two T-shaped
micromixers (M1, M2), a microtube (500 pm in i.d.), a pressure valve (V1, 75 psi),
and collection devices. The T-shaped PEEK micromixers were purchased from the
Dikma Company (cat no. 90148, used as tubing fittings in the HPLC instrument).
The microtube between M2 and V1 is a 200-cm-long Peek pipe, and the length
between M1 and M2 is 5cm.

Typical Procedure for the Preparation of Azacycloalkanes
Using Microreactors

All starting amines and alkyl halides were obtained from Aldrich Chemical
Company and were used as such. Aniline 2.0 mmol was dissolved in 1 mL of anhy-
drous ethanol, 6.0 mmol of dihalides in 1 mL of anhydrous ethanol, and 6.0 mmol
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of potassium carbonate in SmL of distilled water. The microreactor was placed in a
silicone oil bath, operated at 120 £ 5°C and under 75-psi pressure for 5-15 min. After
the completion of the reaction, ethanol was removed by vacuum distillation, and the
residue was extracted with ethyl acetate. The organic layer was collected, and the sol-
vent was removed under reduced pressure. The crude product was subjected to flash
chromatography column (EtOAc/hexane, 1:10, v/v) to afford azacycloalkane. "H
NMR and infrared (IR) data were consistent with those illustrated in the literature.

Experimental Data

"H NMR spectra was recorded on a Jeol ECA NMR spectrometer. The exact
masses of unknown compounds were obtained using electronspray ionization from a
quadruple time-of-flight (micro) high-resolution mass spectrometer.

1-Phenylpyrrolidine (1a)!”?!

O~

The reaction of aniline (2.0mmol, 0.187g) and 1,4-dibromobutane (6.0 mmol,
1.295 g) was carried out as described earlier and produced 0.279 g (95%) of 1-phenyl-
pyrrolidine as a yellow oil. '"H NMR (400 MHz, CDCl; /TMS) 6 ppm: 7.34 (t, 2H,
J=7.5Hz), 6.78 (d, 1H, J=7.3 Hz), 6.67 (d, 2H, J=8.0 Hz), 3.38 (t, 4H, J=5.5 Hz),
2.09 (t, 4H, J =4.6 Hz). IR (KBr) v (cm™"): 3029, 2966, 2870, 2833, 1610, 1594, 1506,
1486, 1460, 1371, 1342, 1184, 1157, 1033, 992, 854, 746, 691.

ace

The reaction of o-toluidine (2.0 mmol, 0.214 g) and 1,4-dibromobutane (6.0 mmol,
1.295 g) was carried out as described earlier and produced 0.290 g (90%) of 1-o-tolyl-
pyrrolidine as a colorless oil. "H NMR (400 MHz, CDCl;/TMS) & ppm: 7.25 (m,
2H), 7.11 (m, 1H), 6.83(m, 1H), 3.19-3.17 (m, 4H), 2.32 (s, 3H), 1.93-1.91 (m,
4H). IR (KBr) v (em™Y): 3057, 2965, 2872, 2810, 1599, 1494, 1461, 1443, 1356,
1312, 1146, 1056, 955, 753, 717.

1-o-Tolylpyrrolidine (2a)!""

1-m-Tolylpyrrolidine (3a)!'?

ate
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The reaction of m-toluidine (2.0mmol, 0.214g) and 1,4-dibromobutane
(6.0mmol,1.295 g) was carried out as described earlier and produced 0.303 g (94%)
of 1-m-tolylpyrrolidine as a colorless oil. '"H NMR (400 MHz, CDCl;/TMS) &
ppm: 7.09-7.13 (m, 1H), 6.49-6.51 (m, 1H), 6.39-6.38 (m, 2H), 3.28-3.25 (m, 4H),
2.31 (s, 3H), 2.00-1.94 (m, 4H). IR (KBr) v (cm'): 3033, 2966, 2871, 2830, 1603,
1579, 1498, 1487, 1458, 1367, 1321, 1246, 1172, 1024, 989, 834, 764, 690.

1-p-Tolylpyrrolidine (4a)™®

~O~(

The reaction of p-toluidine (2.0 mmol, 0.214 g) and 1,4-dibromobutane (6.0 mmol,
1.295 g) was carried out as described earlier and produced 0.309 g (96%) of 1-p-tolyl-
pyrrolidine as a colorless oil. '"H NMR (400 MHz, CDCl;/TMS) & ppm: 7.04 (d,
J=8.3Hz, 2 H), 6.49 (brs, 2 H), 3.25-3.22 (m, 4 H), 2.24 (s, 3H), 2.00-1.95 (m, 4
H). IR (KBr) v (cm™"): 3015, 2965, 2939, 2859, 1622, 1564, 1523, 1487, 1367,
1343, 1260, 1187, 1159, 963, 801.

1-(2,4-Dimethylphenyl)pyrrolidine (5a)!"3!

-OC

The reaction of 2,4-dimethylaniline (2.0 mmol, 0.242¢g) and 1,4-dibromobutane
(6.0mmol, 1.295g) was carried out as described earlier and produced 0.337¢g
(96%) of 1-(2,4-dimethylphenyl)pyrrolidine as a yellow oil. "H NMR (400 MHz,
CDCl3/TMS) & ppm: 6.99 (d, J=7.5Hz, 1H), 6.69-6.64 (m, 2H), 3.19-3.16 (m,
4H), 2.29 (s, 3H), 2.28 (s, 3H), 1.94-1.89 (m, 4H). IR (KBr) v (cm™"): 3019, 2965,
2871, 2809, 1608, 1575, 1504, 1413, 1354, 1311, 1148, 1118, 1007, 881, 846, 799.

1-(4-Methoxyphenyl)pyrrolidine (6a)'®

ate

The reaction of 4-methoxyaniline (1.0mmol, 0.123g) and 1,4-dibromobutane
(3.0mmol, 0.648g) was carried out as described earlier and produced 0.174¢g
(98%) of 1-(4-methoxyphenyl)pyrrolidine as a white solid. "H NMR (400 MHz,
CDCl;/TMS) 6 ppm: 6.86 (d, J=9.0Hz, 2H), 6.54 (d, J=9.0Hz, 2H), 3.76 (s,
3H), 3.24 (t, J=6.5Hz, 4H), 2.01-1.98 (m, 4H). IR (KBr) v (cm ": 3045, 2962,
2945, 2866, 2825, 1616, 1516, 1488, 1452, 1372, 1283, 1237, 1178, 1043, 964, 814,
742, 589, 526.
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1-(2-Fluorophenyl)pyrrolidine (7a)!"*

Q-C

The reaction of 2-fluoroaniline (2.0mmol, 0.222g) and 1,4-dibromobutane
(6.0mmol, 1.295g) was carried out as described earlier and produced 0.211g
(64%) of 1-(2-fluorophenyl)pyrrolidine as a colorless oil. 'H NMR (400 MHz,
CDCl;/TMS) & ppm: 7.00-6.98 (m, 2H), 6.67-6.65 (m, 2H), 3.46-3.44 (t, 4H),
2.05-2.03 (m, 4H). IR (KBr) v (cm™'): 3028, 2963, 2871, 1613, 1506, 1449, 1437,
1360, 1261, 1205, 1050, 959, 811, 743, 648.

1-(3-Bromophenyl)pyrrolidine (8a)!"®’

O

The reaction of 3-bromoaniline (2.0 mmol, 0.344g) and 1,4-dibromobutane
(6.0mmol, 1.295g) was carried out as described earlier and produced 0. 149¢g
(33%) and 0.362 g (80%) of 1-(3-bromophenyl)pyrrolidine as a yellow oil. "H NMR
(400 MHz, CDCl3/TMS) 6 ppm: 7.26 (m, 1H), 7.07-7.03 (m, 1H), 6.76-6.67 (m,
2H), 3.27-3.23 (t, 4H), 2.01-2.00 (m, 4H). IR (KBr) v (cm™'): 3036, 2964, 2925,
2849, 1593, 1552, 1494, 1461, 1437, 1371, 1261, 1171, 1082, 983, 819, 756, 680.

1-(3-Chlorophenyl)pyrrolidine (9a)!'®

OO

The reaction of 3-chloroaniline (2.0mmol, 0.255g) and 1,4-dibromobutane
(6.0 mmol, 1.295 g) was carried out as described earlier and produced 0.207 g (57%)
and 0.330g (91%) of 1-(3-chlorophenyl)pyrrolidine as a yellow oil. '"H NMR
(400 MHz, CDCl3/TMS) & ppm: 7.25 (m, 1H), 7.12-7.08(m, 1H), 6.52-6.51 (m,
1H), 6.42 (m, 1H), 3.27-3.23 (t, 4H), 2.01-2.00 (m, 4H). IR (KBr) v (cm™"): 3068,
2969, 2839, 1596, 1560, 1497, 1461, 1372, 1276, 1247, 1094, 991, 824, 799, 756, 680.

1-(4-Bromo-2-methylphenyl)pyrrolidine (10a)

ase
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The reaction of 4-bromo-2-methylaniline (2.0 mmol, 0.372 g) and 1,4-dibromobutane
(6.0mmol, 1.295 g) was carried out as described earlier and produced 0.144 g (30%),
0.274 g (57%), and 0.432g (90%) of 1-(4-bromo-2-methylphenyl)pyrrolidine as a
colorless oil. "H NMR (400 MHz, CDCl;/TMS) 6 ppm: 7.26 (d, 1H), 7.21-7.20
(m, 1H), 6.73-6.71 (m, 1H), 3.17-3.15 (m, 4H), 2.28 (s, 3H), 1.94-1.91 (m, 4H).
IR (KBr) v (cm™'): 3019, 2965, 2871, 2816, 1587, 1483, 1394, 1354, 1315, 1190,
1150, 1107, 951, 873, 805, 753, 663. ESI-HRMS calcd. for C,;H4BrN: (M ") requires
m/z: 242.0323; found m/z: 242.0365.

1-(4-Phenoxyphenyl)pyrrolidine (11a)

L

The reaction of 4-phenoxyaniline (1.0mmol, 0.185g) and 1,4-dibromobutane
(3.0mmol, 0.648 g) was carried out as described earlier and produced 0.203 g (85%)
of 1-(4-phenoxyphenyl)pyrrolidine as a colorless oil. '"H NMR (400 MHz, CDCls/
TMS) & ppm: 7.28-7.26 (m, 2H), 7.25 (m, 3H), 6.99-6.92 (m, 2H), 6.56-6.55 (m,
2H), 3.28 (m, 4H), 2.02 (m, 4H). IR (KBr) v (cm™'): 3041, 2960, 2842, 1607, 1512,
1470, 1383, 1291, 1231, 1156, 1071, 962, 867, 827, 752, 692, 508. ESI-HRMS calcd.
for C,¢H7NO: (M) requires m/z: 240.1344; found m/z: 240.1386.

(>

1-Phenylpiperidine (1b)!

O~

The reaction of aniline (2.0mmol, 0.187g) and 1,5-dibromopentane (6.0 mmol,
1.380 g) was carried out as described earlier and produced 0.299 g (93%) of 1-phenyl-
piperidine as a yellow oil. "H NMR (400 MHz CDCl;/TMS) & ppm: 7.24 (t, 2H,
J=17.4Hz), 6.93 (d, 2H, J=7.8 Hz), 6.82 (t, 1H, J=7.3Hz), 3.15 (t, 4H, J=6.7 Hz),
1.70 (m, 4H), 1.56 (t, 2H, J=4.8 Hz). IR (KBr) v (cm'): 3060, 2934, 2853, 2805,
1598, 1501, 1450, 1384, 1334, 1237, 1131, 1025, 993, 918, 859, 756, 692.

1-(4-Methoxyphenyl)piperidine (2b)"”!

oo O

The reaction of 4-methoxyaniline (1.0mmol, 0.123g) and 1,5-dibromopentane
(3.0mmol, 0.690g) was carried out as described earlier and produced 0.170¢g
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(89%) of 1-(4-methoxyphenyl)piperidine as a white powder.'H NMR (400 MHz,
CDCl;/TMS) 6 ppm: 6.93-6.90 (m, 2H), 6.84-6.81 (m, 2 H), 3.76 (s, 3 H),
3.03-3.01(m, 4 H), 1.74-1.70 (m, 4 H), 1.56-1.52 (m, 2 H); IR (KBr) v (cm™):
3045, 2894, 2852, 2802, 1511, 1453, 1383, 1293, 1243, 1181, 1121, 1042, 919, 861,
766, 700.

1-(3-Chlorophenyl)piperidine (3b)!"3!

o0

Cl

The reaction of 3-chloroaniline (2.0mmol, 0.255g) and 1,5-dibromopentane
(6.0mmol, 1.380g) was carried out as described earlier and produced 0.234g
(60%) of 1-(3-chlorophenyl)piperidine as a yellow oil. 'H NMR (400 MHz,
CDCl;/TMS) & ppm: 7.10 (dd, J=8.0Hz, 2H), 6.85 (dd, J=2.0Hz, 1H),
6.76-6.72 (m, 1H), 3.15-3.10 (m, 4H), 1.68-1.64 (m, 4H), 1.55-1.53 (m, 2H). IR
(KBr) v (cm™1): 3068, 2937, 2853, 2800, 1595, 1565, 1488, 1384, 1341, 1240, 1131,
1100, 1028, 988, 938, 866, 772, 683.

1-Phenylazepane (4b)!"!

O~

The reaction of aniline (2.0mmol, 0.187g) and 1,6-dibromohexane (6.0 mmol,
1.464 g) was carried out as described earlier and produced 0.305 g (87%) of 1-pheny-
lazepaneas a colorless oil. '"H NMR (400 MHz, CDCl;/TMS) & ppm: 7.21-7.18 (t,
2H), 6.69-6.68 (d, 2H), 6.62 (t, 1H), 3.46-3.43 (t, 4H), 1.78 (m, 4H), 1.55-1.53 (m,
4H). IR (KBr) v (cm™'): 3005, 2936, 2857, 1597, 1505, 1460, 1437, 1353, 1247,
1217, 1032, 896, 728, 644.

1-Phenylazetidine (5b)!”"!

OO

The reaction of aniline (2.0mmol, 0.187g) and 1,3-dibromopropane (6.0 mmol,
1.211 g) was carried out as described earlier and produced 0.079 g (30%) of 1-pheny-
lazetidine as a yellow oil. "H NMR (400 MHz, CDCl;/TMS) & ppm: 7.21 (t, 2H), 6.72
(t, IH), 6.46 (d, 3H), 3.85-3.91 (m, 4H), 2.37-2.33 (m, 2H). IR (KBr) v (cm'): 3041,
2999, 2913, 2846, 1601, 1505, 1346, 1236, 1175, 1117, 1040, 989, 868, 750, 692.
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Dimethyl 5-(Pyrrolidin-1-yl)isophthalate (c1)!"®

H;CO0C,

ase

H;CO0C

The reaction of dimethyl S-aminoisophthalate (1.0 mmol, 0.209 g) and 1,4-dibromo-
butane (6.0 mmol,1.295 g) was carried out as described earlier and produced 0.179 g
(68%) of dimethyl 5-(pyrrolidin-1-yl)isophthalate as a white powder. '"H NMR
(400 MHz, CDCl3/TMS) & ppm: 7.95 (d, 1H), 7.38-7.37 (m, 2H), 3.93-3.92 (s,
6H), 3.37-3.35 (m, 4H), 2.06-2.03 (m, 4H). IR (KBr) v (cm'): 3044, 2950, 2844,
1717, 1600, 1474, 1439, 1384, 1315, 1276, 1228, 1187, 1135, 1057, 1033, 880, 752.
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