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ABSTRACT

N-methylpyrrolidine was successfully synthesized @an aqueous medium by using
methylamine and 1,4-dibromobutane in the preserfceatalyst K,CO; at a moderated
temperature. Here, N-methylpyrrolidine was firglynthesized via the green chemistry process,
in which both the water solvent and potassium aasab®catalyst were inexpensive and
environmentally friendly. Also, the reaction temgigire was quite moderated at 9. As a
result, the current synthesis process was hightgntial to implement in practice. Since the
product yield directly depended on the operatingddions, the catalysts, temperature, ratio of
reactants and solvent would be critical factors.the present study, the structure of N-
methylpyrrolidine product was confirmed by usinge thR, 'H-NMR, *C-NMR and Gas
Chromatography-Mass spectroscopy (GC-MS)
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1. INTRODUCTION

N-methylpyrrolidine is a versatile intermediate disenainly in the synthesis of
pharmaceuticals cefepime. This heterocycle is gortant component of the cefepime which
determines pharmacokinetic parameters and the egehaf drugs in the human body [1]. The
pyrrolidine ring structure is also present in maxayural alkaloids such as nicotine and hygrine,
etc. Since the N-methylpyrrolidine product is sfgr@Eint and has a wide application, many
studies have already paid much attention to irdeoto achieve the highest yield product.

According to Champion et al [2], the N-methylpyidihe is synthesized via the reaction of
N-methylpyrrolidone and hydrogen gas at a highres of 1000 - 5000 psig in the presence of
copper chromite catalyst. The less than 50 % ypeleduct of N-methylpyrrolidine is then
isolated by extraction with an aliphatic hydrocartsmlvent. Subba Rao et al [3] also reported
that the N-methylpyrrolidine could be synthesizéal the cyclization reaction of 1,4-butanediol
and methylamine as using the modified ZSM-5 cataly$he results revealed that the yield
product of N-methylpyrrolidine was only 10 % whéretoperating temperature was less than
300°C. Also, the yield product was impossibly enhanasdncreasing the temperature, because
the side product of this synthesis process su@r@satics was remarkably facilitated when the
temperature was over 30Q. According to the Hofmann-Loffler-Freytag reaatip#], the N-
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pyrrolidine derivatives are also synthesized fréva N-alkyl-N-chloroamine, where the acid is
used as regards the solvent of this synthesis gsod&methylpyrrolidine is also produced via
pyrrolidine intermediate before methylation [5].ifdustry, pyrrolidine can be synthesized from
butanediol and amonia over an aluminum thorium @xdtalyst at 306C or over a nickel
catalyst at 200C and 20 Mpa under hydrogenation conditions [5].rédeer, it can also be
produced from THF and ammonia over aluminum oxid&7& - 375°C [5].

In Vietnam, it is definitely noted that there aret mny studies of N-methylpyrrolidine
synthesis as using the water solvent. In foreigmties, the previous studies indicated that the
N-methylpyrrolidine synthesis was often carried @it a high temperature and pressure
combined with a toxic solvent and an expensive lgstta where the vyield product of
N-methylpyrrolidine was always less than 50 %. Efere, a new synthesis process for the
N-methylpyrrolidine product was essential to depelm the present study, a green chemistry
process with high efficiency, economic and envirental friendliness was developed to
synthesize the N-methylpyrrolidine product, in whithe water solvent and an inexpensive
potassium carbonatatalyst were firstly applied in this synthesisqass.

2. EXPERIMENTAL

The methylamine and 1,4-dibromobutan were purchésed Sigma-Aldrich and Acros
Company, respectively, while the other reagentsewemmercial grade and purified according
to the established procedures. The reactions wergtoned by using the TLC on silica gel 60
F254 (0.25 mm). The molecules structure of N-mgijnyblidine was confirmed by using the
NMR, FT-IR and GC-MS spectra. Here, the NMR spectrare recorded in f® with
tetramethylsilane as the internal standardfbNMR (500 MHz) and BO solvent for*C NMR
(125 MHz). The FT-IR spectra were detected by thek8 Tensor 27 spectrometer, while the
GC-MS were recorded by using a capillary columnx3D25 mm, 0.25 p) in EI mode.

The reactants including methylamine and 1,4-dibiomt@ane combined with the catalyst
were taken up in water and heated at’@0in a tube reactor for a period of 5.0 hours. The
alkylation product was separated by distillatiorB&t- 82°C. The product as a clear colorless
liquid was then identified by IR, NMR and GC-MS §ms#s. The NMR spectrum of
N-methylpyrrolidine product in current work wasustrated as shown below:

H-NMR (500 MHz, BO/TMS) dppm 2.38 (s, 4H), 2.17 (s, 3H), 1.65 (s, 4KL-NMR
(125 MHz, BO/TMS) dppm 54.5 (-CHCH,-N), 40.1 (CH-N), 22.8 (-CH-CH,-N). The
DEPT-90 spectrum shows no signal, the DEPT-135 shmwe positive Ckkignal ¢ 40.1), and
two negative Chisignals § 54.5, 22.8). Satisfactor\d and**C NMR data was consistent with
those found in literature.

3. RESULTS AND DISCUSSION
3.1. Characteristic of N-methylpyrrolidine product

As shown in Fig.1, it was clearly indicated that tR spectroscopy of N-methylpyrrolidine
product (2964 — 2769 ¢ CH,, CHs) in current work obviously matched with the stamda
product, in which the structure of N-methylpyrratid was defined by the NMR spectrum that
was described in above experimental section. M@eabhe structure of N-methylpyrrolidine
was confirmed by GC-MS spectroscopy, where it haly one peak at 3.87 min of mean
residence time corresponding to the 85.16 moleaukight fragment of N-methylpyrrolidine
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product, as depicted in Fig. 2. As such, the carsgnthesis process was successful to synthesis
the N-methylpyrrolidine product.
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Figure 1 IR spectroscopy of N-methylpyrrolidine Figure 2 GC-MS spectroscopy of N-
product in current work (red line) and standard one methylpyrrolidine product.
(blue line).

3.2. Synthesis of N-methylpyrrolidine product

The dissolution ability of methylamine in an aquemoedium provided a high potential to
perform the N-alkylation reaction in aqueous medig.shown in Fig.3, the synthetic protocol
includes a two-step alkylation of a primary aminighvan alkyl dihalide to assemble two C-N
bonds, where the structure of the substrate isimapy alkyl halide which has relatively
unhindered sites, so the product was formed inmgplsi §2-like sequential heterocyclyzation.
In present study, the cyclization reaction of N-myftyrrolidine was investigated in various
operating conditions, where the temperature, indoghase, solvent and ratio of reactants were
considered as the key factors which impacted oiNtheethylpyrrolidine yield product.

The typical transient behavior of the reaction wa®nitored in terms of the
N-methylpyrrolidine yield product, as shown in Fi4. Here, the N-methylpyrrolidine yield
product increased rapidly from 0.0 % to 50.3 %hasreaction time varied from 0.0 to 3.0 hours.
After 3.0 hours, the yield product was almost imwaf, implying a steady state of the
N-alkylation reactions. As such, the N-methylpyidile product could be harvested at the
steady state after 3.0 hours of the reaction tinem the steady state of reaction, the influence
of operating conditions including temperature, saly catalyst and ratio of reactants on the
yield product was investigated. As shown in Figth® yield product gradually increased from
48.1 % to 50.3 % as increasing temperature frorfC8t 100°C and reached the highest yield
at 90°C. This result was expected in terms of the kinefithe nucleophilic substitution {3
reaction, where it was normally promoted as inarepshe temperature. However, further
increasing the temperature over £Q0 the yield product decreased dramatically. Hee yield
product quickly decreased from 50.3 % to only 3.4s increasing temperature from £Q0to
160°C. The decreasing yield product as further increpsiie temperature was explained in term
of the competition between the reduction reactionl #he nucleophilic substitution
reaction, in which the reduction reaction was nfalitated than the nucleophilic substitution
(Sn2) reaction at a higher temperature, so theyatodeld was certainly decreased as increasing
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temperature at above 100. Plus, when the temperature was over ID@s known the boiling
point of water solvent, the liquid solvent transhed to the gas phase, so the kinetic of the
nucleophilic substitution (§ reaction might be reduced, which resulted in easing the
product yield of N-methylpyrrolidine. Accordinglythe temperature of the current synthesis
process was chosen as@and fixed it in all later experiments.
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Figure 3 Reaction pathway of synthesis of  Figure 4 Transient profile of N-methylpyrrolidine

N-methylpyrrolidine product. yield product with the reaction time.
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Figure 5.Influence of temperature on the N- Figure 6 Influence of catalyst on the
methylpyrrolidine yield product. N-methylpyrrolidine yield product.

The N-methylpyrrolidine yield product was also igtigated with different inorganic
catalysts including KCO;, KHCGO;, NaCO;, NaOAC and NaHC¢) as shown in Fig. 6. The
result indicated that the synthesis of N-methylpldine was performed in strong base
conditions without any rapid hydrolysis of alkyllitie. Here, the highest yield product was
50.3 % as using the potassium carbonatgC(Qx) catalyst. The yield product with different
catalysts flowed the orddf,CO; > KHCO; > NaHCQ > NaCO; > NaOAC, as depicted in
Fig.6. The effect of these catalysts on the N-nipthyolidine synthesis mechanism was very
complicated and unreported in any previous researcbo the mechanism should be further
deeply studied. However, this result might be gagplained based on the pH and solubility of
eachcatalyst. Here, the effect of catalyst on ordepraiduct yield as mentioned above might be
explained in term of the order of pH and solubjlityhere the catalyst would provide a higher
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yield product as it has a higher pH and solubiligr example, the potassium carbonatgO®)
catalyst had a higher pH (pH = 10.57) and solybi{i€. = 52.7 g/L) compared to other
catalysts, so it would provide a higher yield pradun present study, the potassium carbonate
(K.COs) was considered as the appropriate catalyst éoctirent synthesis process.
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Figure 7. Influence of the ratio of 1,4-dibromobutane Figure 8.Influence of various solvent on the
and methylamine on the yield product. yield product of N-methylpyrrolidine.

The influence of ratio reactants of methylamine apddibromobutane on the yield product
was also demonstrated, as shown in Fig. 7. Heeeyitld product slightly increased from
49.5 % to 50.3 % as increasing the ratio of 1,4afitobutane and methylamine from 1.0 to 1.5.
However, further increasing the ratio of 1,4-dibatmtane and methylamine to 2.5, the yield
product quickly dropped to 40.5 %. This result veapected in term of the alcohol derivative
formation, where it was facilitated as increasimg tratio of 1,4-dibromobutane reactant,
resulting in decreasing the the N-methylpyrrolidivield product. Thus, the highest vyield
product in current work was found as 50.3 % whee thtio of 1,4-dibromobutane and

methylamine was 1.5

The influence of different solvents on the yielaguct of N-methylpyrrolidine was also
investigated, as shown in Fig.8. It was indicateat the yield product of N-methylpyrrolidine
was 50.3 % as using the water solvent, while it ey 48 % and 65 % as using the acetone
and DMF solvent at the same operating conditioespectively. This result implied that the
yield product in water solvent was more facilitateinpared to that in other toxic and expensive
solvent. As such, according to the green chemigtiywater solvent was an appropriate solvent
for the synthesis N-methylpyrrolidine product.

4. CONCLUSIONS

The present study demonstrated that the green chkprocess as using the water solvent,
inexpensive catalyst gCOs) and moderate temperature (@) was successfully applied for the
N-methylpyrrolidine synthesis. Here, the yield protlof N-methylpyrrolidine was obtained as
50.3 %, which was high and efficient compared &t th other toxic and expensive solvent. As
such, the present synthesis process had more adgesnbver the conventional synthesis process
in term of the efficiency, economic and environnag¢fiiendliness. Since the present synthesis
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process was simplicity, low cost and environmemtigindliness, it had a highly potential to
implement in practice.
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TOM TAT

TONG HGP N-METHYLPYRROLIDIN THEO PRHUONG PHAP HOA HOC XANH

Nguyén Vin Héa, Ngugn Anh Tuin, Phan Thanh To, Trinh Th Thanh Hugn'

Vién Cong nghi hda tvc, Vien Han 1am Khoa@c & Coéng ngld Viét Nam,1 Mic Dinh Chi,
Quin 1, Thanh ptiHo Chi Minh

"Email: thanhhuyenkhtn@yahoo.com

N-methylpyrrolidineda duoc tong hyp thanh céng trong méitdng nréc véi tac chit phan
rng bandiu la methylamin va 1,4-dibromobutan tronghsén dién caa xic tac KCOs; tai nhiét
do trung binh. Trong nghiénia nay N-methylpyrrolidindn dau tién duoc tong hop theo con
duong hoéa be xanh, trongté ¢ dung méi méc va xtc tac KCO; déu kinh € va than thin voi
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mdi treong. Bén anh dé nhiét do thuc hien phin tng trung binh khing 90°C. Dod6 qua trinh
tbng hop nay c6 tinh ki thi cao khitng ding trong thrc t. Khi hiéu suit caa phin ang phu
thudc trec tiép vao caaliéu kién van hanh thi xdc tac, nétido, ti 18 gitta cac tac cit va dung
modi & dong vai tro then dbt. Cau tric @a sin phim N-methylpyrrolidindugc xacdinh ki cac
loai phé IR, *H-NMR, **C-NMR va GC-MS.

Tir khéa:amin tam ép, phin tng alkyl hoa, phn tng trong méi teong nrdc.
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