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Natural (—)-Vasicine as a Novel Source of Optically Pure 1-Benzylpyrrolidin-
3-ol
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A facile and scalable methodology for the preparation of optically active (3S)-1-benzylpyrrolidin-3-
ol (3), an important drug precursor, is reported. Starting from the naturally occurring alkaloid (—)-
vasicine (1), a major alkaloid of the plant Adhatoda vasica, 3 was obtained in 84% overall yield
(Scheme 3).

Introduction. — The pyrrolidin-3-ol moiety is present in a wide range of naturally
occurring alkaloids and biologically active molecules [1] and commonly used as an
intermediate for the preparation of a variety of drugs. Pharmaceuticals such as the
antihypertensive barnidipine A [2], the quinolinone antibiotic clinafloxacin B [3], the
muscarinic receptor antagonists darifenacine C [4], the anticoagulant DX-9065a [5],
the carbapenem antibiotic RS-533 [6], and the natural product detoxin A;-D [7], a
detoxification agent, comprise a pyrrolidinol subunit or a derivative thereof (Fig.).
Recently, several pyrrolidinols have been described as versatile chiral ligands and
promoters in organocatalysis [8].
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Fig. 1. Drugs and natural products featuring a pyrrolidin-3-ol moiety or a derivative thereof
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Due to the growing interest and applications of the pyrrolidin-3-ol scaffold, a
number of synthetic as well as biotransformation approaches for the stereoselective
synthesis of its N-benzyl derivative have been attempted [9].

The reported synthetic strategies include intramolecular displacement of a leaving
group by an amine [10], haloamidation reactions [11], asymmetric hydroboration of
2,5-dihydro-1H-pyrrole derivatives [12], reduction of lactams [13], nitroalkene [4 + 2]
cycloadditions [14], enzymatic hydroxylation [15], reaction of epoxysulfonamides with
sulfoxonium ylides [16], cyclization of a-lithio-carbamates [17], amino acids as chiral
educts [18], from optically active precursors such as 1-halobutan-2-ols [19] or 4-halo-3-
hydroxy butanenitriles [19], and regioselective oxirane ring opening [20]; some of these
syntheses are roughly sketched in Scheme I. Most of the chemical transformations
required multi-step reaction strategies or involved expensive chemicals, which make
the process uneconomical.

One of the commercial approaches is the biotransformation of N-benzylpyrrolidine
via microbial oxidation, which directly provided the mono-oxygenated product at low
concentrations and enatiomer purity (53% ee), requiring, however, further crystal-
lization for enantiomer enrichment (Scheme 1) [15].

Scheme 1. Existing Routes to Chiral Pyrrolidin-3-ol
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Evidently, though several methodologies for the preparation of enantiomer-
enriched pyrrolidin-3-ol and its derivatives are documented in the literature, yet a
simple and efficient process for the preparation of the enantiomerically pure product
from an inexpensive, renewable, and easily available starting material remains one of
the important challenges. The present communication describes a concise, scalable, and
economical synthesis of optically pure 1-benzylpyrrolidin-3-ols from the naturally
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occurring alkaloid (—)-vasicine (1), isolated from the leaves of Adhatoda vasica [21],
where 1 is present in good concentrations (ca. 1-2%) [22]. The results also reconfirm
the absolute configuration (3S) of the natural alkaloid (—)-vasicine (1) [23]. In an early
report, the absolute configuration was assigned as (3R) by Szulzewsky et al. [24], based
on the anomalous crystallographic X-ray dispersion data of its hydrochloride.
However, in 1996, Joshi, Newton, and co-workers [25] revised the previously assigned
(3R) configuration of (—)-vasicine (1) to (35) on the basis of the X-ray crystal-structure
analyses of the (+)-vasicinone and (+)-vasicine hydrobromides derived from the
natural alkaloids.

Results and Discussion. — The synthetic strategy towards the (35)- and (3R)-
pyrrolidinol essentially involves the elimination of the ‘anilinic’ N-atom from the
quinazoline ring moiety of (—)-vasicine (1), thus requiring the cleavage of the C=N
bond of 1 followed by hydrodeamination of the intermediate aromatic amine to give
(35)-1-benzylpyrrolin-3-ol (3) [21]. Mitsunobu [26] inversion would then allow the
formation of the (3R)-enantiomer 4.

Thus, the key steps in the elimination of the ‘anilinic’ N-atom required a suitable
reduction methodology for the C=N amidine moiety of 1 and concomitant cleavage of
a C—N bond. A simple hydride reduction strategy appeared to be the best option for the
formation of the desired products.

In the initial experiment, NaBH, in commercial EtOH (95% ) reduced (—)-vasicine
(1) to a mixture of two products, 1a and 2, in a ratio of 75 :15 (Scheme 2). In dry EtOH,
the formation of only 1la was observed, and no C—N bond cleavage to product 2
occurred (7Table, Entry 1), whereas in H,O, 1 was converted directly to 2 in 70% yield
(Entry 11). These experiments suggested that H,O played an important role in the
cleavage of the amidine bond. Optimizing the reduction parameters (7able)
established that in MeOH/H,O 1:1, 1 was quantitatively converted to 2 within 2 h
(Entry 9). Increasing the amount of H,O beyond 50% impaired the substrate solubility,
resulting in a decrease of the yield (Entry 10)

Scheme 2. Cleavage of the Amidine Bond of (—)-Vasicine (1)
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In the next step, hydrodeamination was efficiently achieved by treatment of 2 with
isoamyl nitrite (=3-methylbutyl nitrite) [27] in DMF at 65° to obtain (3S)-1-
benzylpyrrolidin-3-ol (3) in 85% yield (84% based on 1; ca. 99% ee) (Scheme 3). By
comparison of the sign and value of the rotation with those of the commercial sample
(Sigma-Aldrich, Mumbai), 3 was assigned as (3S5)-1-benzylpyrrolidin-3-ol. In the final
step, the inversion of the configuration at C(3) was smoothly and quantitatively
effected by treatment of 3 with Mitsunobu reagent yielding the enantiomer (3R)-1-
benzylpyrrolidin-3-ol (4) via 3a.
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Table. Effect of Different Solvents on Cleavage of the Amidine Bond of (—)-Vasicine (1)

Entry Solvent Yield after 2 h [%]
la 2
1 EtOH 80 0
2 H,O/EtOH (1:4) 35 60
3 H,O/EtOH (1:1) 0 75
4 iPrOH 50 0
5 H,O/PrOH (1:4) 20 50
6 H,O/PrOH (1:1) 10 60
7 MeOH 95 0
8 H,0/MeOH (1:4) 10 80
9 H,0/MeOH (1:1) 0 ca. 99
10 H,0/MeOH (3:2) 0 75
11 H,O 0 70

Scheme 3. Synthesis of (3S)- and (3R )-1-Benzylpyrrolidin-3-ol (3 and 4, resp.)
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a) NaBH,, MeOH/H,0 1:1. b) Isoamyl nitrite, DMF, 65°. ¢) Ph;P, EtOOCN=NCOOE?t, AcOH, THF. d)
LiOH, THF, H,0, 0°.

To gain an insight into the mechanism and the role of H,O in the amidine bond
cleavage, we dracked if NaBO, was the tangible reactive species during C—N bond
cleavage, since NaBH, is known to react with H,O to form NaBO, [28]. Therefore, the
reaction of 1 with NaBH,/NaBO, 3:2 in the absence of H,O (anh. MeOH) was
performed at room temperature (Scheme 4). Gratifyingly, the reaction proceeded as
expected, resulting in complete reduction of 1 to give only 2. When the same reaction
was carried out with vasicinone (5), no reduction/cleavage product was observed,
indicating that the presence of a lone pair of electron at the tertiary N-atom was
essential for the initial reduction. In vasicinone (5), this lone pair is unavailable due to
conjugation with the C=0 function.

To ascertain that the 3-OH group was not playing any role during the amidine-bond
cleavage, vasicine 1 was replaced by the derivatives 3-chloro-3-deoxyvasicine (6) [30]
and 3-deoxyvasicine (8) [31] (Scheme 5). On treatment with NaBH, in MeOH/H,O
1:1, the C=N bond of both 6 and 8 was cleaved to produce compound 7 and 9,
respectively. These experiments confirmed that NaBO, as well as the lone electron pair
at the tertiary N-atom in the ring played vital roles in the amidine bond cleavage.
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Scheme 4. Reactions Conducted to Support the Proposed Mechanism
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Scheme 5. Cleavage of the Amidine Bond of 3-Deoxyvasicine (8) and 3-Chloro-3-deoxyvasicine (6)
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On the basis of the above experiments a plausible mechanism for the amidine bond
cleavage is proposed (Scheme 6). In the first step, the NaBH, acts as a hydride source in
reducing the C=N bond to give dihydro derivative 1a. The presence of H,O in the
reaction medium generates NaBO,, which activates the ring N-atom in 1a to create a
borate complex 1b. The activation is followed by the cleavage of the C—N bond
generating the carbocation 1c which is stabilized by the electron pair at the tertiary N-
atom. The stabilized carbocation is finally reduced by NaBH, to produce 2 (Scheme 6).

Conclusions. — A concise methodology for the preparation of the enantiomers 3 and
4 of 1-benzylpyrrolidin-3-ol from naturally occurring alkaloid (—)-vasicine (1) as the
starting material was developed. The methodology is not only facile but also scalable.
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Scheme 6. Plausible Mechanism for the Amidine-Bond Cleavage in (—)-Vasicine (1)
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Experimental Part

General. Reagents and solvents used were mostly of LR grade. Dry solvents were from Merck. TLC:
Silica-gel-coated aluminium plates. CC = Column chromatography. Optical rotation: Perkin-Elmer-241
polarimeter; at 25°; with Nay, light. 'H- and *C-NMR Spectra: Bruker-Avance-400 and-500 spectrom-
eters; 0 in ppm rel. to Me,Si as internal standard, J in Hz. HR-ESI-MS: Agilent Technology 6540 UHD,
Acurrat Mass Q-TOF-LC-MS instrument; in m/z.

Extraction of (—)-Vasicine (1) from Adhatoda vasica. Air-dried, powdered leaf of A. vasica (1 kg)
was extracted with EtOH (5 x31) at r.t. for 72 h. The combined EtOH extract was concentrated to
200 ml. The concentrate was treated with a 30% (w/v) aq. citric acid soln. (1.0 1) and stirred at r.t. for 3 h.
The mixture was filtered and the filtrate extracted with CHCl; (3 x 1.01). The aq. layer was then
separated and basified with aq. NHj; soln. to pH 9.5 followed by the extraction with CHCl; (3 x 11). The
combined CHCI; layers were concentrated to give an amorphous residue of 1, which was then
recrystallized in EtOH to give pure 1 (14 g), Crystalline white solid. M.p. 212°. [a]¥ = —239 (c=2.6,
CHCL) [32].

(3S)-1-[ (2-Aminophenyll)methylJpyrrolidin-3-ol (2) [21]. To a soln. of natural (—)-vasicine (1; 10 g,
53 mmol) in MeOH/H,0 1:1 (100 ml), NaBH, (5.87 g, 158 mmol) was added in small amounts within 1 h
under continuous stirring. The mixture was stirred for an additional hour and then extracted with CH,Cl,
(3 x 100 ml). The extract was dried (Na,SO,) and concentrated: 2 (99%). Light yellow semi-solid.
[a]F =—199 (¢ =3, CHCL;). '"H-NMR (500 MHz, CDCl;): 1.63-1.79 (m, 1 H);2.1-2.2 (m,1 H); 2.24 -
230 (m,1H);24-2.6 (m,2H);2.73-2.84 (m,1 H); 3.60 (dd,J=12.1,11.9,2 H); 4.22-4.38 (m, 1 H);
6.6-6.74 (m,2H); 700 (d, /=78, 1H); 707 (¢, J=71,1 H). BC-NMR (100 MHz, CDCl;): 34.9; 52.4;
59.1; 62.6; 71.1; 115.6; 117.8; 123.5; 128.3; 129.8; 146.4. HR-ESI-MS: 193.1343 (M*, C;;H;;N,O*; calc.
193.1341).
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Pyrrolidinol of 2 from (—)-Vasicine (1) in the Presence of Sodium Metaborate (NaBO,): To a soln. of
1(1 g,5.291 mmol) in dry MeOH (10 ml), NaBO, (0.45 g, 7.125 mmol) was added at r.t. under continuous
stirring followed by NaBH, (0.146 g, 3.96 mmol) in small portions at regular intervals within 2 h. After
completion of the reaction, H,O, 20 ml was added, the product extracted with CHCI; (3 x 25 ml), and the
combined CHCI; layer dried (Na,SO,) and concentrated in a thin-film evaporator: 2 (99%). Light yellow
semi-solid. [a]F = —199 (¢ =3, CHCL); 99% ee.

(3S)-1,2,3,3a,4,9-Hexahydropyrrolo[2,1-b Jquinazolin-3-ol (1a). To a soln. of 1 (1 g, 5.291 mmol) in
dry MeOH (15 ml), NaBH, (0.10g, 2.70 mmol) was added at r.t. in small portions at regular intervals
continuous within 1h under continuous stirring. The mixture was quenched with AcOEt (5ml) and
extracted with CHCI; (3 x 25 ml), the extract concentrated, and the residue vacuum dried: 1a (95%;
inseparable mixture of diastereoisomers). Light yellow solid. M.p 123-125°. 'H-NMR (500 MHz,
CDCl): 1.70-1.89 (m, 1 H); 2.23-2.49 (m, 2 H); 2.81-2.97 (m, 1 H); 3.09-3.21 (m, 1 H); 3.71-3.82
(dd, J=10.4, 11.1, 2H); 4.18-4.25 (m, 1 H); 430-4.39 (m, 1 H); 6.67-6.83 (m, 2 H); 6.91-723 (m,
2 H). BC-NMR (125 MHz, CDCl,): 26.40; 27.02; 43.44; 43.90; 47.63; 66.54; 69.45; 110.23; 113.23; 114.10;
114.89; 116.44; 123.34; 123.78; 137.45. HR-ESI-MS: 191.1172 (M*, C;;HsN,O"; calc. 191.1184).

Pyrrolidinol 2 from 1a in the Presence of Sodium Metaborate (NaBO,). To a soln. of 1a (1 g,
5.26 mmol) in dry MeOH (20 ml), NaBO, (0.45 g, 7.125 mmol) was added, followed by NaBH, (0.10 g,
270 mmol) in small portions at regular intervals within 1h under continuous stirring for. After
completion of the reaction, H,O (20 ml), was added and the product extracted with CHCl; (3 x 25 ml).
The combined CHCl; layer was dried (Na,SO,) and concentrated: 2 (99% ). Light yellow semi-solid
[a]s =—199 (¢ =3, CHCl;); 99% ee.

(3S)-1-(Phenylmethyl)pyrrolidin-3-ol (3). A soln. of 2 (2 g, 10.4 mmol) in a minimum amount of
DMF (5 ml) was added dropwise under stirring to a soln. of isoamyl nitrite (2.8 ml, 20.81 mmol) and
DMF (2 ml) heated at 65°. After 30 min, the mixture was cooled to r.t., the pH adjusted to 8 by adding
NH; soln., and the mixture extracted with CHCl; (3 x 50 ml). The extract was evaporated and the
residue purified by CC (basic alumina, ca. 150 mesh): pure 3 (1.475 g85%). Colorless liquid. [a]% = —3.7
(c=5,MeOH); ee > 99%. 'H-NMR (500 MHz, CDClL;): 1.64-1.72 (m, 1 H); 2.1-2.6 (m, 1 H); 2.28-
2.32 (m, 1H); 2.52-2.62 (m, 2H); 2.74-2.82 (m, 1 H); 2.91-2.93 (m, 1 H); 3.58 (s, 2H); 4.24-4.31
(m, 1H); 720-7.32 (m, 5H). ®C-NMR (125 MHz, CDCL;): 34.8; 52.5; 60.2; 62.8; 70.8; 127.3; 128.4;
128.8; 138.4. HR-ESI-MS: 178.1235 (M*, C,;;H,;(NO*; calc. 178.1232).

(3R)-1-(Phenylmethyl)pyrrolidin-3-ol Acetate (3a). Diethyl diazene-1,2-dicarboxylate (6.92 ml,
35.17 mmol) was added dropwise to a stirred soln. of Ph;P (41.78 mmol) in dry THF (300 ml) at 0° under
N,. After 30 min, 3 (6.71 g in 25 ml THF) was added dropwise and stirred for another 20 min at 0° prior to
the addition of AcOH (4.1 ml, 70 mmol) at r.t. After 16 h at r.t., the mixture was acidified with dil. HCI
soln. and extracted with CHCL; (3 x 50 ml). The pH of the aq. layer was adjusted to 8.0 by adding NH;
soln., and the aq. phase was again extracted with CHCI; (3 x 50 ml). Drying (Na,SO,) and solvent
removal afforded 3a (6.89 g, 89%). Light yellow liquid. "H-NMR (500 MHz, CDCl;): 1.80-1.90 (im,
1H);2.03 (s,3H); 2.20-2.30 (m, 1 H); 2.40-2.48 (m, 1 H); 2.63-2.68 (m, 1 H); 2.70-2.78 (m, 2 H);
3.64 (dd,J=12.4,12.2,2 H);5.12-5.21 (m,1 H);715-7.25 (m,5 H). BC-NMR (125 MHz, CDCl;): 21.1;
31.8;52.6;59.7;60.1; 74.0; 127.1; 128.5; 128.8; 138.3; 170.8. HR-ESI-MS: 220.1336 (M, C;3H;sN,O; calc.
220.1338).

(3R)-1-(Phenylmethyl)pyrrolidin-3-ol (4). To a soln. of 3a (6.3 mmol; prepared above without
further purification) in THF/MeOH 3:1 (10 ml), an aq. LiOH - H,O soln. (0.5 mmol, 1 ml) was added
and stirred for 2 h at 0°. The mixture was diluted with sat. aq. NH,Cl soln. (20 ml) and extracted with
CHClI; (3 x 60 ml), the extract dried (Na,SO,) and solvent concentrated, and the residue purified by CC
(basic alumina, ca. 150 mesh): pure 4 (99% ). Light yellow liquid. [a]% = +3.68 (c=5, MeOH); 98% ee.
'H-NMR (500 MHz, CDCl;): 1.60-1.70 (m, 1 H);2.0-2.4 (m, 1 H); 2.28—-2.31 (m, 1 H); 2.50-2.64 (m,
2H); 2.74-2.80 (m, 1 H); 2.89-2.93(m, 1 H); 3.60 (s, 2H); 4.24-4.31 (m, 1 H); 720-732 (m, 5 H).
BC-NMR (125 MHz, CDCl,): 34.7; 52.4; 60.2; 62.8; 70.8; 127.2; 128.3; 128.7; 138.44. HR-ESI-MS:
178.1240 (M*, C;;H;(NO™; calc. 178.1232).

2-[(3-Chloropyrrolidin-1-yl)methyl |[benzenamine (7). To a soln. of 3-chloro-3-deoxyvasicine (6;1 g,
4.854 mmol; prepared as described in [30]) in MeOH/H,O 1:1 (10 ml) was added NaBH, (0.58 g,
17 mmol) in small amounts within 1 h under continuous stirring. The mixture was stirred for an additional
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hour and then extracted with CH,Cl, (3 x 10 ml). The extract was dried (Na,SO,) and concenterated: 7
(99%). Light yellow semi-solid. 'H-NMR (500 MHz, CDCl,): 1.85-1.95 (m, 1 H); 2.30-2.44 (m, 1 H);
2.40-252 (m,1 H);2.68-2.80 (m,2 H);2.96-3.04 (m,1 H);3.60 (dd,J=11.4,10.2,2 H); 4.28 -4.34 (m,
1H); 6.60-6.70 (m, 2 H); 7.00 (d, ] =8.4,1 H); 710 (¢+, /=70, 1 H). *C-NMR (125 MHz, CDCl;): 37.0;
54.5;54.1; 65.6; 73.4; 115.6; 117.8; 123.5; 128.3; 129.8; 146.4. HR-ESI-MS: 211.1008 (M*, C,;H;(CIN7;
calc. 211.1002).

2-(Pyrrolidin-1-ylmethyl)benzenamine (9). As described for 7; with 3-deoxyvasicine (8; 0.5 g,
2.9 mmol; prepared as described in [31]), MeOH/H,O 1:1 (10 ml), and NaBH, (0.35 g , 10 mmol); 9
(99%). Light yellow semi-solid. 'TH-NMR (400 MHz, CDCl;): 1.64-1.72 (m, 2 H); 1.73-1.78 (m, 2 H);
311 (1, J=6.4, 2 H); 3.46 (t, J=6.9, 2H); 3.67 (s, 2H); 6.61-1.69 (m, 2H); 7.15-725 (m, 2 H).
BC-NMR (100 MHz, CDCl;): 36.8;38.2; 52.1; 58.9; 62.1; 115.8; 117.6; 123.4; 128.4; 129.8; 146.3. HR-ESI-
MS: 177.1396 (M*, C;;H ;N3 ; calc. 177.1392).
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