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Abstract:
A practical synthesis of 3-((1S, 2S)-2-dimethylaminomethylcyclo-
propyl)-1H-indole-5-carbonitrile hydrochloride (1), a selective
serotonin reuptake inhibitor (SSRI), is described. The process to
prepare 1 was demonstrated on laboratory scale and highlights
an enantioselective Simmons-Smith cyclopropanation of allylic
alcohol 3 using Charette’s chiral dioxaborolane ligand. The
improved synthesis enabled production of 1 in 8 chemical steps
(5 isolations) in an overall yield of 38%.

Introduction
In the preceding paper, we described the development of a

13-step synthesis of SSRI candidate 1,1 which provided the first
kilogram quantities of 1 in an overall yield of 34%. The process
hinged upon the efficient Nishiyama2 catalyst-mediated asym-
metric cyclopropanation of a vinyl indole with ethyl diazoac-
etate, to generate a trans-disubstituted cyclopropane in 85–88%
enantiomeric excess (ee) and a 10:1 diastereomeric ratio. We
proposed intersection of the existing route at cyclopropylmetha-
nol 2 by enantioselective Simmons-Smith cyclopropanation
of the corresponding allylic alcohol 3 (Scheme 1).3 This paper
describes our effort in this area as well as expansion of our
knowledge of the conversion of 2 to 1.

Results and Discussion
Preparation of Allylic Alcohol 3. We reasoned that

substrate 3 could be prepared through reduction of the corre-
sponding aldehyde 8 (Scheme 2). The synthesis of 8 began with

reaction of 5-cyanoindole 4 with N-(3-chloroallylidene)-N-
methylmethanaminium chloride (9), generated by exposure of
3-(N,N-dimethylamino)acrolein to POCl3,4 to produce the cor-
responding iminium salt 5. Hydrolysis under basic conditions
provided the desired aldehyde 7, but the process was compli-
cated by a tedious quench procedure to consume unreacted
POCl3. As such, alternatives to POCl3 were evaluated. Triflic
anhydride was effective,5 but this process was accompanied by
competing side reactions. (Chloromethylene)dimethyliminium
chloride (Vilsmeier reagent), however, was a suitable alternative
to POCl3, as addition to 3-(N,N-dimethylamino)acrolein in
acetonitrile led to in situ formation of 9. Subsequent addition
of 4 cleanly generated 5, which underwent hydrolysis to
aldehyde 7 at pH 8.5. Tosylation of 7 provided aldehyde 8.
Later, it was shown that 5 could be converted to tosylate 6 by
direct addition of tosyl chloride (TsCl) and diisopropyl-
ethylamine to the reaction mixture. Subsequent hydrolysis of 6
afforded 8. This one-vessel process afforded indole-protected
aldehyde 8 in 83% yield from 4 (99 HPLC area % purity)
(Scheme 2).

Reduction of the aldehyde 8 to the desired allylic alcohol 3
(Scheme 3) with sodium borohydride (NaBH4) proved to be
sensitive to the nature of the solvent system. In pure alcohol
solvents, poor conversion accompanied by competing product
degradation was observed. Mixed solvent systems, however,
consisting of THF in methanol (MeOH) or ethanol (EtOH), gave
cleaner and more rapid reaction upon treatment with 0.5 equiv
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Scheme 1. Retrosynthetic analysis of 1 featuring an
asymmetric Simmons-Smith cyclopropanation

Scheme 2. Preparation of protected indole-aldehyde 8

Scheme 3. Preparation of allylic alcohol 3
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of NaBH4. By contrast, a mixed solvent system of THF/2-
propanol led to lower reaction rates with competing detosylation.
Ultimately, a solvent system of THF (2 mL/g6) and EtOH (4
mL/g) was selected as the rate of NaBH4 degradation was
slower than what was observed in other systems. Workup was
simplified to the addition of dilute aqueous HCl, which led to
direct crystallization of alcohol 3 (98.8 HPLC area % purity).

Development of the Enantioselective Simmons-Smith
Reaction. Enantioselective cyclopropanation of allylic alcohols
is well documented.3,7 Application of Charette’s7 conditions
through exposure of alcohol 3 to catalytic titanium-TADDOL
complex 10 (0.15 equiv) and Zn(CH2I)2 (2 equiv) provided
cyclopropane 2 in 65% yield but in low enantiomeric excess
(17% ee) (Scheme 4).7a

As the first set of conditions afforded unsatisfactory ee,
employment of a different Charette procedure7b–d involving use
of stoichiometric (R,R)-dioxaborolane 11 was investigated next.
Ligand 11 was prepared in a modification of the previously
reported procedure,7c by heating commercially available butyl-
boronic acid in the presence of a slight excess of N,N,N′,N′-
tetramethyltartaric acid diamide in toluene under Dean–Stark
conditions. Cooling, filtration of excess diamide, and concentra-
tion of the filtrate provided pure dioxaborolane 11. Subjection
of 3 to the conditions specified in Charette’s procedure7d gave
cyclopropylmethanol 2 in 83% yield and significantly improved
enantioselectivity (88% ee) (Scheme 5).

Because of the pyrophoric nature of neat diethylzinc (Et2Zn),
which is employed in the Charette procedure to generate the
di(iodomethyl)zinc carbenoid, we turned our attention to use of
less air-sensitive toluene solutions of this reagent for the
preparation of the di(iodomethyl)zinc carbenoid, Zn(CH2I)2. The
use of commercially available 30 wt % Et2Zn toluene solution
permitted decreasing the overall reaction volume, although the
enantioselectivity was poor (47% ee), with a low solubility of
the starting material and product complicating the process.
Incorporation of methylene chloride as cosolvent (3:1 volume
ratio of CH2Cl2/toluene) improved the solubility, and acceptable

enantiomeric ratios (85–90% ee) were obtained. Excess car-
benoid (Zn(CH2I)2 ·DME) (3.5 equiv) and >12 h reaction time
were required to drive the reaction to completion at 23 °C,
whereas at reflux (47–49 °C) lower carbenoid charges (2.5
equiv) were sufficient and improved volume efficiency (30 mL/
g) was also realized. Unfortunately, the full 1.2 equiv of
dioxaborolane was still required to effect conversion, even at
the elevated temperatures. Under these modified reaction
conditions, the enantioselectivity was consistently in the range
85–90% ee.

Quench of the cyclopropanation reaction with either satu-
rated, aqueous ammonium chloride or dilute HCl led to
precipitation of zinc byproduct, thereby complicating the
ensuing phase separation. To circumvent this issue, we suc-
cessfully developed a novel quenching strategy that employed
anhydrous conditions to produce a zinc species that was easily
removed by a simple filtration. Thus, upon completion of the
reaction, addition of 2-propanol and acetic acid at 35 °C
followed by cooling to 0–5 °C resulted in precipitation of zinc
acetate. After filtration, two subsequent 3 M NaOH washes of
the filtrate separated butylboronic acid and N,N,N′,N′-tetra-
methyltartaric amide byproduct from the product stream. This
modified workup procedure eliminated the oxidative conversion
of butylboronic acid to boric acid which is traditionally
employed.7b–d Charcoal treatment (powder or cartridge) of
process streams, however, was essential for reproducible
crystallization of cyclopropylmethanol 2. In all, the modified
workup procedure offered several practical improvements to
published procedures.

Simple crystallization systems did not lead to any significant
enhancement of the enantiomeric purity of 2, and some systems
actually led to erosion of the ee due to cocrystallization of the
racemate. Fortunately, mixed solvent systems consisting of
CH2Cl2/toluene/heptane led to high-yielding crystallizations with
no deterioration of enantiopurity. In practice, concentration of
worked-up process streams to 8 mL/g, followed by addition of
heptane, led to crystallization of 2, which was isolated in >80%
yield and good ee and purity (86–89% ee, 98 HPLC area %
purity).

Conversion of Cyclopropylmethanol 2 to API 1. A key
consideration in the demonstration of any new synthetic route
is the assessment of final product quality through comparison
to material prepared with existing chemistry. In our original
chemical development studies,1a we demonstrated that cyclo-
propylmethanol 2 having 95% ee could be converted to 1 with
>98% ee. We hoped that 2 prepared through the Charette
protocol (86–89% ee) would undergo a significant boost in
enantiopurity during conversion to 1 and meet or exceed the
targeted quality of 98% ee.

Intermediate 2 was converted to the final intermediate
hydrochloride salt hemihydrate 13 via TEMPO oxidation1,8

followed by reductive amination (Scheme 6). Although the
chemical purity of 13 was excellent (99.8 area % purity), no
enhancement in enantiopurity occurred during crystallization.
We were pleased to find, however, that detosylation of 13 and
crystallization of 1 using existing protocols1 led to a substantial
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Scheme 4. Cyclopropanation of allylic alcohol 3 using
catalytic chiral titanium-TADDOLate 10

Scheme 5. Cyclopropanation of the allylic alcohol 3 using
(R,R)-dioxaborolane 11

Vol. 12, No. 2, 2008 / Organic Process Research & Development • 179



enhancement of enantiopurity and produced SSRI candidate 1
in good yield, with purity and enantiopurity equivalent to the
values for material prepared from the previous route (74% yield,
99.8 HPLC area % purity, and >98% ee).

Conclusions
In summary, an improved synthesis of SSRI candidate 1 was

developed. The new synthetic route was demonstrated on 130
mmol scale and featured an effective method for preparing the
vinylogous Vilsmeier reagent used for installation of the three-
carbon unit in cyclopropanation substrate 3. In addition, a
practical enantioselective Simmons-Smith reaction to convert
allylic alcohol 3 to late-stage intermediate 2 with good enan-
tioselctivity (88% ee) has been developed. Finally, we dem-
onstrated that the enantiopurity of 1 may be enhanced from
86% to 89% ee to >98% ee through crystallization.

Experimental Section
General Methods. Acetonitrile, THF, CH2Cl2, toluene,

2-propanol, heptane, and MTBE were purchased from EM
Science and were used without further purification. EtOH was
purchased from Les Alcools de Commerce and was used
without further purification. Methyl acetate and all other reagents
were purchased from Aldrich and were used without any further
purification. Melting points were measured on a MEL-TEMP
3.0 melting point apparatus and were uncorrected. 1H and 13C
NMR spectra were recorded on Bruker AVANCE 400 or
Bruker AVANCE 500 instruments. Chemical shifts are given
on a δ (ppm) scale. HPLC purities of samples were determined
on a YMC Pro C18, 3 µm, 4.6 mm × 50 mm column. The
method conditions were mobile phase A, 0.05% TFA in
CH3CN/water (10:90); B, 0.05% TFA in CH3CN/water (90:
10), gradient from 5% B to 100% B over 5 min, flow rate 3
mL/min, wavelength 230 nm. Enantiomeric purity of com-
pounds was determined by chiral HPLC. For compound 6, a
Daicel Chiralcel OD-R 4.6 mm × 250 mm, 10 µm column
was used. The mobile phase was CH3CN/water (50:50). The
chiral method conditions were isocratic run for 60 min, column
temperature 35 °C, flow rate 0.3 mL/min, wavelength 230 nm.
For compound 1 a Daicel Chiralpak AD 4.6 mm × 250 mm,
5 µm column was used. The mobile phase was hexanes/ethanol/
diethylamine (90:10:0.1). The chiral method conditions were
isocratic run for 30 min, column temperature 30 °C, flow rate
1 mL/min, wavelength 230 nm.

Preparation of 3-(3-Oxopropenyl)-1-(toluene-4-sulfonyl)-
1H-indole-5-carbonitrile (8). To a cooled (0–5 °C) suspension
of (chloromethylene)dimethylammonium chloride (20.7 g, 162
mmol, 1.15 equiv) and CH3CN (200 mL) under argon was

added 3-(dimethylamino)acrolein (15.4 mL, 148 mmol, 1.05
equiv) over 15 min. The resulting suspension was stirred at 0–5
°C for an additional 10 min. A solution of 5-cyanoindole 4 (20.0
g, 141 mmol) in CH3CN (45 mL) was added, and the resulting
solution was warmed to 20–25 °C over 30 min. The solution
was heated to 70–75 °C, and the reaction mixture was stirred
for 5 h. The reaction mixture was cooled to 20–25 °C and N,N-
diisopropylethylamine (61.3 mL, 352 mmol, 2.50 equiv) was
added over 20 min, followed by a solution of p-toluenesulfonyl
chloride (32.2 g, 169 mmol, 1.20 equiv) in CH3CN (40 mL).
The resulting slurry was stirred for 15 min. Water (100 mL)
was added, and the solution was heated to 75 °C and held for
2 h. The product slurry was cooled to 20–25 °C and stirred for
2 h, and the solid was collected by filtration. The cake was
rinsed with 1:1 CH3CN/H2O (2 × 60 mL). The solid was dried
in vacuo (5–6 mmHg) at 45–50 °C to constant weight to afford
40.8 g (82.7%) of 8 as an off-white solid. Mp: 220.0–221.0
°C. 1H NMR (d6-DMSO, 400.13 MHz) δ 9.63 (d, J ) 7.9 Hz,
1H), 8.76 (s, 1H), 8.64 (d, J ) 1.2 Hz, 1H), 8.14 (d, J ) 8.5
Hz, 1 H), 7.99 (d, J ) 8.3 Hz, 2H), 7.92 (d, J ) 16.2 Hz, 1H),
7.83 (dd, J ) 8.5, 1.2 Hz, 1H), 7.44 (d, J ) 8.3 Hz, 2H), 7.05
(dd, J ) 16.2, 7.9 Hz, 1H), 2.33 (s, 3H); 13C NMR (d6-DMSO,
125.77 MHz) δ 194.11, 146.59, 142.46, 136.30, 133.18, 131.49,
130.59, 129.36, 128.71, 127.69, 127.09, 126.01, 118.77, 117.47,
114.41, 107.05, 21.03. Anal. Calcd for C19H14N2O3S: C, 65.12;
H, 4.02; N, 7.99; S, 9.15. Found: C, 64.85; H, 3.78; N, 7.93; S,
9.21.

Preparation of 3-(3-Hydroxypropenyl)-1-(toluene-4-sul-
fonyl)-1H-indole-5-carbonitrile (3). A suspension of 3-(3-
oxopropenyl)-1-(toluene-4-sulfonyl)-1H-indole-5-carbonitrile 8
(40.0 g, 114 mmol), THF (80 mL), and EtOH (160 mL) under
argon was cooled to 5–8 °C. Sodium borohydride (2.16 g, 57.1
mmol, 0.501 equiv) was added all at once. The reaction mixture
was warmed to 20–25 °C and stirred for 3 h. A solution of
0.18 N HCl (485 mL, 87.3 mmol, 0.766 equiv) was added over
20 min. The resulting slurry was stirred at 20–25 °C for 1 h,
and the solids were collected by filtration. The cake was rinsed
with H2O (2 × 80 mL), and the solid was dried in vacuo (5–6
mmHg) at 45–50 °C to constant weight, affording 38.6 g
(96.0%) of 3 as an off-white solid. Mp: 142.5–143.5 °C. 1H
NMR (d6-DMSO, 400.13 MHz) δ 8.40 (d, J ) 1.3 Hz, 1H),
8.16 (s, 1H), 8.10 (d, J ) 8.6 Hz, 1H), 7.91 (d, J ) 8.2 Hz,
2H), 7.76 (dd, J ) 8.6, 1.3 Hz, 1H), 7.40 (d, J ) 8.2 Hz, 2H),
6.69 (d, J ) 16.4 Hz, 1H), 6.58 (dt, J ) 16.4, 4.7 Hz, 1H),
4.91 (t, J ) 5.4 Hz, 1H), 4.15–4.11 (m, 2H), 2.31 (s, 3H); 13C
NMR (d6-DMSO, 125.77 MHz) δ 146.04, 136.34, 133.56,
133.41, 130.38, 128.62, 128.04, 126.78, 125.69, 125.60, 119.86,
119.00, 117.70, 114.31, 106.35, 61.52, 20.98. Anal. Calcd for
C19H16N2O3S: C, 64.75; H, 4.57; N, 7.94; S, 9.09. Found:
C,64.46; H, 4.48; N, 7.88; S, 8.97.

Preparation of (-)-(R,R)-2-Butyl-N,N,N′,N′-tetramethyl-
1,3,2-dioxaborolane-4,5-dicarboxamide (11). A mixture of
butylboronic acid (11.9 g, 116 mmol, 1.05 eq), N,N,N′,N′-
tetramethyltartaric acid diamide (25.0 g, 122 mmol) and toluene
(95 mL) under argon was heated at reflux in a Dean–Stark
apparatus until no more water distilled (3 h, temperature rise
of 90f 118 °C). The disappearance of butylboronic acid also
could be followed by 1H NMR in DMSO-d6. The mixture was

Scheme 6. Preparation of final intermediate 13 and API 1
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cooled to 20–25 °C. The solids were collected by filtration and
washed with toluene (10 mL). The combined filtrates were
concentrated under reduced pressure to afford 31.6 g (100%)
of 11 as a colorless oil. [R]D -114.3 (c 1.71, CHCl3). 1H NMR
(d6-DMSO, 500.13 MHz) δ 5.39 (s, 2H), 3.03 (s, 6H), 2.85 (s,
6H), 1.36–1.23 (m, 4H), 0.83 (t, J ) 7.15 Hz, 3H), 0.78 (t, J )
7.51 Hz, 2H); 13C NMR (d6-DMSO, 125.77 MHz) δ 167.83,
75.09, 36.33, 35.29, 25.57, 24.44, 13.65, 9.50 (broad). Anal.
Calcd for C12H23BN2O4: C, 53.35; H, 8.58; N, 10.37. Found:
C, 53.25; H, 8.29; N, 10.57.

Preparation of 3-((1S,2S)-2-Hydroxymethylcyclopropyl)-
1-(toluene-4-sulfonyl)-1H-indole-5-carbonitrile (2). To a solu-
tion of CH2Cl2 (156 mL) and DME (28.8 mL, 277 mmol, 2.50
equiv) under argon at -15 °C was charged a solution of Et2Zn
(28.4 mL, 277 mmol, 2.50 equiv) in toluene (92 mL) while
maintaining the temperature between -10 and -15 °C. Di-
iodomethane (44.6 mL, 553 mmol, 4.98 equiv) was added at a
rate to maintain the internal temperature below -8 °C (ca. 50
min). The resulting clear solution was stirred for an additional
10 min at <-12 °C, and a solution of the dioxaborolane ligand
11 (35.9 g, 133 mmol, 1.20 equiv) in CH2Cl2 (78 mL) was
added over 5 min keeping the internal temperature <-5 °C. A
solution of (E)-3-(3-hydroxyprop-1-enyl)-1-tosyl-1H-indole-5-
carbonitrile 3 (39.0 g, 111 mmol) in CH2Cl2 (156 mL) was
added dropwise over 15 min keeping the internal temperature
<0 °C. The reaction mixture was warmed to 20–25 °C over
30 min and then heated at reflux (48 °C). The reaction mixture
was stirred at 48 °C for 5 h. The reaction mixture was cooled
to 35 °C, 2-propanol (117 mL) was added, and the reaction
mixture stirred for 15 min while cooling to 30 °C. Acetic acid
(31.7 mL, 553 mmol, 4.98 equiv) then was added while
maintaining the temperature at 35 °C until precipitation was
observed. The mixture was cooled to 0–5 °C and stirred for 30
min. The salts were removed by filtration, and the solid was
rinsed with CH2Cl2 (156 mL). The combined filtrate was stirred
with H2O (312 mL) for 15 min. The two layers were separated,
and the aqueous layer was back-extracted with CH2Cl2 (117
mL). The combined organic layers then were washed (agitation
for 15 min) with 3 M NaOH (2 × 195 mL) followed by H2O
(195 mL). Charcoal (19.5 g) was added to the organic phase,
and the mixture was stirred for 15–20 min, followed by filtration
through celite. The cake was rinsed with CH2Cl2 (156 mL),
and the combined organic layers were concentrated by distil-
lation to a volume of 310 mL. The solution was cooled to 55
°C, and heptane (660 mL) was added over 1 h at 50–55 °C.
The resulting slurry was cooled to 20–25 °C and stirred for
18 h. The solids were collected by filtration and washed with
heptane (2 × 117 mL). The solid was dried in vacuo (5–6
mmHg) at 45–50 °C to constant weight, affording 33.5 g
(82.6%, 88.5% ee) of 2 as an off-white solid. Mp: 143.5–144.5
°C. 1H NMR (d6-DMSO, 400.13 MHz) δ 8.29–8.28 (m, 1H),
8.05 (d, J ) 8.59 Hz, 1H), 7.90–7.86 (d (br), J ) 8.45 Hz,
2H), 7.73 (dd, J ) 8.59, 1.76 Hz, 1H), 7.65 (d, J ) 1.76 Hz,
1H), 7.38 (d (br), J ) 8.45 Hz, 2H), 4.70 (t, J ) 5.81 Hz, 1H),
3.59–3.52 (m, 1H), 3.31–3.22 (m, 1H), 2.31 (s, 3H), 1.85–1.79
(m, 1H), 1.23–1.14 (m, 1H), 1.07–1.01 (m, 1H), 0.85–0.79 (m,
1H); 13C NMR (d6-DMSO, 100.62 MHz) δ 145.90, 136.11,
133.77, 131.15, 130.37, 127.88, 126.80, 125.23, 125.06, 123.49,

119.24, 114.26, 105.77, 63.81, 24.61, 21.04, 10.95, 10.74. Anal.
Calcd for C20H18N2O3S: C, 65.55; H, 4.95; N, 7.64; S, 8.75.
Found: C, 65.62; H, 5.10; N, 7.71; S, 8.39.

Preparation of 3-((1S,2S)-2-Dimethylaminomethylcyclo-
propyl)-1-(toluene-4-sulfonyl)-1H-indole-5-carbonitrile (13).
A vessel containing 3-((1S,2S)-2-hydroxymethylcyclopropyl)-
1-(toluene-4-sulfonyl)-1H-indole-5-carbonitrile 2 (14.3 g, 39.0
mmol), TEMPO (152 mg, 1.0 mmol, 0.0256 equiv), and sodium
bicarbonate (3.61 g, 42.9 mmol, 1.10 equiv) was flushed with
argon for 10 min. Methyl acetate (143 mL) and water (37 mL)
were added, and the resulting biphasic mixture was cooled to
0–5 °C. A solution of 5% sodium hypochlorite (81.0 g, 54.4
mmol) was charged over 90 min while maintaining the internal
temperature at 0–5 °C. The reaction mixture was stirred at 0–5
°C until the HPLC area % of the alcohol 2 was <1% relative
to the intermediate aldehyde 11. The reaction then was quenched
by the addition of ethanol (4.75 mL, 82.0 mmol, 2.10 equiv),
and the biphasic solution was warmed to 20–25 °C over 30
min. The phases were separated, and the organic layer was
passed through a 0.5 µm filter. The solution was cooled to 0–5
°C, and dimethylamine (39 mL of a 2 M solution in THF, 78.0
mmol) was charged. The reaction mixture was stirred for 10–15
min, and sodium triacetoxyborohydride (10.8 g, 50.7 mmol,
1.30 equiv) was added in one portion. Once the temperature
rise had subsided, the reaction mixture was warmed to 20–25
°C. The reaction mixture was held at 20–25 °C for 15 min.
The reaction was quenched by the addition of water (72 mL)
and stirred for 20 min. The aqueous layer was separated and
back extracted with methyl acetate (30 mL). The combined
organic layers were washed sequentially with saturated sodium
bicarbonate solution (72 mL) and saturated sodium chloride
solution (72 mL). The organic phase was concentrated at <50
°C under vacuum to minimal volume. 2-Propanol (170 mL)
was charged, and the mixture was distilled at <50 °C under
vacuum to a volume of 143 mL. In a separate flask, acetyl
chloride (3.05 mL, 42.9 mmol, 1.10 equiv) was charged to
2-propanol (28 mL) at 0 °C over 15 min, followed by warming
to 20–25 °C. This HCl/2-propanol solution was charged over
30 min to the amine solution at 50 °C. The resulting suspension
was warmed to redissolve the solids by heating to 70–75 °C.
The mixture then was cooled to 62–65 °C and held for 30 min,
during which time crystallization occurred. The slurry was
cooled to 20 °C over >30 min and held for 1 h. The solids
were collected by filtration and washed sequentially with
2-propanol (28 mL) and MTBE (28 mL). The solid was dried
at 45–50 °C in vacuo to constant weight, affording 13.0 g
(77.6%) of 13 as a beige solid. Mp: 211.0–212.0 °C. 1H NMR
(d6-DMSO, 400.13 MHz) δ 10.60 (s, 1H), 8.40–8.38 (m, 1H),
8.06 (d, J ) 8.59 Hz, 1H), 7.89 (d (br), J ) 8.34 Hz, 2H), 7.79
(s (br), 1H), 7.74 (dd, J ) 8.59, 1.51 Hz, 1H), 7.39 (d (br), J
) 8.34 Hz, 2H), 3.26–3.18 (m, 1H), 3.11–3.03 (m, 1H), 2.75
(s, 6H), 2.31 (s, 3H), 2.20–2.14 (m, 1H), 1.49–1.40 (m, 1H),
1.34–1.27 (m, 1H), 1.13–1.07 (m, 1H); 13C NMR (d6-DMSO,
100.62 MHz) δ 145.98, 136.10, 133.71, 130.73, 130.41, 128.02,
126.83, 125.35, 124.06, 123.59, 119.20, 114.29, 105.91, 59.53,
41.45, 21.06, 16.47, 12.86, 12.02. Anal. Calcd for
C22H24ClN3O2S ·½H2O: C, 60.19; H, 5.74; N, 9.57; S, 7.30;
Cl, 8.08. Found: C, 60.50; H, 5.64; N, 9.44; S, 7.47; Cl, 8.02.
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Preparation of 3-((1S,2S)-2-Dimethylaminomethylcyclo-
propyl)-1H-indole-5-carbonitrile hydrochloride (1). A sus-
pension of 3-((1S,2S)-2-dimethylaminomethylcyclopropyl)-1-
(toluene-4-sulfonyl)-1H-indole-5-carbonitrile 13 (8.00 g, 18.6
mmol), THF (24 mL), and 50 wt % NaOH aqueous solution
(30.2 g, 20.0 mL, 378 mmol, 20.3 equiv) under argon was
warmed to 67–70 °C and held for 3 h. The resulting slurry was
cooled to 40–45 °C, and water (72 mL) was added while
maintaining the temperature <50 °C. The slurry was cooled to
35 °C, and THF (9 mL) and MTBE (32 mL) were added. The
mixture then was cooled to 20–25 °C. The phases were
separated, and the organic phase was concentrated to 2.5 mL/g
(20 mL) by distillation under atmospheric pressure. The mixture
was diluted with THF/MTBE (1:1) (80 mL) and concentrated
to a volume of 5 mL/g (40 mL). Ethanol (80 mL) was added,
and the mixture then was concentrated under atmospheric
pressure to 4.5 mL/g (46 mL). THF (32 mL) was added to the
batch. In a separate flask, acetyl chloride (1.39 mL, 19.5 mmol,
1.05 equiv) was charged to EtOH (8 mL) at 0–5 °C, and the
resulting HCl/EtOH solution was stirred for 30 min. This HCl
solution was added to the solution of the free base of 1 at 55–60
°C, followed by addition of MTBE (19 mL) while maintaining
the temperature >50 °C. The resulting slurry was cooled to
20–25 °C over 30 min and stirred for 72 h. The solids were
collected by filtration and washed with 1:1 THF/MTBE (2 ×

16 mL). The cake was dried at 45–50 °C in vacuo to constant
weight, affording 3.8 g (74%) of 1 as an off-white solid. Mp:
176.5–177.5 °C. 1H NMR (d6-DMSO, 400.13 MHz) δ 11.61
(s, 1H), 10.87 (s (br), 1H), 8.25 (s, 1H), 7.49 (d, J ) 8.59 Hz,
1H), 7.41 (dd, J ) 8.59, 1.51 Hz, 1H), 7.32 (d, J ) 1.51 Hz,
1H), 3.24–3.07 (m, 2H), 2.82–2.68 (m, 6H), 2.20–2.13 (m, 1H),
1.37–1.27 (m, 1H), 1.17–1.10 (m, 1H), 1.06–1.00 (m, 1H); 13C
NMR (d6-DMSO, 125.77 MHz) δ 137.88, 127.08, 124.30,
123.84, 123.76, 120.83, 116.22, 112.70, 100.37, 59.73, 41.52,
41.34, 16.02, 12.83, 12.39. Anal. Calcd for C15H18ClN3: C,
65.32; H, 6.57; N, 15.23; Cl, 12.85. Found: C, 65.03; H, 6.62;
N, 15.23; Cl, 12.92.
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