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Procedure

A. N-Benzyl-1-(trimethylsilyl)methanamine: A dry 2-L, three-necked,
round-bottomed flask equipped with a 7.5-cm Teflon-coated magnetic stir
bar, a rubber septum, an internal thermometer and a reflux condenser fitted
with a nitrogen inlet (Note 1, Note 2) is charged with acetonitrile (500 mL).
The stirring is started and benzylamine (43.7 mL, 42.9 g, 400 mmol,
2.0 equiv) is added via syringe, followed by (chloromethyl)trimethylsilane
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(27.9 mL, 24.5 g, 200 mmol, 1.0 equiv) via syringe over 5 min (Note 3). The
mixture is heated on a 2000-mL hemispherical Glas-Col heating mantle
using a J-Kem temperature controller until an internal reaction temperature
of 84 °C is achieved (AT =95 °C per hour, 40 min total time). After 20 min at
this temperature, the mixture begins to precipitate a white crystalline solid
(Note 4). The reaction is maintained at this temperature for 15.5 h and is
monitored by TLC analysis on silica gel with 20% EtOAc/hexanes as eluent
and visualization with acidic ammonium molybdate and ultraviolet
radiation (254 nm) (Note 5). The benzylamine starting material has R =
0.00-0.21 (blue, UV active), while the product has R, = 0.08-0.40 (weak to no
stain, UV active).

The reaction is cooled to room temperature by allowing reaction
mixture to cool slowly over 90 min, vacuum filtered through a one-half inch
pad of Celite on a 60 mL medium porosity sintered filtration funnel and
rinsed with 100 mL of hexane before being concentrated by rotary
evaporation (35 °C, 75 mmHg) to a volume of ca. 100 mL (Note 6). The
resulting liquid is suspended between hexane (250 mL) and water (250 mL)
and transferred to a 1-L separatory funnel. The organic phase is removed
and the aqueous phase is extracted with hexane (2 x 250 mL). The combined
organic phases are washed with saturated aqueous sodium chloride
(100 mL), dried over anhydrous magnesium sulfate (ca 20 g) and filtered
through a one-half inch pad of Celite on a 60 mL medium porosity glass
filtration funnel. The solvent is removed by rotary evaporation (35 °C,
15 mmHg) leaving a pale yellow liquid, which is transferred to a 50-mL
one-neck round-bottomed flask and purified by fractional vacuum
distillation (bp 84-94 °C/5 mmHg) over a still head apparatus featuring a 6-
cm water-cooled condenser set at 4 °C, a ground glass joint thermometer
and a cow collection adapter to give N-benzyl-1-
(trimethylsilyl)methanamine (21.0-26.1 g, 54-67%) as a colorless liquid
(Notes 7 and 8).

B. N-Benzyl-2,2,2-trifluoro-1-methoxy-N-((trimethylsilyl)methyl)ethan-1-
amine. A 250-mL, three-necked, round-bottomed flask equipped with a 3.5-
cm Teflon-coated magnetic stirbar, a rubber septum, an internal
thermometer and a reflux condenser fitted with a nitrogen inlet (Note 1) is
charged with anhydrous magnesium sulfate (12.0 g, 100 mmol, 1.0 equiv)
and p-toluenesulfonic acid (860 mg, 5.0 mmol, 0.05 equiv) via powder
addition funnel followed by dichloromethane (45 mL) and
trifluoroacetaldehyde methyl hemiacetal (41.9 mL, 52.0 g, 400 mmol,
4.0 equiv) via syringe (Note 9). The vessel is then heated on a 250-mL
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hemispherical Glas-Col heating mantle using a J-Kem temperature
controller until an internal reaction temperature of 55 °C was achieved
(AT over 15 min). N-Benzyl-1-(trimethylsilyl) methanamine (21.9 mL, 19.3 g,
100 mmol, 1.0 equiv) is added dropwise via syringe over 10 min at 45 °C
internal temperature. The suspension is maintained at this temperature for
2h and is monitored by 'H NMR (400 MHz, CDCl;), observing the
disappearance of a peak at 2.07 ppm, corresponding to the amine starting
material. The reaction is cooled to room temperature by removal of the
heating mantle, vacuum filtered through a one-half inch pad of Celite on a
30 mL medium porosity glass filtration funnel and rinsed with 50 mL of
dichloromethane before being concentrated by rotary evaporation (50 °C,
15 mmHg) (Note 10). The resulting pale yellow liquid is dissolved in 5%
EtOAc/hexane (1 mL per g) (Note 5) and applied to 200 g of Merck neutral
alumina 90 packed in a 5-cm diameter column with a 2 cm sand layer on
top. The product is eluted with 1 L of 5% EtOAc/hexane (Note 5) collecting
50 mL fractions to afford 23.9-24.3 g, (78-80%) of a colorless liquid,
consisting mainly (78-81%) of N-benzyl-2,2,2-trifluoro-1-methoxy-N-
((trimethylsilyl)methyl)ethan-1-amine, which is sufficiently pure for further
synthetic use (Note 11).

An analytically pure sample may be prepared via flash column
chromatography by dissolving the crude liquid in 1% EtOAc/hexanes
(1 mL per g) (Note 5) and applying it to Sigma-Aldrich Merck grade 9385
60 A (230-400 mesh) silica gel (10 g per g of crude material) packed in a 10-
cm diameter column with a 2 cm sand layer on top. The product is eluted
with 1% EtOAc/hexanes (Note 5) to afford N-benzyl-2,2,2-trifluoro-1-
methoxy-N-((trimethylsilyl)methyl) ethan-1-amine as a colorless liquid
(bp 100-104 °C/5 mmHg) (Note 12).

C. Ethyl 1-benzyl-trans-5-(trifluoromethyl)pyrrolidine-3-carboxylate. A 250-
mL three-necked round-bottomed flask equipped with a 3.5-cm Teflon-
coated magnetic stirbar, a rubber septum, internal thermocouple and a
nitrogen inlet (Note 1) is charged with dichloromethane (105 mL). N-
Benzyl-2,2,2-trifluoro-1-methoxy-N-((trimethylsilyl)methyl)ethan-1-amine
(12.8 g, 41.9 mmol, 1.2 equiv) and ethyl acrylate (3.8 mL, 3.5 g, 35.0 mmol,
1.0  equiv) are then added wia  syringe.  Trimethylsilyl
trifluoromethanesulfonate (1.3 mL, 1.6 g, 7.0 mmol, 0.2 equiv) is added
dropwise via syringe (Note 13). The reaction is stirred at room temperature
for 16 h and is monitored by TLC analysis on silica gel with 5%
EtOAc/hexane as eluent and visualization with potassium permanganate
(Note 4). The hemiaminal starting material has R, = 0.75 (yellow), while the
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product has R = 0.31 (yellow). The reaction is quenched at room
temperature by addition of saturated aqueous NaHCO; (100 mL) from a
measuring cylinder and is transferred to a 500-mL separatory funnel (Note
14). The organic phase is removed and the aqueous phase is extracted with
dichloromethane (2 x 100 mL). The combined organic phases are dried over
anhydrous magnesium sulfate (ca 10 g) and filtered through a one-half inch
pad of Celite on a 30 mL medium porosity glass filtration funnel (Note 10).
The solvent is removed by rotary evaporation (35 °C, 15 mmHg) leaving a
pale yellow liquid which is dissolved in 1% EtOAc/hexane (1 mL per g)
(Note 5) and applied to 500 g of Sigma-Aldrich Merck grade 9385 60 A (230-
400 mesh) silica gel packed in a 10-cm diameter column. The product is
eluted with 2 L of 1% EtOAc/hexanes followed by 5 L of 2% EtOAc/hexane
(Note 5) to afford ethyl 1-benzyl-trans-5-(trifluoromethyl) pyrrolidine-3-
carboxylate (3.54-4.93 g, 34-47%) as a colorless liquid (bp 104-
108 °C/5 mmHg) (Notes 15, 16 and 17).

Notes

1. All glassware is oven-dried at 200 °C overnight and allowed to cool to
ambient temperature under nitrogen, which is maintained throughout
the course of the reaction.

2. A glass inlet is recommended. Use of a septum and needle resulted in
corrosion of the needle and incorporation of red color in the reaction
mixture, due to evolution of hydrochloric acid during the reaction.

3. Water content in acetonitrile (EMD, HPLC grade, 99.9%) was measured
by Karl Fisher titration prior to use, found to contain 50-80 ppm water,
and was used as received. Benzylamine (99.5+%) was obtained from
Sigma-Aldrich and used as received. Chloromethyltrimethylsilane
(98%) was obtained from Oakwood Products Inc. and used as received.

4. Agitation must be sufficient to prevent precipitated solids from sticking
to internal thermocouple. Significant aggregation of solids was found
to result in overall lower yield (64-70% crude weight-adjusted yield as
measured by Quantitative-NMR versus benzyl benzoate internal
standard).

5. Hexane (Sigma-Aldrich, HPLC >98.5%) and EtOAc (Sigma-Aldrich,
anhydrous 99.8%) were used as received with no further purification.
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Celite 545 filter agent (Sigma-Aldrich) wetted with ca. 20 mL hexane
prior to filtration.

Distillation was performed by warming the reaction mixture using a
bath composed of Aluminum beads at bath temperature of 130-170 °C;
the collection flasks were cooled to 0 °C. Desired product was observed
to distill at head temperature of 84-94 °C; residual solvent (hexane) was
observed in early fractions and was discarded. The distillation was
stopped after six hours, leaving some residual product behind (7-12%
by Quantitative-NMR versus benzyl benzoate internal standard,
observed in all experiments). Total isolated yield is variable, dependent
on apparatus and total distillation time.

The compound displays the following physical and spectral properties:
'H NMR (400 MHz, CDCL,) &: 0.06 (s, 9 H), 1.17 (br, 1 H), 2.07 (s, 2 H),
3.82 (s, 2 H), 7.24-7.28 (m, 1 H), 7.31-7.37 (m, 4 H); *C NMR (100 MHz,
CDCl,) &: 2.6, 39.5, 58.1, 126.8, 128.1, 128.3, 140.6; FTIR (neat, v, cm™)
3028 (w), 2954 (w), 2894 (w), 2780 (w), 1490 (w), 1450 (m), 1355 (w),
1250 (s), 1181 (w), 1102 (w), 1075 (w), 1030 (w), 850 (s), 836 (s), 765 (w),
734 (s), 694 (s), 670 (w); R, 0.10-0.40 (20% EtOAc/hexane); HRMS (ESI+)
calculated for C;;H,,NSi [M+H]" 194.1365, found 194.1364. Anal. Calcd.
for C;;H,,NSi: C 68.33, H 9.90, N 7.24, Si 14.52; found C 68.29, H 9.87,
N 7.17, 51 14.47.

Dichloromethane (Sigma-Aldrich, HPLC grade 299.9%) was measured
by Karl Fisher titration prior to use, found to contain <50 ppm water,
and was used as received. Trifluoroacetaldehyde methyl hemiacetal
(technical grade, >90% by 'H NMR) was purchased from Oakwood
Products Inc. and was used as received. p-Toluenesulfonic acid
monohydrate (>98.5%) was purchased from Sigma-Aldrich and was
dried by Dean-Stark azeotropic distillation in toluene prior to use (after
treatment, contains 1.7% water by Karl Fisher titration using Metrohm
KF oven). Magnesium sulfate (laboratory reagent grade) was purchased
from Fisher scientific and dried in an oven at 200 °C overnight prior to
use (after treatment, contains <0.1% water by dry Karl Fisher titration
using Metrohm KF oven).

Celite 545 filter agent (Sigma-Aldrich) wetted with ca. 5 mL
dichloromethane prior to filtration.

Submitters isolated higher purity product (>90%) in overall lower yield
(65-71%) indicating variability in retained versus discarded fractions
and efficiency of chromatography. Crude weight-adjusted reaction
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yield is 69-75% as measured by Quantitative-NMR analysis versus
benzyl benzoate internal standard.

Purification on silica gel gives analytically pure product, but lower
recovery of material (less than can be accounted for by simply removing
the impurities), suggesting that the compound may be unstable to silica
chromatography. The product proved intractable to distillation and co-
distills with byproducts observed in the crude material. The compound
displays the following physical and spectral properties: 'H NMR
(400 MHz, CDCl;) 8: 0.08 (s, 9 H), 2.30 (d, J=15.1 Hz, 1 H), 2.38 (d, ] =
15.1 Hz, 1 H), 3.48 (s, 3H), 3.81 (d, ] =139 Hz, 1 H), 3.94 (d, ] = 139 Hz,
1H),4.15(qd, J=5.7, 1.5 Hz, 1 H), 7.28-7.31 (m, 1 H), 7.33-7.37 (m, 4 H);
C NMR (100 MHz, CDCl,) é: 1.4, 40.0, 56.4, 57.6, 89.5 (q, ] = 30.4 Hz),
124.1 (q, ] = 290.0 Hz), 127.3, 128.5, 128.7, 138.7; ’F NMR (376 MHz,
CDCl;) &: -76.0 referenced externally to CFj-toluene; the submitters
report a chemical shift of -73.3 ppm; FTIR (neat, v,,, cm™) 2954 (w),
2830 (w), 1490 (w), 1455 (w), 1373 (w), 1268 (m), 1245 (m), 1150 (s), 1121
(s), 1089 (s), 1071 (s), 1024 (w), 990 (w), 968 (w), 837 (s), 763 (w), 739 (m),
721 (w), 697 (s); R, 0.75 (5% EtOAc/hexanes); HRMS (ESI+) calculated
for C;,H,;,NOF;Si [M+H]" 306.1501, found 306.1515. Anal. Calcd. for
C,,H,,NOF.Si: C 55.06, H 7.26, N 4.59, F 18.66, Si 9.20; found C 54.82, H
6.98, N 4.78, F 17.83, 51 9.14.

Dichloromethane (Sigma-Aldrich, HPLC grade 299.9%) was measured
by Karl Fisher titration prior to use, found to contain <50 ppm water,
and was used as received. Ethyl acrylate (99% with 10-20 ppm MEHQ
as inhibitor) was obtained from Sigma-Aldrich and was used as
received. Trimethylsilyl trifluoromethanesulfonate (99%) was obtained
from Fluka (Sigma-Aldrich) and was used as received.

During quench with aqueous sodium bicarbonate a small exotherm was
observed, reaching maximum temperature of 23 °C.

Weight-adjusted crude yield before chromatography is 5.17-6.67 g (49-
64%) as measured by Quantitative-NMR versus benzyl benzoate
internal standard. Submitters’ isolated yield was 5.01-5.48 g (47-52%).
After using 5 L of 2% EtOAc/hexane, impure fractions containing
product continued to elute from the chromatography column.
Discrepancies in yield may be due to variability in discarded versus
retained fractions, or due to the volatility of the desired product.

A small fraction of the desired product is recovered as a mixture with
other diastereo-/regio-isomers, which may be re-purified to improve
the isolated yield. The isomers form in a 30:5:5:1 ratio (2,4 anti : 2,4 syn :
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2,3 anti : 2,3 syn) as previously reported.” The compound displays the
following physical and spectral properties: 'H NMR (400 MHz, CDCl,)
8:1.24 (t, J=7.1Hz, 3 H), 223 (ddd, ] =13.4,7.9, 2.9 Hz, 1 H), 2.35 (m,
1H), 2.59 (app t, ] = 9.3 Hz, 1 H), 3.13 (m, 1 H), 3.20 (app t, ] = 7.7 Hz,
1H), 3.45 (dqd, J = 10.3, 7.0, 3.1 Hz, 1 H), 3.64 (d, ] = 13.3 Hz, 1 H),
413 (app qd, J = 7.1, 2.1 Hz, 2 H), 420 (d, ] = 13.2 Hz, 1 H), 7.28 (t, ] =
42 Hz, 1 H), 7.33-7.34 (app d, ] = 4.5 Hz, 4 H); °C NMR (100 MHz,
CDCly) &: 14.1, 294 (q, J = 2.0 Hz), 42.2, 56.2, 59.5, 60.9, 63.2 (q, | =
29.4 Hz), 126.8 (q, ] = 280.3 Hz), 127.3, 128.4, 128.5, 138.4 (C4), 173.0; °F
NMR (376 MHz, CDCl,) §: —-78.8 (CF,); FTIR (neat, v, cm™) 2980 (w),
2814 (w), 1730 (s), 1455 (w), 1390 (w), 1373 (w), 1279 (m), 1139 (s), 1110
(m), 1028 (m), 925 (w), 860 (w), 742 (m), 699 (s); R 0.47 (10%
EtOAc/hexanes); HRMS (ESI+) calculated for C;sH;;NO,F, [M+H]*
302.1368, found 302.1378. Anal. Calcd. for C;;H;{NO,F;: C 59.79, H 6.02,
F 18.92, N 4.65, found C 59.53, H 5.95, F 19.80, N 4.79.

Handling and Disposal of Hazardous Chemicals

The procedures in this article are intended for use only by persons with
prior training in experimental organic chemistry. All hazardous materials
should be handled using the standard procedures for work with chemicals
described in references such as "Prudent Practices in the Laboratory" (The
National Academies Press, Washington, D.C., 2011 www.nap.edu). All
chemical waste should be disposed of in accordance with local regulations.
For general guidelines for the management of chemical waste, see Chapter 8
of Prudent Practices.

These procedures must be conducted at one's own risk. Organic
Syntheses, Inc., its Editors, and its Board of Directors do not warrant or
guarantee the safety of individuals using these procedures and hereby
disclaim any liability for any injuries or damages claimed to have resulted
from or related in any way to the procedures herein.

Discussion

The introduction of fluorine into molecular scaffolds targeted by the
pharmaceutical, agrochemical and materials chemistry sectors can confer
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superior property profiles compared to their non-fluorous congeners.* The
unison of methods generating rapid complexity with simple fluorinated
starting materials is a strategy that offers the potential to deliver interesting
building blocks.” Furthermore, the presence of fluorine in such complexity-
generating reactions provides an interesting means to control chemo-,
regio-, diastereo- and even enantioselectivities through steric and electronic
effects.

With regard to azomethine ylides® bearing a trifluoromethyl group, few
approaches are known. Those that are present in the literature are generally
not shown to be broad of scope and suffer from longevity of starting
material preparation. Meffert reports trapping of a geminally disubstituted
trifluoromethylated azomethine ylide derived from a parent azlactone with
dimethylacetylenedicarboxylate.” Tanaka et al report a thermal ring
opening/1,3 dipolar cycloaddition approach from acyl-trifluoromethylated
aziridines. ® While Viehe assessed 1,3 dipolar cycloadditions of ylides
derived from trifluorothioacetamides;’ a process which Domingo later
studied computationally."

The ylide precursor reported here is prepared in a straightforward
fashion in two synthetic steps from bulk, readily available starting
materials. Furthermore it has been shown to perform well in cycloaddition
reactions with a set of dipolarophiles that are typically used in these types
of processes, including mono-, di- and tri-substituted alkenes, alkynes and
diimides. Seemingly, the CF; group helps impart useful levels of regio- and
diastereo-control, with a clear preference for the least sterically encumbered
transition state; leading to the 2,4 anti pyrrolidines and 2,4 substituted 3-
pyrrolines as the major isomers which are generally isolable from the
mixture by flash column chromatography.?
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Table 1. Examples of the substrate scope of 1,3 dipolar cycloaddition
reactions using the trifluoromethylated azomethine ylide

R R
OMe Me3SiOTf (20 mol%) {@ ® dipolarophile
-~ SNPCF
TMS™ "N° "CF3 CH.CI B 3 CF
Bn 2Cl, 1t n N 3
trifluoromethylated Bn
azomethine ylide
dipolarophile major product yields and selectivities
o O y CF3
83% vyield
Et—N_ | Et—N N-Bn 1 diastereomer
o o H
CO,Me COMe .
| Bn—N;j . d83 % yield
iastereomer
COgMe F COzMe
3
CO,Et CO,Et
\g Bn—N;j 74% yield
lI'COZEt 6:1dr
EtO,C FsC
CF3
FC CFs = CF, 65% yield
8 4\3 Bn=N_ | 1 regioisomer
"“CO,Et 22:1dr
EtO,C FsC
802T0|
S0, Tol Bn—N | 74% yield
m 7:2 regioselectivity
~COEt 58% yield
CO,Et Bn—N 6:1 regioselectivity
W 30:5:5:1 dr
F3C

yield corresponds to clean samples of major isomers shown
dr reported as 2,4 anti: 2,4 syn: 2,3 anti: 2,3 syn

The cycloadducts may be N-debenzylated without incident and the 3-
pyrrolines oxidized to the corresponding pyrroles with manganese dioxide.
The ester described herein is also synthetically versatile, undergoing
hydrolysis, reduction and hydrogenolysis under standard conditions in
high yields. The adducts may be further functionalized using standard
procedures for amide coupling, tosylation/displacement, reductive
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amination and sulfonylation chemistry in high yield and without erosion of
relative stereochemistry."

RO—- 0 (0]
7 -« EtOJ/, — RHN’/Z,
g 3
CF4
’é‘n FNLCFS Q\CFS
Bn Bn
0 o]
(0]
e, 0, g0,
& - ] -
N CFS FNLCFS FII\])\CFS
R) H SO,R

Scheme 1. Synthetic uses of ethyl 1-benzyl-trans-5-(trifluoromethyl)
pyrrolidine-3-carboxylate!
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Appendix
Chemical Abstracts Nomenclature (Registry Number)

(Chloromethyl)trimethylsilane; (2344-80-1)
Benzenemethanamine; (100-46-9)
Benzenemethanamine, N-[(trimethylsilyl)methyl]-; (53215-95-5)
Ethanol, 2,2,2-trifluoro-1-methoxy-; (431-46-9)
Benzenesulfonic acid, 4-methyl-; (104-15-4)

Sulfuric acid magnesium salt (1:1); (7487-88-9)
Benzenemethanamine, N-(2,2,2-trifluoro-1-methoxyethyl)-N-
[(trimethylsilyl)methyl]; (1415606-26-6)
2-Propenoic acid, ethyl ester; (140-88-5)
Methanesulfonic acid, 1,1,1-trifluoro-, trimethylsilyl ester; (27607-77-8)
3-Pyrrolidinecarboxylic acid, 1-(phenylmethyl)-5-(trifluoromethyl)-, ethyl
ester, (3R,55)-rel-; (1415606-48-2)
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