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A simple and efficient synthesis of fluoroalkylated «-amino nitrile (4) derivatives by regioselective
1,2-addition of trimethylsilyl cyanide to fluoroalkylated a,B-unsaturated imines (1) is described. Fluo-
roalkylated B-amino nitriles (7) are also prepared by regioselective 1,2-addition of a-carbanions derived
from acetonitrile to fluoroalkylated o,B-unsaturated imines (1). Fluoroalkylated o-(4) and B-amino ni-

triles (7) are also prepared through an ‘one pot’ procedure by reaction of enaminophosphonate 2 with
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1. Introduction

Fluoroorganic compounds have received a great deal of attention
since the incorporation of a fluorine containing group into an or-
ganic molecule dramatically alters its physical, chemical and bi-
ological properties.! Special interest has been focused on developing
synthetic methods for the preparation of fluorinated building blocks
as they can be used for the efficient and/or selective preparation of
fluorine-containing molecules with commercial applications? and
interest in medicinal chemistry.> The preparation of fluorinated
analogues of amino acids has recently been used to stabilize proteins
for their application in protein-based biotechnologies,* and to the
preparation of fluorinated peptidomimetics.’

Furthermore, there is a growing need in organic synthesis for
efficient methodologies for the construction of quaternary carbon
centers® and a- and B-amino nitriles possess a wide variety of bi-
ological activities in search of new therapeutic agents,” and are
versatile compounds for generating molecular diversity and amino
acid derivatives.® The Strecker reaction,” has been widely applied to
aldimines, however few examples were reported with ketimines.°
Specifically in the case of fluorinated imines, only the asymmetric
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Strecker reaction of N-sulfinyl ketimines'!? has been described and
four examples for the addition of trimethylsilyl cyanide to fluori-
nated N-substituted ketimines in the presence of palladium aceta-

e,'° gallium triflate,"'® Lewis acids,''9 or an acid polymer''® have
been reported.

In this context, a,f-unsaturated imines (I, Scheme 1) also called
1-azadienes are a versatile family of compounds with a wide range
of applications in preparative organic chemistry.!? Besides the
well known aza-Diels—Alder reaction'® for the preparation of
six membered heterocycles and [4+1] cycloadditions for the
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Scheme 1. Fluorinated a,B-unsaturated imines (I). Templates for the preparation of
o~ and B-amino nitriles.
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synthesis of pyrroles, unsaturated imines have been extensively
used in the synthesis of several natural products.”> Moreover,
owing to their ambident electrophilic character, a,f-unsaturated
imines can either undergo (1,2)'® or conjugate (1,4)!” nucleophilic
addition processes. However, generally, the control on the regio-
selectivity, is difficult and very often the double nucleophilic ad-
dition products are obtained.'®

The simplest method for the synthesis of «,f-unsaturated im-
ines implies condensation of a,B-unsaturated carbonyl com-
pounds (1,2-addition) with primary amines.!° This method is often
complicated by Michael addition reaction (1,4-addition), espe-
cially in the case of a,f-unsaturated ketones, but can be avoided by
using the Aza—Wittig reaction®®2! of phosphazenes and has been
recently applied for the construction of a,B-unsaturated imines
derived from a-aminoesters®?® and a-aminophosphonates.?2?
Likewise, an olefination reaction of a-phosphonylated imines or
enamines with aldehydes to generate the conjugated C=C bond of
1-azadienes is usually a good alternative.?

In this context, we described the preparation of fluorine-
substituted aminophosphonates from fluorinated aziridines®* and
from enamines® and we applied this strategy for the preparation of
first stable N-unsubstituted ¢,3-unsaturated imines?® I (R=H) from
primary enaminophosphonates?” IV. Here, we report our own re-
sults concerning the preparation of fluorinated o- II and f-amino-
nitriles derivatives III (see Scheme 1).

2. Results and discussion
2.1. Synthesis of fluoroalkylated a-amino nitriles 4

Unsaturated imines 1 were prepared by deprotonation of pri-
mary enamines 2 with butyllithium, followed by the addition of
aldehydes in a stereoselective fashion and in good yields.”® For
synthetic purposes imines 1 can be used without isolation. Tri-
methylsilyl cyanide 3 in methanol was added over the fluorinated
imines 1 (Rg=CF3, CHF,, C5F5), and the reaction mixture was heated
at methanol reflux (24—36 h, see Experimental section) to give only
fluoroalkylated ¢-amino nitriles 4 in good yields keeping the trans-
configuration of the C—C double bond (Scheme 2, procedure A,
Table 1, entries 1—11). The scope of the process is very wide, be-
cause the variation of the aldehyde (R?) proved to be possible (ar-
omatic-, heteroaromatic- or cinnamaldehyde) and the fluoroalkyl
group (Rg) was not restricted to trifluoromethyl (Rg=CF3, Table 1,
entries 1—6) or perfluoroethyl (Rg=C,Fs, Table 1, entries 10, 11)
given that difluoromethyl-substituted derivatives (Rg=CHF,, Table
1, entries 7—9) can also be prepared. Formation of fluoroalkylated
a-amino nitriles 4 involves a regioselective 1,2-addition of cyanide
3 to o,B-unsaturated imines 1 (see Scheme 2). Conjugate addition
(1,4-addition) of trimethylsilyl cyanide 3 was not detected.

NH
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RZV\CN
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R' 4 Procedure A 4
BuLi, 0°C R'= H; Rg=CF;
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Scheme 2. Synthesis of fluoroalkylated ¢-amino nitriles 4 and o-amino acid 5.

Table 1
Fluoroalkylated o-amino nitriles 4
Entry Compound R' R? Re Yield(%)?
1 4a H p-Me—CgHy4 CF5 81 (85)°
2 4b H CF3 78 (83)°
/\
BN
3 4c H CF3 68
/\
BN
4 ad H e CF3 84
5 4e Me p-Me—CgHy CF3 69
6 af Me p-NO,—CgHy CF; 65 (70)°
7 4g H p-Me—CgHy4 CHF, 78 (83)°
8 4h H p-F—CgH, CHF, 82(86)°
9 4i Me p-Me—CgHy4 CHF, 58 (62)°
10 4j H p-Me—CgHy4 C,Fs 62 (66)°
11 4k Me p-NO,—CgHg4 CyoF5 58

2 Yield of isolated purified compounds obtained from 1 (procedure A).
b Yield obtained from 2 (procedure B).

These o-amino nitriles 4 can also be prepared through treatment
of enaminophosphonates®® 2 with BuLi, addition of aldehydes 2 and
subsequent addition of the cyanide 3 (Scheme 2, Procedure B, Table 1,
entries 1, 2, 6—10). Nitrile hydrolysis was first tried with hydrochlo-
ride acid (4 M), and a very complex reaction mixture was obtained.
However, basic hydrolysis of a-amino nitrile 4c (R'=H; R>=2-thienyl;
Rg=CF3) with NaOH in refluxing methanol gave a-amino acid 5 in low
yield (32%). As far as we know, N-unsubstituted fluoroalkylated o-
amino nitriles 4 were described and obtained by the first time.

2.2. Synthesis of fluoroalkylated B-amino nitriles 7

The versatility of a,8-unsaturated imines as starting materials
for the preparation of acyclic compounds being known, the syn-
thetic applications of these substrates a,f-unsaturated imines 1 as
intermediates in the preparation of B-amino nitriles was also ex-
plored. Addition of the C-a carbanion derived from acetonitrile 6
at —78 °C over azadienes 1, and after the reaction mixture was
allowed to warm to room temperature, gave trifluoromethylated
B-amino nitrile 7 (Scheme 3, Procedure A, Table 2, entries 1-5) in
aregioselective fashion. The formation of this functionalized nitrile
7 involves a selective 1,2-addition of the C-a carbanion derived
from acetonitrile 6 to the C=N imine moiety of a,f-unsaturated
imine 1 with the formation of adducts 7. Fluorinated B-amino
nitriles 7 may also be prepared from enaminophosphonate?® 2
with BulLi, addition of aldehydes and subsequent addition of the
C-o. carbanion derived from acetonitrile 6 (Scheme 3, Procedure B,
Table 2, entries 1—4). The scope of this process for the preparation
of amino nitriles 7 is wide, because variation of aldehyde (R')
proved to be aromatic or heteroaromatic, and trifluoromethyl-

NH NH
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RZ/\)LRF 3 (6) o2 WCN
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Procedure A R
BuLi, 0°C 1.BuLi, 000/ R27N0
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Scheme 3. Synthesis of fluoroalkylated B-amino nitriles 7.
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Table 2

Fluoroalkylated B-amino nitriles 7
Entry Compound R R? Re Yield(%)?
1 7a H p-Me—CgH,4 CF5 56 (60)°
2 7b H p-NO,—CgHy CF3 52 (55)°
3 7c CHs; p-Me—CgHa CF5 53 (57)°
4 7d H p-F—CgHa CHF, 50 (53)°
5 7e H

@ CoFs 25
@]

2 Yield of isolated purified compounds obtained from 1 (procedure A).
b Yield obtained from 2 (procedure B).

(Rp=CF3) difluoromethyl- (Rg=CHF,) and pentafluoroethyl-
substituted compounds (Rp=C;F5) can also be prepared.

Amino nitriles are excellent intermediates in preparative organic
synthesis for generating molecular diversity and amino-acid de-
rivatives, and we used fluorinated $-amino nitrile 7a for the synthesis
of fluorinated f-amino acid and fluorinated diamine. Basic hydrolysis
of B-amino nitrile 7a (R'=H, R*=p-Me—CgHa; Rp=CF3) with NaOH
(25%) in refluxing methanol gave f-amino acid 8 in moderate yield
(54%), while the selective nitrile reduction of f-amino nitrile 7a with
LiAlH4 in ether led to the formation of functionalized fluoromethylated
diamine 9 in excellent yield (93%). In both compounds 8 and 9 the
trans-configuration of the C—C double bond is retained (Scheme 4).

N2 M '\cl)arf/)g?c N2
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CF, 54% FsC
7a R?=p-Me-CgHy4 8
LiAIH,/
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9

NH,

Scheme 4. Synthesis of trifluoromethylated f-amino acid 8 and diamine 9.

3. Conclusion

In conclusion, this account describes a very simple, mild and
convenient strategy for the preparation of B-trifluoromethyl-,
B-difluoromethyl- and perfluoroethyl- substituted o- and B-amino
nitrile derivatives by simple regioselective 1,2-addition of trime-
thylsilyl cyanide or metallated acetonitrile to fluoroalkylated
a,p-unsaturated imines 1. These new fluorinated amino nitriles
could be very interesting starting materials for the preparation of
new fluorinated diamines, fluoroalkylated amino acids and fluorine
containing peptidomimetics, in which the fluoroalkyl substituents
could stabilize the corresponding biologically active peptides or
proteins.>” Fluoroalkylated o- and B-amino nitrile can also be
prepared by olefination reaction of enaminophosphonate 2 with
base (BulLi), addition of aldehydes and subsequent addition of tri-
methylsilyl cyanide or metallated acetonitrile. High chemical di-
versity can be achieved because the variation of the aldehyde (R?),
fluoroalkyl group (Rg) proved to be possible. Additional diversity
can be introduced with the nitrile reagent, given that by means of
trimethylsilyl cyanide o-amino nitriles can be prepared, whereas
with the use of metallated acetonitrile f-amino nitriles can be
obtained. Amino nitrile derivatives (o, p)”® are important building

blocks in organic synthesis and in the preparation of biologically
active compounds of interest in medicinal chemistry.

4. Experimental section
4.1. General methods

Solvents for extraction and chromatography were of technical
grade. All solvents used in reactions were freshly distilled. All other
reagents were recrystallized or distilled as necessary. All reactions
were performed under an atmosphere of dry nitrogen. Melting
points are uncorrected. FT-IR spectra were obtained as solids in KBr
or as neat oils in NaCl. Mass spectra (MS) were made by electron
impact (EI) at an ionizing voltage of 70 eV or by chemical ionization
(Ch.'H (300, 400 MHz), 3C (75, 100 MHz) and 3'P NMR
(120,160 MHz) spectra were recorded on a 300 MHz or 400 MHz
spectrometers, respectively, in CDCl3, as specified below. Chemical
shifts (0y) are reported in parts per million (ppm), relative to TMS as
internal standard. All coupling constants (J) values are given in
hertz. Chemical shifts (dc) are reported in parts per million (ppm),
relative to CDCl3, as internal standard in a broad band decoupled
mode. The abbreviations used are as follows: s, singlet; d, doublet;
dd, double—doublet; t, triplet; q, quartet; m, multiplet. Coupling
constants (J) are reported in Hertz. All the NH and NH; exchanged
with D;0. Flash-column chromatography was carried out using
commercial grades of silica-gel finer than 230 mesh. Analytical thin
layer chromatography (TLC) was performed on precoated silica-gel
60 Fy54 plates, and spot visualization was accomplished by UV light
(254 nm) or KMnOy4 solution. Unsaturated imines 1 were prepared
according to literature procedure.®

4.2. General procedure for the synthesis of fluoroalkylated
camino nitriles 4

General procedure A: TMSCN (0.27 mL, 2 mmol) was added to
a solution of fluoroalkyated a,B-unsubstituted imine 1 (1 mmol) in
anhydrous methanol (15 mL). The mixture was heated at methanol
reflux until TLC showed the disappearance of the fluorinated a,B-
unsaturated imine 1 (24—30 h). Then, the solvent was evaporated
under vacuum and the crude product was purified by chromatog-
raphy using silica-gel (hexane/ethyl acetate).

General procedure B: Butyllithium (1.6 M in hexanes) (0.65 mL,
1 mmol) was added to a solution of corresponding B-enamine
phosphonate 2 (1 mmol) in anhydrous THF (6 mL) at 0 °C under
nitrogen atmosphere. The mixture was stirred for 1 h at the same
temperature. Then, a solution of corresponding aldehyde (1 mmol)
in THF (6 mL) was added and the reaction was stirred at room
temperature until TLC showed the disappearance of 2 (7—8 h).
Then, the solvent was evaporated under vacuum and the crude
residue was solved with anhydrous methanol (15 mL). TMSCN
(0.27 mL, 2 mmol) was added and the mixture was heated at
methanol reflux until TLC showed the disappearance of fluorinated
a,B-unsubstituted imine 1 (24—30 h). Then, the solvent was evap-
orated under vacuum and the crude product was purified by
chromatography using silica-gel (hexane/ethyl acetate).

4.2.1. 2-Amino-4-p-tolyl-2-(trifluoromethyl)but-3-enenitrile
(4a). Compound 4a was obtained as a white solid (195 mg, 81%)
from imine 1, from enaminophosphonate 2 (204 mg, 85%) as de-
scribed in the general procedure. Mp 51-52 °C. Ry 0.47 (hexane/
ethyl acetate, 7/3). IR (KBr)vmax 3394, 3332, 2921, 2219, 1180 cm ™ ';
'H NMR (CDCl3) 6 2.17 (s, 2H, NH3), 2.36 (s, 3H, CH3), 6.06 (d,
3Jun=15.9 Hz, 1H,=CH), 7.15 (d, *Juy=15.9 Hz, 1H,=CH), 7.17 (d,
3Jun=7.9 Hz, 2H, Har), 7.33 (d, 3Jy4=7.9 Hz, 2H, Har) ppm; >C NMR
(CDCl3) & 213, 594 (q, ¥Jre=317 Hz), 116.4, 117.3, 122.6 (q,
1ec=284.5 Hz), 1272, 129.6, 1313, 137.7, 139.8 ppm; 'F NMR
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(CDCl3) 6 —79.4 ppm; MS (EI): m/z 240 (M*, 19); Anal. Calcd for
C12H11F3Na: C, 60.00; H, 4.62; N, 11.66. Found: C, 60.23; H, 4.70; N,
11.79.

4.3. Synthesis of 2-amino-4-(thiophen-2-yl)-2-
(trifluoromethyl)but-3-enoic acid (5)

A solution of a-aminonitrile 4¢ (0.252 g, 1 mmol) in methanol
(8 mL) and NaOH 25% (22 mL) was heated at reflux during 1.5 h
until TLC showed the disappearance of a-amino nitrile 4c. After the
reaction was completed, the solvent was evaporated under vac-
uum. The crude residue was treated with HCl 2 M (5 mL) during
30 min. The crude reaction was extracted with CH»Cl; (3x100 mL),
dried over anhydrous MgSQy, filtered and the solvent was evapo-
rated under vacuum. The product 5 was obtained as a white solid
(80 mg, 32%). Mp 178—180 °C. Rr0.25 (hexane/ethyl acetate, 7/3). IR
(KBr)ymax 3392, 3025, 1642, 1451 cm™'; "H NMR (CDCl3) 6 4.02 (s,
2H, NH,), 6.02 (d, 3Jyn=15.6 Hz, 1H,—CH), 7.06 (m, 1H, Har), 7.28 (d,
3J4u=3.2 Hz, 1H, Har), 7.40 (d, 3Jyu=5.0 Hz, 1H, Har) ppm, 7.83 (d,
3J4n=15.6 Hz, 1H,=CH); 3C NMR (CDCl3)0 49.6 (q, JJrc=21.7 Hz),
116.1, 125.2 (q, 'Jgc=260.2 Hz), 128.1, 129.5, 131.8, 139.6, 1414,
170.3 ppm; °F NMR (CDCl3) 6 —78.1 ppm; HRMS (EI*) caled for
CoHgF3NO,S [M*] 251.0228, found M251.0223.

4.4. Synthesis of fluoroalkylated B-amino nitriles 7

General procedure A: LDA (1.2 mmol) was added to a solution of
acetonitrile 6 (1 mmol) in anhydrous THF (6 mL) at —78 °C under
nitrogen atmosphere. Then, a solution of fluorinated azadiene 1
(0.214 g, 1 mmol) in dry THF was added to the solution of metal-
lated acetonitrile and the mixture was stirred at —78 °C until TLC
showed the disappearance of 1 (48—72 h). Then, the reaction was
allowed to reach room temperature and a saturated solution of
NH4CI (10 mL) was added and the organic layer was extracted with
CHyCl; (3x25 mL), dried over anhydrous MgSQy, filtered and the
solvent was evaporated under vacuum and the crude product was
purified by chromatography using silica-gel (hexane/ethyl acetate).

General procedure B: Butyllithium (1.6 M in hexanes) (0.65 mL,
1 mmol) was added to a solution of corresponding p-enamine
phosphonate 2 (1 mmol) in anhydrous THF (6 mL) at O °C under
nitrogen atmosphere. The mixture was stirred for 1 h at the same
temperature. Then, a solution of corresponding aldehyde (1 mmol)
in THF (6 mL) was added and the reaction was stirred at room
temperature until TLC showed the disappearance of 2 (7—8 h).
Then, the mixture was added to a solution of metallated acetonitrile
6 with LDA at —78 °C in THF during 1 h and the reaction was stirred
at —78 °Cuntil TLC showed the disappearance of 1 (48—72 h). Then,
the reaction was allowed to reach room temperature and a satu-
rated solution of NH4Cl (10 mL) was added and the organic layer
was extracted with CH)Cl, (3x25 mlL), dried over anhydrous
MgSO0y, filtered and the solvent was evaporated under vacuum and
the crude product was purified by chromatography using silica-gel
(hexane/ethyl acetate).

4.4.1. 3-Amino-5-p-tolyl-3-(trifluoromethyl)pent-4-enenitrile
(7a). Compound 7a was obtained as a pale brown oil from imine 1
(142 mg, 56%), from enaminophosphonate 2 (152 mg, 60%) as de-
scribed in the general procedure. Rr0.36 (hexane/ethyl acetate, 7/3).
IR (KBr)vmax 3397, 3335, 2257,1177 cm™~'; 'H NMR (CDCl3) 6 2.29 (s,
3H, CH3), 2.95 (d, 2Jyy=16.9 Hz, 1H, CHs), 3.03 (d, J=16.9 Hz, 1H,
CH,), 6.22 (d, 3Jyy=16.0 Hz, 1H,—=CH), 6.97 (d, 3J4y=16.0 Hz, 1H,—
CH), 713 (d, Juu=7.8 Hz, 2H, Har), 7.33 (d, *Jun=7.8 Hz, 2H,
Har) ppm; 13C NMR (CDCl3) 6 21.2, 26.4, 60.0 (q, ¥Jrc=27.7 Hz), 1171,
123.5,127.5 (q, 'Jrc=285.5 Hz), 127.9, 130.4, 134.2, 135.6, 139.8 ppm;
19F NMR (CDCl3) 6 —81.0 ppm; MS (EI): m/z 254 (M, 37); Anal.

Calcd for Ci3H13F3N3: C, 61.41; H, 5.15; N, 11.02. Found: C, 61.57; H,
5.19; N, 11.10.

4.5. Synthesis of 3-amino-5-p-tolyl-3-(trifluoromethyl)pent-
4-enoic acid (8)

A solution of B-aminonitrile 7a (0.254 g, 1 mmol) in methanol
(8 mL) and NaOH 25% (22 mL) was heated at reflux during 2 h until
TLC showed the disappearance of the f-aminonitrile 7a. After the
reaction was completed, the solvent was evaporated under vac-
uum. The crude residue was treated with HCl 2 M (5 mL) during
30 min. The crude reaction was extracted with CH,Cl (3x100 mL),
dried over anhydrous MgSQy,, filtered and the solvent was evapo-
rated under vacuum. The crude product was purified by chroma-
tography using silica-gel (ethyl acetate) and gave the corresponding
B-amino acid 8: obtained as a white solid (147 mg, 54%).
Mp:106—107 °C. {037 (ethyl acetate). IR (KBr)rmax 3371, 3351,
3302, 1662 cm™~'; "H NMR (CDCl3) 6 2.27 (s, 3H, CH3), 2.63 (s, 2H,
CH3), 6.20 (d, 3Jyy=16.0 Hz, 1H,=CH), 6.79 (d, 3Jjy=16.0 Hz, 1H,=
CH), 7.09 (d, 3Juu=7.8 Hz, 2H, Har), 7.27 (d, 3Juu=7.8 Hz, 2H,
Har) ppm; *C NMR (CDCl3)6 21.2, 40.2, 61.0 (q, YJpc=25.5 Hz), 125.3,
127.7 (q, Yrc=284.5 Hz), 127.8,130.3, 134.3, 134.6, 139.3, 174.0 ppm;
19F NMR (CDCl3) 6 —81.3 ppm; MS (EI): m/z 273 (M*, 29); Anal.
Calcd for C3H14F3NOs: C, 57.14; H, 5.16; N, 5.13. Found: C, 57.29; H,
5.22; N, 5.25.

4.6. Synthesis of 5-p-tolyl-3-(trifluoromethyl)pent-4-ene-1,3-
diamine (9)

A solution of B-amino nitrile 7a (0.254 g, 1 mmol) in anhydrous
ethyl ether (3 mL) was added to LiAlH4 (2.5 mmol) in anhydrous
ethyl ether (6 mL) at 0 °C under nitrogen atmosphere. The mixture
was stirred for 1 h at the same temperature until TLC showed the
disappearance of fluorinated B-amino nitrile 7a. Then, H,O was
added dropwise to the suspension, next NaOH was added and again
H,0. The mixture was filtered through Celite and concentrated
under vacuum afforded 240 mg (93%) of diamine 9, obtained as
a colorless oil. R{O .41 (ethyl acetate). IR (KBr)rmax 3370, 3330, 3296,
2926,1112 cm™'; 'TH NMR (CDCls) 6 1.76 (m, 2H, NHy), 2.13 (s, 4H, 2
CH,), 2.22 (s, 3H, CHs3), 2.70—-2.73 (m, 2H, NH;),6.01 (d,
*Juu=16.0 Hz, 1H,=CH), 6.69 (d, *Juu=16.0 Hz, 1H,=CH), 7.02 (d,
3Jun=7.6 Hz, 2H, Har), 719 (d, 3}Juy=7.6 Hz, 2H, Har) ppm; >C NMR
(CDCl3) 6 20.9, 36.0, 36.4, 60.2 (q, 'Jrc=26.1 Hz), 124.5, 126.3, 127.7
(q, Jrc=284.5 Hz), 129.1, 132.0, 132.9, 137.8 ppm; '°F NMR (CDCls)
0 —82.5 ppm; MS (EI): m/z 258 (M*, 36); Anal. Calcd for C13H7F3Na:
C, 60.45; H, 6.63; N, 10.85. Found: C, 60.24; H, 6.69; N, 10.99.
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