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Abstract The dehydration reaction of aldoximes and amides for the
synthesis of nitriles using [Et,NSF,]BF, (XtalFluor-E) is described. Over-
all, the reaction proceeds rapidly (normally <1 h) at room temperature
in an environmentally benign solvent (EtOAc) with only a slight excess
of the dehydrating agent (1.1 equiv). A broad scope of nitriles can be
prepared, including chiral nonracemic ones. In addition, in a number of
cases, further purification of the nitrile after the workup was not re-
quired.
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Nitriles are key building-blocks in organic synthesis.! In
addition, a number of pharmaceuticals or natural products
contain this functional group.?? Due to their importance,
numerous approaches have been published recently.*
Nonetheless, the main synthetic route remains arguably the
dehydration of a suitable precursor. To that effect, numer-
ous protocols have been reported over the past years using
either aldoximes® or primary amides® as starting materials.
However, most of these suffer from one or multiple draw-
backs including high temperature and/or the use of an ex-
cess of the dehydration reagent (>2 equiv). Finally, only a
few methods are mild enough to allow the synthesis of chi-
ral nonracemic nitriles.”

We have recently reported the use of diethylaminodi-
fluorosulfinium tetrafluoroborate ([Et,NSF,]BF,, XtalFluor-
E).® a crystalline solid initially developed as a deoxofluori-
nating agent with enhanced thermal stability, for the syn-
thesis of various isocyanides through the dehydration of
formamides.® We envisioned that if primary amides or ald-
oximes were used as the starting substrate instead, upon
activation with XtalFluor-E and in the presence of a base,
nitriles would be obtained (Scheme 1). Herein, we report
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N O
EtsN
)J\ or )j\ R—C=N
R™ 'H R™ "NH, EtOAc, rt,1h
26 examples
« fast reaction under mild conditions up to 99% yield

* environmentally benign solvent
e only 1.1 equiv of XtalFluor-E required
* broad substrate scope (including chiral nonracemic precursors)

this transformation. Overall, the reaction proceeds rapidly
at room temperature in an environmentally benign solvent
with only a slight excess of the dehydrating agent. In a
number of cases, further purification of the nitrile after the
workup is not necessary. Finally, this method has a large
scope, allowing the synthesis of aromatic, vinylic, aliphatic,
and benzylic nitriles including chiral nonracemic ones and
tolerates typical oxygen or nitrogen protecting groups.
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Scheme 1 Activation of amides and aldoximes with XtalFluor-E for the
synthesis of nitriles

The initial tests were performed using aldoxime 1, de-
rived from hydrocinnamaldehyde, using the conditions de-
veloped for the synthesis of isocyanides (Scheme 2).° Grati-
fyingly, performing the reaction at room temperature in-
stead of -40 °C provided within one hour reaction time, the
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desired nitrile 2 in 95% yield. At this point, since CH,Cl, has
been identified as an undesirable solvent by various phar-
maceutical solvent selection guides,!? the use of alternative
and potentially greener solvents was investigated. Both tol-
uene and EtOAc furnished 2 in excellent yields (98% and
99%, respectively). Notably, the reaction could also be per-
formed on a larger scale (6.7 mmol of 1) with similar yield.
With slightly better metrics,'® EtOAc was chosen as the op-
timal solvent. The use of the corresponding primary amide,
3, provided, under the same reaction conditions, the nitrile
2 in 74% yield (Scheme 2). A better yield of 90% could be ob-
tained in CH,Cl,. Nonetheless, EtOAc was kept as the solvent
for the rest of the studies.

from aldoxime 1

NH“OH XtalFluor-E (1.1 equiv)
/\)J\ EtsN (1.5 equiv)
CN
Ph H solvent (1 M), r.t., 1 h PN
1 2
CH.Cl, 95%
toluene 98%
EtOAc 99% (87%)?
from amide 3
o XtalFluor-E (1.1 equiv)
EtsN (1.5 equiv)
/\)k 2 (74%)
Ph NH> EtOAc (1 M), r.t., 1 h
3

Scheme 2 Initial results for the dehydration of 1 and 3 using XtalFluor-
E. 2 Reaction was performed on 6.7 mmol scale (i.e., 1.0 g) of 1.

Nearly identical results being obtained from both start-
ing materials, the scope of this reaction was studied in a
comparative fashion to identify the strengths and weak-
nesses of each precursor (i.e., aldoximes vs primary amides)
for the various classes of substrates.

First, the synthesis of aromatic nitriles was examined
(Scheme 3). The reaction proceeded well with both aldox-
imes and primary amides, though the yields were always
better for the former (6-42% higher). Higher nucleophilicity
of the aldoxime oxygen (not conjugated with the aromatic
ring) as opposed to the amide, which is conjugated with the
aromatic ring, may account for the difference of reactivity
in some cases. Overall, both electron-withdrawing and
electron-donating groups were tolerated regardless of their
position. Interestingly, a free phenol was tolerated and ni-
trile 6i was obtained in 60% from the corresponding aldox-
ime. In this case, the reaction of the primary amide provid-
ed a complex mixture of products as shown by NMR analy-
sis of the crude mixture. We hypothesized that the phenol
competes with the less nucleophilic amide for the Xtal-
Fluor-E reagent, thus leading to undesirable products. In the
case of the more nucleophilic aldoxime, this pathway does
not compete. Finally, 3-cyanopyridine (6j), a heterocyclic
nitrile, was obtained from both precursors, although more
efficiently from the aldoxime (87% vs 45% from the amide).
Practically, while most of the nitriles generated from pri-
mary amides required purification by flash chromatogra-
phy, the majority of those generated from the aldoximes
did not.

XtalFluor-E (1.1 equiv)

EtsN (1.5 equiv) CN

R—
EtOAc (1 M), rit,, 1 h Loz

CN ll l! .CN

: _CN J©/CN /©/CN
| MeO MeO,C

6a 87% (from 4a)
81% (from 5a)

F3C CN

6f 86% (from 4f)
— %P (from 5f)

6b 99% (from 4b)
61%?2 (from 5b)

O2N

69 95% (from 4g)
55% (from 59)

6¢ 99% (from 4c)
74% (from 5¢)

@ECN
OPh

6h 97% (from 4h)
61%° (from 5h)

6d 85% (from 4d)
65% (from 5d)

Ion
HO

6i 60% (from 4i)
6% (from 5i)

6e 97% (from 4e)
72% (from 5e)

6j 87% (from 4j)
45% (from 5j)

Scheme 3 Synthesis of aromatic nitriles 6 from aldoximes 4 or primary amid

es 5. 2 The reaction was run in toluene for 4 h. ® The yield could not be

determined as the desired product co-eluted with an unidentified side-product. Overlaps in the NMR spectrum prevented the estimation of an NMR
yield. € The reaction time was 5 h. ¢ The crude "H NMR spectrum shows multiple unidentified products.
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The synthesis of a vinyl nitrile, 9, proceeded both from
the aldoxime 7 or the primary amide 8, but a higher yield
was observed with the former (Scheme 4). Here again, the
reaction could be performed on a larger scale (13.6 mmol of
8) with a similar result.

XtalFluor-E (1.1 equiv)
EtsN (1.5 equiv)

Ph R Ph /\/CN
EtOAc (1 M), r.t, 1h
7 R = CH=NOH 9 84% (from 7)
8 R = C(O)NH, 62% and 69%7 (from 8)

Scheme 4 Synthesis of vinyl nitrile 9 from cinnamic acid derivatives 7
and 8. @ Reaction was performed on a 13.6 mmol scale (i.e, 2.0 g) of 8.

Our attention was then turned to the synthesis of ali-
phatic nitriles (Scheme 5). In this series, the difference of
reactivity between both precursors is less obvious. For in-
stance, the synthesis of caprylonitrile (12a) and glutaroni-
trile (12b) proceeded well from the aldoximes, but poorly
from the amides. On the other hand, better yields were ob-
tained from the amides for some nitriles (e.g., 12d, 12f,
12g). Benzylic nitriles 12¢,d can be prepared from both pre-
cursors although in the case of the nitro-containing precur-
sors, the crude NMR spectrum shows multiple nonidenti-
fied products. Acid-labile alcohol protecting groups such as
TBS or MOM are well tolerated. Finally, a series of protected
piperidines were tested and showed that benzyl, Cbz, and
Boc protecting groups are all tolerated under those reaction
conditions.

Considering the challenge that represents the synthesis
of chiral nonracemic aliphatic nitriles,” we then investigat-
ed, whether or not, this methodology could be applied for

their preparation. Initially, the use of aldoximes derived
from L-valine or L-phenylalanine was considered. Unfortu-
nately, under our conditions, none of them provided the de-
sired nitriles and a complex mixture was obtained in both
cases. Unexpectedly, but fortunately, the use of primary
amides derived from L-valine (13) or L-phenylalanine (14)
as the precursor allowed for the synthesis of the corre-
sponding nitriles (Scheme 6).1-12 In all cases, no erosion of
the enantiomeric purity was observed by chiral HPLC anal-
yses. The reaction was also possible with the threonine-
derived amide 15, although in this case the use of CH,Cl, as
the solvent was required to obtain the nitrile 18 in good
yield. Interestingly, some of these nitriles have been used as
synthetic precursors for various value-added products.'?13

0 XtalFluor-E (1.1 equiv)
EtsN (1.5 equiv,
CszN\:)I\NHZ 3N (1.5 equiv) CszNYCN
) EtOAc (1 M), rt, 1h )

13 R =/-Pr 16 R = i-Pr (51%, >99% ee)
14R=Bn 17 R = Bn (70%, >99% ee)
15 R = (R)-CH(OMe)Me 18 R = (R)-CH(OMe)Me
(62%, >99% ee)?
Scheme 6 Synthesis of chiral nonracemic nitriles from primary amides

derived from protected amino acids. # Reaction was performed in
CH,Cl, for 2 h instead.

The synthesis of chiral nitriles was then extended to L-
mandelic acid and L-lactic acid derivatives (Scheme 7). The
desired nitriles 21'4 and 24'>-17 were obtained in moderate
to excellent yields (38-99%) from both precursors. Again, in
all cases, no erosion of the enantiomeric purity was ob-
served by chiral HPLC analyses.

NMOH XtalFluor-E (1.1 equiv)

Q Et3N (1.5 equiv)
)I\ or )I\ R—CN

R™ "H R™ "NH; EtOAc (1 M), rt, 1h
10a—j 11a-j 12a-j

©/\CN /@/\CN J@/\CN
MeO O,N

12¢ 52% (from 10c)
54% (from 11c)

/\/\/\/CN NC\/\/CN

12a 82% (from 10a)
19%2 (from 11a)

12b 88% (from 10b)
traces? (from 11b)

12d 90% (from 10d)
98% (from 11d)

12e traces? (from 10e)
traces? (from 11e)

12h (R = Bn): 80% (from 10h)
12f (R = TBS): 65% (from 10f) CN 85% (from 11h)

73% (from 11f
o ) 12i (R = Cbz): 88% (from 10i)

63% (from 11i)

RO CN
12g (R = MOM): 72%° (from 10g) N
98%" (from 11g) R 12j (R = Boc): 99% (from 10j)

98% (from 11j)

Scheme 5 Synthesis of aliphatic nitriles 12 from aldoximes 10 or primary amides 11. 2 The crude 'H NMR spectrum shows multiple unidentified prod-
ucts. P Crude yield.
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OMe OMe
Ph R Ph CN
19 R = CH=NOH 21 (60%, >99% ee from 19)

XtalFluor-E (1.1 equiv)

20 R = C(O)NH, EtsN (1.5 equiv)

(57%, >99% ee from 20)

EtOAc (1 M), r.t, 1h

OBn 0OBn
B _ 1 L . H
Me” R Me” CN
22 R = CH=NOH 24 (38%, >99% ee from 22)

23 R = C(O)NH (99%, >99% ee from 23)

Scheme 7 Synthesis of chiral nonracemic nitriles from L-mandelic acid
and L-lactic acid derivatives

In conclusion, we have described the dehydration reac-
tion of aldoximes and amides for the synthesis of nitriles
using XtalFluor-E. The reaction normally proceeds within
one hour at room temperature in EtOAc, an environmental-
ly benign solvent, with only a slight excess of the dehydrat-
ing agent. In a number of cases, further purification of the
nitrile after the workup is not necessary. Finally, this meth-
od has a large scope, allowing the synthesis of aromatic, vi-
nylic, aliphatic, and benzylic nitriles including chiral nonra-
cemic ones and tolerates standard oxygen or nitrogen pro-
tecting groups.

All reactions were carried out under an argon atmosphere with anhy-
drous solvents under anhydrous conditions. Unless otherwise noted,
all commercial reagents were used without further purification. TLC
analysis of reaction mixtures was visualized under UV (A = 254 nm)
or by staining with a KMnO, solution followed by heating. 'H, *C and
19F spectra were respectively recorded at 500, 125, and 470 MHz us-
ing CDCl; or DMSO-dg as the solvent at ambient temperature using
TMS ('H and 3C NMR) or residual solvent ("H and *C NMR) as the in-
ternal standards. Standard abbreviations are used to denote the mul-
tiplicities. Coupling constants J (Hz) were taken directly from the
spectra and are not averaged. High-resolution mass spectra were ob-
tained using electrospray ionization (ESI) on a time-of-flight (TOF)
spectrometer. Melting points were obtained on a melting point appa-
ratus with open capillary tubes and are uncorrected. IR spectra were
measured on a FT-IR spectrometer. Optical rotation was recorded on a
digital polarimeter with a sodium lamp at ambient temperature. Am-
ides 5c¢, 5d, 5f, 5g, 5i, 5j, 8, and 11d were obtained from commercial
sources and used as received.

Aldoximes; General Procedure

To a solution of the aldehyde in CH,Cl, (0.2 M) was added hydroxyl-
amine hydrochloride (2.0 equiv) and Et;N (4.2 equiv) and the mixture
was stirred at r.t. for 16 h. The reaction was quenched with sat. aq
NaHCO; and extracted with CH,Cl,. The combined organic layers were
washed with ag 1 M HCl, dried (MgS0,), and concentrated to give the
crude aldoxime, which was purified by flash chromatography. The
known aldoximes 1,'8 4a,°' 4b,'? 4¢,?° 4d,'8 4e,?! 4f,>? 4g,'8 4h,> 4i,*
4j,20 7,25 10a,2°> 10b,25 10c,'® 10d,2’ 10e,2’ 10f,28 10j,5" and 19%° were
synthesized following the general procedure described above.

5-(Methoxymethoxy)pentanal Oxime (10g)

5-(Methoxymethoxy )pentanoate: To a mixture of methyl 5-hydroxy-
pentanoate3® (2.0 g, 15.1 mmol, 1.0 equiv) and i-Pr,NEt (7.90 mL, 45.3
mmol, 3.0 equiv) in CH,Cl, (15 mL) at 0 °C was added chloromethyl
methyl ether (3.4 mL, 45.3 mmol, 3 equiv). The reaction mixture was
stirred at r.t. for 16 h, diluted with Et,0, washed with H,0, sat. aq
NH,CI and brine, dried (Na,SO,), and concentrated to afford methyl 5-
(methoxymethoxy)pentanoate as a yellow oil; yield: 2.46 g (92%).

IR (ATR, ZnSe): 2949, 1736, 1437, 1358 cm™.

H NMR (500 MHz, CDCly): 6 =4.61 (s, 2 H), 3.67 (s, 3 H), 3.54 (t,
J=7.4Hz, 2 H), 336 (s, 3 H), 2.36 (t, J = 7.4 Hz, 2 H), 1.76-1.69 (m, 2
H), 1.63-1.61 (m, 2 H).

13C NMR (126 MHz, CDCl,): 8 = 173.9, 96.4, 67.2, 55.1, 51.5, 33.7, 29.1,
21.7.

HRMS-ESI: m/z [M + HJ]* calcd for C;3H;gN,0: 219.1492; found:
219.1493.

To a solution of methyl 5-(methoxymethoxy)pentanoate (1.0 g, 5.6
mmol, 1.0 equiv) in CH,Cl, (10 mL) at -78 °C was added dropwise
DIBAL-H (8.4 mL, 1.5 equiv, 1 M in toluene). The resulting solution
was stirred at -78 °C for 2 h. The reaction was quenched with MeOH
(20 mL) and sat. aq Rochelle’s salt solution. The aqueous layer was ex-
tracted with CH,Cl, (2 x 20 mL). The combined organic layers were
washed with H,0 and brine, dried (MgSO,), and concentrated. To a
solution of the resulting crude product in CH,Cl, (15 mL) was added
hydroxylamine hydrochloride (778 mg, 11.2 mmol) and Et;N (3.3 mL,
23.8 mmol). The mixture was stirred at r.t. for 16 h. The reaction was
quenched with sat. aq NaHCO; and extracted with CH,Cl,. The com-
bined organic layers were washed with aq 1 M HCl, dried (MgSO,),
and concentrated to give the crude product. The residue was purified
by silica gel chromatography, eluting with hexane-EtOAc (7:3), to
give 10g as a colorless oil; yield: 365 mg (40%); Ry=0.15 (hexane-
EtOAc, 7:3; Si0,).

IR (ATR, ZnSe): 3351, 2933, 1441, 1387 cm™.

H NMR (500 MHz, CDCl,): § = 8.88 (br's, 0.5 H), 8.45 (br s, 0.5 H), 7.42
(td,J = 6.1, 1.4 Hz, 0.5 H), 6.72 (td, ] = 6.1, 1.2 Hz, 0.5 H), 4.61 (s, 2 H),
3.59-3.47 (m, 2 H), 3.49-3.01 (m, 3 H), 2.43 (m, 1 H), 2.24 (tdd, ] = 7.3,
6.1,1.2 Hz, 1 H), 1.74-1.52 (m, 4 H).

13C NMR (126 MHz, CDCl;): 8 = 152.4, 151.8, 96.4, 67.2, 55.1, 29.4,
29.2,29.1, 24.6, 23.3, 22.8.

HRMS-ESI: m/z [M + Na|* calcd for C;H;5NO;Na: 184.0944; found:
184.0878.

1-Benzylpiperidine-4-carbaldehyde Oxime (10h)

A solution of tert-butyl 4-[(hydroxyimino)methyl)piperidine-1-car-
boxylate> (300 mg, 1.3 mmol, 1.0 equiv) in HCl-1,4-dioxane (10 mL, 4
M solution) was stirred at r.t. for 2 h and the solvent was evaporated.
A mixture of the resulting crude amine hydrochloride, benzaldehyde
(148 pL, 1.4 mmol, 1.1 equiv), Et;N (454 uL, 3.2 mmol, 2.5 equiv), and
MgS0, (313 mg, 2.0 equiv) in CH,Cl, (15 mL) was stirred at r.t. for 16
h. The CH,Cl, was evaporated and the residue was dissolved in MeOH
(10 mL). NaBH, (49 mg, 1.3 mmol, 1.0 equiv) was then added and the
mixture was stirred at r.t. for 1 h. The reaction was quenched with
H,0, the solvent was evaporated, and the aqueous layer was extracted
with EtOAc. The combined organic layers were washed with brine,
dried (MgSO,), and concentrated to give the crude product, which
was purified by chromatography using hexane-EtOAc (1:1) as the
eluent to give 10h as a white solid; yield: 153 mg (54%); mp 85-88 °C;
R¢=0.1 (hexane-EtOAc, 1:1; SiO,).

IR (ATR, ZnSe): 3061, 2920, 2818, 2767, 1496, 1449, 1395 cm™".
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H NMR (500 MHz, CDCL,): & = 7.45-7.13 (m, 6 H), 6.58 (d, J = 7.1 Hz,
0.5 H), 3.52 (s, 2 H), 2.99-2.84 (m, 2 H), 2.22 (m, 1 H), 2.10-2.01 (m, 2
H), 1.77-1.74 (m, 2 H), 1.69-1.56 (m, 2 H).

13C NMR (126 MHz, CDCl3): § = 155.0, 138.0, 129.3, 128.2, 127.1, 63.4,
53.0,52.8, 36.7, 29.3, 28.67.

HRMS-ESI: m/z [M + H]" caled for C;3H;gN,0: 219.1445; found:
219.1431.

Benzyl 4-[(Hydroxyimino)methyl]piperidine-1-carboxylate (10i)
To a solution of benzyl 4-formylpiperidine-1-carboxylate3' (850 mg,
3.4 mmol, 1.0 equiv) in CH,Cl, (20 mL) was added hydroxylamine hy-
drochloride (474 mg, 6.8 mmol, 2.0 equiv) and Et;N (2 mL, 14.5 mmol,
4.2 equiv). The mixture was stirred at r.t. for 16 h. The reaction was
quenched with sat. aq NaHCO; and extracted with CH,Cl,. The com-
bined organic layers were washed with aq 1 M HCl, dried (MgSQ,),
and concentrated to give the crude product. The residue was purified
by chromatography using hexane-EtOAc (6:4) as the eluent to give
10i as a colorless oil; yield: 851 mg (95%); Ry = 0.4 (hexane-EtOAc,
6:4; Si0,).

IR (ATR, ZnSe): 3342, 2940, 2856, 1671, 1497, 1429, 1362 cm™.

H NMR (500 MHz, CDCl,): 8 =8.37 (s, 0.5 H), 7.99 (s, 1 H), 7.59-7.26
(m, 5 H), 6.55 (d, J = 6.9 Hz, 0.5 H), 5.14 (s, 2 H), 4.29-4.01 (m, 2 H),
2.90 (brs, 2 H), 2.43 (m, 1 H), 1.80 (brs, 2 H), 1.49-1.47 (m, 2 H).

13C NMR (126 MHz, CDCl3): § = 128.0, 127.9, 67.2, 43.4, 36.6, 32.0,
29.1.

HRMS-ESI: m/z [M + H|* caled for Ci4H;gN,05: 263.1343; found:
263.1323.

(S)-2-(Benzyloxy)propanal Oxime (22)

To a solution of ethyl (S)-2-(benzyloxy)propanoate3? (700 mg, 3.4
mmol, 1.0 equiv) in Et,0 (10 mL) at -78 °C was added dropwise
DIBAL-H (1 M in toluene) (4.0 mL, 1.2 equiv). The resulting solution
was stirred at —78 °C for 2 h. The reaction was quenched with H,0
and the organic layer was washed with sat. aq NaHCO;, brine and
H,0, dried (Na,SO,), and concentrated under reduced pressure. To a
solution of the crude product in CH,Cl, (35 mL) was added hydroxyl-
amine hydrochloride (467 mg, 6.7 mmol, 2.0 equiv) and pyridine (1.1
mL, 13.4 mmol, 4.0 equiv) and the mixture stirred at r.t. for 16 h. The
reaction was quenched with ag 1 M HCl and extracted with CH,Cl,.
The combined organic layers were dried (MgSO,) and concentrated to
give the crude product, which was purified by chromatography using
hexane-EtOAc (6:4) as the eluent to give 22 as a colorless oil; yield:
275 mg (46% over 2 steps); Ry=0.21 (hexane-EtOAc, 9:1; SiO,).

IR (ATR, ZnSe): 3320, 2978, 2869, 1749, 1496, 1454, 1324 cm™".

TH NMR (500 MHz, CDCl,): & = 9.78 (s, 0.25 H), 9.61 (s, 0.75 H), 7.48
(d,J=7.5 Hz, 0.75 H), 7.43-7.33 (m, 5 H), 6.95 (d, J = 6.1 Hz, 0.25 H),
4.92 (m, 0.25 H), 4.60 (dd, J = 45.2, 11.7 Hz, 0.5 H), 4.60 (dd, ] = 62.5,
11.8 Hz, 1.5 H), 4.22 (dq, J = 7.4, 6.6 Hz, 0.75 H), 1.45 (d, ] = 6.4 Hz, 3
H).

13C NMR (126 MHz, CDCL): &=154.9, 152.9, 137.8, 137.8, 128.5,
128.0, 128.0, 128.0, 127.9, 72.2, 71.6, 70.8, 68.3, 19.5, 17.9.

HRMS-ESI: m/z [M + HJ]* caled for CyH;3NO,: 180.1019; found:
180.1024.

Amides; General Procedure

A 0.2 M solution of the corresponding methyl ester in aq NH,OH (28-
30%) was stirred at r.t. for 16 h. The solvent was evaporated to afford
the amide, which was, in some cases, purified by silica gel chromatog-

raphy. The known amides 3,* 5a,* 5b,5¢ 5h,> 11a,*¢ 11b,*” 11¢*
11e,® 11h,* 11i,%° 11, 13,40 14,41 20,2 and 23** were synthesized
following the general procedure described above. Compound 5e was
synthesized following the literature.

5-[(tert-Butyldimethylsilyl)oxy]pentanamide (11f)

Following the general procedure on a 3.2 mmol scale, 11f was isolat-
ed after purification by silica gel chromatography (CH,Cl,-MeOH,
95:5) as a white solid; yield: 167 mg (23%); mp 39-41 °C; R, = 0.38
(CH,Cl,-MeOH, 95:5; Si0O,).

IR (ATR, ZnSe): 3356, 3189, 2953, 2857, 1661, 1471, 1389 cm™"

H NMR (500 MHz, DMSO-dg): & = 7.21 (s, 1 H), 6.68 (s, 1 H), 3.56 (t,
J=6.3Hz, 2 H), 2.02 (t,J=7.3 Hz, 2 H), 1.59-1.36 (m, 4 H), 0.85 (s, 9
H), 0.02 (s, 6 H).

13C NMR (126 MHz, DMSO-dg): 8§ = 174.6, 62.7, 35.2, 32.4, 26.3, 22.0,
18.4,-4.8.

HRMS-ESI: m/z [M + Na]* calcd for C;;H,5NO,SiNa: 254.1547; found:
254.1549.

5-(Methoxymethoxy)pentanamide (11g)

Following the general procedure on a 2.8 mmol scale, 11g was isolat-
ed as a yellow oil, which was used without purification; yield: 442 mg
(92%).

IR (ATR, ZnSe): 3335, 3206, 2935, 1660, 1404 cm™'.

'H NMR (500 MHz, DMSO-dg): 8 =22 (s, 1 H), 6.69 (s, 1 H), 4.53 (s, 2
H), 3.42 (t,J = 7.1 Hz, 2 H), 3.23 (s, 3 H), 2.04 (t, J = 7.1 Hz, 1 H), 1.54-
1.46 (m, 4 H).

13C NMR (126 MHz, DMSO-dg): 8 = 174.6, 96.0, 67.2, 54.9, 35.2, 29.3,
22.3.

HRMS-ESI: m/z [M + Na]* caled for C;H;5NO;Na: 184.0944; found:
184.0938.

Benzyl [(2S,3R)-1-Amino-3-methoxy-1-oxobutan-2-yl)carbamate
(15)

Methyl (2S,3R)-2-{[(Benzyloxy )carbonyl]amino}-3-methoxybutanoate:
To a solution of methyl (25,3R)-2-amino-3-methoxybutanoate hydro-
chloride*® (280 mg, 1.5 mmol, 1.0 equiv) in THF-H,0 (1:1, 10 mL) was
added Na,CO; (318 mg, 3.0 mmol, 2.0 equiv) and benzyl chlorofor-
mate (238 pL, 1.7 mmol, 1.1 equiv). The mixture was stirred at r.t. for
16 h. The reaction mixture was quenched with H,O and extracted
with EtOAc to give the crude product after evaporation of the solvent.
The crude product was purified by chromatography using hexane-
EtOAc (8:2) as the eluent to give methyl (2S,3R)-2-{[(benzyloxy)car-
bonylJamino}-3-methoxybutanoate as a colorless oil; yield: 420 mg
(99%); Ry= 0.2 (hexane-EtOAc, 8:2; SiO,).

IR (ATR, ZnSe): 3432, 3031, 2950, 1720, 1511, 1436, 1317 cm.

H NMR (500 MHz, CDCL,): § = 7.49-7.31 (m, 5 H), 5.47 (d, ] = 9.5 Hz, 1
H), 5.14 (d, J=1.1 Hz, 1 H), 4.35 (dd, J=9.5, 2.4 Hz, 1 H), 3.94 (qd,
J=63,2.4Hz, 1H),3.77 (s, 3 H), 3.28 (s, 3 H), 1.21 (d, ] = 6.3 Hz, 3 H).

13C NMR (126 MHz, CDCl,): 8=171.4, 156.7, 136.3, 128.0, 128.1,
128.0,127.6, 127.0, 67.0, 65.3, 58.5, 56.8, 52.5, 15.7.

HRMS-ESI: m/z [M + Na]* calcd for C;4H;gNOsNa: 304.1155; found:
304.1154.

Following the general procedure, from methyl (2S,3R)-2-{[(benzyl-
oxy)carbonylJamino}-3-methoxybutanoate on a 1.5 mmol scale, am-
ide 15 was isolated as a white solid, which was used without purifica-
tion; yield: 400 mg (99%); mp 154-155 °C.
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IR (ATR, ZnSe): 3370, 3304, 3199, 2979, 2930, 2822, 1660, 1612, 1539,
1422,1360 cm.

H NMR (500 MHz, DMSO-dj): 8 = 7.43-7.25 (m, 5 H), 7.13 (s, 1 H),
7.00 (d, J=9.1 Hz, 1 H), 5.04 (d, J = 2.6 Hz, 2 H), 3.97 (dd, J=9.1, 4.5
Hz, 1 H),3.63 (m, 1 H),3.21 (s, 3 H), 1.05 (d, ] = 6.3 Hz, 3 H).

13C NMR (126 MHz, DMSO-d;): & = 172.3, 156.6, 137.5, 128.8, 128.2,
128.0,76.7, 65.9, 59.3, 56.7, 16.1.

HRMS-ESI: m/z [M + Na]* calcd for C3H;gN,0,Na: 289.1159; found:
289.1159.

Dehydration of Oximes and Amides to Nitriles; General Procedure

To a solution of the aldoxime or the amide (1.0 mmol) and Et;N (1.5
mmol) in EtOAc (1 mL, 1 M) at r.t. was added XtalFluor-E® (1.1 mmol)
portionwise over ca. 2 min. The resulting solution was stirred at r.t.
for 1 h. The reaction mixture was quenched with sat. aq Na,CO; and
extracted with CH,Cl, (2 x 10 mL). The combined organic layers were
washed with H,0 and brine, dried (MgS0,), and concentrated under
vacuum to afford the crude nitrile, which was purified by flash chro-
matography, if required.

4-(tert-Butyl)benzonitrile (6a)

From aldoxime 4a, nitrile 6a was isolated as a colorless oil after puri-
fication by flash chromatography using hexane-EtOAc (1:1) as the
eluent; yield: 139 mg (87%).

From amide 5a, 6a was isolated after purification through a pad of sil-
ica gel using CH,Cl, as the eluent; yield: 99 mg (81%).

Spectral data for 6a were identical to those previously reported.*®

2-Naphthonitrile (6b)
From aldoxime 4b, nitrile 6b was isolated as a white solid without
further purification; yield: 151 mg (99%).

From amide 5b, 6b was isolated after purification by flash chroma-
tography using hexane-EtOAc (1:1) as the eluent; yield: 93 mg (61%).

Spectral data for 6b were identical to those previously reported.4®

4-lodobenzonitrile (6¢)

From aldoxime 4c, nitrile 6¢c was isolated as a yellow oil without fur-
ther purification; yield: 227 mg (99%).

From amide 5¢, 6¢ was isolated after purification by flash chromatog-
raphy using hexane-EtOAc (9:1) as the eluent; yield: 170 mg (74%).

Spectral data for 6¢ were identical to those previously reported.*

4-Methoxybenzonitrile (6d)

From aldoxime 44d, nitrile 6d was isolated as a yellow oil after purifi-
cation by flash chromatography using hexane-EtOAc (8:2) as the elu-
ent; yield: 113 mg (85%).

From amide 5d, 6d was also isolated after purification by flash chro-
matography using the same eluent; yield: 87 mg (65%).

Spectral data for 6d were identical to those previously reported.*®

Methyl 4-Cyanobenzoate (6e)

From aldoxime 4e, nitrile 6e was isolated as a brown solid without
further purification; 157 mg (97%).

From amide 5e (0.5 mmol scale), 6e was also isolated without further
purification; yield: 58 mg (72%).

Spectral data for 6e were identical to those previously reported.*®

3,5-Bis(trifluoromethyl)benzonitrile (6f)

From aldoxime 4f, nitrile 6f was isolated as a yellow oil without fur-
ther purification; yield: 103 mg (86%).

Spectral data for 6f were identical to those previously reported.*’

4-Nitrobenzonitrile (6g)

From aldoxime 4g, nitrile 6g was isolated as a yellow solid without
further purification; 140 mg (95%).

From amide 5g, 6g was isolated after purification by flash chromatog-
raphy using hexane-EtOAc (9:1) as the eluent; yield: 81 mg (55%).

Spectral data for 6g were identical to those previously reported.*’

2-Phenoxybenzonitrile (6h)

From aldoxime 4h, nitrile 6h was isolated as a colorless oil after puri-
fication by flash chromatography using hexane-EtOAc (9:1) as the
eluent; yield: 190 mg (97%).

From amide 5h, 6h was also isolated after purification by flash chro-
matography using the same eluent; yield: 118 mg (61%).

Spectral data for 6h were identical to those previously reported.*

4-Hydroxybenzonitrile (6i)

From aldoxime 4i, nitrile 6i was isolated as a colorless oil after purifi-
cation through a pad of silica gel using CH,Cl, as the eluent; yield: 71
mg (60%).

Spectral data for 6i were identical to those previously reported.*®

3-Cyanopyridine (6j)

From aldoxime 4j, nitrile 6j was isolated as a pale yellow oil without
further purification; yield: 91 mg (87%).

From amide 5j, 6j was isolated after purification by flash chromatog-
raphy using hexane-EtOAc (8:2) as the eluent; yield: 47 mg (45%).

Spectral data for 6j were identical to those previously reported.*’

Cinnamonitrile (9)

From aldoxime 7, nitrile 9 was isolated as a colorless oil after purifica-
tion by flash chromatography using hexane-EtOAc (1:1) as the elu-
ent; yield: 109 mg (84%).

From amide 8, 9 was also isolated after purification by flash chroma-
tography using the same eluent; yield: 80 mg (62%).

Spectral data for 9 were identical to those previously reported.*®

3-Phenylpropanenitrile (2)

From aldoxime 1, nitrile 2 was isolated as a colorless oil without fur-
ther purification; yield: 130 mg (99%).

From amide 3, 2 was isolated after purification by flash chromatogra-
phy using hexane-EtOAc (9:1) as the eluent; yield: 97 mg (74%).

Spectral data for 2 were identical to those previously reported.>®

Caprylonitrile (12a)

From aldoxime 10a, nitrile 12a was isolated as a yellow oil after puri-
fication through a pad of silica gel using CH,Cl, as the eluent; yield:
102 mg (82%).

From amide 11a, 12a was isolated after purification by flash chroma-
tography using hexane-EtOAc (95:5) as the eluent; yield: 24 mg
(19%).
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Spectral data for 12a were identical to those previously reported.>

Glutaronitrile (12b)

From aldoxime 10b, nitrile 12b was isolated as a yellow oil after puri-
fication through a pad of silica gel using CH,Cl, as the eluent; yield:
83 mg (88%).

Spectral data for 12b were identical to those previously reported.>

2-Phenylacetonitrile (12c)

From aldoxime 10c, nitrile 12¢ was isolated as a yellow oil after puri-
fication through a pad of silica gel using CH,Cl, as the eluent, yield: 61
mg (52%).

From amide 11c, 12c was isolated after purification by flash chroma-
tography using hexane-EtOAc (9:1) as the eluent; yield: 63 mg (54%).

Spectral data for 12c were identical to those previously reported.>

2-(4-Methoxyphenyl)acetonitrile (12d)

From aldoxime 10d, nitrile 12d was obtained as a yellow oil without
further purification; yield: 133 mg (90%).

From amide 11d, 12d was also obtained without further purification;
yield: 144 mg (98%).

Spectral data for 12d were identical to those previously reported.>

5-[(tert-Butyldimethylsilyl)oxy]pentanenitrile (12f)

From aldoxime 10f, nitrile 12f was obtained as a yellow oil after puri-
fication through a pad of silica gel using CH,Cl, as the eluent; yield:
138 mg (65%).

From amide 11f, 12f was also obtained after purification through a
pad of silica gel using the same eluent; yield: 157 mg (73%).

Spectral data for 12f were identical to those previously reported.>®

5-(Methoxymethoxy)pentanenitrile (12g)

From aldoximes 10g, nitrile 12g was obtained as a colorless oil after
purification through a pad of silica using CH,Cl, as the eluent; yield:
94 mg (67%).

From amide 11g, 12g was also obtained after purification through a
pad of silica gel using the same eluent; yield: 67 mg (44%).

IR (ATR, ZnSe): 2938, 2245, 1456, 1387 cm™'.

'H NMR (500 MHz, CDCl3): § =4.62 (s, 1 H), 3.57 (t, J=5.8 Hz, 2 H),
3.36 (s, 3 H), 2.44 (t,] = 5.8 Hz, 2 H), 1.87-1.64 (m, 4 H).

13C NMR (126 MHz, CDCl;): § = 119.6, 96.4, 66.5, 55.2, 28.6, 22.6, 17.0.

HRMS-ESI: m/z [M + H - H,0]* calcd for C;H{,NO: 126.0913; found:
126.0905.

1-Benzylpiperidine-4-carbonitrile (12h)

From aldoxime 10h (0.5 mmol scale), nitrile 12h was isolated as col-
orless oil after purification by flash chromatography using hexane-
EtOAc (1:1) as the eluent; yield: 75 mg (80%).

From amide 11h, 10h was also isolated after purification by flash
chromatography using the same eluent; yield: 171 mg (85%).

Spectral data for 12h were identical to those previously reported.>®

Benzyl 4-Cyanopiperidine-1-carboxylate (12i)

From aldoxime 10i, nitrile 12i was obtained as a pale yellow oil after
purification by flash chromatography using hexane-EtOAc (1:1) as
the eluent; yield: 214 mg (88%).

From amide 11i, 12i was also obtained after purification by flash
chromatography using the same eluent; yield: 154 mg (63%).

Spectral data for 12i were identical to those previously reported.®

tert-Butyl 4-Cyanopiperidine-1-carboxylate (12j)

From aldoxime 10j, nitrile 12j was obtained as a yellow oil without
further purification; yield: 209 mg (99%).

From amide 11j, 12j was also obtained without further purification;
yield: 206 mg (98%).

Spectral data for 12j were identical to those previously reported.®

Benzyl (S)-(1-Cyano-2-methylpropyl)carbamate (16)

From amide 13, nitrile 16 was obtained as a yellow oil after purifica-
tion by flash chromatography using hexane-EtOAc (8:2) as the elu-
ent; yield: 119 mg (51%).

HPLC: Daicel Chiralpak AD-H column; 20 °C, 254 nm, hexane-i-PrOH
(95:5), 1 mL/min; tz = 14.7 min; >99% ee.

Spectral data for 16 were identical to those previously reported.”?

Benzyl (S)-(1-Cyano-2-phenylethyl)carbamate (17)

Fom amide 14 (0.5 mmol scale), nitrile 17 was obtained as a pale yel-
low oil after purification by flash chromatography using hexane-
EtOAc (8:2) as the eluent; yield: 98 mg (70%).

HPLC: Daicel Chiralpak AD-H column; 20 °C, 254 nm, hexane-i-PrOH
(90:10), 0.8 mL/min; tz = 13.7 min; >99% ee.

Spectral data for 17 were identical to those previously reported.®?

Benzyl [(1R,2R)-1-Cyano-2-methoxypropyl]carbamate (18)

From amide 15 (0.26 mmol scale), nitrile 18 was obtained as a pale
yellow oil after purification through a pad of silica using CH,Cl, as the
eluent; yield: 40 mg (62%); [«]p?° -22.5 (c 1.0, MeOH).

HPLC: Daicel Chiralpak AD-H column; 20 °C, 254 nm, hexane-i-PrOH
(95:5), 1 mL/min; tz = 22.3 min; >99% ee.

IR (ATR, ZnSe): 3316, 2937, 2877, 2251, 1707, 1511, 1454 cm".

H NMR (500 MHz, CDCl,): § = 7.59-7.30 (m, 5 H), 5.41 (d,J = 9.3 Hz, 1
H), 5.16 (s, 2 H), 4.63 (dd, J = 9.3, 2.8 Hz, 1 H), 3.71 (dd, ] = 6.3, 2.8 Hz,
1H),3.44(s,3H),1.23(d,J=6.3 Hz, 3 H).

13C NMR (126 MHz, CDCl;): & =155.6, 135.5, 128.6, 128.5, 128.2,
117.7,76.0,67.8,57.4,47.1, 15.4.

HRMS-ESI: m/z [M + Na]* calcd for C;3H;gN,05Na: 271.1053; found:
271.1024.

(R)-2-Methoxy-2-phenylacetonitrile (21)

From aldoxime 19 (0.5 mmol scale), nitrile 21 was obtained as a pale
yellow oil after purification through a pad of silica using CH,Cl, as the
eluent; yield: 44 mg (60%).

From amide 20, 21 was also isolated after purification through a pad
of silica gel using the same eluent; yield: 84 mg (57%).

HPLC: Daicel Chiralpak OJ-H column; 20 °C, 220 nm, hexane-i-PrOH
(95:5), 1 mL/min; tz = 11.2 min; >99% ee.

Spectral data for 21 were identical to those previously reported.!??

(S)-2-(Benzyloxy)propanenitrile (24)

From aldoxime 22 (0.7 mmol scale), nitrile 24 was obtained as a col-
orless oil after purification by flash chromatography using hexane-
EtOAc (95:5) as the eluent; yield: 43 mg (38%).
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From amide 23 (0.56 mmol scale), 24 was isolated without further
purification; yield: 90 mg (99%).

HPLC: Daicel Chiralpak OJ-H column; 20 °C, 254 nm, hexane-i-PrOH
(99:1), 1 mL/min; tz = 16.6 min; >99% ee.

Spectral data for 24 were identical to those previously reported.>’
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