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ARTICLE INFO ABSTRACT

Article history: Malononitriles are valuable synthetic intermediafies many applications, including t
Received synthesis of herbicides and other biologically \actmolecules, and the synthesis affiral
Received in revised form ligands for asymmetric catalysis. This article dims the development of a procedure tfor
Accepted conversion of primary nitriles to malononitrilesing dimethylmalononitrile, a&commercia
Available online non-toxic, carbon-bound source of electrophilicrigla. This procedure avoids the use of tc

cyanide or malononitrile as a starting mateffdlis protocol is further applied to the dicyana
of benzyl Grignard reagents, generated from bebzghmides,yielding fully functionalize:
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1. Introduction presence of two equivalents BfN-dimethylcyanamide, via two
transnitrilation events. Since then, much work gase into the
design of mild and safe electrophilic cyanatinggergs for the
synthesis of malononitriles from primary nitrileScheme 1a,
bottom  arrow), including cyanamid&s, cyanates?
thiocyanate$® and 1-cyanobenzotriazat&®

Malononitriles are important reaction partners aydthetic
building blocks for a variety of applicationsArylmalononitriles
are key intermediates in the synthesis of oxopyiaeo
herbicides such as pinoxaderrylmalononitriles have been
used as intermediates in the synthesis of the 2@mi
pyrazolo[1,5-a]pyrimidine class of molecules, whichre In 2015, Reeves and coworkers reported that
inhibitors for JAK2® and in the synthesis of a series ofeEad  dimethylmalononitrile (DMMN) could be used as a remigfor
ERp ligands® Disubstituted malononitriles have been used aghe electrophilic cyanation of aryllithium and ar@rignard
antiparasitic agents in mammal&hey are also presursors to reagents*** DMMN is a commercially available bench-stable
bisoxazoline (BOX) ligands, a popular class of chigands for ~ solid, which has a health rating of 2 in HMIS andP¥Frating
asymmetric catalysisSubstituted malononitriles can be quickly systems. The electrophilic nitrile is carbon-bourigiparting
accessed in one or two steps from malononitfileyhich is ~ stability compared to some of the previously usetetoatom-
commercially available and inexpensive. However, maitrile ~ bound electrophilic cyanating reagents. Its redégtias an
is toxic’ and has a low melting point of 30-32 °C, making it efficient transnitrilation reagent has been knowncei work
less than ideal reagent. Further, the synthesarygfsubstituted reported by Erickson in 1935 Reeves and coworkers have also
malononitrile derivatives can sometimes require cifug reported that other derivatives, such as dibenzginuaitrile
condition$®® or reactive reagents’? (DBMN), are competent electrophilic cyanation reagéht

One approach towards the synthesis of substituted
malononitriles which avoids the use of toxic maloitrie is the
electrophilic cyanation of primary nitriles (Schemga).
Electrophilic cyanation is a well-established siggtéo access
myriad nitrile-containing compound$’*  including
malononitriles”® For example, one industrial route for the
preparation of malononitrile includes electrophitiganation of
acetonitrile using cyanogen chloride at high terapge (Scheme
1a, top arrow§® The generation of substituted malononitriles via
electrophilic cyanation has also been known sin@¥ {Scheme
la, middle arrowj’ Vuylsteke and coworkers observed that
Grignard reagents could be converted to malonogstrih the
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a) Preparation of Malononitriles Using Electrophilic Cyanide

Industrial preparation of malononitrile

A
Me-CN + NC-ClI —_— NC__CN
Dicyanation of Grignard reagents (Vuylsteke, 1927)
MgClI )C\N CN
+ NC-NMe, — —_—
F{) ) R™ "MgCl R)\CN
(2 equiv)
Reaction of nitriles with “CN*” reagents
CN base CN
+ “ON*
R) R)\CN
Me N
Me cl N D
ne N ph NCO NCS Y
Me NC
Lettre, 1952 Grigat, 1964 Cava, 1983 Cava, 1999

b) Reaction Design: One-Pot Transnitrilation—Functionalization

[M],
CN NC CN  base NG N transnitrilation
J o+ £ cN
R’ R R R’
R = Me, DMMN R™ 'R
R = Bn, DBMN A
NG ><CN E-X NC CN deprotonation CN NC [M]
+
R "E R ~[M] R” CN R™ 'R

D B c
Scheme 1(a) Examples of electrophilic cyanation for acaess
malononitriles; (b) Reaction design: Tandem elggattilic
cyanation—functionalization with DMMN or DBMN to
synthesize disubstituted malononitril@VIMN =
dimethylmalononitrile; DBMN = dibenzylmalononitrile.

Inspired by this work on the electrophilic cyanatimfinC(sg)
centers, we were interested in probing the use of DMamN
DBMN as safe reagents for the cyanation of primairyiles,
which would generate malononitriles via transnitidat(Scheme
1b). Thus, upon deprotonation with base, a primérjlencould
undergo addition to DMMN to form metal imine internege A.
This intermediate would undergo retro-Thorpe fragtagort to
generate the desired transnitrilated malononitt@ and the
corresponding nitrilex-anion C). At this stage, due to the low
pK, of newly formed malononitrileB, a-anion C would
deprotonateB to form the more stable-anionD. Conveniently,
this a-anion is primed for functionalization, and can tbeppped
with an appropriate electrophile (E—X) to yield thisutbstituted

malononitrile® Alternately, rather than using an electrophile, theq

monosubstituted malononitrile could be obtained wieidic
quench of the reaction. Since cyanide salts arempresent in
the reaction mixture, the generation of HCN gas tsanconcern.
This strategy represents a facile method for adogss
malononitriles from primary nitriles without the usé highly
toxic cyanating reagents or malononitrile. Herein, describe
the development of a one-pot protocol for the fdioma of
disubstituted malononitriles from primary nitrilegsing the
electrophilic cyanating reagent DMMN, as well asdpglication
of this strategy to the dicyanation of benzyl brdeni

2. Results and Discussion

We imagined a two-step, one-pot process for the ati@m
and functionalization of primary nitriles: 1) tramiilation in
order to generate intermediat®, and 2) electrophilic
functionalization ofD. Thus, we set out to optimize each step
independently with the goal of later merging theto ia one-pot
transformation.

For the optimization of the first step of the réact we used
methylmagnesium bromide as a base, knowing
magnesium(ll) anions are competent for transniioifa
chemistry®® Thus, a solution of benzyl cyanidea] in THF was
stirred in the presence of methylmagnesium brorfode80 min
to afford the deprotonategtanion, which was then treated with
1.1 equiv of DMMN (Table 1). Lithium chloride (1.1eiv) was
included to improve the solubility of the organomagium
species in THF. After 1 h at room temperature, 43gtdyof
desired 2-phenylmalononitrild) was observed (Table 1, Entry
1). By heating the reaction mixture at 80 °C foh,1the yield
could be increased to 91% (Entry 2). Stirring at°80for 6 h
gave an optimal yield of 99% (Entry 3). The viatiliof
n-butyllithium in this reaction was probed as well. Bging
n-butyllithium as a base, 89% dfa could be obtained after
stirring at 80 °C for 1 h (Entry 4). If the reactiovas stirred for
longer (6 h), slightly greater conversion & was observed
(Entry 5). However, the yield &fa varied in these trials, and we
often observed the product of nucleophilic additddr-anionC
to 2ain varying amounts, which affected the reproducibility of
the transformation using:BulLi.

that

Table 1.Optimization of the transnitrilation stép

MeMgBr (1.1 equiv)

CN LiCI (1.1 equiv) CN NC CN
Ph) : THF, r.t., 30 min . Ph)\CN Me Me
then DMMN (1.1 equi
1a e"temp. (°C(), tirﬁg“"’) 2a DMMN
Entry Temp. (°C) Time (h) Yielda (%)°
1 r.t. 1 43
2 80 1 91
3 80 6 99
4° 80 1 89
5° 80 6 30-98

®Reaction conditionsta (46 uL, 0.40 mmol, 1.0 equiv),
MeMgBr (1.1 equiv), LiCl (1.1 equiv), THF (0.40 mL,

1.0 M), DMMN (1.1 equiv). DMMN = dimethylmalononitrile.
GC-MS vyield based on-dodecane as internal standard.
“Usingn-BuLi (1.1 equiv) instead of MeMgBr and LiCl.

The major observed side-product was the imine riegult
from nucleophilic addition ofi-anion intermediat€ to 2a.

Next, we probed the electrophilic functionalizaticeps of
our one-pot process (Table 2). 2-Phenylmalonoeitflla) was
used as a malononitrile-anion precursor. Deprotonation &
using methylmagnesium bromide generates intermedixt
which was then treated with iodobutane in various esub
When THF was used as the solvent, pro@bcivas not observed
after 1 h at room temperature (Entry 1). The alfigfareaction
was observed when a polar co-solvent (DMF) was used (1:
THF/DMF mixture, Entry 2). If the reaction was stirat 80 °C
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for 1 h, 30% of2b was observed (Entry 3). Finally, when the longer transnitrilation times (24 h) were requiredthis case.
reaction was left for 16 h, high conversionZb was achieved The procedure also translated well to a larger soadetion,

(Entry 4). n-Butyllithium was found to be viable for the
functionalization step as well, deliverirgh in 24% and 93%
yields at r.t. and 80 °C, respectively, after chlly (Entries 5 and
6). However, due to the inconsistent formation ofegidoducts

when lithium o-anions are generated in the first step of our

desired transformation (Table 1, Entry 5), methymesium
bromide was chosen as the optimal base for the cwdbone-
pot protocol.

Table 2. Optimization of the electrophilic functionalizatiste

MeMgBr (1.1 equiv)
LiCl (1.1 equiv)

CN THF, rt., 15 min _ NC CN
Ph)\CN then n-Bul (1.2 equiv) Ph n-Bu
solvent
2a temp. (°C), time 2b
Temp. . Yield 2b
Entry Solvent °C) Time (h) (%)°

1 THF r.t. 1 0
2 THF/DMF (1:1) r.t. 1 6
3 THF/DMF (1:1) 80 1 30
4 THF/DMF (1:1) 80 16 87
5° THF/DMF (1:1) r.t. 1 24
6° THF/DMF (1:1) 80 1 93

®Reaction conditions2a (46 pL, 0.40 mmol, 1.0 equiv),
MeMgBr (1.1 equiv), LiCl (1.1 equiv), solvent (0.80lL,
0.50 M),n-Bul (1.2 equiv).

®GC-MS vyield based on-dodecane as internal standard.
“Usingn-BuLi (1.1 equiv) instead of MeMgEanc LiCl.

Having determined optimal conditions for each indijdl step
of this process, we next combined them into a orneppatocol
by adding DMF after transnitrilation to bring theaction solvent
to a 1:1 THF/DMF mixture. As designed, this protoeuhs
viable for a variety of substrates (Table 3). Tharemary nitriles
(1) could be deprotonated using methylmagnesium ldemi
(1.1 equiv) in the presence of lithium chloridel(&quiv) in THF
over 30 min. Transnitrilation was achieved in thesence of
DMMN (1.1 equiv) by stirring at 80 °C for 6 h, genémg the

delivering 1.48 g o2c (95%) on 10-mmol scale.
Table 3. Scope of the one-pot transnitrilation—functionaitiian
reaction for primary nitriles

MeMgBr (1.1 equiv)
then E-X

LiCl (1.1 equiv)
CN THF, r.t., 30 min; NC_CN (1.2equivy NC CN
- _
then DMMN (1.1 equiv) R™ “MgBr THF/DMF (1:1) R” "E
80°C, 6 h; 80°C, 16 h
NC CN NC CN NC CN NC CN
M Ph
Ph” H PP Me Ph” Me P
2a, 68% 2b, 48% 2c, 85% 2d, 99%
X=Cl X=I [1.48 g] 95%9 X=Br
X=1
NC CN NC CN NC_CN NG, _CN
PhMPh PhM PhM Ph
2e, 58% 2f, 48% 29, 90%b 2h, 70% NO2
X =Br X =Br X = Br X =Br
F
NG, CN . NC CN NG CN
M
Ph e Me
F '\ MeO F
2i,68% 2j, 93% 2k, 90%
=F X=1 X=1
NC_CN NC CN NC CN NC CN
Me S N
H Q ) Me | A Me
Me Br Z
21, 65% 2m, 73%P¢ 2n, 78%" 20, 60%
=1 X = OSOzH X=1 X=1

®Reaction conditions: Nitrile (0.40 mmol, 1.0 equivhethylmagnesium
bromide (1.1 equiv), lithium chloride (1.1 equi¥F (1.0 M); then DMMN
(1.1 equiv) or DBMN (1.1 equiv), THF (0.5 M); thetectrophile (1.2 equiv),
THF/DMF (1:1, 0.25 M). Yields are isolated. DMMN
dimethylmalononitrile; DBMN = dibenzylmalononitrile

PUsing DBMN (1.1 equiv) instead of DMMN.

“Transnitrilation was performed at 80 °C for 24 $témd of 6 h.

Primary alkyl nitriles are often prepared via nogbilic
cyanation of alkyl halides with toxic cyanide satech as NaCN
or KCNZ2’ We therefore wondered if benzyl bromides could be
directly converted to malononitriles via formatioha Grignard
reagent and a double transnitrilation strategy @at). This
protocol represents a rapid and convenient way toesac
disubstituted malononitriles from a nitrile-free epursor,
generating three new C-C bonds in the process.

malononitrilea-anion intermediate. Then, the desired electrophile

(1.2 equiv) could be added with DMF to obtain digitbted
malononitriles 2) in moderate to excellent yields. A variety of
primary alkyl halidesZb, 2c, and2€) were viable electrophiles,
as well as benzyl, allyl, and propargyl bromidesl, (2f—2h).
Alternately, the monosubstituted malononitriza could be
isolated if HCIl was used to quench the reaction. Aigfacould
be achieved using aryl fluorides that were suffittieactivated
(2i). Finally, a variety of primary benzylic nitrileould be used
as starting materials, including electron-ricBj)( electron-
deficient @k), electron-neutral?]), and heterocyclic derivatives
(2n, 20). The formation ofortho-pyridine derivative 20 is
noteworthy since the Lewis basic nitrogen in the gige ring
does not appear to significantly retard transaitidin via
formation of a magnesium chelate, as has been qusglyi
observed in related transnitrilation procesée# sterically
hindered substrate2ifn) was also obtained, although slightly

As demonstrated in Table 4, benzyl bromid® {wvas
converted to benzylmagnesium bromide, which was threated
with DBMN (2.2 equivi® for 1 h at r.t. to allow the first
transnitrilation even to take place. Conversion the
malononitrile was achieved by then stirring the tieacmixture
at 80 °C for 6 h. The resultingmagnesiated malononitrile could
then be functionalized with a variety of electrophilin a 1:1
THF/DMF solvent mixture, affording malononitrilezp-2r in
good yields over two steps.

Table 4. Scope of the cyanation—functionalization reactising
benzylmagnesium bromifie
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1. Mg (1.2 equiv) then E—X
Br Et,O, rt., 3 h; NC CN (1.2 equiv) NC CN
> —_—
Ph 2. DBMN (2.2 equiv) Ph” "MgBr | THF/DMF (1:1) pPh E
LiCl (1.1 equiv) 80°C, 16 h
THF, r.t., 1 h;
then 80 °C, 6 h
NC CN
NC CN NC CN
Me Ph
Ph Ph Ph Me
2p, 81% 2q, 64%
X=1 X =Br 2r, 60%
X=1

*Reaction conditions: 1. Benzyl bromide (20 mmol)g(®) turnings (1.2
equiv), EtO (1.0 M). 2. Benzylmagnesium bromide (0.40 mmoaafolution
in EO), lithium chloride (1.1 equiv), DBMN (2.2 equivlHF (0.50 M);
then electrophile (1.2 equiv), THF/DMF (1:1, 0.29.Mields are isolated

and represent the combined vyield over two steps. MBEB =
dibenzylmalononitrile.
The transnitrilation—functionalization strategy u be

applied to primary alkyl nitriles as well, but with slight
modification. When alkylnitriles were employed iretbptimized

purchased as HPLC-grade (inhibitor-free) from Catedar
Sigma-Aldrich, were dried using a PureSolv MD 5 sdiven
purification system, and were used without furthenipalation.
DMF was purchased from Acros as Extra Dry over molecula
sieves and was used as received. Methylmagnesiumideaand
n-butyllithium solutions were purchased from Sigma-ridd
and were titrated with ,l on a weekly basi§. All other
commercial reagents and starting materials were uagd
received. Compounds were purified by flash column
chromatography using SiliCycle SilicaFlash P6Q:ailjel.

'H and™C NMR spectra were recorded on Varian MercuryPlus
400 MHz, Agilent DD2 500 MHz, or Bruker Avancelll 400 MHz
spectrometers. TLC samples were run on EMD MillipdteC
Silica gel 60 ks, plates and were visualized by UV or by staining
with standard KMn@ phosphomolybdic acid (PMA), op-
anisaldehyde stains. IR spectra were obtained oerlanPEImer
Spectrum 100 instrument equipped with a single-beunc
diamond/ZnSe ATR accessory as solids or thin filivislting
points were obtained on a Fisher-Johns Melting Pdpgaratus.
High-resolution mass spectra (HRMS) were recorded dEOL

conditions using methylmagnesium bromide as a base\ccyTOF JMS-T1000LV mass spectrometer equipped with a

unselective deprotonation of tlkeposition was observed, which
resulted in a mixture of products. This selectivggue could be
circumvented if lithium diisopropylamide (LDA) waseadas the
base and if the deprotonation was performed at’E7iBstead of
rt. (Table 5). Thus, the transnitrilation—functidization
procedure was used to generate dialkyl-substitu@dmonitriles
2sand2t in good yield.

Table 5. Cyanation—functionalization of alkyl nitriles ugin
LDA®

LDA (1.1 equiv) then E-X
CN  THF,-78°C,1h NC CN (1.2 equiv) NC CN
—_—
R then DMMN Ryy” ~Li | THFDMF (1:1) R, E
(1.1 equiv) 80°C, 16 h
1 80 °C, 2 h;
NC CN NC CN
Ph W\/Fh
Me/\)k/ Me
2s, 98% 2t, 85%
X=Br X =Br

#Reaction conditions: Alkyl nitrile (0.40 mmol, 1eduiv), diisopropylamine
(1.2 equiv),n-BulLi (1.1 equiv), THF (1.0 M); then DMMN (1.1 eqn)j THF
(0.5 M); then electrophile (1.2 equiv), THF/DMF 11:0.25 M). Yields are
isolated. DMMN = dimethylmalononitrile.

3. Conclusion

In conclusion, we have developed a transnitrilatitrategy
for the synthesis of disubstituted malononitrileeni primary
nitriles using transnitrilation reagents DMMN and DBMRhis
protocol avoids the use of toxic malononitrile dher toxic
cyanating reagents. Additionally, this strategy banapplied to
the dicyanation of benzylmagnesium bromide to rgpfdrm
disubstituted malononitriles. Further work on tratr#iation
chemistry is ongoing in our laboratory.

4. Experimental Section

4.1 General Information

Unless otherwise noted, all reactions were set up@ténchtop
and run under an atmosphere of Ar o5 b&ing flame-dried
glassware and anhydrous solvents. THEOE&Nnd MeCN were

Direct Analysis in Real Time (DART) ion source.
4.2 Experimental Procedures and Product Characterization

4.2.1 2,2-Dimethylmalononitrile (DMMN): To a flame-dried 250-
mL round-bottom flask with stir bar was added MeCNO(haL,
0.5 M), malononitrile (4.0 g, 50 mmol, 1.0 equiigdomethane
(6.8 mL, 110 mmol, 2.2 equiv), and potassium caater{17 g,
125 mmol, 2.5 equiv). The reaction was stirred atfor 16 h
under N. The reaction was opened to air, diluted with DCM)(10
mL), filtered using a fritted funnel, and the fite was
concentrated. The concentrate was purified by flaslumn
chromatography (gradient of 0-40% EtOAc/hexanesyitid
DMMN as a white solid (2.4 g, 26 mmol, 52%H NMR (400
MHz, CDCh, 298 K):5, 1.82 (s, 6H) ppm:*C NMR (100 MHz,
CDCls, 298 K):5. 116.9, 26.5, 26.4 ppm;k8:2 hexanes/EtOAc;
KMnQ,): 0.43.

4.2.2 2,2-Dibenzylmalononitrile (DBMN): To a flame-dried 500-
mL round-bottom flask with stir bar was added MeCNO(240L,
0.5 M), malononitrile (6.6 g, 100 mmol, 1.0 equiBenzyl
bromide (26 mL, 220 mmol, 2.2 equiv), and potassaambonate
(35 g, 250 mmol, 2.5 equiv). The reaction was gstirme r.t. for
16 h under N The reaction was opened to air, diluted with
EtOAc (200 mL), filtered using a fritted funnel, atlte filtrate
was concentrated. The concentrate was purified
recrystallization (DCM/pentane) to yield DBMN as a wehséolid
(19 g, 77 mmol, 77%)'H NMR (400 MHz, CDC}, 298 K): 5,
7.48-7.30 (m, 10H), 3.25 (s, 4H) ppMiC NMR (100 MHz,
CDCl,, 298 K): 3¢ 132.0, 130.3, 129.0, 128.9, 114.9, 43.5, 41.2
ppm; R (9:1 hexanes/EtOAc; KMn{) 0.33.

4.2.3 General Procedure A: Synthesis of malononitriles from
primary nitriles using MeMgBr: Step 1:To an 8-mL culture tube
with stir bar was added lithium chloride (1.1 equawnd the flask
was flame-dried under vacuum and cooled under aosgthere
of N,. THF (1.0 M) was added, followed by the appropriate
nitrile (1.0 equiv). While stirring, methylmagnesiubromide
(1.1 equiv of a solution in ED) was added dropwise at r.t., and
the solution was stirred at r.t. for 30 min underaamosphere of
N,. A 1.1 M stock solution of dimethylmanononitrile (OWN)

or dibenzylmalononitrile (DBMN) in THF was prepareddan
added at r.t. (1.1 equiv of a 1.1 M solution in THEaction
volume = 0.50 M with respect to nitrile starting evadl). The
reaction was stirred at 80 °C for 6 h under an ghtmere of N.
Step 2: The reaction was cooled to r.t. and DMF wided to

by
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bring the reaction solvent to a 1:1 THF/DMF rat®25 M of a = methylmagnesium bromide (0.21 mL of a 2.1 M solutia
1:1 THF/DMF mixture with respect to nitrile startimgaterial). EtO, 0.44 mmol, 1.1 equiv), and dimethylmalononitr{&40
The desired electrophile (1.2 equiv) was added isirmgle mL of a 1.1 M solution in THF, 0.44 mmol, 1.1 equi$tep 2:
portion. If the electrophile was a solid, it was adideith the  DMF (0.80 mL; total reaction solvent = 1.6 mL of all
DMF as a 0.60 M stock solution. The reaction wagestimt 80 DMF/THF mixture, 0.25 M) and benzyl bromide (RL, 0.48
°C for 16 h, or until complete conversion was achitas judged mmol, 1.2 equiv). The crude residue was purified flash
by TLC. The reaction was cooled to r.t., openeditogaenched column chromatography (gradient of 0—-15% EtOAc/hegane
with 1 M aq. HCI, and extracted with EtOAc (x3). Theamiz  yield 2d as a white solid (93 mg, 0.40 mmol, 99%). Analytical
fractions were combined, dried over MgS@nd concentrated. data’” '"H NMR (400 MHz, CDCJ, 298 K): 5, 7.52—7.43 (m,
The crude residue was purified by flash column clatmgraphy  5H), 7.39-7.26 (m, 3H), 7.17—-7.10 (m, 2H), 3.46 (s, PHin;
to yield the desired malononitrile. ¥C NMR (100 MHz, CDCJ, 298 K): §c 131.7, 131.6, 130.6,
130.1, 129.7, 129.0, 128.8, 126.3, 114.8, 48.72 ppm; R (9:1

424 2-Phenylmalononitrile (2a): According to General hexanes/EtOAC): 0.41.

Procedure A2a was prepared using the following amounts of
reagent: lithium chloride (19 mg, 0.44 mmol, 1.luieyy THF  4.2.8 2-Phenyl-2-(3-phenyl propyl)malononitrile (2€): According
(0.40 mL), benzyl cyanide (4L, 0.40 mmol, 1.0 equiv), to General Procedure ARe was prepared using the following
methylmagnesium bromide (0.21 mL of a 2.1 M soluiiio ELO, amounts of reagent: Step 1: lithium chloride (19 g4 mmol,
0.44 mmol, 1.1 equiv), and dimethylmalononitrile4@ mL of a 1.1 equiv), THF (0.40 mL), benzyl cyanide (46, 0.40 mmol,
1.1 M solution in THF, 0.44 mmol, 1.1 equiv) (totaaction 1.0 equiv), methylmagnesium bromide (0.23 mL of .8 M
volume = 0.80 mL of THF, 0.50 M). After transnigiion, the solution in EO, 0.44 mmol, 1.1 equiv), and
reaction was cooled to r.t.,, quenched with 1 M aq.,H@d dimethylmalononitrile (0.40 mL of a 1.1 M solutian THF, 0.44
worked up as outlined in the general procedure. ¢hele  mmol, 1.1 equiv). Step 2: DMF (0.80 mL; total reantsolvent =
residue was purified by flash column chromatografdmdient 1.6 mL of a 1:1 DMF/THF mixture, 0.25 M) and 1-broi8o
of 0—-30% EtOAc/hexanes) to yielh as a white solid (39 mg, phenylpropane (78L, 0.48 mmol, 1.2 equiv). The crude residue
0.27 mmol, 68%). Analytical dafd:*H NMR (400 MHz, CDC}, was purified by flash column chromatography (gratdief O—
298 K): 8y 7.62—7.42 (m, 5H), 5.07 (s, 1H) ppMc NMR (100  10% EtOAc/hexanes) to yieldle as a white solid (59 mg, 0.23
MHz, CDCl, 298 K):3¢ 130.4, 130.2, 127.2, 126.2, 111.7, 28.1mmol, 58%). 7.56—7.42 (m, 5H), 7.33-7.25 (m, 2H)5#218
ppm; R (9:1 hexanes/EtOAc; KMngZPMA): 0.16. (m, 1H), 7.17-7.10 (m, 2H), 2.70 @,= 7.4 Hz, 2H), 2.28-2.18

" _ . (m, 2H), 2.02-1.91 (m, 2H) ppMC NMR (100 MHz, CDGJ,
4.2.5 2-Butyl-2-phenylmalononitrile (2b): According to General 298 K): ¢ 140.0, 132.0, 129.9, 129.7, 128.6, 128.3, 1208,7]

Procedure A2b was prepared using the following amounts °f115.0, 42.2,41.9, 34.5, 26.9 ppm; HRM& (DART): calcd for

reagent: Step 1: lithium chloride (19 mg, 0.44 mniol equiv), C.H-N> (M+H) 261.1392° found 261.1398: IR (neat): 3028
THF (0.40 mL), benzyl cyanide (46, 0.40 mmol, 1.0 equiv), gy 229§1 28)63 2180, 2169, 2030, 1979 188(41 125'093 '

pemeesl e 621 of 0 M SUELD, s 105 565 15 1101 om0, 100 .0
. I , —1, . .
1.1 M solution in THF, 0.44 mmol, 1.1 equiv). SpDMF M+ Rr (9:1 hexanes/EtOAc; UV/KMng: 0.58.

(0.80 mL; total reaction solvent = 1.6 mL of a DMF/THF  4.2.9 2-Allyl-2-phenylmalononitrile (2f): According to General
mixture, 0.25 M) and iodobutane (&, 0.48 mmol, 1.2 equiv). Procedure A2f was prepared using the following amounts of
The crude residue was purified by flash column clatmgraphy reagent: Step 1: lithium chloride (19 mg, 0.44 mniol equiv),
(gradient of 0-10% EtOAc/hexanes) to yi@d as a colourless THF (0.40 mL), benzyl cyanide (4@, 0.40 mmol, 1.0 equiv),
oil (37 mg, 0.19 mmol, 48%). Analytical dafa’H NMR (400  methylmagnesium bromide (0.23 mL of a 1.9 M soluiio EtO,
MHz, CDCk, 298 K): 8y 7.64—7.45 (m, 5H), 2.30-2.20 (m, 2H), 0.44 mmol, 1.1 equiv), and dimethylmalononitrile4@ mL of a
1.71-1.58 (m, 2H), 1.43 (h, J = 7.3 Hz, 2H), 0.9 ¢ 7.3 Hz, 1.1 M stock solution in THF, 0.44 mmol, 1.1 equiBtep 2:
3H) ppm;**C NMR (100 MHz, CDGJ, 298 K):8¢ 132.3, 129.8, DMF (0.80 mL; total reaction solvent = 1.6 mL of all
129.7, 125.7, 115.1, 42.5, 42.4, 27.6, 21.9, 136;pR (9:1 DMF/THF mixture, 0.25 M) and allyl bromide (4gL, 0.48
hexanes/EtOAc; UV/KMnQ): 0.61. mmol, 1.2 equiv). The crude residue was purified flash
.- X . column chromatography (gradient of 0-15% EtOAc/hegpnhe
Iirzo?: :c;'l:/lrithx\lézc- wiylpnggﬁeﬂttﬁr%@thQ(i‘cocl)lz)dvlvri]r?gtoagizﬁzl Ofyield 2f as a colourless oil (35 mg, 0.19 mmol, 48%).NMR

i s . . (400 MHz, CDC}, 298 K):8y 7.60—7.54 (m, 2H), 7.53-7.44 (m,
reagent: Step 1: lithium chloride (19 mg, 0.44 mniol equiv), 3H), 5.88-5.74 (m, 1H), 5.44-5.31 (m, 2H), 2.97-2.90 (
THF (0.40 mL), benzyl cyanide (4@, 0.40 mmol, 1.0 equiv), oH o T 13~ y e . e A .

. . - ) ppm;*C NMR (100 MHz, CDGJ, 298 K): 8¢ 131.7, 130.1,

methylmagnesium bromide (0.21 mL of a 2.1 M sokuiiio EtLO, 129.8, 128.5, 126.0, 123.8, 114.7, 46.7, 42.6 pin{neat):

0.44 mmol, 1.1 equiv), and dimethylmalononitrile4® mL of a 3091, 3085, 3070, 2990, 2928, 2357, 2254, 1881516600,

1.1 M solution in THF, 0.44 mmol, 1.1 equiv). Stép DMF ~
) . _ 1495, 1452, 1441, 1418, 1027, 990, 934, 759, 798, 655 cm
(0.80 mL; total reaction solvent = 1.6 mL of a DMF/THF L R, (9:1 hexanes/EtOAC; UV/KMng: 0.44.

mixture, 0.25 M) and iodomethane (3@, 0.48 mmol, 1.2
equiv). The crude residue was purified by flash ©wlu 4.2.10 2-Phenyl-2-(prop-2-yn-1-yl)malononitrile (2g): According
chromatography (gradient of 0-30% EtOAc/hexanes)dlipc  to General Procedure ARg was prepared using the following
as a colourless oil (53 mg, 0.34 mmol, 85%). Anabftidata™ amounts of reagent: Step 1: lithium chloride (19 g4 mmol,
'H NMR (400 MHz, CDCJ, 298 K):5, 7.64-7.42 (m, 5H), 2.13 1.1 equiv), THF (0.40 mL), benzyl cyanide (46, 0.40 mmol,
(s, 3H) ppm;**C NMR (100 MHz, CDGJ, 298 K): 8c 131.1, 1.0 equiv), methylmagnesium bromide (0.23 mL of .8 M
130.0, 129.8, 129.3, 115.7, 36.4, 295 ppm; ®:1 soluton in E{O, 044 mmol, 1.1 equiv), and
hexanes/EtOAc; UV): 0.39. dibenzylmalononitrile (0.40 mL of a 1.1 M solutionTHF, 0.44
mmol, 1.1 equiv). Step 2: DMF (0.80 mL; total reantsolvent =
1.6 mL of a 1:1 DMF/THF mixture, 0.25 M) and propdrg
bromide (53uL of a 80% w/w solution in PhMe, 0.48 mmol, 1.2
equiv). The crude residue was purified by flash ©wlu

4.2.7 2-Benzyl-2-phenylmalononitrile (2d): According to General
Procedure A2d was prepared using the following amounts of
reagent: Step 1: lithium chloride (19 mg, 0.44 mniol equiv),
THF (0.40 mL), benzyl cyanide (48, 0.40 mmol, 1.0 equiv),
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chromatography (gradient of 0-20% EtOAc/hexanes)ie¢tdy
2g as a colourless oil (64 mg, 0.36 mmol, 90%).NMR (400
MHz, CDCk, 298 K): 3y, 7.66—7.58 (m, 2H), 7.55-7.48 (m, 3H),
3.15 (d,J = 2.6 Hz, 2H), 2.37 (t) = 2.6 Hz, 1H) ppm**C NMR
(100 MHz, CDC}, 298 K): 3¢ 130.8, 130.6, 129.9, 126.1, 114.1,
75.7, 74.7, 42.1, 33.7 ppm; HRMB8Vz (DART) calcd for
C:HgN, (M+H) 181.0766; found 181.0763; IR (neat): 3293,(br
3069, 3040, 2966, 2935, 2255, 2249, 2132, 19600,16094,
1452, 1428, 1338, 1257, 1192, 1069, 1028, 1003, %%, 666,
650 cm®; R; (9:1 hexanes/EtOAc; UV/KMng): 0.26.

4.2.11 2-(Nitrobenzyl)-2-phenylmalononitrile (2h): According to
General Procedure A2h was prepared using the following
amounts of reagent: Step 1: lithium chloride (19 g4 mmol,
1.1 equiv), THF (0.40 mL), benzyl cyanide (4B, 0.40 mmol,
1.0 equiv), methylmagnesium bromide (0.23 mL of .8 M
solution in EO, 044 mmol, 1.1 equiv), and
dimethylmalononitrile (0.40 mL of a 1.1 M stock stibn in
THF, 0.44 mmol, 1.1 equiv). Step 2: 2-nitrobenzgride (0.10
g in 0.80 mL of DMF, 0.48 mmol, 1.2 equiv) (totalaction
solvent = 1.6 mL of a 1:1 DMF/THF mixture, 0.25 Mhe crude
residue was purified by flash column chromatografgradient
of 10-40% EtOAc/hexanes) to yiekth as a yellow solid (77 mg,
0.28 mmol, 70%). Analytical datd™H NMR (400 MHz, CDC},

Tetrahedron

127.1,124.0, 115.3, 114.9, 55.5, 42.4, 41.7, 2718, 13.6 ppm;
HRMS m/z (DART): calcd for G4H7N,O, (M+H) 229.1341;
found 229.1345; IR (neat): 3006, 2962, 2935, 2&BK7, 2841,
2251, 2055, 1609, 1585, 1512, 1463, 1444, 14236,13056,
1184, 1120, 1031, 829, 813, 798, 733, 662, 634, @04, R,

(9:1 hexanes/EtOAc; UV/IKMng: 0.47.

4214 2-(4-Fluorophenyl)-2-methylmal ononitrile (2k):
Following General Procedure ARk was prepared using the
following amounts of reagent: Step 1: lithium chd@ri(19 mg,
0.44 mmol, 1.1 equiv), THF (0.40 mL), 4-fluorobehzyanide
(48 pL, 0.40 mmol, 1.0 equiv), methylmagnesium bromide{
mL of a 2.1 M solution in EO, 0.44 mmol, 1.1 equiv), and
dimethylmalononitrile (0.40 mL of a 1.1 M solutiamTHF, 0.44
mmol, 1.1 equiv). Step 2: DMF (0.80 mL; total reantsolvent =
1.6 mL of a 1:1 DMF/THF mixture, 0.25 M) and iodoimahe
(30 L, 0.48 mmol, 1.2 equiv). The crude residue wasfigariby
flash ~ column  chromatography (gradient of 0-15%
EtOAc/hexanes) to yiel®k as a colourless oil (62 mg, 0.36
mmol, 90%)."H NMR (500 MHz, CDC}, 298 K): 5, 7.63-7.54
(m, 2H), 7.24-7.15 (m, 2H), 2.11 (s, 3H) ppMC NMR
(125 MHz, CDC}, 298 K): 8¢ 163.5 (d,J = 250.0 Hz), 129.1 (d,
J=3.5Hz), 127.6 (d) = 8.7 Hz), 117.1 (d) = 22.4 Hz), 115.6,
36.0, 29.6 ppm;“F NMR (376 MHz, CDCJ, 298 K):

298 K): 64 8.15-8.03 (m, 1H), 7.74-7.64 (m, 1H), 7.64-7.42 (m,~110.3 ppm; HRMSwz (DART): calcd for GoHgF;N, (M+H)

6H), 7.35-7.20 (m, 1H), 4.06 (s, 2H) ppHfC NMR (100 MHz,

175.0672; found 175.0665; IR (neat): 3083, 300§2221898,

CDCl;, 298 K): 8¢ 149.3, 133.9, 133.6, 131.2, 130.43, 130.36,1603, 1509, 1454, 1415, 1385, 1309, 1238, 11677,11096,

130.0, 127.1, 126.12, 126.07, 114.4, 43.9, 43.5;pEm(9:1
hexanes/EtOAc; UV/KMng): 0.13.

4.2.12 2-(4-Cyano-2,3,5,6-tetrafluorophenyl)-2-

phenylmalononitrile (2i): According to General Procedure 2i,
was prepared using the following amounts of reag8tep 1:
lithium chloride (19 mg, 0.44 mmol, 1.1 equiv), TH&40 mL),
benzyl cyanide (4@L, 0.40 mmol, 1.0 equiv), methylmagnesium
bromide (0.23 mL of a 1.9 M solution in,Bt, 0.44 mmol, 1.1
equiv), and dimethylmalononitrile (0.40 mL of a IM stock
solution in THF, 0.44 mmol, 1.1 equiv). Step 2: DMFE80 mL;
total reaction solvent = 1.6 mL of a 1:1 DMF/THF maise, 0.25
M) and 2,3,4,5,6-pentafluorobenzonitrile (gD, 0.48 mmol, 1.2
equiv). The crude residue was purified by flash ©wlu
chromatography (gradient of 0-20% hexanes/EtOAc)el i

as a red oil (86 mg, 0.27 mmol, 68%H NMR (400 MHz,
CDCl, 298 K): 8y 7.67—7.59 (m, 2H), 7.59-7.40 (m, 3H) ppm;
¥C NMR (100 MHz, CDGJ, 298 K): 149.4-142.2 (m), 131.4,
130.6, 130.1, 126.8, 126.0 {,= 1.2 Hz), 118.9 (tJ = 10.6),
111.2, 106.2 (tJ = 3.7 Hz), 38.9 ppm!*F NMR (376 MHz,

1015, 879, 834, 813, 719, 632 ¢mR; (9:1 hexanes/EtOAc):
0.42.

4215 2-Ethyl-2-(p-tolyl)malononitrile (2l): According to
General Procedure A2l was prepared using the following
amounts of reagent: Step 1: lithium chloride (19 g4 mmol,
1.1 equiv), THF (0.40 mL), 4-methylbenzyl cyanié@®8 (iL, 0.40
mmol, 1.0 equiv), methylmagnesium bromide (0.21 ofila 2.1
M solution in E$O, 044 mmol, 1.1 equiv), and
dimethylmalononitrile (0.40 mL of a 1.1 M solutiaomTHF, 0.44
mmol, 1.1 equiv). Step 2: DMF (0.80 mL; total reantsolvent =
1.6 mL of a 1:1 DMF/THF mixture, 0.25 M) and iodoatie (39
pL, 0.48 mmol, 1.2 equiv). The crude residue was figariby
flash  column  chromatography (gradient of 0-15%
EtOAc/hexanes) to yiel®@l as a colourless oil (47 mg, 0.26
mmol, 65%)."H NMR (400 MHz, CDC}, 298 K): &, 7.46-7.41
(m, 2H), 7.31-7.26 (m, 2H), 2.39 (s, 3H), 2.27 Jox 7.4 Hz,
2H), 1.22 (t,J = 7.3 Hz, 3H) ppm*C NMR (100 MHz, CDG),
298 K): §c 140.2, 130.4, 129.1, 125.8, 115.2, 43.0, 36.62,21.
10.1 ppm; HRMSm/z (DART): calcd for G,HisN, (M+H)

CDCl;, 298 K): —128.4, -133.3 ppm; IR (neat): 2924, 2854 185.1079; found 185.1084; IR (neat): 3303, 2984222928,

2250, 1653, 1490, 1453, 1307, 1260, 1002, 978, 919, 784,
751, 709, 693, 673, 637 Cfan (9:1 hexanes/EtOAc; UV): 0.28.

4.2.13 2-Butyl-2-(4-methoxyphenyl)malononitrile (2j): According
to General Following General Procedure &, was prepared
using the following amounts of reagent: Step lidith chloride
(19 mg, 0.44 mmol, 1.1 equiv), THF (0.40 mL), 4-
methoxyphenylacetonitrile (54.L, 0.40 mmol, 1.0 equiv),
methylmagnesium bromide (0.16 mL of a 2.7 M soluiiio ELO,
0.44 mmol, 1.1 equiv), and dimethylmalononitrile4® mL of a
1.1 M solution in THF, 0.44 mmol, 1.1 equiv). Stép DMF
(0.80 mL; total reaction solvent = 1.6 mL of a DMF/THF
mixture, 0.25 M) and iodobutane (&, 0.48 mmol, 1.2 equiv).
The crude residue was purified by flash column claitmgraphy
(gradient of 0—-15% EtOAc/hexanes) to yiéldas a colourless
oil (84 mg, 0.37 mmol, 93%fH NMR (500 MHz, CDCJ, 298
K): 8y 7.49-7.44 (m, 2H), 7.01-6.95 (m, 2H), 3.84 (s, 3H)12.
2.15 (m, 2H), 1.63-1.56 (m, 2H), 1.44-1.34 (m, 2H)3Q¢t,J =
7.4 Hz, 3H) ppm**C NMR (100 MHz, CDGCJ, 298 K):5¢ 160.5,

2883, 2252, 1908, 1615, 1513, 1459, 1414, 13872,11928,
1097, 1044, 1021, 937, 905, 811, 714 tmR; (9:1
hexanes/EtOAc; UV/KMnE) 0.55.

4216 2-(2-Bromophenyl)malononitrile (2m): According to
General Procedure A2m was prepared using the following
amounts of reagent: Step 1: lithium chloride (19 g4 mmol,
1.1 equiv), THF (0.40 mL), 2-bromophenylacetorgtr{b2 pL,
0.40 mmol, 1.0 equiv), methylmagnesium bromide §ariL of a
2.7M solution in EO, 0.44 mmol, 1.1 equiv), and
dibenzylmalononitrile (0.40 mL of a 1.1 M stock siwbn in
THF, 0.44 mmol, 1.1 equiv). The reaction mixture gtiged at
80 °C for 24 h for the transnitrilation step. Afteansnitrilation,
the reaction was cooled to r.t. and quenched with 4Q%4+$S0,
and worked up following the procedure outlined in Gahe
Procedure A. The crude residue was purified by flaslumn
chromatography (gradient of 0—20% EtOAc/hexanes)etal 2m
as a white solid (64 mg, 0.29 mmol, 73%), which cioié some
remaining dibenzylmalononitrile (10 mg, 0.041 mmol)



Analytical data® 'H NMR (400 MHz, CDCJ, 298 K): 8, 7.78—
7.66 (m, 2H), 7.55-7.46 (m, 1H), 7.44-7.35 (m, 1H395s, 2H)
ppm; 134.1, 132.3, 129.6, 129.2, 126.5, 123.2,1,129.2 ppm;
R (9:1 hexanes/EtOAc; UV/KMng): 0.13.

4.2.17 2-Methyl-2-(thiophen-2-yl)malononitrile (2n): According
to General Procedure 2n was prepared using the following
amounts of reagent: Step 1: lithium chloride (19 g4 mmol,
1.1 equiv), THF (0.40 mL), 2-thiopheneacetonit{é pL, 0.40
mmol, 1.0 equiv), methylmagnesium bromide (0.16 ofLa
2.7M solution in EO, 0.44 mmol, 1.1 equiv), and
dibenzylmalononitrile (0.40 mL of a 1.1 M stock swbn in
THF, 0.44 mmol, 1.1 equiv). Step 2: DMF (0.80 mLtato
reaction solvent = 1.6 mL of a 1:1 DMF/THF mixtufe25 M)
and iodomethane (3QL, 0.48 mmol, 1.2 equiv). The crude
residue was purified by flash column chromatografdgradient
of 0—20% EtOAc/hexanes) to yiekh as an orange oil (51 mg,
0.21 mmol, 78%)'H NMR (500 MHz, CDC}, 298 K): 5, 7.44
(dd,J=5.2, 1.2 Hz, 1H), 7.34 (dd,= 3.6, 1.3 Hz, 1H), 7.06 (dd,
J = 5.2, 3.6 Hz, 1H), 2.23 (s, 3H) ppiC NMR (125 MHz,
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in THF was prepared and was added at r.t. (2.2 exfa2.2 M
solution in THF; reaction volume = 0.50 M with respdo
benzylmagnesium bromide). The reaction was stirnedec an
atmosphere of Nat r.t. for 1 h, then was moved to a pre-heated
80 °C oil bath and was stirred for an additional. &tep 2: The
reaction was cooled to r.t. and DMF was added to biireg
reaction solvent to a 1:1 THF/DMF ratio (0.25 M af1:1
THF/DMF mixture with respect to benzylmagnesium breni
starting material). The desired electrophile (Iggie) was added
in a single portion. If the electrophile was a spltdwas added
with the DMF as a 0.60 M stock solution. The reactivas
stirred at 80 °C for 16 h, or until complete comsien was
achieved as judged by TLC. The reaction was coobed.tt,
opened to air, quenched with 1 M ag. HCI, and exrhetith
EtOAc (x3). The organic fractions were combined, droser
MgSQ,, and concentrated. The crude residue was purified b
flash column chromatography to yield the desiretbmanitrile.

4.2.21 2-Ethyl-2-phenylmalononitrile (2p): According to General
Procedure B2p was prepared using the following amounts of

CDCls, 298 K): 8¢ 135.2, 127.9, 127.6, 127.5, 115.0, 32.4, 29.0reagent: Step 1: lithium chloride (19 mg, 0.44 mniol equiv),

ppm; HRMSnz (DART): calcd for GH;N,S (M+H) 163.0330;
found 163.0334; IR (neat): 3115, 3005, 2945, 22%®9, 1498,
1452, 1430, 1383, 1355, 1345, 1209, 1165, 1089410044,
927, 858, 831, 704, 653, 617 TmR; (9:1 hexanes/EtOAC;
UV/KMnO Jp-anisaldehyde): 0.25.

4.2.18 2-Methyl-2-(pyridin-2-yl)malononitrile (20): Following
General Procedure A20 was prepared using the following
amounts of reagent: Step 1: lithium chloride (19 g4 mmol,
1.1 equiv), THF (0.40 mL), 2-pyridylacetonitrile ¥4.L, 0.40
mmol, 1.0 equiv), methylmagnesium bromide (0.21 afla 2.1
M solution in E(O, 044 mmol, 1.1 equiv), and
dimethylmalononitrile (0.40 mL of a 1.1 M solutiamTHF, 0.44
mmol, 1.1 equiv). Step 2: DMF (0.80 mL; total reantsolvent =
1.6 mL of a 1:1 DMF/THF mixture, 0.25 M) and iodoimahe
(30 L, 0.48 mmol, 1.2 equiv). The crude residue wasfigariby
flash  column chromatography (gradient of
EtOAc/hexanes) to yiel@o as a yellow oil (38 mg, 0.24 mmol,
60%). '"H NMR (400 MHz, CDCJ, 298 K): &, 8.74-8.66 (m,
1H), 7.91-7.82 (m, 1H), 7.75-7.67 (m, 1H), 7.46-7188 1H),
2.19 (s, 3H) ppmt*C NMR (100 MHz, CDGJ, 298 K):5¢ 151.6,
150.5, 138.3, 124.7, 120.2, 115.3, 38.5, 27.3 pdRMS m/z
(DART) calcd for GHgN3; (M+H) 158.0718; found 158.0718; IR
(neat): 3081, 3060, 3004, 2256, 2196, 1588, 1548811435,
1379, 1303, 1182, 1113, 1097, 1050, 994, 781, 627,615 cm

b R (9:1 hexanes/EtOAc; UV/KMng): 0.13.

4.2.19 Benzylmagnesium bromide: To a 25-mL pear-shaped flask
with stir bar were added magnesium(0) turnings (03584
mmol, 1.2 equiv). The flask was sealed and was fldriest and
cooled under vacuum. The flask was backfilled withaNd E3O
(20 mL, 1.0 M) was added. The magnesium(0) turniwgse
activated with 1,2-dibromoethane (ca. 0.050 mmdg80anmol,
0.029 equiv) and benzyl bromid&)((2.4 mL, 20 mmol, 1.0
equiv) was added portionwise over 2 h at r.t. Thetiea was
stirred for an additional 1 h at r.t. then was alldvte stand for
1 h at r.t. to yield benzylmagnesium bromide asey golution.
The solution was titrated with, land was found to have a
concentration of 0.85 M (17 mmol, 85%).

4.2.20 General Procedure B: Synthesis of malononitriles from
benzylmagnesium bromide: Step 1:To an 8-mL culture tube with
stir bar was added lithium chloride (1.1 equiv) &nel flask was
flame-dried under vacuum and cooled under an atheyspof

N,. THF (1.0 M) was added, followed by benzylmagnesium

bromide (0.47 mL of a 0.85 M solution in,&; 0.40 mmol, 1.0
equiv). A 2.2 M stock solution of dibenzylmalonoit@r(DBMN)

benzylmagnesium bromid&)((0.47 mL of a 0.85 M solution in
Et,O, 0.40 mmol, 1.0 equiv), and DBMN (0.80 mL of a 1.1 M
stock solution in THF, 0.88 mmol, 2.2 equiv). SEe@MF (0.80
mL; total reaction solvent = 1.6 mL of a 1:1 DMF/TH#xture,
0.25 M) and iodoethane (38L, 0.48 mmol, 1.2 equiv). The
crude residue was purified by flash column chromaiplgy
(gradient of 0-10% EtOAc/hexanes) to yidd as a colourless
oil (65 mg, 0.38 mmol, 95%; 81% from benzyl bronide
Analytical data®> '"H NMR (400 MHz, CDC}, 298 K): 8, 7.59—
7.54 (m, 2H), 7.53-7.43 (m, 3H), 2.29 (q, J = 7.4 Pi4), 1.24
(t, J = 7.3 Hz, 3H) ppm;C NMR (100 MHz, CDGJ, 298 K):&¢
132.1, 130.0, 129.8, 125.9, 115.1, 43.4, 36.7, pprh; R (9:1
hexanes/EtOAc; UV/KMnQ): 0.41.

4.2.22 2-Phenethyl-2-phenylmalononitrile (2g): According to
General Procedure B2q was prepared using the following

10-50%amounts of reagent: Step 1: lithium chloride (19 &g4 mmol,

1.1 equiv), benzylmagnesium bromid (0.47 mL of a 0.85 M
solution in EfO, 0.40 mmol, 1.0 equiv), and DBMN (0.80 mL of
a 1.1 M stock solution in THF, 0.88 mmol, 2.2 equiStep 2:
DMF (0.80 mL; total reaction solvent = 1.6 mL of all
DMF/THF mixture, 0.25 M) and (2-bromoethyl)benze68 (L,
0.48 mmol, 1.2 equiv). The crude residue was purifig flash
column chromatography (gradient of 0-10% EtOAc/hegabe
yield 2q as a colourless oil (73 mg, 0.30 mmol, 75%; 64&bnfr
benzyl bromide)'H NMR (400 MHz, CDC}, 298 K): &, 7.64—
7.58 (m, 2H), 7.55-7.46 (m, 2H), 7.36—7.20 (m, 4H20#7.14
(m, 2H), 2.99-2.89 (m, 2H), 2.54-2.44 (m, 2H) ppit, NMR
(100 MHz, CDC}, 298 K): ¢ 138.3, 132.1, 130.2, 130.0, 129.0,
128.5, 127.1, 125.9, 115.0, 44.5, 32.1 ppm; HRWMS(DART):
calcd for G/HysN, (M+H) 247.1235; found 247.1237; IR (neat):
3088, 3066, 3030, 2933, 2250, 2158, 1978, 19694,16689,
1495, 1452, 1340, 1281, 1216, 1160, 1068, 10305,19105, 867,
762, 749, 694, 638 cth R; (9:1 hexanes/EtOAc; UV/KMng:
0.47.

4.2.23 2-Hexadecyl-2-phenylmalononitrile (2r): According to
General Procedure B2r was prepared using the following
amounts of reagent: Step 1: lithium chloride (19 g4 mmol,
1.1 equiv), benzylmagnesium bromid® (0.47 mL of a 0.85 M
solution in EXO, 0.40 mmol, 1.0 equiv), and DBMN (0.80 mL of
a 1.1 M stock solution in THF, 0.88 mmol, 2.2 equiStep 2:
iodohexadecane (0.80 mL of a 0.60 M stock solutioiDMF,
0.48 mmol, 1.2 equiv; total reaction solvent = 6 of a 1:1
DMF/THF mixture, 0.25 M). The crude residue was pedifby
flash ~ column  chromatography (gradient of 0-5%
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EtOAc/hexanes) to yiel@r as a colourless oil (0.10 g, 0.27 phenylpropane (73uL, 0.48 mmol, 1.2 equiv) and DMF

mmol, 70%; 60% from benzyl bromide}).-l NMR (400 MHz,

(0.80 mL; total reaction solvent = 1.6 mL of a TTHF/DMF

CDCls, 298 K):6y 7.60-7.53 (m, 2H), 7.52—7.42 (m, 3H), 2.26— mixture, 0.25 M with respect to the alkyl nitrileJhe crude

2.13 (m, 2H), 1.69-1.55 (m, 2H), 1.47-1.07 (m, 26K9480.73
(m, 3H) ppm; HRMSWz (DART): calcd for GsHzoNs (M+NH,)
384.3379; found 384.3376; IR (neat): 2955, 2923328370,
2251, 1602, 1495, 1467, 1452, 1378, 1034, 1004, 8ag, 695
cmt R (9:1 hexanes/EtOAc; UV/KMng): 0.66.

4.2.24 General Procedure C: Synthesis of malononitriles from
alkyl nitriles using LDA: Step 1: To a flame-dried 8-mL culture
tube with stir bar
diisopropylamine (67.L, 0.48 mmol, 1.2 equiv). The solution
was cooled to 0 °C anuBuLi (0.28 mL of a 1.6 M solution in
hexanes, 0.44 mmol, 1.1 equiv) was added, dropwise,ttze
reaction was stirred at 0 °C for 10 min. The solutieas cooled
to =78 °C and the desired alkyl nitrile was addealt,ngropwise
(0.40 mmol, 1.0 equiv), and the reaction was stiaed78 °C for
1 h. The reaction was warmed to r.t. and a stocktiealwof
dimethylmalononitrile (DMMN) in THF was added (1.1uigof

a 1.1 M solution in THF; reaction volume = 0.50 Mwrespect
to alkyl nitrile). The reaction was stirred at 80f&C 6 h under an

was added THF (0.40 mL) and

residue was purified by flash column chromatografgradient
of 0-20% hexanes/EtOAc) to yieRl as a colourless oil (76 mg,
0.34 mmol, 85%). 7.36—7.13 (m, 5H), 2.74Jt 7.0 Hz, 2H),
2.08-1.97 (m, 2H), 1.96-1.82 (m, 4H), 1.75-1.62 (ht), 2.03
(t, J = 7.3 Hz, 3H) ppm*C NMR (100 MHz, CDCJ, 298 K):5¢
140.2, 128.7, 128.3, 126.4, 115.7, 39.7, 37.6,,33428, 27.0,
19.1, 13.4 ppm; HRM®&Vz (DART): calcd for GsHigN, (M+H)
227.1548; found 227.1549; IR (neat): 3063, 302%622936,
2877, 2870, 2249, 1736, 1605, 1497, 1461, 14554,13344,
1032, 750, 745, 700 ¢m TLC R (9:1 hexanes/EtOAc;
UV/KMnO,): 0.30.

4.2.27 Gram-scale preparation of 2-methyl-2-
phenylmalononitrile (2c): According to General Procedure A, 2c
was prepared using the following amounts of reagstep 1:
benzyl cyanide (1.2 mL, 10 mmol, 1.0 equiv), lithiwchloride
(0.46 g, 11 mmol, 1.1 equiv), THF (10 mL), methyfgnasium
bromide (4.1 mL of a 2.7 M solution in &, 11 mmol, 1.1
equiv), and DMMN (10 mL of a 1.1 M stock solutionTiF, 11

atmosphere of N Step 2: The reaction was cooled to r.t. andmmol, 1.1 equiv); Step 2: iodomethane (0.75 mL,Rol, 1.2

DMF was added to bring the reaction solvent to aTHE/DMF
ratio (0.25 M of a 1:1 THF/DMF mixture with respeot alkyl
nitrile). The desired electrophile (1.2 equiv) wdsled in a single
portion. If the electrophile was a solid, it was adideith the
DMF as a 0.60 M stock solution. The reaction wagsestiat 80
°C for 16 h, or until complete conversion was achitas judged
by TLC. The reaction was cooled to r.t., openeditogaenched
with 1 M aq. HCI, and extracted with EtOAc (x3). The anig
fractions were combined, dried over MgS@nd concentrated.
The crude residue was purified by flash column claimgraphy
to yield the desired malononitrile.

4.2.25 2-Benzyl-2-propylmalononitrile (2s): According to
General Procedure C, malononitri®s was prepared using the
following amounts of reagent:
diisopropylamine (67iL, 0.48 mmol, 1.2 equiv)p-butyllithium
(0.28 mL of a 1.6 M solution in hexanes, 0.44 mniol, equiv),
valeronitrile (42uL, 0.40 mmol, 1.0 equiv), and DMMN (0.40
mL of a 1.1 M stock solution in THF, 0.44 mmol, lefjuiv).
Step 2: benzyl bromide (54, 0.48 mmol, 1.2 equiv) and DMF
(0.80 mL; total reaction solvent = 1.6 mL of a TTHF/DMF
mixture, 0.25 M with respect to the alkyl nitrileThe crude
residue was purified by flash column chromatografgradient
of 0—20% hexanes/EtOAc) to yieRk as a white solid (78 mg,
0.39 mmol, 98%). 7.45-7.32 (m, 5H), 3.21 (s, 2H)741086 (m,
2H), 1.83-1.69 (m, 2H), 1.05 @,= 7.3 Hz, 3H) ppm**C NMR

(100 MHz, CDC}, 298 K): 8¢ 132.1, 130.2, 129.0, 128.8, 115.4,

43.4, 39.4, 39.3, 19.2, 13.4 ppm; HRM% (DART): calcd for

equiv) and DMF (20 mL). The crude residue was putifiy
flash  column  chromatography (gradient of 0-20%
EtOAc/hexanes) to yiel®2c (1.48 g, 9.5 mmol, 95%). The
analytical data matched that2xd prepared on 0.40-mmol scale.

4.2.28 Large-scale preparation of 2-phenylmalononitrile (2a):*

To a flame-dried 500-mL flask was added copper(@jide (1.9

g, 10 mmol, 20 mol %), L-proline (1.2 g, 10 mmoQ &hol %),
potassium carbonate (28 g, 200 mmol, 4 equiv), and
malononitrile (9.9 g, 150 mmol, 3.0 equiv). Theskavas sealed,
evacuated and backfilled with,Nx3), and DMSO was added
(250 mL, 0.20 M). lodobenzene (5.6 mL, 50 mmol, é&duiv)
was added and the reaction was stirred at 90 °C&dr @nder

N,. The flask was cooled to 0 °C, opened to air, aNdHCI was

Step 1. THF (0.40 mL), added to bring the solution to pH 2-3. The soluti@s extracted

with EtOAc (x3) and the organic fractions were combjned
washed with brine (x3), dried over MggGand concentrated.
The crude residue was purified by flash column clatmgraphy
(gradient of 10—20% EtOAc/hexanes) to yiélas an off-white
solid (6.2 g, 44 mmol, 88%). The characterizati@tadmatched
that of2a prepared using General Procedure A.
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