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Aerobic/Room-Temperature-Compatible s-Block
Organometallic Chemistry in Neat Conditions: A Missing
Synthetic Tool for the Selective Conversion of Nitriles into
Asymmetric Alcohols
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Antonio Antiñolo,[a] and Joaquín García-Álvarez*[b]

In memory of Prof. Dr. Fernando Aznar, a pioneer in the study of organometallic chemistry at the University of Oviedo.

Highly-efficient and selective one-pot/two-step modular double
addition of different highly polar organometallic reagents (RLi/
RMgX) to nitriles en route to asymmetric tertiary alcohols
(without the need for isolation/purification of any halfway
reaction intermediate) has been studied, for the first time, in
the absence of external/additional organic solvents (neat
conditions), at room temperature and under air/moisture (no
protecting atmosphere is required), which are generally
forbidden reaction conditions in the field of highly-reactive

organolithium/organomagnesium reagents. The one-pot modu-
lar tandem protocol demonstrated high chemoselectivity with a
broad range of nitriles, as no side reactions (Li/halogen
exchange, ortho-lithiations or benzylic metalations) were de-
tected. Finally, this protocol could be scaled up, thus proving
that this environmentally friendly methodology is amenable for
a possible applied synthesis of asymmetric tertiary alcohols
under bench type reaction conditions and in the absence of
external organic solvents.

Introduction

In the last decade, the constantly growing chemical portfolio of
highly-polar s-block organometallic reagents [specially for the
case of organolithium (RLi) and Grignard (RMgX) derivatives][1]

has been able to expand its influence into previously forbidden
synthetic fields, ranging from homogenous catalysis[2] to
sustainable chemistry.[3] This change of paradigm is directly
related with new findings, reported by different research groups
worldwide,[4] which refuted the well-established wisdom related
with the fact that organolithium/organomagnesium chemistry
should always be performed under strict, tedious and energy-

consuming Schlenk-type reactions conditions, usually requiring
low temperature (� 78 °C), inert atmosphere (N2 or Ar) and
meticulously dried, toxic and non-biorenewable volatile organic
solvents (ethereal compounds).[1] In this field, our research
group and others have demonstrated that both organolithium
and Grignard reagents can make their synthetic job even under
greener and bench-type conditions by fine-tuning of the
reaction parameters under study,[4,5] such as the solvent
employed [in most cases protic and sustainable solvents like
water, glycerol or deep eutectic solvents (DESs) are tolerated].
Going one step further, and bearing in mind the following
phrase (coined by P. T. Anastas and J. C. Warner, usually
considered the fathers of the Green Chemistry concept): “The
best solvent is no solvent”,[6] Feringa and coworkers firstly
described the possibility to promote a more sustainable, faster
and scalable direct Pd-catalyzed coupling of organolithium
compounds without the need of any external/additional
organic solvents.[7] In this vein, and following this “solventless”
idea, we have successfully extended this s-block-based sustain-
able methodology to the addition of RLi/RMgX reagents into
cyclic carbonates.[8]

Aside from the Green Chemistry point of view, the previous
studies on the use of polar organometallic compounds in the
aforementioned unconventional and biorenewable reaction
media (water, glycerol or DESs) also revealed that, in some
cases, unique chemoselectivities and enhanced performances
can be accomplished under these non-Schlenk-type
conditions.[4,5] In this sense, Capriati and co-workers recently
reported the sequential double addition of highly-polar
reagents (RLi/RMgX) to nitriles which, in contrast to classical
methods (that require inert atmospheres, dried organic solvents
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and low temperatures), proceeds quickly, efficiently and chemo-
selectively at room temperature, under air and using water as
the only reaction media, thus giving rise to the desired tertiary
carbinamines in yields up to 98 % (Scheme 1a).[4d] Taking into
account this idea and building on our recent findings on the
nucleophilic addition of organolithium reagents (RLi) to
aromatic nitriles in water or glycerol to produce the correspond-
ing ketones (Scheme 1b),[5b] we present the first successful
modular double addition of different organolithium/Grignard
reagents at room temperature, under air and in the absence of
any external/additional organic solvent (apart from the com-
mercially-available solution of the either RLi or RMgX reagents
employed) into nitriles, giving rise to non-symmetrical and
highly-substituted tertiary alcohols (see Scheme 1c). The overall
transformation takes place in a sequential and modular one-pot
fashion (without the need of any halfway isolation/purification
of reaction intermediates) and involves the following three
steps: i) fast and selective RLi/RMgX-addition into the starting
nitriles; ii) hydrolyzation of the lithium/magnesium imide; and
iii) chemoselective and fast addition of RLi/RMgX reagents into
transiently preformed ketones. Moreover, this sequential and
modular double-addition route provides selective access to
either ketones or non-symmetrical tertiary alcohols, which are
often considered components of active pharmaceutical ingre-
dients (APIs), natural products, agrochemicals or synthetic
materials.[9]

Results and Discussion

To start with our investigations, we selected, as a model process
to study, the reaction between commercially available benzoni-
trile (1a) and MeLi, in the presence of air/moisture, at room
temperature and, for the first time, in the absence of any
additional/external organic solvent, this is by using directly the
commercially available MeLi solution (diethyl ether) as solvent
(Scheme 2).[10] Surprisingly, by using only one equivalent of
MeLi, benzonitrile (1a, 0.5 mmol) was converted into imine 2a
in quantitative conversion (99 %) after only 3 s of reaction. At

this point, we would like to mention that, in this case and for
the first time in this chemistry, we are not using an excess of
the organolithium reagents (1 : 1 stoichiometry is employed).
However, in the vast majority of the previously reported works
in this field,[4,5] excess of the RLi reagents (2–3 equivalents) is
mandatory to achieve good final yields of the desired products.
Subsequent addition of a saturated aqueous solution of NH4Cl
at room temperature to the reaction media allows the complete
conversion of imine 2a into the desired acetophenone (3a) after
three hours of stirring at room temperature. In order to speed
up this hydrolyzing process, heating of the reaction medium at
100 °C permits full conversion into ketone 3a after only 30 min
of reaction. Pleasingly, the reaction could also be scaled-up by
reacting 10 mmol of 1a with 1 equivalent of MeLi, thus forming
acetophenone (3a) in quantitative yield (99 %).[11]

Once established the best conditions for the addition of
MeLi into Ph� C�N (1a) with no additional solvents, the scope of
suitable and commercially-available nitriles was explored
(Scheme 3). To our delight, the optimized reaction conditions
(room temperature, under air/moisture and 1 : 1 stoichiometry)
for the synthesis of acetophenone (3a) could be successfully
applied to a variety of aromatic nitriles (1a–j), giving rise to a
diversity of aromatic methyl ketones 3a–j in good (65 %) to
quantitative (99 %) yields, thus indicating the generality of this
reaction. In this vein, when the phenyl group of the aromatic
nitrile is substituted with an electron-donating group [like
methyl (1b–d, 98–85 %) or methoxy substituents (1e–g, 94–
81 %)] the yields of the corresponding ketones 3b–g only suffer
a small erosion, finding a similar trend when the phenyl group
is replaced by a naphthyl substituent (1h, 90 %). Conversely,
when electron-withdrawing groups are present in para-position
of the phenyl group (Br in 1i and CF3 in 1j) the yields of the
final ketones 3i–j decreased considerably (70 % and 65 %,
respectively). At this point, it is important to note that although
electronic properties of these substituents in the aromatic ring
produce a considerable decrease in the yield of the final
ketones, the presence of ortho-substituents in the starting
nitriles (1d and 1g) have only a modest effect. Importantly, we
always observed total chemoselectivity for the process under
study (even working at room temperature, in the presence of
air/moisture and in a 1 : 1 stoichiometry), as possible competing
processes with the addition reaction of RLi reagents to
nitriles,[12] like: i) metalation of benzylic position in substrates
3b–d (i. e., lateral lithiation); ii) directed-ortho-metalation (DoM)
processes in nitriles containing MeO (1e–g) or CF3 (1j) groups;
and iii) Li-halogen exchange processes in nitrile 1i; were not

Scheme 1. Design of one-pot tandem combinations that rely on the addition
of polar s-block reagents (RLi/RMgX) into nitriles in protic and sustainable
reaction media [water or glycerol (Gly)] or in the absence of external/
additional organic solvents, working at room temperature and under air.

Scheme 2. One-pot combination of the selective and fast addition of MeLi
into benzonitrile (1a) under air, at room temperature and in the absence of
any additional/external solvent with the concomitant hydrolysis of imine
(2a) into acetophenone 3a.
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detected. Regarding the physical state of the starting nitriles, it
is important to mention that our protocol is not only applicable
to liquid nitriles (e. g., 1a–d) but also to solid nitriles (like 1e–g)
maintaining in all cases good to excellent yields. Trying to push
our methodology to its limits, we decided to extend our studies
to heteroaromatic (1k–l) or aliphatic (1m) nitriles. In both cases,
lower yields were obtained for the desired ketones 3k–m. These
results are in good agreement with our previous studies in the
addition of RLi reagents into aliphatic nitriles in protic solvents
(water or glycerol).[5b] Finally, aromatic nitriles containing NH2 or
OH groups in para-position, like 4-hydroxybenzonitrile or 4-
aminobenzonitrile (which are sparingly soluble solids due to the
strength of the intermolecular aggregation of these com-
pounds) are not good candidates for our addition process.

Next, and to have a full picture of our one-pot process for
the synthesis of aromatic ketones, we decided to examine the
addition of other highly-polar s-block organometallic reagents
(RLi/RMgX) into commercially available benzonitrile (1a), under
the previously optimized reaction conditions (in the presence of
air/moisture, at room temperature and in the absence of any
additional/external organic solvents, Table 1). We initiated our
studies by using other commercially available and aliphatic
organolithium reagents such as EtLi and n-BuLi. Thus, for the
specific case of EtLi and using 1 : 1 stoichiometric condition, we
observed a dramatic decrease in the yield of the final
propiophenone (3n, 15 %, entry 2 in Table 1). To try to explain
this experimental observation, we should put first the focus on
the concentration of the commercially available solution of EtLi
employed. In this sense, the higher concentration of the

commercially available solution of MeLi (1.6 M) allows us to use
a smaller volume of the ethereal solvent (Et2O, 0.313 mL) while
for the diluted version of the commercially solution of EtLi
(0.5 M), we need to increase the volume of the hydrocarbon-
based solvent employed up to three times (benzene/
cyclohexane, 1 mL). In the same line, we could invoke the
capability of the ethereal solvent present in the commercial
solution of MeLi to break down the oligomeric species (usually
present in RLi compounds) into more reactive monomeric
organometallic species. In the case of EtLi, to try to increase the
yield of the desired propiophenone (3n, 79 %), it is mandatory
to move to a 2 : 1 stoichiometry (entry 3, Table 1). In good
agreement with the experimental observation that higher
concentrated RLi solutions are preferred in our one-pot tandem
protocol, we found that just 1 equivalent of a highly-
concentrated commercially available solution of n-BuLi (2.5 M)
is capable to trigger the formation of the ketone 3o in good
yield (74 %, entry 4, Table 1). Again, we could increase the
reaction yield for ketone 3o just by using two equivalents of n-
BuLi (86 %, entry 5, Table 1). Moreover, we demonstrated that
our one-pot tandem protocol (in the absence of any external/
additional organic solvent) also tolerates the use of aromatic
(PhLi ; entry 6, Table 1) or heteroaromatic (2-thienyl lithium;
entry 7, Table 1) organolithium reagents, giving rise to the
corresponding ketones in good yields (60–84 %). The intermedi-
ate imine bearing the 2-thienyl group (3q) requires 4 h of acidic
hydrolysis, probably due to the mayor stability of this com-
pound. Similarly, trimethylsilyl-containing organolithium re-
agents [(CH3)3SiCH2Li; entry 8, Table 1] can be also employed in
our protocol (1 : 3 stoichiometry is needed), although we
observed a spontaneous Si� C cleavage under the hydrolyzing
reaction conditions,[13] thus giving rise to the acetophenone (3a)

Scheme 3. One-pot protocol for the synthesis of methyl ketones 3a–m using
different nitriles (1a–m) and 1 equivalent of MeLi under air, at room
temperature and in the absence of any additional/external solvent.

Table 1. Addition of organolithium/Grignard reagents (RLi/RMgX) to
benzonitrile (1a) under air, at room temperature and in the absence of any
additional/external solvent.[a]

Entry R-Li[b] Equiv. Ketone Yield [%][c]

1 MeLi 1 3a 99
2 EtLi 1 3n 15
3 EtLi 2 3n 79
4 n-BuLi 1 3o 74
5 n-BuLi 2 3o 86
6 PhLi 1 3p 60
7 2-thienylLi 1 3q 84
8 (CH3)3SiCH2Li 3 3a 58
9 n-BuMgCl 3 3o 61

[a] General conditions: reactions performed under air/moisture, at room
temperature and in the absence of external organic solvents, using
0.5 mmol of benzonitrile (1a). [b] Commercial solution of MeLi (1.6 M in
diethyl ether), EtLi (0.5 M in benzene/cyclohexane), n-BuLi (2.5 M in
hexanes), PhLi (1.9 M in n-Bu2O), 2-thienyl lithium [1 M in tetrahydrofuran
(THF)/hexanes], (CH3)3SiCH2Li (1 M in pentane) and n-BuMgCl (2 M in Et2O)
were employed. [c] Yields determined by 1H nuclear magnetic resonance
(NMR) spectroscopy using trimethoxybenzene as internal standard
(0.5 mmol) (see Supporting Information).
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in 58 % yield. For highly steric demanding and reactive organo-
lithium reagents (i. e., t-BuLi), no addition reaction into benzoni-
trile (1a) was observed. Finally, one of the most important
advantages of this new protocol (performed in the absence of
external solvents) is related with the fact that Grignard reagents
(n-BuMgCl; entry 9, Table 2) can be successfully added to
benzonitrile (1a), working at room temperature and under air.
This finding overpasses one of the most important drawbacks
of our previously reported methodology in glycerol,[5b] in which
Grignard reagents (RMgX) were not capable to trigger their
addition reaction into nitriles.

Recently, we have demonstrated the possibility to design
one-pot tandem protocols in which one of the steps is based
on the fast and chemoselective addition of RLi reagents into
transiently formed ketones,[4g,5a,i] under air/moisture and at
room temperature, by using protic and sustainable solvents
(water or DESs) as green reaction media, giving rise to the
desired highly substituted tertiary alcohols (without any iso-
lation or halfway purification step needed). In the light of these
results, and taking into account that our new protocol allows us
to trigger the quantitative conversion of benzonitrile (1a) into
acetophenone (3a) when MeLi (1 equiv., Scheme 2) is added at
room temperature, under air and in the absence of any
additional/external solvent, we envisioned a modular combina-
tion of this first step with a subsequent chemoselective and fast
addition of other RLi/RMgX reagent, thus opening the door to
the straightforward and selective synthesis of a library of non-

symmetrical tertiary alcohols, via a one-pot/two-step modular
tandem protocol under greener reaction conditions and in the
absence of any external/additional organic solvent (Table 2).
Generally, the double addition of RLi/RMgX reagents into
carbonyl compounds is restricted to ester, giving rise to the
corresponding symmetric alcohols.[5g] However, our one-pot
tandem protocol overpasses this limitation, allowing us the
direct, modular and more sustainable synthesis of tertiary
alcohols containing three different substituents in its structure
[with general formula RR1R2C(OH)], without the need of any
halfway isolation/purification steps (Table 2).

Thus, we initiated our studies by exploring the combination
of the aforementioned addition of MeLi into benzonitrile (1a),
under air/moisture, at room temperature and in the absence of
external/additional solvents followed by the subsequent hydrol-
ysis of the imine intermediate (entry 1, Table 2). After reaching
room temperature and without any isolation/purification steps,
one equivalent of n-BuLi was directly added to the obtained
aqueous reaction media. Remarkably, the almost instantaneous
and chemoselective formation of the non-symmetric tertiary
alcohol 4a was observed, finding a significantly improved yield
of 68 % when three equivalents of n-BuLi were employed
(compare entries 1–3 in Table 2). At this point, we would like to
highlight that, for the first time in this chemistry, we have been
able to promote the addition of a RLi reagent into acetophe-
none (3a) in an acidic aqueous media (pH =4.6 for a saturated
aqueous solution of NH4Cl). By replacing MeLi in the first step of
the one-pot/two-step modular protocol by other organolithium
reagents like EtLi (entries 5–6, Table 2) or n-BuLi (entry 7–8,
Table 2), we observed lower to similar conversions of the final
tertiary alcohols 4a–c, even if non-quantitative conversion of
benzonitrile (1a) into the intermediate ketones 3n,o was
detected (79 % and 86 %, respectively). However, we should
mention that, in all the cases under study, formation of the
non-symmetric tertiary alcohols 4a–c occurs chemoselectively,
with no side products observed in the crude reaction mixture
(only unreacted starting materials). At this point, we should
mention that, not only aliphatic and primary RLi reagents but
also heteroaromatic [like 2-thienyl lithium (ThienLi); entries 12–
17, Table 2] or silylated [TMSCH2Li (TMS=(CH3)3Si; entries 9–11,
Table 2) organolithium reagents can be employed in our one-
pot tandem modular protocol in the absence of external/
additional organic solvents, working at room temperature and
under air. Finally, we decided to study the scope of our one-
pot/two-steps tandem protocol in terms of the nature of the
polar organometallic reagent employed in the second step. In
this sense, and although neutral Grignard reagents (like
MeMgCl, H2C= CHMgBr or PhMgBr) are not capable to promote
their addition into acetophenone (3a) when an acidic saturated
solution of NH4Cl is used as reaction media,[14] we found (for the
first time in this field) that a highly nucleophilic anionic
magnesiate,[2b,15] in this case the prototypical Turbo-Grignard i-
PrMgCl2Li (firstly reported by Knochel),[16] is capable of promot-
ing its addition into acetophenone (3a) giving rise to the
tertiary alcohol 4j even in an acidic reaction media (saturated
NH4Cl aqueous solution).

Table 2. One-pot/two-step modular double addition of different organo-
lithium or organomagnesium reagents to benzonitrile (1a) under air, at
room temperature and in the absence of any additional solvent.[a]

Entry R1Li[b] Equiv. 3a,n–q [%][c] R2Li[b] Equiv. 4a–j [%][c]

1 MeLi 1 3a (99) n-BuLi 1 4a (52)
2 MeLi 1 3a (99) n-BuLi 2 4a (56)
3 MeLi 1 3a (99) n-BuLi 3 4a (68)
4 MeLi 1 3a (99) EtLi 3 4b (52)
5 EtLi 2 3n (79) n-BuLi 3 4c (38)
6 EtLi 2 3n (79) MeLi 3 4b (45)
7 n-BuLi 2 3o (86) MeLi 3 4a (66)
8 n-BuLi 2 3o (86) EtLi 3 4c (74)
9 MeLi 1 3a (99) TMSCH2Li 3 4d (52)
10 EtLi 2 3n (79) TMSCH2Li 3 4e (76)
11 n-BuLi 2 3o (86) TMSCH2Li 3 4f (54)
12 MeLi 1 3a (99) ThienLi 3 4g (56)
13 EtLi 2 3n (79) ThienLi 3 4h (51)
14 n-BuLi 2 3o (86) ThienLi 3 4i (65)
15 ThienLi 1 3q (84) MeLi 3 4g (55)
16 ThienLi 1 3q (84) EtLi 3 4h (30)
17 ThienLi 1 3q (84) n-BuLi 3 4i (24)
18 MeLi 1 3a (99) i-PrMgCl2Li 3 4j (25)

[a] General conditions: reactions performed under air/moisture, at room
temperature and in the absence of external organic solvents, using
0.5 mmol of benzonitrile (1a). [b] Commercial solution of MeLi (1.6 M in
diethyl ether), EtLi (0.5 M in benzene/cyclohexane), n-BuLi (2.5 M in
hexanes), TMSCH2Li [TMS= (CH3)3Si; 1 M in pentane], ThienLi (Thien= 2-
thienyl; 1 M in THF/hexanes), and i-PrMgCl2Li (1.3 M in THF) were
employed. [c] Yields determined by 1H NMR using trimethoxybenzene as
internal standard (0.5 mmol) (see Supporting Information).
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Once we have set the best reaction conditions for our
unprecedented one-pot/two-step process that allows selective
conversion of benzonitrile (1a) into non-symmetric tertiary
alcohols through modular addition of RLi/RMgX reagents: i)
under air/moisture; ii) at room temperature; and iii) without the
addition of any external/additional organic solvent, we decided
to focus our attention on the study of the nature of the starting
aromatic nitriles (Scheme 4). Thus, we observed a moderate
increase of the final yield of the non-symmetric alcohols 4k,n
when the starting aromatic nitriles are substituted with an
electron-donating group in para-position [Me (4k, 71 %) or MeO
(4n, 80 %)]. However, no effect on the yield of alcohols 4l,o was
observed when the same electron-donating groups are present
in the meta-position of the aromatic ring [Me (4l, 66 %) or MeO
(4o, 67 %)]. Contrastingly, when the phenyl group is substituted
in ortho-position with a methyl group (4m), the yield decreased
up to 38 %, probably due to the steric hindrance of this methyl
substituent. In this vein, when the aromatic ring contains a
methoxy group in the ortho-position, we detected an increase
in the yield of alcohol 4p (84 %). This experimental observation
seems to indicate that the inductive effect of the MeO group is
dominant over both the conjugative and the steric effects of
this group in ortho-position. For the specific case of aromatic
rings containing electron-withdrawing groups, like Br (4q) or
CF3 (4r) in para-position, slight decrease in yields of the final
alcohols was observed (57 % and 49 %, respectively). At this
point and after all these studies, it is important to mention that
no side reactions like: i) Li/halogen exchange (Br in 4q); ii)
directed ortho-lithiations (MeO in 4p–o or CF3 in 4r); and iii)
benzylic metalations (Me groups in 4k–m) were detected in any
of these one-pot/two-step protocols, thus demonstrating the
high chemoselectivity of our modular double addition reaction.

For completeness of our study, we demonstrated that
replacing of phenyl group in the starting nitriles by a naphthyl
substituent (1h) did not affect the yield of the final non-
symmetric alcohol 4s (68 %). Finally, we assayed on a larger
scale of the corresponding reaction between benzonitrile (1a,
10 mmol), 1 equiv. of MeLi, and 3 equiv. of n-BuLi, following the
described one-pot/two-step protocol and achieving a yield of
64 %, very similar to that obtained using a smaller scale. This

proves the potential of this process to obtain tertiary alcohols
on the gram scale.

Conclusion

In summary, this work has demonstrated that selective one-pot/
two-step modular double addition of organolithium/organo-
magnesium reagents into nitriles (without any halfway iso-
lation/purification steps needed), can be carried out under
bench-type and sustainable reaction conditions (presence of
air/moisture, room temperature and in the absence of any
external organic solvent) en route to either aromatic ketones or
asymmetric tertiary alcohols. Moreover, it is important to
mention the high chemoselectivity of our tandem synthetic
protocol which is compatible with a variety of functional groups
in the starting nitriles, without observing any undesired side
reactions typically associated with the use of highly polar
organolithium reagents. Finally, by using a scaled-up synthetic
protocol, we proved the possible use of our methodology as a
new and more environmentally friendly tool for the applied
synthesis of highly-substituted and asymmetric tertiary alco-
hols.

Experimental Section

General considerations

All reagents were obtained from commercial suppliers and used
without further purification. Methyl lithium (1.6 M in diethyl ether),
n-butyl lithium (2.5 M solution in hexanes), ethyl lithium (0.5 M in
cyclohexane/benzene), phenyl lithium [1.9 M in di(n-butyl)ether], 2-
thienyl lithium (1 M in THF/hexanes), (CH3)3SiCH2Li (1 M in pentane),
n-butyl magnesium chloride (2 M in THF) and i-PrMgCl2Li (1.3 M in
THF) were purchased from Sigma Aldrich. Concentrations of all
organolithium reagents were established by titration with l-
menthol,[17] and the concentration of Grignard reagents were
determined by titrating against iodine.[18]

Infrared spectra were recorded on a Bruker Tensor 27 spectrometer,
using an ATR (Attenuated total reflection) accessory. NMR spectra
were recorded on a Bruker Avance Neo 400 spectrometer operating
at 400.13 MHz for 1H, 100.62 MHz for 13C and 376 MHz for 19F. All 13C
and 19F spectra were proton decoupled. 1H and 13C NMR spectra
were referenced against the appropriate solvent signal. 19F NMR
spectra were referenced against CFCl3. Characterisation details,
including 1H, 19F and 13C{1H} NMR spectra, for compounds 3a–q and
4a–s are included in the Supporting Information.

Synthesis of ketones 3a–q

Syntheses were performed under air and at room temperature. A
glass tube was charged with the appropriate nitrile (1a–m,
0.5 mmol) and the corresponding organolithium/organomagnesi-
um reagent was added with a vigorous stirring. After 3 s of stirring,
the reaction was quenched with 2 mL of a saturated solution of
NH4Cl and then heated to 100 °C for 30 min (4 h for compound 3q).
After reaching room temperature, 5 mL of distilled water was
added, and the mixture was extracted with 2-MeTHF (3 × 5 mL). The
combined organic phases were dried over anhydrous MgSO4 and
the solvent was concentrated in vacuo. Yields of the reaction crudes

Scheme 4. One-pot/two-steps modular double addition of MeLi and n-BuLi
reagents to different aromatic nitriles (1a–j) under air, at room temperature
and in the absence of any additional/external solvent.
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were determined by 1H NMR using 1,3,5-trimethoxybenzene as
internal standard (0.5 mmol). Separation and purification of every
compound was carried out using TLC (Thin Layer Chromatography)
glass plate silica (employing hexane:ethyl acetate mixtures). All
reactions were done in triplicate to ensure good reproducibility of
obtained yields.

Synthesis of tertiary alcohols 4a–s

Syntheses were performed under air and at room temperature. A
glass tube was charged with the appropriate nitrile (1a–j, 0.5 mmol)
and the corresponding lithium reagent was added with a vigorous
stirring. After 3 s of stirring, the reaction was quenched with 2 mL
of a saturated solution of NH4Cl and then heated to 100 °C for
30 min. After reaching room temperature, 3 equivalents of the
second organolithium/organomagnesium reagent were added and
then the mixture was extracted with 2-MeTHF (3 × 5 mL). The
combined organic phases were dried over anhydrous MgSO4 and
the solvent was concentrated in vacuo. Yields of the reaction crudes
were determined by 1H NMR using 1,3,5-trimethoxybenzene as
internal standard (0.5 mmol). Separation and purification of every
compound was carried out using TLC glass plate silica (employing
hexane:ethyl acetate mixtures). All reactions were done in triplicate
to ensure good reproducibility of obtained yields.
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