
Organolithium Chemistry

In Situ Quench Reactions of Enantioenriched Secondary Alkyllithium
Reagents in Batch and Continuous Flow Using an I/Li-Exchange

Alexander Kremsmair, Henrik R. Wilke, Johannes H. Harenberg, Benjamin R. G. Bissinger,
Matthias M. Simon, Nurtalya Alandini, and Paul Knochel*

Dedicated to Dieter Seebach on the occasion of his 85th birthday.

Abstract: We report a practical in situ quench (ISQ)
procedure involving the generation of chiral secondary
alkyllithiums from secondary alkyl iodides (including
functionalized iodides bearing an ester or a nitrile) in
the presence of various electrophiles such as aldehydes,
ketones, Weinreb amides, isocyanates, sulfides, or
boronates. This ISQ-reaction allowed the preparation of
a broad range of optically enriched ketones, alcohols,
amides, sulfides and boronic acid esters in typically 90–
98% ee. Remarkably, these reactions were performed at
� 78 °C or � 40 °C in batch. A continuous flow set-up
permitted reaction temperatures between � 20 °C and
0 °C and allowed a scale-up up to a 40-fold without
further optimization.

The enantioselective synthesis of small molecules has
attracted increasing interest in pharmaceutical and agro-
chemical research.[1] Especially, the preparation of enan-
tioenriched organometallics is an important goal as it gives
straightforward access to numerous enantiopure compounds
after quenching with electrophiles.[2] Nevertheless, many
reported chiral maingroup organometallics bear a heteroa-
tom in α-position for stabilization, preventing fast
epimerization.[3] Therefore, we investigated a general prepa-
ration of optically enriched non-heteroatom stabilized
organometallics.[4] Recently, we have reported the prepara-
tion of chiral non-heteroatom stabilized[5] secondary alkyl-
lithiums (1) from the corresponding iodides (2) via an I/Li-
exchange with t-BuLi. The resulting organolithium species[6]

were either directly quenched with electrophiles (3) or
trapped after stereoretentive transmetalations[7] leading to
various products of type 4 (Scheme 1a, left).[8] However, the
drawback of such approaches was the very low temperatures

required for the generation of the organolithium species
(� 100 °C). Furthermore, the functional group tolerance was
limited and the scale-up of these reaction sequences proved
to be difficult affording poor yields and low optical purities.
Thus, we have found that an in situ quench (ISQ, also
known as Barbier conditions)[9] of chiral alkyl iodides in the
presence of a suitable magnesium reagent with t-BuLi
allowed the performance of the I/Li-exchange at up to
� 50 °C with high stereoretention (up to 99%) providing,
upon transmetalation, several chiral secondary Grignard
reagents.[10] Yet, the resulting chiral alkylmagnesiums proved
to be unreactive towards some important classes of electro-
philes (3) including enolizable or sterically hindered
ketones.

Hence, we envisioned an ISQ-reaction involving the
treatment of enantioenriched secondary alkyl iodides (2) in
the presence of electrophiles (3) using t-BuLi at � 78 °C or
higher temperatures (Scheme 1a, right). These conditions
combined with the use of a continuous flow set-up might
allow even higher temperatures and previously impossible
reaction scales. These perspectives would greatly improve
the practicability of our method. Herein, we report such an
in situ quench (ISQ) reaction of chiral alkyllithiums (1),
including for the first time highly functionalized substrates,
in the presence of a broad range of electrophiles such as
aldehydes, ketones, Weinreb amides, isocyanates, sulfides,
or boronates (3) after the addition of t-BuLi at � 78 °C or
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Scheme 1. Previous standard sequence and highly stereoretentive ISQ-
reactions involving secondary alkyllithium intermediates.
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even � 40 °C. This allowed the facile preparation of diversely
functionalized products of type 4 with high enantiomeric
purity (up to 98% ee) via intermediate alkyllithiums of type
(1, Scheme 1b). Furthermore, we were able to transfer the
reaction into continuous flow conditions, in which it was
scaled up to a 40-fold.

In preliminary experiments, we have converted the chiral
secondary alkyl iodide (R)-2a (95% ee) into the correspond-
ing organolithium (R)-1a at � 100 °C (addition of (R)-2a to
t-BuLi within 60 s) resulting, after immediate quench with
diethyl ketone (3a, 2.5 equiv), in the formation of the
alcohol (R)-4a in 67% GC-yield and 92% ee (Table 1A,
entry 1). Increasing the reaction temperature to � 78 °C or
� 40 °C led to significant racemization of (R)-4a showing the
limitations of the former two-step procedure (entries 2 and 3
of table 1A). In contrast, using the ISQ-procedure and
mixing the iodide (R)-2a (95% ee, 1.0 equiv) with Et2CO
(3a, 2.5 equiv) in 3 :2 pentane:ether and adding t-BuLi
(2.1 M in pentane) within 10 s at � 78 °C provided (R)-4a in
60% isolated yield and 93% ee (entry 4). A temperature
increase to � 60 °C led to (R)-4a in 52% GC-yield and still
92% ee (entry 5). A slight erosion of enantioselectivity was
observed at � 40 °C, providing (R)-4a in 54% GC-yield and
90% ee (entry 6). A significant decrease in optical purity of
(R)-4a was observed when the reaction was done at � 20 °C
(44% GC-yield, 86% ee, entry 7) or at 0 °C (41% GC-yield,
69% ee, entry 8). Changing the amount of electrophile used
in the ISQ-procedure led to lower yields of (R)-4a.[11]

Based on these preliminary experiments, we have
designed a general procedure for the in situ quench of
various functionalized chiral secondary alkyl iodides of type
2 in the presence of electrophiles (E� X) of type 3 such as
ketones, boronates, Weinreb amides, disulfides, aldehydes
and isocyanates leading to functionalized chiral products of
type 4 (Scheme 2). Thus, mixing (S)-2a and diethyl ketone
(3a) in pentane:ether and adding t-BuLi within 10 s at
� 78 °C followed by an immediate quench with sat. aq.

Table 1: Preparation of the enantioenriched alcohol (R)-4a using a
two-step sequence via alkyllithium (R)-1a followed by the addition of
diethyl ketone (3a, method A) or via the in situ generation of (R)-1a in
the presence of 3a (method B).

Entry Temperature [°C] GC-Yield of (R)-4a[a] ee of (R)-4a[b]

1 � 100 67% 92%
2 � 78 61% 53%
3 � 40 54% 0%

4 � 78 60%[c] 93%
5 � 60 52% 92%
6 � 40 54% 90%
7 � 20 44% 86%
8 0 41% 69%

[a] The yield was determined by GC-analysis; [b] The enantiomeric
excess (% ee) was determined by chiral HPLC-analysis; [c] Yield of
isolated analytically pure product.

Scheme 2. Prepared chiral products 4a–r by in situ quench (ISQ) of
optically enriched secondary alkyl iodides 2a–g in the presence of
electrophiles 3a–n using t-BuLi. Yields refer to isolated analytically pure
products. The enantiomeric excess (% ee) was determined by chiral
HPLC-analysis. The diastereomeric ratio (dr= syn/anti) was determined
via GC- or NMR-analysis. [a] The reaction was performed at � 40 °C
using 3.0 equiv of electrophile.
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NH4Cl solution, gave the expected alcohol (S)-4a in 68%
yield and 91% ee. Using (S)-2a in the presence of other
enolizable ketones such as acetone (3b) or cyclohexanone
(3c) led to the chiral alcohols (S)-4b and (S)-4c in 45–61%
yield and 91–92% ee. In the case of solid electrophiles such
as adamantanone (3d), the reaction was performed at
� 40 °C due to the limited solubility of the reaction mixture
at lower temperatures. Nevertheless, the desired alcohol
(R)-4d was isolated in 72% yield and 94% ee. Also,
transmetalations to boronic acid esters like (R)- or (S)-4e
were achieved with high stereoretention in up to 83% yield
and up to 92% ee starting from (R)- or (S)-2a and
methoxyboronic acid pinacol ester (3e).

Although, the Weinreb amide N-methoxy-N-methyl-4-
(trifluoromethyl)benzamide (3 f) showed only limited solu-
bility under our standard conditions (� 78 °C), the ISQ-
reaction could be performed at � 40 °C providing the α-chiral
ketone (R)-4f in 56% yield and 94% ee. Employing the
benzothiophene derived alkyl iodides (R)- or (S)-2b in the
presence of diethyl ketone (3a) and adding t-BuLi at � 78 °C
gave the corresponding alcohols (R)- and (S)-4g in 63–67%
yield and 91–96% ee. Also, a mixture of the chiral alkyl
iodide (S)-2b and the silyl protected dihydroxyacetone
derivative 3g was only soluble at � 40 °C and therefore t-
BuLi was added at this temperature affording (S)-4h in
72% yield with high stereoretention (98% ee). Electrophiles
like Bu2S2 (3h) or citronellal (3 i) reacted with (S)-2b
providing the sulfide (S)-4 i (63% yield, 93% ee) or (2S,5S)-
4j (after oxidation with Dess–Martin periodinane;[12] 48%
yield, dr=92 :8, 96% ee). Furthermore, the chiral alcohol
(S)-4k was isolated after mixing (S)-2c with cyclopentadeca-
none (3 j) and adding t-BuLi at � 40 °C in 53% yield and
92% ee. Isocyanates like (R)-3k also proved to be suitable
electrophiles when mixed with the secondary alkyl iodide
(S)-2d yielding, under standard conditions, the desired
amide (2’S,3R)-4 l in 72% yield with dr=2 :98 and 96% ee.
Moreover, the optically enriched iodides (R)- and (S)-2e
underwent the ISQ-reaction with dicyclopropyl ketone (3 l),
di-iso-propyl ketone (3m) or dicyclohexyl ketone (3n, at
� 40 °C) providing the alcohols 4m–o in up to 78% yield and
up to 96% ee. To our delight, chiral secondary alkyl iodides
bearing sensitive functional groups like a nitrile (R- and S-
2f) or an ester (R- and S-2g) were compatible with this
method. Thus, the amides (2’R,3R)-4p (75%, dr=94 :6,
96% ee) and (2’R,3S)-4p (82%, dr=8 :92, 96% ee) as well
as the alcohol (S)-4q (49%, 95% ee) were isolated after
ISQ-reaction using (R)- or (S)-2 f and either (R)- or (S)-3k
or (3m). Likewise, (R)- and (S)-4r were obtained after
reaction of the ester-containing alkyl iodide (R)- or (S)-2g
with adamantanone (3d), after addition of t-BuLi, in up to
53% yield and 94% ee at � 40 °C.

While the reaction proceeded smoothly with chiral
iodides of type AlkCH(Me)I, we have also demonstrated
that more substituted alkyl iodides may be used. The
required alkyl iodides were prepared from commercially
available (R)-epichlorohydrin (R-5) in a three step sequence
(Scheme 3).[13] Thus, (R)-5 was treated with various
Grignard reagents (RMgCl) in the presence of 4 mol%
CuI[14] affording, after treatment with KOH, chiral epoxides

of type 6. Another ring opening of 6 with Grignard reagents
(R’MgCl) or alkynyllithiums in the presence of 4 mol% CuI
provided chiral alcohols of type 7 in 70–81% yield (over 3
steps). A stereoinvertive Appel reaction furnished the
desired secondary alkyl iodides (S)-2h–k in 49–68% yield
and 92–98% ee.

With these chiral secondary alkyl iodides in hand, we
performed several ISQ-reactions (Scheme 4). Thus, the
chiral homobenzylic secondary alkyl iodide (S)-2h smoothly
underwent the ISQ-reaction in the presence of the isocya-
nates (R)-3k or (S)-3k providing the diastereomerically and
enantiomerically enriched amides (2’S,3S)-4s in 77% with
dr=94 :6 and 96% ee as well as (2’S,3R)-4s in 71%, dr=

4 :96, 96% ee. Furthermore, ISQ of (S)-2h with cyclo-
butanone (3o) at � 78 °C gave the chiral alcohol (S)-4 t in
60% yield and 90% ee. Also, treating the allyl substituted
iodide (S)-2 i with diethyl ketone (3a), methoxyboronic acid
pinacol ester (3e) or Bu2S2 (3h) led to the expected optically
enriched alcohol (S)-4u (78%, 92% ee), to the boronic acid
ester (S)-4v (73%, 90% ee), or to the sulfide (S)-4w (57%,
91% ee). In the case of the chiral secondary alkyl iodide (S)-
2j bearing a butyl substitutent, we observed that dropwise
addition of 2.5 equiv of t-BuLi led to low conversion of this
iodide to the corresponding alkyllithium reagent. However,
raising the amounts of t-BuLi and electrophile to 3.5 equiv
led to the expected alcohol (S)-4x and amide (S)-4y in up to
61% yield with full stereoretention (92% ee) when using
dicyclopropyl ketone (3 l) or cyclohexyl isocyanate (3p) as
electrophiles.

Also the terpene derived optically enriched iodide
(R,S,S)-2k underwent the ISQ-reaction providing, after
mixing with cyclobutanone (3o) and addition of t-BuLi, the
desired alcohol (R,S,S)-4z in 59% yield with dr=92 :8 and
98% ee. Even the sterically demanding secondary alkyl
iodide (S)-2 l, bearing an iso-propyl substituent,[15] reacted
with (R)-(� )-1-(1-naphthyl)ethyl isocyanate (R-3q) under
high stereoretention providing (2’S,3R)-4aa in 47% yield
and dr=91 :9 (95% ee). Moreover, the optically enriched
alcohols (R)- and (S)-4ab as well as (R)- and (S)-4ac were
isolated after this ISQ-reaction from (R)- and (S)-2m in the
presence of either adamantanone (3d) or dicyclopropyl
ketone (3 l) in up to 84% yield and up to 93% ee.

Scheme 3. Modular preparation of optically enriched secondary alkyl
iodides (S)-2h–k from (R)-epichlorohydrin (R-5) via epoxide opening
and closure sequences followed by stereoinvertive Appel reaction; i)
(1.2 equiv PPh3, 1.2 equiv I2, 1.2 equiv N-methylimidazole, � 10 °C,
30 min).
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Although these ISQ-procedures provided various highly
enantioenriched products, a scale-up above 0.3 mmol was
complicated and gave erratic results. Recently, the use of
continuous-flow setups and microreactors gained increasing
interest in sustainable synthesis[16] especially in terms of safer
handling of thermally labile organometallics. Pioneering
works by Ley,[17] Yoshida,[18] Organ,[19] and others[20] have
popularized the performance of reactions involving highly
reactive organometallics in continuous flow.

Therefore, we envisioned that this ISQ-reaction might
benefit from the fast mixing properties and the efficient heat
transfer of micro reactor technology. We utilized a commer-
cial two pump system[11] in which the afforehand prepared
solution of t-BuLi (0.20 M in hexane)[21] and the premixed
solution of alkyl iodides of type 2 (0.08 M) and electrophiles
of type 3 (0.20 M in hexane:Et2O=2 :1) were passed through
precooling loops (2.0 mL) using two peristaltic pumps. The
streams were combined in a T-shaped mixer and pumped

through a coil reactor (1.0 mL). Upon reaching steady state,
the reaction mixture was collected in a flask charged with
sat. aq. NH4Cl (Scheme 5).

After a short optimization,[11] based on the previously
found conditions, we observed that the continuous flow set-
up allowed to raise the reaction temperature at which the
ISQ was performed to � 20 °C. Best results were obtained
when pumping the premixed alkyl iodide and electrophile
solution at a flowrate of 5.0 mLmin� 1. Wheras the t-BuLi
solution was pumped at a flowrate of 5.7 to 6.0 mLmin� 1

depending on the substrate. Therefore, the residence time in
the coil reactor varied between 5.5 to 5.6 s. Thus, also
moderately soluble electrophiles like adamantanone (3d) in
the presence of the secondary alkyl iodide (S)-2a were
employed and, after mixing with t-BuLi, the corresponding
alcohol (S)-4d was isolated in 55% with 94% ee. No
clogging of the reactor was observed and the reaction
mixture was collected for a total of 10 min 30 s, resulting in a
40-fold scale-up in comparison to batch conditions. The high
optical purity of (S)-4d indicated that the elevated temper-
atures do not lead to any significant epimerization of the
intermediate alkyllithium (1a). Furthermore, X-ray diffrac-
tion analysis of (S)-4d using Flack parameter method[22]

Scheme 4. Chiral products 4s–ac prepared by in situ quench (ISQ) of
functionalized optically enriched secondary alkyl iodides 2h–m in the
presence of electrophiles (3) using t-BuLi at � 78 °C. Yields refer to
isolated analytically pure products. The enantiomeric excess (% ee) was
determined by chiral HPLC-analysis. The diastereomeric ratio (dr= syn/
anti) was determined via GC- or NMR-analysis. [a] The reaction was
performed using 3.5 equiv of t-BuLi and 3.5 equiv of electrophile;
[b] Naph=naphthyl.

Scheme 5. Preparation of optically enriched products of type 4 via in
situ quench (ISQ) of optically enriched secondary alkyl iodides in the
presence of electrophiles (3) using t-BuLi in continuous flow. Yields
refer to isolated analytically pure products. The enantiomeric excess (%
ee) was determined by chiral HPLC-analysis. The diastereomeric ratio
(dr= syn/anti) was determined via GC- or NMR-analysis. (i) LiAlH4

(3.0 equiv), 0 °C to 50 °C, 14 h.
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confirmed the (S)-configuration and an overall
stereoretention.[23] If (S)-2a was mixed with other electro-
philes like boronic acid ester 3e, the temperature could be
increased even further to 0 °C, preventing precipitation in
the precooling loop. Under these conditions, the optical
purity decreased only slightly and (S)-4e was obtained in
84% isolated yield and 88% ee. Also, (S)-2a was treated
with cyclohexyl isocyanate (3p) upon addition of t-BuLi and
after collecting for 2 min 30 s the desired amide (S)-4ad was
isolated in 71% yield and 96% ee. The reactions of (S)-2b,
in the presence of Bu2S2 (3h), or (S)-2d, which was mixed
with the isocyanate (S)-3k, and t-BuLi provided the sulfide
(S)-4 i (63%, 86% ee) or the amide (2’S,3S)-4 l (58%, dr=

98 :2, 96% ee). Furthermore, the optically enriched iodides
(S)-2m and (S)-2n were also compatible with this continu-
ous flow set-up and the scale-up of their reactions with
either adamantanone (3d) or dicyclopropyl ketone (3 l) as
well as (S)-(� )-1-phenylethyl isocyanate (S)-3k gave (S)-
4ab, (S)-4ac and (2’S,3S)-4ae in up to 67% yield with up to
dr=96 :4 and up to 96% ee.

Further post-functionalizations have been achieved by
reducing the chiral amide (2’S,3S)-4 l[24] to the corresponding
amine (2’S,3S)-8[25] with complete retention of the config-
uration (Scheme 5).[26]

In summary, we have reported a practical and conven-
ient ISQ-procedure for converting various secondary alkyl
iodides, including ester or nitrile-functionalized iodides, to
highly reactive secondary alkyllithiums in the presence of
electrophiles such as ketones, aldehydes, Weinreb amides,
isocyanates, boronates and disulfides. A wide range of chiral
molecules such as alcohols, ketones, amides, boronic esters
and thioethers were obtained with high retention of
configuration. Remarkably, these ISQ-reactions were con-
ducted between � 78 °C and � 40 °C in batch and between
� 20 °C and 0 °C in continuous flow. This continuous flow
set-up also allowed to scale-up this reaction up to 40-fold
without further optimization.

Acknowledgements

We thank the Deutsche Forschungsgemeinschaft (DFG) and
the Ludwig-Maximilians-Universität München for financial
support. We also thank Albemarle for the generous gift of
chemicals. We also thank Prof. Dr. K. Karaghiosoff for X-
Ray crystal measurement. Open Access funding enabled
and organized by Projekt DEAL.

Conflict of Interest

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available
in the supplementary material of this article.

Keywords: Asymmetric Synthesis · Barbier Reaction · Chiral
Organometallics · Continuous Flow · Organolithium

[1] a) H.-J. Federsel, Nat. Rev. Drug Discovery 2005, 4, 685–697;
b) M. Heitbaum, F. Glorius, I. Escher, Angew. Chem. Int. Ed.
2006, 45, 4732–4762; Angew. Chem. 2006, 118, 4850–4881;
c) N. A. McGrath, M. Brichacek, J. T. Njardason, J. Chem.
Educ. 2010, 87, 1348–1349; d) J. R. Cossy, Compr. Chirality
2012, 1, 1–7; e) P. Jeschke, Pest Manage. Sci. 2018, 74, 2389–
2404; f) C. W. Lindsley, ACS Chem. Neurosci. 2019, 10, 1115.

[2] a) R. W. Hoffmann, B. Hölzer, O. Knopff, K. Harms, Angew.
Chem. Int. Ed. 2000, 39, 3072–3074; Angew. Chem. 2000, 112,
3206–3207; b) A. Basu, S. Thayumanavan, Angew. Chem. Int.
Ed. 2002, 41, 716–738; Angew. Chem. 2002, 114, 740–763;
c) R. E. Gawley, Stereochemical Aspects of Organolithium
Compounds, VHCA, Zürich, 2010; d) G. Eppe, D. Didier, I.
Marek, Chem. Rev. 2015, 115, 9175–9206.

[3] a) W. C. Still, C. Sreekumar, J. Am. Chem. Soc. 1980, 102,
1201–1202; b) H. J. Reich, M. D. Bowe, J. Am. Chem. Soc.
1990, 112, 8994–8995; c) H. J. Reich, K. J. Kulicke, J. Am.
Chem. Soc. 1995, 117, 6621–6622; d) D. Hoppe, T. Hense,
Angew. Chem. Int. Ed. Engl. 1997, 36, 2282–2316; Angew.
Chem. 1997, 109, 2376–2410; e) D. Hoppe, Synthesis 2009, 43–
55; f) P. J. Rayner, P. O’Brien, R. A. J. Horan, J. Am. Chem.
Soc. 2013, 135, 8071–8077.

[4] Pioneering work of Letsinger first demonstrated the prepara-
tion of secondary alkyllithiums from the corresponding secon-
dary alkyl iodides using an I/Li-exchange and their extensive
racemization at low temperatures: R. L. Letsinger, J. Am.
Chem. Soc. 1950, 72, 4842.

[5] For recent examples of stabilized oxygen-bearing lithium
compounds see: a) J. L. Stymiest, G. Dutheuil, A. Mahmood,
V. K. Aggarwal, Angew. Chem. Int. Ed. 2007, 46, 7491–7494;
Angew. Chem. 2007, 119, 7635–7638; b) T. Hémery, R.
Huenerbein, R. Fröhlich, S. Grimme, D. Hoppe, J. Org. Chem.
2010, 75, 5716–5720; c) D. Leonori, V. K. Aggarwal, Acc.
Chem. Res. 2014, 47, 3174–3183; d) R. Rasappan, V. K.
Aggarwal, Nat. Chem. 2014, 6, 810–814; e) S. Monticelli, W.
Holzer, T. Langer, A. Roller, B. Olofsson, V. Pace, ChemSu-
sChem 2019, 12, 1147–1154.

[6] The addition of t-BuLi to an alkyl iodide produces first an ate-
intermediate [Alk-I-t-Bu]� Li+ which then collapses to the
alkyllithium species. Although conceivable, it is unlikely that
this high energy intermediate plays a role in reactions with
electrophiles. See: a) H. J. Reich, N. H. Phillips, I. L. Reich, J.
Am. Chem. Soc. 1985, 107, 4101–4103; b) W. B. Farnham, J. C.
Calabrese, J. Am. Chem. Soc. 1986, 108, 2449–2451; c) H. J.
Reich, D. P. Green, N. H. Phillips, J. Am. Chem. Soc. 1989,
111, 3444–3445; d) H. J. Reich, Chem. Rev. 2013, 113, 7130–
7178.

[7] For transmetalations to alkylcoppers see: a) K. Moriya, M.
Simon, R. Mose, K. Karaghiosoff, P. Knochel, Angew. Chem.
Int. Ed. 2015, 54, 10963–10967; Angew. Chem. 2015, 127,
11113–11117; b) V. Morozova, K. Moriya, P. Mayer, P.
Knochel, Chem. Eur. J. 2016, 22, 9962–9965; c) J. Skotnitz-
ki V Morozova, P. Knochel, Org. Lett. 2018, 20, 2365–2368;
d) V. Morozova, J. Skotnitzki, K. Moriya, K. Karaghiosoff, P.
Knochel, Angew. Chem. Int. Ed. 2018, 57, 5516–5519; Angew.
Chem. 2018, 130, 5614–5617; e) J. Skotnitzki, A. Kremsmair, D.
Keefer, F. Schüppel, B. Le Cacher de Bonneville, R. De Vivie-
Riedle, P. Knochel, Chem. Sci. 2020, 11, 5328–5332; f) A.
Kremsmair, J. Skotnitzki, P. Knochel, Chem. Eur. J. 2020, 26,
11971–11973.

[8] For transmetalations to mixed alkylcopper-zinc reagents see
a) J. Skotnitzki, L. Spessert, P. Knochel, Angew. Chem. Int. Ed.
2019, 58, 1509–1514; Angew. Chem. 2019, 131, 1523–1527; b) J.

Angewandte
ChemieCommunications

Angew. Chem. Int. Ed. 2023, 62, e202214377 (5 of 6) © 2022 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202214377 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [05/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1038/nrd1798
https://doi.org/10.1002/anie.200504212
https://doi.org/10.1002/anie.200504212
https://doi.org/10.1002/ange.200504212
https://doi.org/10.1021/ed1003806
https://doi.org/10.1021/ed1003806
https://doi.org/10.1002/ps.5052
https://doi.org/10.1002/ps.5052
https://doi.org/10.1021/acschemneuro.9b00112
https://doi.org/10.1002/1521-3773(20000901)39:17%3C3072::AID-ANIE3072%3E3.0.CO;2-4
https://doi.org/10.1002/1521-3773(20000901)39:17%3C3072::AID-ANIE3072%3E3.0.CO;2-4
https://doi.org/10.1002/1521-3757(20000901)112:17%3C3206::AID-ANGE3206%3E3.0.CO;2-J
https://doi.org/10.1002/1521-3757(20000901)112:17%3C3206::AID-ANGE3206%3E3.0.CO;2-J
https://doi.org/10.1002/1521-3773(20020301)41:5%3C716::AID-ANIE716%3E3.0.CO;2-Z
https://doi.org/10.1002/1521-3773(20020301)41:5%3C716::AID-ANIE716%3E3.0.CO;2-Z
https://doi.org/10.1002/1521-3757(20020301)114:5%3C740::AID-ANGE740%3E3.0.CO;2-R
https://doi.org/10.1021/cr500715t
https://doi.org/10.1021/ja00523a066
https://doi.org/10.1021/ja00523a066
https://doi.org/10.1021/ja00180a062
https://doi.org/10.1021/ja00180a062
https://doi.org/10.1021/ja00129a038
https://doi.org/10.1021/ja00129a038
https://doi.org/10.1002/anie.199722821
https://doi.org/10.1002/ange.19971092105
https://doi.org/10.1002/ange.19971092105
https://doi.org/10.1055/s-0028-1083280
https://doi.org/10.1055/s-0028-1083280
https://doi.org/10.1021/ja4033956
https://doi.org/10.1021/ja4033956
https://doi.org/10.1021/ja01166a538
https://doi.org/10.1021/ja01166a538
https://doi.org/10.1002/anie.200702146
https://doi.org/10.1002/ange.200702146
https://doi.org/10.1021/jo101218z
https://doi.org/10.1021/jo101218z
https://doi.org/10.1021/ar5002473
https://doi.org/10.1021/ar5002473
https://doi.org/10.1038/nchem.2010
https://doi.org/10.1002/cssc.201802815
https://doi.org/10.1002/cssc.201802815
https://doi.org/10.1021/ja00299a070
https://doi.org/10.1021/ja00299a070
https://doi.org/10.1021/ja00269a055
https://doi.org/10.1021/ja00191a060
https://doi.org/10.1021/ja00191a060
https://doi.org/10.1021/cr400187u
https://doi.org/10.1021/cr400187u
https://doi.org/10.1002/anie.201505740
https://doi.org/10.1002/anie.201505740
https://doi.org/10.1002/ange.201505740
https://doi.org/10.1002/ange.201505740
https://doi.org/10.1002/chem.201601911
https://doi.org/10.1021/acs.orglett.8b00699
https://doi.org/10.1002/anie.201800792
https://doi.org/10.1002/ange.201800792
https://doi.org/10.1002/ange.201800792
https://doi.org/10.1039/C9SC05982B
https://doi.org/10.1002/chem.202002297
https://doi.org/10.1002/chem.202002297
https://doi.org/10.1002/anie.201811330
https://doi.org/10.1002/anie.201811330
https://doi.org/10.1002/ange.201811330


Skotnitzki, A. Kremsmair, B. Kicin, R. Saeb, V. Ruf, P.
Knochel, Synthesis 2020, 52, 873–881.

[9] For transmetalations to alkylzincs see: J. Skotnitzki, A.
Kremsmair, D. Keefer, Y. Gong, R. de Vivie-Riedle, P.
Knochel, Angew. Chem. Int. Ed. 2020, 59, 320–324; Angew.
Chem. 2020, 132, 328–332.

[10] a) S. Seel, G. Dagousset, T. Thaler, A. Frischmuth, K.
Karaghiosoff, H. Zipse, P. Knochel, Chem. Eur. J. 2013, 19,
4614–4622; b) G. Dagousset, K. Moriya, R. Mose, G. Berionni,
K. Karaghiosoff, H. Zipse, H. Mayr, P. Knochel, Angew.
Chem. Int. Ed. 2014, 53, 1425–1429; Angew. Chem. 2014, 126,
1449–1453; c) K. Moriya, D. Didier, M. Simon, J. M. Ham-
mann, G. Berionni, K. Karaghiosoff, H. Zipse, H. Mayr, P.
Knochel, Angew. Chem. Int. Ed. 2015, 54, 2754–2757; Angew.
Chem. 2015, 127, 2793–2796; d) J. Skotnitzki, A. Kremsmair, P.
Knochel, Synthesis 2020, 52, 189–196.

[11] a) C. Blomberg, The Barbier Reaction and Related One-Step
Processes, Springer-Verlag, Berlin, Heidelberg, 1993; b) S.
Goto, J. Velder, S. El Sheikh, Y. Sakamoto, M. Mitani, S.
Elmas, A. Adler, A. Becker, J.-M. Neudörfl, J. Lex, H.-G.
Schmalz, Synlett 2008, 1361–1365; c) A. Frischmuth, M.
Fernández, N. M. Barl, F. Achrainer, H. Zipse, G. Berionni, H.
Mayr, K. Karaghiosoff, P. Knochel, Angew. Chem. Int. Ed.
2014, 53, 7928–7932; Angew. Chem. 2014, 126, 8062–8066.

[12] A. Kremsmair, H. R. Wilke, M. M. Simon, Q. Schmidt, K.
Karaghiosoff, P. Knochel, Chem. Sci. 2022, 13, 44–49.

[13] For further information see Supporting Information.
[14] D. B. Dess, J. C. Martin, J. Org. Chem. 1983, 48, 4155–4156.
[15] P. Gupta, K. Kumar, Tetrahedron: Asymmetry 2007, 18, 1688–

1692.
[16] a) B. H. Lipshutz, S. Sengupta, Org. React. 1992, 41, 135–296;

b) S. Takano, M. Yanase, M. Takahashi, K. Ogasawara, Chem.
Lett. 1987, 16, 2017–2020.

[17] H. Hattori, J. Roesslein, P. Caspers, K. Zerbe, H. Miyatake-
Ondozabal, D. Ritz, G. Rueedi, K. Gademann, Angew. Chem.
Int. Ed. 2018, 57, 11020–11024; Angew. Chem. 2018, 130,
11186–11190.

[18] a) F. Ferlin, D. Lanari, L. Vaccaro, Green Chem. 2020, 22,
5937–5955; b) T. Dalton, T. Faber, F. Glorius, ACS Cent. Sci.
2021, 7, 245–261.

[19] a) A. Polyzos, M. O’Brien, T. P. Petersen, I. R. Baxendale,
S. V. Ley, Angew. Chem. Int. Ed. 2011, 50, 1190–1193; Angew.
Chem. 2011, 123, 1222–1225; b) D. L. Browne, M. Baumann,
B. H. Harji, I. R. Baxendale, S. V. Ley, Org. Lett. 2011, 13,
3312–3315; c) T. Brodmann, P. Kroos, A. Metzger, P. Knochel,
S. V. Ley, Org. Process Res. Dev. 2012, 16, 1102–1113; d) S. V.
Ley, D. E. Fitzpatrick, R. J. Ingham, R. M. Myers, Angew.
Chem. Int. Ed. 2015, 54, 3449–3464; Angew. Chem. 2015, 127,
3514–3530.

[20] a) H. Wakami, J.-I. Yoshida, Org. Process Res. Dev. 2005, 9,
787–791; b) J.-I. Yoshida, Chem. Rec. 2010, 10, 332; c) H. Kim,
A. Nagaki, J.-I. Yoshida, Nat. Commun. 2011, 2, 264; d) H.

Kim, Y. Yonekura, J.-I. Yoshida, Angew. Chem. Int. Ed. 2018,
57, 4063–4066; Angew. Chem. 2018, 130, 4127–4130.

[21] a) E. Comer, M. G. Organ, J. Am. Chem. Soc. 2005, 127, 8160–
8167; b) G. A. Price, A. R. Bogdan, A. L. Aguirre, T. Iwai,
S. W. Djuric, M. G. Organ, Catal. Sci. Technol. 2016, 6, 4733–
4742; c) G. A. Price, A. Hassan, N. Chandrasoma, A. R.
Bogdan, S. W. Djuric, M. G. Organ, Angew. Chem. Int. Ed.
2017, 56, 13347–13350; Angew. Chem. 2017, 129, 13532–13535.

[22] a) D. Cantillo, C. O. Kappe, ChemCatChem 2014, 6, 3286–
3305; b) M. Movsisyan, E. I. P. Delbeke, J. K. E. T. Berton, C.
Battilocchio, S. V. Ley, C. V. Stevens, Chem. Soc. Rev. 2016,
45, 4892–4928; c) L. Degennaro, C. Carlucci, S. De Angelis, R.
Luisi, J. Flow Chem. 2016, 6, 136–166; d) L. Huck, A.
de la Hoz, A. Díaz-Ortiz, J. Alcázar, Org. Lett. 2017, 19, 3747–
3750; e) N. Weidmann, M. Ketels, P. Knochel, Angew. Chem.
Int. Ed. 2018, 57, 10748–10751; Angew. Chem. 2018, 130,
10908–10911; f) M. Berton, L. Huck, J. Alcázar, Nat. Protoc.
2018, 13, 324–334; g) M. Colella, A. Nagaki, R. Luisi, Chem.
Eur. J. 2020, 26, 19–32; h) N. Weidmann, J. H. Harenberg, P.
Knochel, Org. Lett. 2020, 22, 5895–5899; i) J. H. Harenberg, N.
Weidmann, K. Karaghiosoff, P. Knochel, Angew. Chem. Int.
Ed. 2021, 60, 731–735; Angew. Chem. 2021, 133, 742–746;
j) J. H. Harenberg, N. Weidmann, A. J. Wiegand, C. A.
Hoefer, R. R. Annapureddy, P. Knochel, Angew. Chem. Int.
Ed. 2021, 60, 14296–14301; Angew. Chem. 2021, 133, 14416–
14421; k) A. Kremsmair, J. H. Harenberg, K. Schwärzer, A.
Hess, P. Knochel, Chem. Sci. 2021, 12, 6011–6019; l) J. H.
Harenberg, R. R. Annapureddy, K. Karaghiosoff, P. Knochel,
Angew. Chem. Int. Ed. 2022, 61, e202203807; Angew. Chem.
2022, 134, e202203807.

[23] Hexanes was used instead of pentane since the tubing of the
peristaltic pumps show reduced lifetime using pentane.

[24] a) H. D. Flack, Acta Crystallogr. Sect. A 1983, 39, 876–881;
b) E. C. Constable, C. E. Housecroft, Chemistry 2020, 2, 759–
776.

[25] Deposition number 2210094 (for S-4d) contains the supple-
mentary crystallographic data for this paper. These data are
provided free of charge by the joint Cambridge Crystallo-
graphic Data Centre and Fachinformationszentrum Karlsruhe
Access Structures service.

[26] The other diastereosiomer (2’S,3R)-4 l (Scheme 2) was also
successfully reduced to the corresponding amine (2’S,3R)-8.
For details see Supporting Information.

[27] P. Matzel, S. Wenske, S. Merdivan, S. Günther, M. Höhne,
ChemCatChem 2019, 11, 4281–4285.

[28] B. M. Trost, A. Maruniak, Angew. Chem. Int. Ed. 2013, 52,
6262–6264; Angew. Chem. 2013, 125, 6382–6384.

Manuscript received: September 29, 2022
Accepted manuscript online: October 21, 2022
Version of record online: November 29, 2022

Angewandte
ChemieCommunications

Angew. Chem. Int. Ed. 2023, 62, e202214377 (6 of 6) © 2022 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202214377 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [05/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/anie.201910397
https://doi.org/10.1002/ange.201910397
https://doi.org/10.1002/ange.201910397
https://doi.org/10.1002/chem.201204076
https://doi.org/10.1002/chem.201204076
https://doi.org/10.1002/anie.201308679
https://doi.org/10.1002/anie.201308679
https://doi.org/10.1002/ange.201308679
https://doi.org/10.1002/ange.201308679
https://doi.org/10.1002/anie.201409165
https://doi.org/10.1002/ange.201409165
https://doi.org/10.1002/ange.201409165
https://doi.org/10.1002/anie.201403688
https://doi.org/10.1002/anie.201403688
https://doi.org/10.1002/ange.201403688
https://doi.org/10.1039/D1SC05315A
https://doi.org/10.1021/jo00170a070
https://doi.org/10.1016/j.tetasy.2007.07.022
https://doi.org/10.1016/j.tetasy.2007.07.022
https://doi.org/10.1246/cl.1987.2017
https://doi.org/10.1246/cl.1987.2017
https://doi.org/10.1002/anie.201805770
https://doi.org/10.1002/anie.201805770
https://doi.org/10.1002/ange.201805770
https://doi.org/10.1002/ange.201805770
https://doi.org/10.1039/D0GC02404J
https://doi.org/10.1039/D0GC02404J
https://doi.org/10.1021/acscentsci.0c01413
https://doi.org/10.1021/acscentsci.0c01413
https://doi.org/10.1002/anie.201006618
https://doi.org/10.1002/ange.201006618
https://doi.org/10.1002/ange.201006618
https://doi.org/10.1021/ol2010006
https://doi.org/10.1021/ol2010006
https://doi.org/10.1021/op200275d
https://doi.org/10.1002/anie.201410744
https://doi.org/10.1002/anie.201410744
https://doi.org/10.1002/ange.201410744
https://doi.org/10.1002/ange.201410744
https://doi.org/10.1021/op0501500
https://doi.org/10.1021/op0501500
https://doi.org/10.1002/tcr.201000020
https://doi.org/10.1002/anie.201713031
https://doi.org/10.1002/anie.201713031
https://doi.org/10.1002/ange.201713031
https://doi.org/10.1021/ja0512069
https://doi.org/10.1021/ja0512069
https://doi.org/10.1039/C6CY00331A
https://doi.org/10.1039/C6CY00331A
https://doi.org/10.1002/anie.201708598
https://doi.org/10.1002/anie.201708598
https://doi.org/10.1002/ange.201708598
https://doi.org/10.1002/cctc.201402483
https://doi.org/10.1002/cctc.201402483
https://doi.org/10.1039/C5CS00902B
https://doi.org/10.1039/C5CS00902B
https://doi.org/10.1556/1846.2016.00014
https://doi.org/10.1021/acs.orglett.7b01590
https://doi.org/10.1021/acs.orglett.7b01590
https://doi.org/10.1002/anie.201803961
https://doi.org/10.1002/anie.201803961
https://doi.org/10.1002/ange.201803961
https://doi.org/10.1002/ange.201803961
https://doi.org/10.1038/nprot.2017.141
https://doi.org/10.1038/nprot.2017.141
https://doi.org/10.1002/chem.201903353
https://doi.org/10.1002/chem.201903353
https://doi.org/10.1021/acs.orglett.0c01991
https://doi.org/10.1002/anie.202012085
https://doi.org/10.1002/anie.202012085
https://doi.org/10.1002/ange.202012085
https://doi.org/10.1002/anie.202103031
https://doi.org/10.1002/anie.202103031
https://doi.org/10.1002/ange.202103031
https://doi.org/10.1002/ange.202103031
https://doi.org/10.1039/D1SC00685A
https://doi.org/10.1107/S0108767383001762
https://doi.org/10.3390/chemistry2030049
https://doi.org/10.3390/chemistry2030049
https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/anie.202214377
http://www.ccdc.cam.ac.uk/structures
https://doi.org/10.1002/cctc.201900806
https://doi.org/10.1002/anie.201300275
https://doi.org/10.1002/anie.201300275
https://doi.org/10.1002/ange.201300275

