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Deprotonated trimethylsilylethanol is an excellent nucleophile
for Matteson homologations. It can be introduced in high yields
and the products are stable under the usual basic reaction

conditions. After two further homologation steps, the protective
group is automatically cleaved off via a six-membered ring O-B
coordination, providing highly substituted tetrahydrofurans.

Substituted tetrahydrofurans are widespread structural motifs
in a variety of natural products of terrestrial[1] and marine
organisms.[2] For example, uvaricin, which was first isolated in
1982 from plants of the Annonaceae family, belongs to the large
substance class (>500 members) of acetogenins, many of
which have cytotoxic, antiparasitic or neurotoxic effects (Fig-
ure 1).[3] All of them contain multiple, differently substituted
tetrahydrofurans. Nonactin, isolated from Streptomyces griseus
subsp. griseus ETH A7796,[4] belongs to the large family of
naturally occurring cyclic ionophores, also known as macro-
tetrolide antibiotics.[5] Macrolidic Amphidinolides from marine
dinoflagellates, containing a wide range of substitution
patterns.[6] Many of them contain more or less highly sub-
stituted tetrahydrofuran rings and often show antimicrobial or
antifungal as well as cytotoxic properties.[7] In addition to the
widely distributed 2,5-disubstituted tetrahydrofurans, the 2,3,5-
trisubstituted or α-methylated THF derivatives are also ubiqui-
tous in bioactive natural products, such as in amphidinolide Y.
Due to the diverse and interesting biological activities of these
compounds, it is not surprising that a large number of synthetic
routes have been developed to build up these differently
substituted tetrahydrofurans.[8] For example, intramolecular
epoxy opening[9] leads to α-oxygenated THF motifs, such as in
uvaricin.[10] Oxa-Michael additions succeed in the formation of
cyclic β-oxygenated carboxylic acid derivatives,[11] as they are
found in nonactins, to name just a few methods.

Our research group has been working for years on the
synthesis of natural products, in particular peptides[12] and
peptide-polyketide conjugates.[13] The Matteson
homologation[14] is increasingly being used for this purpose,

and we wanted to see if this very useful reaction could also be
used to build polyketides and polypropionates with such furan
substructures.

The Matteson homologation is a stereoselective extension
reaction of boronic acid esters (Scheme 1a). The reactions of
deprotonated dichloro- or dibromomethane with chiral boronic
acid esters A provide highly stereoselective α-haloboronic acid
esters B, which can be further reacted with various nucleophiles
(Nu), such as Grignard reagents, alkoxides or enolates
(Scheme 1a).[15] In general, the products are formed as single
stereoisomers, based on the double diastereo-differentiating
reaction mechanism.[16] In this respect the classical auxiliary-
based Matteson reaction is superior to other versions, such as
Aggarwal’s lithiation–borylation protocol[17] or the recently
described catalytic enantioselective homologations by Jacobsen
et al.,[18] although these methods also can provide excellent ee-
values.

The repetition of the reaction sequence enables the stereo-
selective synthesis of highly substituted carbon chains with 1,2-
anti-configured adjacent stereocenters. While the addition of
Grignard reagents usually proceeds without problems and in
high yields, the addition of alkoxides can occasionally cause
problems, especially in further extensions of alkoxy-substituted
boronic acid esters.[19] These problems are particularly pro-
nounced in δ-alkoxy-substituted boronic esters, in which the
Lewis-based oxygen very likely coordinates to the Lewis-acid
boron atom and thus prevents the addition of nucleophiles.[20]

On the other hand, such an interaction should also activate
oxygen as a leaving group, so that the O substituent can be
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split off more easily. During studies on the synthesis of
leuconolides, Matteson et al. observed the partial cleavage of a
benzyl ether, which indicates exactly such an activation.[20]

Therefore, we were interested to see if such a coordination/
protecting group cleavage effect could also be utilized to build
up highly substituted furans (Scheme 1b). The aim was to find a
protection group (PG) that can be easily introduced, which is
completely stable under the usual conditions of Matteson
homologation, but which can be split off in the event of a
coordination to the boron atom (C), preferably also under the
reaction conditions. The resulting alkoxide already coordinates
to the boron atom and should replace the halogen atom in an
intramolecular SN2 reaction to form the desired tetrahydrofuran
D (Scheme 1b).

The decisive question was which protecting group is
suitable for such a reaction sequence. In a first attempt, TBS
protection group was used, but cleavage of this protecting
group under acidic conditions or with fluoride agents could not
be achieved, probably due to the high affinity of boron to
fluorine. We therefore chose the trimethylsilylethyl protection
group (TMSE), which is also cleaved off with fluoride,[21] whereby
the corresponding alcoholate is formed via fragmentation and
ethylene release.[22] While the use of fluoride proved critical
before, we had the hope that a cleavage of this PG could be
achieved with other halides present under the usual reaction
conditions of Matteson homologations.

Accordingly, the boronic acid ester 1 was homologated to
the corresponding α–chloroboronic ester and then reacted with
lithium trimethylsilylethanolate as a nucleophile (Scheme 2),
providing the desired product 2 in high yield as a single
stereoisomer. In the subsequent homologation and reaction
with MeMgCl the boronic ester 3a was also obtained in good
yield (80 %). However, if the reaction was conducted as a one-
pot reaction, the reaction was very slow and took almost three
days for completion. The reduced reactivity in reactions with
Grignard nucleophiles caused by an alkoxy residue in proximity
to the leaving group is not uncommon and has already been
observed by Matteson and Peterson.[19]

We could solve this problem by isolation of the α-
chloroboronic ester and its reaction with the Grignard reagent
and ZnCl2 in a ratio of 2 : 1. This diminished the reaction time to
18 hours. Unfortunately, similar conditions in the following
homologation step to compound 4aa didn’t lead to compara-
ble reduced reaction times and the formation of about 3 % of
methylboronic ester 1a. This might be caused by the reaction
of the desired product 4aa with the Grignard reagent used in
excess.[23] Probably, a boronate complex is formed, which leads
to the formation of the alkyl boronic ester during hydrolysis.
Unfortunately, the excess of the Grignard reagent is necessary
for full conversion, since the α-chloroboronic ester cannot be
separated from boronic ester 3a.

During the further homologation of compound 4aa, the
corresponding α-chloroboronic ester 4aa-Cl could be deter-
mined by NMR, but within 2 h the desired cycloetherification
product 5aa was received directly.

A possible cyclization scenario is shown in Scheme 3. The
intermediate α-chloroboronic ester 4aa-Cl probably forms the
desired O–B–6–ring chelate complex A. Due to the positive
(formal) charge on the oxygen atom, a cleavage of the TMSE
protection group is favored, and chloride from the reaction
mixture is already sufficient to eliminate TMSCl and ethylene,

Scheme 1. The Matteson homologation.

Scheme 2. Synthesis of highly substituted tetrahydrofuran 5aa via Matteson
homologation.

Scheme 3. Proposed mechanism for cycloetherification.
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whereby the boron alcoholate formed in this process under-
goes an SN2-like 1,2-rearrangement to the THF derivative 5aa.

The Matteson reaction allows for the use of a large number
of different nucleophiles in the substitution step. In addition to
methyl groups, naturally occurring THF motives also have
unsubstituted CH2 and hydroxyl groups as functionalities.
Compound 2 was therefore subjected to two further homo-
logations and was converted on one hand with benzyl alcohol-
ate to 3b (Scheme 4). In this case, homologation was carried
out with Br2CHLi to the more reactive α-bromoboronic ester in
order to facilitate the introduction of the alcoholate in the
vicinity of an alkoxy residue.[19] Compared to the analogue α-
chloroboronic ester, the yield could be increased from 46 % to
69 % and no epimerization at the α-C atom was detected. To
extend by a CH2 unit, the corresponding α-bromoboronic ester
was reduced to 3c with NaBH4.

To expand the substrate scope for the cycloetherification,
the compounds 3a–c were homologated again and substituted
with different nucleophiles (Table 1). Starting from 3a, the two
derivatives 4ab and 4ac were obtained in good yields.
Compound 3b was transferred to the α–bromoboronic ester,
then isolated and converted to 4ba with MeMgCl. The
corresponding α–chloroboronic ester led to poorer yields and
the formation of byproducts during the substitution step,
especially in the presence of Zn salts.

For the introduction of benzyl alcoholate, the α-bromobor-
onic ester could be converted in a one pot reaction to 4bb. By
reduction with NaBH4, 4bc could be successfully obtained. 3c
could be converted into the corresponding α-chloroboronic
ester which was reacted directly with MeMgCl to 4ca.
Compared to compound 4aa, the reaction time was signifi-
cantly shortened due to the lower steric hindrance and no
methylboronic ester 1a could be detected as byproduct. The
introduction of the alcoholate to compound 4cb was just as
easy as the reduction of the analogue α-bromoboronic ester
with NaBH4 to 4cc.

The new compounds 4 were then homologated with
Cl2CHLi to check whether the cycloetherification takes place on
these substrates as spontaneously as in the first example
(Scheme 2). The benzyl ether 4ab was tolerated in cyclo-
etherification, which was also completed after 2 hours. Interest-
ingly, for 4ac, the reaction was found to be much slower.
Overall, cyclizations were successfully carried out on all
substrates with yields of 50–79 %, with the higher substituted
substrates in particular cyclizing within a few hours. The less
substituted substrates required a significantly longer reaction
time, especially for 4cc, which can be explained by the lack of
the Thorpe-Ingold effect.[24]

The classical Matteson homologation always yields 1,2-anti-
substituted products in a highly stereoselective manner. In
order to obtain the corresponding diastereomeric products,
homologation with CH3CCl2Li and subsequent reduction is
recommended (Scheme 5).[25] Via this protocol, the diastereo-

Scheme 4. Synthesis of boronic esters 3b and 3c.

Table 1. Cycloetherifications.

3 R1 X T
[°C]

Reaction Conditions R2 4 Yield
[%]

Time 5 Yield
[%]

3a Me Cl � 40 BnONa, THF, 0 °C to rt, 3 d OBn 4ab 86 2 h 5ab 67

3a Me Br � 78 NaBH4, MeOH/THF, rt, 2 h H 4ac 77 5 h 5ac 79

3b OBn Br � 78 MeMgBr, THF, � 0 °C to rt, 14 h Me 4ba 66 3 h 5ba 50

3b OBn Br � 78 BnONa, THF, 0 °C to rt, 20 h OBn 4bb 57 16 h 5bb 53

3b OBn Br � 78 NaBH4, MeOH/THF, rt, 3 h H 4bc 71 6 h 5bc 78

3c H Cl � 40 MeMgBr, THF, 0 °C to rt, 24 h Me 4ca 79 16 h 5ca 72

3c H Cl � 40 BnONa, THF, 0 °C to rt, 18 h OBn 4cb 56 24 h 5cb 64

3c H Br � 78 NaBH4, MeOH/THF, rt, 3 h H 4cc 81 3 d 5cc 72
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meric products 4ca’ and 5ca’ could also be obtained stereo-
selectively from 3c. If the methylated carbenoid was reacted
with 4cc, α-methylated furan derivative 6 became accessible, a
motif which is also very often found in natural products, such as
amphidinolide Y. Even such highly substituted boronic esters
could be easily subjected to further homologations, e. g. to 7.

In order to determine the synthetic potential of this
method, 5aa was converted into a number of other derivatives
(Scheme 6). Homologation of 5aa with Cl2CHLi at –100 °C led to
the corresponding α–chloroboronic ester 5aa-Cl, which was
subsequently converted to 8 with MeMgCl and ZnCl2, while
oxidation yielded the corresponding aldehyde 9 without
epimerization at the α–C atom.[26]

Oxidation of 5aa without prior homologation led to hemi-
acetal 10, whereby for chromatographic purification it was
necessary to stir with methylboronic acid to remove (S,S)–
DICHED as methylboronic ester 1a, which can be used again in
Matteson reactions.[27]

Boronic ester 5aa could also be converted into α–chlorobor-
onic ester 5aa-MeCl with CH3CHCl2Li, but in this case only in
moderate selectivity (80 : 20), which is not an issue if 5aa-MeCl
is oxidized to the corresponding ketone 11.[26] Reaction with
MeMgCl leads to the formation of the geminal dimethylated
product 12.[25b] The formation of 5aa-MeCl was the only
reaction where a second stereoisomer could be detected.

In conclusion, we could show that deprotonated trimethylsi-
lylethanol is an excellent nucleophile for Matteson homologa-
tions. It can be introduced in high yields and is stable under the
usual reaction conditions. After two further homologation steps,
the protective group is automatically cleaved off under the
performed reaction conditions to form highly substituted
tetrahydrofurans via a six-membered ring O-B coordination.
Many substitution pattern of naturally occurring tetrahydrofur-
ans can be achieved by this protocol.

Acknowledgements

Financial support from Saarland University and the DFG (Grants:
Ka 880/13-1; Bruker Neo 500–447298507) is gratefully acknowl-
edged. We are grateful to Dr. Stefan Boettcher from Pharma-
ceutical and Medicinal Chemistry department, Saarland Univer-
sity, as well as Christine Walt and Alexander Voltz from
Helmholtz Institute for Pharmaceutical Research Saarland (HIPS)
for support on mass spectrometry. Open Access funding
enabled and organized by Projekt DEAL.

Conflict of Interests

The authors declare no conflict of interest.

Scheme 5. Application of methylated carbenoids.

Scheme 6. Further modifications of boron-substituted tetrahydrofurans.

Wiley VCH Samstag, 05.04.2025

2522 / 400485 [S. 129/130] 1

Chem. Eur. J. 2025, 31, e202500560 (4 of 5) © 2025 The Author(s). Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202500560

 15213765, 2025, 22, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202500560 by U

niversitätsbibliothek D
er, W

iley O
nline L

ibrary on [06/06/2025]. 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



Data Availability Statement

The data that support the findings of this study are available in
the Supporting Information of this article.

Keywords: Cycloetherifications · Matteson homologations ·
Natural products · Polyketides · Tetrahydrofurans

[1] A. Neske, J. Ruiz Hidalgo, N. Cabedo, D. Cortes, Phytochemistry 2020,
174, 112332.

[2] a) A. Lorente, J. Lamariano-Merketegi, F. Albericio, M. Álvarez, Chem.
Rev. 2013, 113, 4567–4610; b) L. Fernández-Peña, C. Díez-Poza, P.
González-Andrés, A. Barbero, Mar. Drugs 2022, 20, 120; c) P. González-
Andrés, L. Fernández-Peña, C. Díez-Poza, A. Barbero, Mar. Drugs 2022,
20, 642.

[3] M. S. Tempesta, G. R. Kriek, R. B. Bates, J. Org. Chem. 1982, 47, 3151–
3153.

[4] R. Corbaz, L. Ettlinger, E. Gäumann, W. Keller-Schierlein, F. Kradolfer, L.
Neipp, V. Prelog, H. Zähner, Helv. Chim. Acta 1955, 38, 1445–1448.

[5] J. Hu, J. Zhang, J. He, Curr. Med. Chem. 2021, 28, 8673–8691.
[6] a) J. Kobayashi, T. Kubota, J. Nat. Prod. 2007, 70, 451–460; b) J.

Kobayashi, J. Antibiot. 2008, 61, 271–284.
[7] a) I. Orefice, S. Balzano, G. Romano, A. Sardo, Life 2023, 13, 216.; b) A. M.

Costa, Molecules 2023, 28, 5249.
[8] a) N. S. Sheikh, Org. Biomol. Chem. 2014, 12, 9492–9504; b) A. Tikad, J. A.

Delbrouck, S. P. Vincent, Chem. Eur. J. 2016, 22, 9456–9476; c) J. Adrian,
L. J. Gross, C. B. W. Stark, Beilstein J. Org. Chem. 2016, 12, 2104–2123;
d) R. A. Fernandes, D. A. Gorve, R. S. Pathare, Org. Biomol. Chem. 2020,
18, 7002–7025; e) R. A. Fernandes, R. S. Pathare, D. A. Gorve, Chem. Asian
J. 2020, 15, 2815–2837.

[9] U. Koert, Synthesis 1995, 115–132.
[10] I. B. Spurr, R. C. D. Brown, Molecules 2015, 15, 460–501.
[11] T. Ahmad, Org. Chem. Front. 2021, 8, 1329–1344.
[12] a) P. Barbie, U. Kazmaier, Org. Lett. 2016, 18, 204–207; b) L. Junk, U.

Kazmaier, Angew. Chem. Int. Ed. 2018, 57, 11432–11435; c) K. Bauer, U.
Kazmaier, Angew. Chem. Int. Ed. 2023, 62, 202305445; d) A. Siebert, U.
Kazmaier, Org. Lett. 2024, 26, 3169–3173.

[13] a) L. Karmann, K. Schulz, J. Herrmann, R. Müller, U. Kazmaier, Angew.
Chem. Int. Ed. 2015, 54, 4502–4507; b) O. Andler, U. Kazmaier, Org.

Biomol. Chem. 2021, 19, 4866–4870; c) M. Tost, O. Andler, U. Kazmaier,
Eur. J. Org. Chem. 2021, 2021, 6459–6471; d) O. Andler, U. Kazmaier, Org.
Lett. 2024, 26, 148–152; e) M. Tost, U. Kazmaier, Mar. Drugs 2024, 22,
165.

[14] a) D. S. Matteson, Tetrahedron 1989, 45, 1859–1885; b) D. S. Matteson, J.
Org. Chem. 2013, 78, 10009–10023; c) D. S. Matteson, B. S. L. Collins,
V. K. Aggarwal, E. Ciganek, Org. React. 2021, 105, 427–860; U. Kazmaier,
Mar. Drugs 2025, 23, 20.

[15] a) D. S. Matteson, D. Majumdar, J. Am. Chem. Soc. 1980, 82, 7588–7590;
b) D. S. Matteson, D. Majumdar, J. Am. Chem. Soc. 1980, 102, 7590–7591;
c) D. S. Matteson, D. Majumdar, Organometallics 1983, 2, 1529–1536.

[16] P. B. Tripathy, D. S. Matteson, Synthesis 1990, 1990, 200–206.
[17] a) M. Burns, S. Essafi, J. R. Bame, S. P. Bull, M. P. Webster, S. Balieu, J. W.

Dale, C. P. Butts, J. N. Harvey, V. K. Aggarwal, Nature 2014, 513, 183–188;
b) K. Yeung, R. C. Mykura, V. K. Aggarwal, Nat. Synth. 2022, 1, 117–126.

[18] a) H. A. Sharma, J. Z. Essman, E. N. Jacobsen, Science 2021, 374, 752–757;
b) S. R. Angle, H. A. Sharma, C. K. Choi, K. E. Carlson, Y. Hou, J. C.
Nwachukwu, S. H. Kim, B. S. Katzenellenbogen, K. W. Nettles, J. A.
Katzenellenbogen, E. N. Jacobsen, J. Am. Chem. Soc. 2024, 146, 30771–
30777.

[19] D. S. Matteson, M. L. Peterson, J. Org. Chem. 1987, 52, 5116–5121.
[20] D. S. Matteson, R. Soundararajan, O. C. Ho, W. Gatzweiler, Organo-

metallics 1996, 15, 152–163.
[21] a) R. A. Forsch, A. Rosowsky, J. Org. Chem. 1984, 49, 1305–1309; b) J. G.

Allen, S. J. Danishefsky, J. Am. Chem. Soc. 2001, 123, 351–352.
[22] M. H. Serrano-Wu, A. Regueiro-Ren, D. R. St, Tetrahedron Lett. 2001, 42,

8593–8595.
[23] a) F. R. Struth, C. Hirschhäuser, Eur. J. Org. Chem. 2016, 2016, 958–964;

b) K. Bojaryn, C. Hoffmann, F. R. Struth, C. Hirschhäuser, Synlett 2018, 29,
1092–1094; c) T. Kinsinger, U. Kazmaier, Org. Lett. 2022, 24, 3599–3603.

[24] a) R. M. Beesley, C. K. Ingold, J. F. Thorpe, J. Chem. Soc. Trans. 1915, 107,
1080–1106; b) M. E. Jung, G. Piizzi, Chem. Rev. 2005, 105, 1735–1766.

[25] a) D. S. Matteson, G. D. Hurst, Heteroat. Chem. 1990, 1, 65–74; b) M. Tost,
U. Kazmaier, Org. Lett. 2023, 25, 6835–6839.

[26] D. S. Matteson, H.-W. W. Man, O. C. Ho, J. Am. Chem. Soc. 1996, 118,
4560–4566.

[27] J. Gorges, U. Kazmaier, Org. Lett. 2018, 20, 2033–2036.

Manuscript received: February 25, 2025
Version of record online: March 12, 2025

Wiley VCH Samstag, 05.04.2025

2522 / 400485 [S. 130/130] 1

Chem. Eur. J. 2025, 31, e202500560 (5 of 5) © 2025 The Author(s). Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202500560

 15213765, 2025, 22, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202500560 by U

niversitätsbibliothek D
er, W

iley O
nline L

ibrary on [06/06/2025]. 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/10.1016/j.phytochem.2020.112332
https://doi.org/10.1016/j.phytochem.2020.112332
https://doi.org/10.1021/cr3004778
https://doi.org/10.1021/cr3004778
https://doi.org/10.3390/md20020120
https://doi.org/10.3390/md20100642
https://doi.org/10.3390/md20100642
https://doi.org/10.1021/jo00137a024
https://doi.org/10.1021/jo00137a024
https://doi.org/10.1002/hlca.19550380617
https://doi.org/10.1021/np0605844
https://doi.org/10.1038/ja.2008.39
https://doi.org/10.3390/molecules28135249
https://doi.org/10.1039/C4OB01491J
https://doi.org/10.1002/chem.201600655
https://doi.org/10.3762/bjoc.12.200
https://doi.org/10.1039/D0OB01542C
https://doi.org/10.1039/D0OB01542C
https://doi.org/10.1002/asia.202000753
https://doi.org/10.1002/asia.202000753
https://doi.org/10.1039/D0QO01312A
https://doi.org/10.1021/acs.orglett.5b03292
https://doi.org/10.1002/anie.201806657
https://doi.org/10.1021/acs.orglett.4c00774
https://doi.org/10.1002/anie.201411212
https://doi.org/10.1002/anie.201411212
https://doi.org/10.1039/D1OB00713K
https://doi.org/10.1039/D1OB00713K
https://doi.org/10.1021/acs.orglett.3c03766
https://doi.org/10.1021/acs.orglett.3c03766
https://doi.org/10.3390/md22040165
https://doi.org/10.3390/md22040165
https://doi.org/10.1016/S0040-4020(01)80052-1
https://doi.org/10.1021/jo4013942
https://doi.org/10.1021/jo4013942
https://doi.org/10.1021/ja00545a046
https://doi.org/10.1021/om50005a008
https://doi.org/10.1038/nature13711
https://doi.org/10.1038/s44160-021-00012-1
https://doi.org/10.1126/science.abm0386
https://doi.org/10.1021/jo00232a011
https://doi.org/10.1021/om950574q
https://doi.org/10.1021/om950574q
https://doi.org/10.1021/jo00181a043
https://doi.org/10.1021/ja003272a
https://doi.org/10.1016/S0040-4039(01)01859-7
https://doi.org/10.1016/S0040-4039(01)01859-7
https://doi.org/10.1021/acs.orglett.2c01119
https://doi.org/10.1039/CT9150701080
https://doi.org/10.1039/CT9150701080
https://doi.org/10.1021/cr940337h
https://doi.org/10.1002/hc.520010110
https://doi.org/10.1021/acs.orglett.3c02360
https://doi.org/10.1021/ja960345a
https://doi.org/10.1021/ja960345a
https://doi.org/10.1021/acs.orglett.8b00576

	Stereoselective Syntheses of Highly Substituted Tetrahydrofurans based on Matteson Homologations
	Acknowledgements
	Conflict of Interests
	Data Availability Statement


