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ABSTRACT: Given its earth abundance, cost-effectiveness, and ecofriendly
qualities, iron serves as a promising alternative to precious metals in catalysis.
This article presents an iron carbene-initiated cascade approach for synthesizing
highly substituted tetrahydrofurans at the gram scale. This cascade reaction
utilizes readily accessible β-hydroxyketones and diazo compounds and works
with iron catalyst loading as low as 5 mol %. This reaction proceeds through an
O−H insertion into diazo-derived iron carbenes, followed by an intramolecular
aldol reaction to access functionalized tetrahydrofurans in high yields and
diastereoselectivity. The versatile nature of this domino sequence accommodates
diverse β-hydroxyketones and diazo compounds, streamlining access to
synthetically challenging spiroethers. Furthermore, this cascade process offers a route to enantiopure tetrahydrofurans by utilizing
a diazo ester bearing a chiral auxiliary, 8-phenylmenthol. Postmodifications of the tetrahydrofuran product provide access to various
analogues, including a medicinally relevant oxetane motif. Density functional theory (DFT) calculations substantiate a stereospecific
mechanism wherein the intramolecular aldol reaction proceeds via a fused six- and five-membered iron−oxygen transition-state
complex, yielding the contrathermodynamic cis-aldol product.
KEYWORDS: iron catalysis, cascade reactions, diazo compounds, tetrahydrofurans, chiral auxiliary

Metal catalysts play a pivotal role in synthetic chemistry. Iron
(Fe) stands out as the second most abundant metal in the
Earth’s crust, following only aluminum, with a composition of
approximately 4.7% by weight.1 This abundance, combined
with iron’s low cost and relative nontoxic nature, positions it as
the catalyst of choice for various chemical transformations.2

Incorporating iron catalysts into synthetic processes can reduce
the cost of producing pharmaceuticals, fertilizers, and other
essential products, as the expense of reagents directly
influences compound cost. Furthermore, iron boasts a
commendable safety profile endorsed by regulatory authorities.
It is considered “a metal with a minimal safety concern”, as
1300 ppm residual iron is deemed acceptable in drug
substances. This status represents a distinct advantage
compared to the ≤10 ppm prescribed for most other transition
metals, including rhodium.1b These characteristics elevate iron
as a sustainable catalyst for chemical synthesis, presenting
economic benefits and enhanced safety features.2,3 Another
crucial factor contributing to cost-effective chemical synthesis
involves adopting cascade reactions, which have garnered
substantial research interest in recent years.4 These reactions
offer remarkable advantages, encompassing atom economy, a
substantial saving in time, labor, resources, and waste
management.5 Cascade reactions introduce notable efficiencies
by consolidating multiple transformations within a singular
synthetic process. For example, a product traditionally

requiring several sequential steps can now be obtained through
a singular reaction solvent, workup procedure, and purification
phase. In this context, our research group6 and numerous
others have pioneered cascade reactions utilizing diazo-derived
rhodium carbenes.7

Rhodium is one of the most utilized metals in diazo
chemistry.8 However, due to its high cost and limited
availability, we have shifted our focus toward developing
cascade reactions utilizing environmentally sustainable, earth-
abundant metal catalysts, including iron, copper, and zinc.9

Despite the decades-long recognition of iron carbene
complexes, the utilization of iron in carbene cascade reactions
has remained unexplored, likely due to the challenge of
identifying an iron catalyst complex that effectively stabilizes
the necessary zwitterionic intermediate required to trigger a
cascade reaction.10 To the best of our knowledge, there is no
report of a cascade reaction involving diazo-derived iron
carbenes. However, multiple research groups have reported
N−H, O−H, S−H, and Si−H bond insertion reactions,11

Received: October 21, 2023
Revised: December 22, 2023
Accepted: December 26, 2023
Published: January 10, 2024

Research Articlepubs.acs.org/acscatalysis

© 2024 American Chemical Society
1292

https://doi.org/10.1021/acscatal.3c05040
ACS Catal. 2024, 14, 1292−1299

D
ow

nl
oa

de
d 

vi
a 

U
N

IV
 O

F 
O

K
LA

H
O

M
A

 o
n 

Fe
br

ua
ry

 2
2,

 2
02

4 
at

 0
0:

42
:3

7 
(U

TC
).

Se
e 

ht
tp

s:
//p

ub
s.a

cs
.o

rg
/s

ha
rin

gg
ui

de
lin

es
 fo

r o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Prakash+Kafle"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Bidhan+Ghosh"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Arianne+C.+Hunter"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rishav+Mukherjee"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kenneth+M.+Nicholas"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Indrajeet+Sharma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Indrajeet+Sharma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acscatal.3c05040&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.3c05040?ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.3c05040?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.3c05040?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.3c05040?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acscatal.3c05040?fig=agr1&ref=pdf
https://pubs.acs.org/toc/accacs/14/3?ref=pdf
https://pubs.acs.org/toc/accacs/14/3?ref=pdf
https://pubs.acs.org/toc/accacs/14/3?ref=pdf
https://pubs.acs.org/toc/accacs/14/3?ref=pdf
pubs.acs.org/acscatalysis?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acscatal.3c05040?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/acscatalysis?ref=pdf
https://pubs.acs.org/acscatalysis?ref=pdf


cyclopropanations,12 and C−H functionalization reactions of
iron carbenes.13 We conceived of employing iron as a catalyst
within the established carbene-initiated O−H-insertion/aldol
cascade as a starting point. This methodology aims to enable
access to functionalized tetrahydrofurans, commonly found in
naturally occurring bioactive substances spanning diverse
classes such as lignans, acetogenins, ionophores, and macro-
lides.14 Notable examples include (+)-fragransin A2,15

caloxylane,16 and amphidinolide F17 (Figure 1).

Multiple strategies have been developed to attain the
stereoselective synthesis of tetrahydrofurans.18 Despite sig-
nificant progress in synthetic methodologies, synthesizing
substituted tetrahydrofurans remains formidable, underscoring
the need to explore innovative approaches. The Moody and
the Hu group reported rhodium(II)-catalyzed reactions of
diazocarbonyl compounds with β-hydroxyketones to access
highly substituted tetrahydrofurans (Figure 2a).19 Our group

developed a cascade reaction involving O−H insertion/aldol/
oxy-Cope sequence to access medium-sized rings.6b Taking
inspiration from these studies, we introduce an inexpensive
iron catalyst in diazocarbene chemistry to synthesize highly
substituted tetrahydrofurans (Figure 2b).
Taking inspiration from the Zhou group,11a we envisioned

that BOX ligand would coordinate and stabilize the Fe(II)
catalyst. At the same time, sodium tetrakis(3,5-bis-
(trifluoromethyl)phenyl)borate (NaBArF) would initiate a
counterion exchange to create a highly Lewis acidic Fe(II)
complex that would effectively decompose the diazo. There-
fore, we initiated our optimization studies for the iron-
catalyzed cascade reaction with readily available starting

materials keto-alcohol 1a, and diazo 2a as model substrates
to access the desired tetrahydrofurans (Table 1).

Following a thorough evaluation of various reaction
conditions, we discovered that the optimal results, with a
yield of 95% and an aldol/insertion ratio of 8:1, could be
obtained by using Fe(BF4)2•6H2O (20 mol %), tetramethyl-
bis(oxazoline) (tmBOX) (22 mol %) and NaBArF (22 mol %)
in methylene chloride with 4 Å molecular sieves. The reaction
was carried out by adding a solution of diazo compound 2a in
methylene chloride to the reaction mixture under reflux
conditions using a syringe pump for 1.5 h (entry 1). The 1H
NMR analysis confirmed the formation of a single diaster-
eomer (dr ≥ 98:2) of the aldol product. Subsequently, we
evaluated the reaction’s effectiveness using a low (5 mol %)
catalyst loading and were delighted to find a similar outcome as
with 20 mol % loading (entry 2). It is noteworthy to mention
that we use 20 mol % of iron catalyst in our standard
conditions as it is more practical to weigh. Significantly, the
absence of 4 Å molecular sieves reduced both the yield and the
aldol/insertion ratio (entry 3). FeCl3 also catalyzed the aldol
reaction but resulted in low yield and selectivity (entry 4).
Conversely, FeCl2 was observed to be unreactive in this
context (entry 5). Without Fe(BF4)2•6H2O, no desired
product was obtained (entry 6). Without the tmBox, the
reaction provided a good yield but a lower aldol/insertion ratio
for the desired product (entry 7). Likewise, in the absence of
NaBArF, the reaction proceeded with a comparable yield but
exhibited an increase in the insertion product (entry 8).
Particularly, NaBArF has been shown to enhance the Lewis

Figure 1. Naturally occurring tetrahydrofurans.

Figure 2. (a) Previously known rhodium-catalyzed approaches. (b)
This work: iron catalyzed carbene cascade.

Table 1. Optimization of the Reaction Conditionsa

entry variation from “standard conditions” % yieldc 3a/4ad

1 none 95% 8:1
2e low catalyst loading (5 mol %) 83% 8:1
3 no 4 Å MS 70% 6:1
4 FeC13 instead of Fe(BF4)2•6H2O 50% 3:1
5 FeC12 instead of Fe(BF4)2•6H2O n.r. n.d.
6 no Fe(BF4)2•6H2O n.r. n.d.
7 no tmBOX 70% 1:1
8 no NaBArF 75% 1:3
9 44 mol % of NaBArF 80% 1:2.5
10 44 mol % of tmBOX 20% 1:1
11 CHC13 as solvent 70% 1:1
12 DCE as solvent 60% 4:1
13 no syringe pump addition 40% 1:1

aAll reactions were performed by adding diazo compound 2a (1.3
equiv, 0.15 M CH2Cl2) dropwise via syringe pump to a solution of
keto-alcohol 1a (1.0 equiv), Fe(BF4)2•6H2O (20 mol %), NaBArF
(22 mol %), and tmBOX (22 mol %) in 0.2 M CH2Cl2.
bDiastereomeric ratio (dr) of 3a was determined by 1H NMR (dr
≥ 98:2). cYield was determined by 1H NMR using 1,3,5-
trimethoxybenzene as an internal standard. dSelectivity (3a/4a) was
determined by 1H NMR. eFe(BF4)2•6H2O (5 mol %), NaBArF (5.5
mol %), and tmBOX (5.5 mol %) was used. n.r. = no reaction; n.d. =
not determined.
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acidity and electrophilicity of the iron catalyst by exchanging
the counteranion with a bulky and noncoordinating BArF
anion, resulting in improvements in reaction efficiencies13b,20

and consequently improving the aldol/insertion ratio. How-
ever, augmenting the quantity of NaBArF (2 equiv) results in
the rapid decomposition of the diazo compound, leading to a
faster reaction with an increased amount of the insertion
product (entry 9). Additionally, increasing the loading of the
tmBox ligand reduced iron’s catalytic activity, thereby
decreasing the yield, and a lower aldol/insertion ratio was
observed (entry 10). Subsequently, our efforts were directed
toward optimizing the solvent for this reaction. Chloroform
and 1,2-dichloroethane (DCE) demonstrated solvent compat-
ibility, although the yield and aldol/insertion ratio were
reduced. Despite this, none of these solvents outperformed
dichloromethane, leading to its selection for further inves-
tigations (entries 11, 12). We eventually discovered that the
slow addition of the diazo compound using a syringe pump
over 1.5 h is crucial in achieving the desired yield and a high
aldol selectivity (entry 13).
After establishing the optimal conditions, we investigated the

scope of α-aryl-α-diazocarbonyl compounds, also known as
donor−acceptor diazos21 (Table 2). At first, substituting the
ester group of the diazo compound from ethyl to methyl ester
resulted in the formation of the corresponding product 3b with
a comparable yield, and a similar aldol:insertion ratio (10:1)
was obtained. Next, we focused on examining different

electronic substituents in the aryl group. Notably, electron-
donating groups such as methyl and methoxy at the para-
position of the phenyl ring provided excellent yields of the
desired products (3c, 3d) with favorable aldol/insertion ratios.
Similarly, the electron-donating thiophene diazo afforded the
corresponding product 3e in excellent yield with 1:1 aldol/
insertion selectivity. Conversely, the electron-withdrawing
nitro substituent afforded a lower yield (35%) of desired
product 3f with 4:1 aldol/insertion selectivity.
Moreover, when a halogen was substituted at the para

position of the phenyl group, the transformation smoothly
proceeded to afford the desired product with an outstanding
yield (3g). Notably, the cyclic diazo compounds proceeded in
high yield to provide the desired spiroethers (3h), which are
challenging to obtain with high stereoselectivity. Diazo
compounds derived from tetralone also provided the desired
spiroethers in good yield (3i).
Next, we aimed to explore the range of substrates for

different hydroxyketones (Table 3). We introduced various
keto-substituted groups to evaluate their compatibility with
diazo substrate 2. Keto-alcohols 1, containing substituents such
as phenyl, p-Me-phenyl, and p-Br-phenyl, all underwent
smooth reactions with diazo 2 and resulted in the formation
of the desired products 3j−l, with yields ranging from 50 to

Table 2. Scope of Diazo Compoundsa

aAll reactions were performed by adding diazo compound 2 (1.3
equiv, 0.15 M CH2Cl2) dropwise via a syringe pump to a solution of
keto-alcohol 1 (1.0 equiv), Fe(BF4)2•6H2O (20 mol %), NaBArF (22
mol %), and tmBOX (22 mol %) in 0.2 M CH2Cl2.

bYield was
determined by 1H NMR using 1,3,5-trimethoxybenzene as an internal
standard. cDiastereomeric ratio was determined by 1H NMR (dr ≥
98:2). dSelectivity was determined by 1H NMR.

Table 3. Scope of β-Hydroxyketonesa

aAll reactions were performed by adding diazo compound 2 (1.3
equiv, 0.15 M CH2Cl2) dropwise via syringe pump to a solution of
keto-alcohol 1 (1.0 equiv), Fe(BF4)2•6H2O (20 mol %), NaBArF (22
mol %), and tmBOX (22 mol %) in 0.2 M CH2Cl2.

bYield was
determined by 1H NMR using 1,3,5-trimethoxybenzene as an internal
standard. cDiastereomeric ratio was determined by 1H NMR (dr ≥
98:2). dSelectivity was determined by 1H NMR. eDiazo compound 2
(1.3 equiv, 0.15 M CH2Cl2) dropwise via syringe pump to a solution
of keto-alcohol 1 (1.0 equiv), Fe(BF4)2•6H2O (30 mol %), NaBArF
(32 mol %), and tmBOX (32 mol %) in 0.2 M CH2Cl2.
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95%. Furthermore, 2- and 3-substituted furan containing
hydroxyketones afforded the corresponding tetrahydrofurans
with a high yield and exclusive aldol selectivity (3m−n). It is
important to note that the presence of the α,β-unsaturated
carbonyl functionality yielded only the aldol product
exclusively in every case. Surprisingly, we did not observe
any insertion products with these substrates. Ketones bearing
acidic α-hydrogens were well tolerated and furnished the
corresponding products (3o, p) with an excellent yield (95%)
and a high aldol-selectivity. Pleasantly, substituted vinyl keto-
alcohol displayed efficient reactivity, forming the correspond-
ing product 3q in an excellent yield of 98% and with exclusive
formation of the aldol product. Encouragingly, a 2-methyl-
substituted keto-alcohol yielded the related aldol product 3r
exclusively, albeit with a moderate yield (55%). Importantly,
the methyl and the hydroxyl groups were found to be in the cis
conformation. This is presumably due to steric interaction
arising from the α-methyl and phenyl groups of the β-
hydroxyketone in the 5-6-membered fused transition state (see
SI page S15 for details).
The stereochemistry of the aldol product was unequivocally

established by the single crystal X-ray analysis of compounds
3h (CCDC 2285941) and 3q (CCDC 2285940) (Figure 3).22

Significantly, the newly formed stereocenters in the aldol
product have the hydroxyl and ester groups on the same side.
This observation suggests a well-organized transition state
during the formation of the aldol product.
Next, we focused on synthesizing enantiopure tetrahydrofur-

ans by using chiral ligands on iron. Initially, we employed
various chiral BOX-ligands (L1−L3) to induce enantiomeric
excess (ee), as shown in Figure 4a. Although tetrahydrofuran
3a was obtained in a good yield in all cases, no significant
amount of ee was observed. To overcome this challenge, we
devised a strategy involving an easily accessible chiral auxiliary
that could be conveniently attached through the ester moiety
of the diazo compound (Figure 4b).
Consequently, we synthesized esters containing chiral

menthol-based auxiliaries 2s and 2t. The reaction of
hydroxyketone 1a with L-(−)-menthol diazo 2s resulted in
an aldol-insertion product 3s with a 15:1 ratio in 84% yield.
However, only a 2:1 diastereomeric excess (de) was observed.
Significantly, when we employed the bulkier (−)-8-phenyl-
menthol as the chiral auxiliary, the desired diastereomeric
excess was achieved in a 7:1 ratio (3t). To our delight, both
diastereomers were easy to separate by silica gel flash column
chromatography. As expected, the newly formed stereocenters
in the major diastereomer had the hydroxyl and ester groups in
syn fashion and had an opposite configuration to the alcohol
stereocenter of 8-phenylmenthol (see the SI, page S18 for
plausible transition states). The absolute stereochemistry of the
predominant diastereomer 3t was established by analyzing its

crystal structure (CCDC 2285942).22 Ultimately, the chiral
auxiliary, 8-phenylmenthol, could be effectively recovered from
the product through LiAlH4 reduction, yielding a 90% recovery
with the formation of the pure enantiomer of tetrahydrofuran 5
in 78% yield (Figure 4c).
To demonstrate the practical utility of this approach, the

reaction was executed on a 4 mmol scale of β-hydroxyketone
1b. The reaction involving diazo compound 2u exhibited
efficient progress with a notably lowered iron catalyst loading
(5 mol %), affording an 80% yield (1.4 g) of the resulting 3u
compound, as illustrated in Scheme 1.
Additionally, the robustness of this method was demon-

strated by successfully applying it to late-stage modifications.
The ester moiety of the product was effectively converted to
the corresponding alcohol 5u through diisobutylaluminum
hydride (DIBAL-H) reduction. Subsequently, compound 5u
underwent Sonogashira coupling with trimethylsilyl acetylene,
forming alkyne 6 in 85% yield. A Sonogashira coupling of 5u
with phenylacetylene afforded alkyne 7 in 60% yield.
Treatment of compound 7 with Mitsunobu reaction conditions
furnished a dioxabicycloheptane compound 8 bearing an
oxetane, which is an important motif in medicinal chemistry
due to its physiochemical properties.23 Additionally, it is
important to note that the alkyne functionalities can be further

Figure 3. Single crystal X-ray structures of tetrahydrofuran 3h and 3q.
Figure 4. (a) Screening of chiral BOX-ligands. (b) Induction of
diastereomeric excess (de) by a chiral auxiliary. (c) Recovery of chiral
auxiliary.
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diversified using Click Chemistry to form triazoles found in
various bioactive compounds and drug molecules.24

To gain further insights into the reaction mechanism, we
synthesized the pure insertion product 4a, following the
literature-reported rhodium(II) catalyzed activation protocol,
and subjected it to our optimized reaction conditions.
However, the reaction did not proceed to yield the
corresponding aldol product. DFT calculations also support
this observation, as the insertion product 4a is 8 kcal/mol
more stable than the aldol product 3a (Scheme 2). This
experiment suggests the involvement of a metal species in the
formation of an O-enolate intermediate, which is crucial for the
subsequent progression of the aldol step.

We also performed detailed density functional theory (DFT)
calculations using B3LYP//6-31G(d)/LANL2DZ//vac25 to
elucidate the underlying mechanism, as shown in Figure 5.
To economize, the tmBOX ligand was replaced with an

electronically similar Me2-diimine ligand. A combination of
Fe(BF4)2•6H2O, Me2-diimine, and keto alcohol is expected to
produce iron carbene keto-alcohol complex A with extrusion of
nitrogen. Intermediate A can engage in exergonic O−C bond
formation with the bound keto alcohol to provide iron η2-C-
enolate B with the loss of the alcohol (O−H) proton.
Alternatively, B can undergo exergonic C-protonation, leading
to the O-insertion intermediate D. Substrate-assisted decom-
plexation of D provides the thermodynamically favored O-
insertion product H. The η2-C-enolate B is in equilibrium with
the O,O,O-bound iron O-enolate C, favoring the latter by 7.5
kcal/mol. The O-enolate C can undergo aldol reaction via a
chair-type transition state E (ΔG* = 15.0 kcal/mol) to form
the cis-iron aldol adduct F. Finally, proto-demetalation of F

provides the cis-aldol product G. The iron O,O,O-coordination
of C, E, and F strongly favors the experimentally observed cis-
(OH, CO2Et) aldol product G, despite being nearly
isoenergetic with the trans-isomer (ΔG = 0.3 kcal/mol). The
origin of the interesting R1-carbonyl group effect on insertion/
aldol chemoselectivity (Table 3) is not apparent from our
calculations, but it could originate from a high barrier step in
the proton transfer B to D insertion pathway.
Based on the literature precedent,19a experimental results,

control experiments, and DFT studies, we propose a plausible
mechanism for the iron-catalyzed O−H insertion/aldol
cascade reaction, depicted in Figure 6.
The initial step involves chelating the tmBOX ligand with

Fe(BF4)2•6H2O in the presence of NaBArF, forming iron-
tmBOX complex A. Subsequently, hydroxyketone 1 coor-
dinates with complex A, yielding iron-complex B. Next, diazo-
ester 2 reacts with iron-complex B, leading to the creation of
the iron-carbene intermediate C. Following this, insertion of an
O−H transpires, generating the zwitterionic intermediate D,
which may exist in equilibrium with an enol form E.
Subsequently, intermediate E undergoes an intramolecular
aldol reaction via a fused five-six-membered chair-type
transition state, generating intermediate F. This intermediate
then experiences protodemetalation, ultimately giving rise to
observed tetrahydrofuran product 3 in a cis-diastereoselective
fashion. It is essential to highlight that intermediate D also has
the potential to undergo a [1,2]-H shift, resulting in the
formation of the O−H insertion product 4. This mechanism is

Scheme 1. Gram-Scale Synthesis and Post-Modifications

Scheme 2. Control Experiment

Figure 5. Computational study of the reaction mechanism (B3LYP/
6-31G(d)/LANL2DZ/vac).
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consistent with the DFT calculations and experimental findings
that chiral BOX-ligands in the more stable O-enolate form (E),
are not able to induce enatioinduction in the aldol step due to
being far away from the reactive center, as described in the
literature.19a

In conclusion, we devised a strategy to achieve stereo-
selective synthesis of highly substituted tetrahydrofurans using
an O−H insertion/aldol cascade reaction. This method
employs an Earth-abundant iron(II) catalyst and demonstrates
tolerance toward a broad range of β-hydroxyketones and diazo
compounds. The attainment of enantioselectivity in the
reaction is attributed to the utilization of 8-phenylmenthol as
a chiral auxiliary. The observed high stereoselectivities in the
formation of tetrahydrofurans can be rationalized by proposing
a mechanistic pathway supported by DFT calculations
involving a fused five-six-membered transition state for the
intramolecular aldol reaction. The pragmatic utility of our
method has been sustained through a gram-scale synthesis of
functionalized tetrahydrofurans, followed by subsequent post-
modifications, including the creation of the medicinally
relevant oxetane motif. Moreover, understanding iron’s role
as a catalyst in carbene cascade reactions will undoubtedly pave
the way for novel synthetic transformations.
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