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ABSTRACT: Propargyl aldehydes underwent isomerization to allenyl aldehydes under mildly basic conditions when complexed
to an organo-manganese auxiliary using methylcyclopentadienyl manganese tricarbonyl (MMT). This traceless auxiliary
magnifies the axial chirality of the allene moiety, allowing for highly diastereoselective additions to the aldehyde carbonyl and
subsequent access to an array of 2,3-allenols. Using this strategy, a nitrile-substituted 2,3-allenol was prepared and efficiently
converted to Hagen’s gland lactone.

Lately, functionalized allenes have taken on increased
importance as intermediates in organic synthesis.1,2 This

is particularly true for 2,3-allenyl alcohols, which have been
utilized as versatile building blocks in synthesis.3 Practical
methods to synthesize these alcohols are continually emerging
and mostly entail the coupling of propargylic reagents with
aldehydes and ketones.4 For example, Ma and co-workers
recently developed an enantio- and diastereoselective synthesis
of axially chiral α-allenols from TBS-protected chiral prop-
argylic alcohols, aldehydes, and a commercially available
prolinol followed by desilylation (Scheme 1a).5 With a growing
number of methods to produce nonracemic allenes,6 we
envisioned that an alternative route to allenyl alcohols could be
achieved by exploiting the axial chirality of an allene moiety to
control point chirality in the installment of the carbinol center.

One of the goals in this approach was to increase the diversity
of nucleophilic reagents that can be used to construct allenols.
The main challenge in this strategy is the control of facial
selectivity in the addition of nucleophile to carbonyl. This is a
recurring problem with axially chiral motifs such as allenes
where the chirality extends over three carbons. In this system,
Cram-type control of carbonyl additions is rendered difficult
due to the remoteness of the γ-substituents. Indeed, an
extensive study by Marshall revealed that only a very bulky γ-
organosilyl group (TBDPS) is capable of directing attack of a
carbonyl at the α-position (Scheme 1b).7 However, this
approach limits the method to γ-silyl-substituted allenes since
the auxiliary is not easily removed.
We reasoned that an η2-auxiliary might be used to transmit

stereochemical information from the remote γ-position of an
allenyl aldehyde to a site closer to the center of nucleophilic
attack (Scheme 1c). The use of metal auxiliaries has been well
established to achieve facial selectivity.8 We have previously
described a neutral η2-complexed organo-manganese auxiliary
for the mild and stereoselective synthesis of functionalized
allenes.9 The inexpensive10 methylcyclopentadienyl manganese
dicarbonyl (MMD) auxiliary, when complexed to allenes, forms
air-stable compounds that are easily isolated using silica gel
chromatographic methods.11 Under mild light activation (365
nm), methylcyclopentadienyl manganese tricarbonyl (MMT) is
complexed to an alkynyl aldehyde and easily isomerized to
MMD-complexed allene. Critical to our design of this system
was the known propensity of the MMD auxiliary to complex
with an α,β-bond of allenyl aldehydes in an orientation “anti” to
larger group (R) at the γ-position (Scheme 1c). Oriented in
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Scheme 1. New Approach to 2,3-Allenols
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this position, the bulky MMD auxiliary should impede
nucleophilic attack on one face of the carbonyl leading to
diastereoselective product formation. Importantly, MMD can
then be removed under mild oxidative conditions thus serving
as a traceless auxiliary.12 In the present work, we describe our
first step toward the stereoselective synthesis of allenols
focusing our attention on the issue of diastereocontrol with
an application to the concise total synthesis of Hagen’s gland
lactone.
We began our study with complex 2 which was obtained via

treatment of the MMD complexed alkyne isomer 1 with a
stoichiometric aount of DBU.9b,c It was quickly observed that
reactions of complex 2 led to single diastereomer products in
diethyl ether even with ethyl magnesium bromide, a relatively
small nucleophile. This same outcome was realized under a
variety of conditions though lower temperatures led to
diminished yields (Table 1). Using our previously reported

mild oxidative MMD removal protocol,9a an optimal two-step
yield of 67% of compound 3 was realized when more than 2
equiv of Grignard reagent was used at −40 °C (Table 1, entry
6).
To examine the scope of this allenol synthesis method,

several organo-magnesium reagents were reacted with variously
substituted MMD-complexed allenals (Schemes 2 and 3). To
our delight, single diastereomer products were observed with
most nucleophilic reagents ranging in reactivity and molecular
size. The two-step yields for γ-monosubstituted substrates were
uniformly good except with an isopropyl Grignard reagent
(Scheme 2, product 7) most likely due to its steric bulk. We
next sought to extend this method to γ-disubstituted allenyl
aldehydes. In these cases, the MMD orientation should be
“anti” to the larger γ-substituent. Not surprisingly, a substrate
containing phenyl and methyl substituents led to relatively high
diastereoselectivity (Scheme 3, product 13). Presumably, the
MMD auxiliary preferred to assume a position anti to the
phenyl group in this case. However, we were surprised to
observe a 5:1 diastereoselectivity in the present reaction with an
allenyl aldehyde substrate containing γ-methyl and ethyl
substituents (leading to product 14). This auxiliary appears to
be sensitive to even relatively minor steric differences.

Additionally, we note that this protocol tolerates a variety of
nucleophilic Zn and Li reagents. For example, the Barbier
allylation of complex 2 to afford allenol 6 proved highly
selective. Importantly, this approach further allowed us to
construct an allenol with a functionalized nucleophile such as
an alkyl nitrile. Initially, the acetonitrile anion13 was produced
using n-BuLi (at −78 °C in THF) and then reacted with
complex 2 followed by MMD removal.These conditions
produced adduct 16 as a single diastereomer though in rather
poor 2-step yields (40%). A higher yield was observed when the
acetonitrile anion was generated via metal halogen exchange
between α-iodoacetonitrile and isopropylmagnesium bromide
(Scheme 4).
We are intrigued by the unique potential of functionalized

2,3-allenols to serve as efficient building blocks in natural
product synthesis. With access to allenol 16, we endeavored to
develop an exceptionally short and diastereoselective synthesis
of wasp-derived, Hagen’s gland lactone 19.14 Although nearly a
dozen total syntheses of 19 have been reported, the majority of
these are chiron-based approaches often involving the use of
less accessible starting materials, protecting groups in otherwise
lengthy and poorly diastereoselective routes.15 Our own
synthesis began with a stereospecific cyclization16 of allenol
16 in the presence of AgNO3 to form 2,5-dihydrofuran 17

Table 1. Optimization of Diastereoselective Grignard
Additions with 2

entry temp (°C) solvent EtMgBr (equiv) time, h yield of 3a (%)

1 −78 Et2O 1.0 5 13
2 −78 Et2O 1.5 5 12
3 −78 Et2O 2.5 1 46
4 −78 THF 2.5 1 33b

5 −40 Et2O 2.0 1 58
6 −40 Et2O 2.2 0.65 67
7 0 Et2O 2.2 1 18

aTwo-step isolated yield. bDiastereoselectivity is 15:1.

Scheme 2. Access to Disubstituted Allenols

aTwo-step isolated yields; only a single diastereomer was produced
unless indicated otherwise. bAllenol 4 was also obtained using MeLi.
cAllenol 6 was also obtained using an allyl zinc reagent. dAll
diastereomeric ratios were determined by 1H NMR.

Scheme 3. Access to Trisubstituted Allenols

aTwo-step isolated yields. bAll diastereomeric ratios were determined
by 1H NMR
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which, upon acid-catalyzed hydrolysis of the nitrile group,
delivered a carboxylic acid 18 derivative in decent yield
(Scheme 4). The latter was well poised for iodolactonization
which was affected by I2/NaHCO3 in acetonitrile. Subsequent
reductive deiodination under Bu3SnH/AIBN conditions
afforded Hagen’s gland lactone 19 in excellent overall yield.
This material was identical to the reported characterization data
for Hagen’s gland lactone14 thus confirming unambiguously the
relative configuration of precursor allenol 16. We believe this
highly concise synthesis of Hagen’s gland lactone also provides
a new entry to the large class of furofuranone-based natural
products.17

The relative configuration and high diastereoselectivity of
product 16 and other allenols generated by the present method
can be explained in terms of facial selectivity afforded by the
MMD auxiliary as depicted in transition state TS16 (Scheme
4). Complex 2 prefers an S-trans conformation18 where bulky
MMD occupies a position anti to large γ group (nBu in allenal
2). Crystallographic studies also reveal this conformational
preference in a 1,3-diformylallene manganese complex.11d,e On
the basis these observations, we propose a Re-face addition on
the carbonyl of 2 (and related complexes) to produce allenol
16 after MMD removal in the (R,R)-relative configuration
(Scheme 4).
In conclusion, the MMD auxiliary was successfully utilized to

direct nucleophilic 1,2-additions to allenyl aldehydes to give
highly substituted 2,3-allenols. This directing strategy applies to
several organometallic nucleophiles leading to single diastereo-
meric allenol products in most cases. MMD auxiliary amplifies
the directing effect of γ-substituents and can discriminate even
relatively small size differences in that position (e.g., methyl vs
ethyl). This inexpensive and readily available manganese
auxiliary was introduced and removed under very mild
conditions. A similar stereoselective outcome was observed
with an acetonitrile addition to afford an allenol that was further
elaborated to give Hagen’s gland lactone efficiently.
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