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Stereospecific synthesis of aryltetraline lignan analogues
using 1,6-bis(dipropylboryl)hexa-2,4-diene
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A novel convenient two-stage synthesis of aryltetraline lignan
analogues from aromatic aldehydes and diallyl diboron
derivatives on the basis of intramolecular Friedel-Crafts
reaction has been developed.
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The allylboration reaction is currently a powerful synthetic tool
which is widely used to prepare organic and organoelement
compounds of various classes, including natural substances and
their analogues.’® Many reactions involving allylboranes
proceed regio-, stereo- and enantioselectively with the formation
of one or more new C—C or carbon-heteroatom bonds.*2 The
purpose of this study was to expand the scope of application of
B,y-unsaturated boron derivatives containing two allylboron
fragments for the construction of lignans analogues of aryltetra-
hydronaphthalene and 2,5-diaryltetrahydrofuran series. Earlier,
we obtained 1,6-bis(dipropylboryl)hexa-2,4-diene 1, acompound
with an unusual structure containing in the molecule two boron
atoms in the allylic positions’3-> (Scheme 1). Double allyl-
boration of aromatic aldehydes with this diboron derivative 1
afforded two diastereomeric diols 2a,b and ent-2a,b in ratio
85:15 and in total yields 70-80%.1617 It was found® that new
C-C bonds were formed in positions 3 and 4 of the hexadiene
system stereoselectively, however they differed in the
configuration of alcohol centres. The diastereomers 2 and ent-2
were separated by column chromatography.

On the basis of compounds 2a, a new effective synthesis of
furofuran lignans was developed, including the ozonation of
diene diols 2a followed by reduction. As a result, six racemic
furofuran lignans were obtained, namely, diaeudesmin,
epiasarinin, diayangambin, epidiaeudesmin, asarinin, and
epiyangambin.t” Note that lignans are secondary metabolites

1 2a,b

ent-2a,b

2a,b:ent-2a,b = 85:15

a Ar= 3,4-(MeO)2C5H3

b Ar= 3,4,5-(MeO)3CGH2
Scheme 1 Reagents and conditions: i, ArCHO (2 equiv.), =78 = 20 °C;
ii, H,0,/OH~, 5 °C.
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produced by vascular plants, formed by oxidative dimerization
of two C4C5 phenylpropane units, and they have a wide range of
biological activity.8-2% The allylboration products 2a,b contain
two arylpropane fragments connected by the B-atom of the side
chain and, therefore, they may serve as synthetic blocks for the
construction of various types lignan structures.??

Here we report a general strategy for the stereoselective one-
pot transformation of diols 2a,b into structural lignan analogues
of aryltetraline and 2,5-diaryl-3,4-disubstituted tetrahydrofuran
series (for examples of natural lignans structures of furofuran,
aryltetrahydronaphthalene and 2,5-diaryltetrahydrofuran series,
that can be obtained from diols 2a,b, see Online Supplementary
Materials). In our experiments, sequential treatment of both
(1R*,25*,35*,4R*)-diols 2a,b with triethylsilane and BF;- OEt,
inCH,Cl,at~20 °Cledto (1R*,2R*,3R*)-tetrahydronaphthalenes
3a,b as individual diastereomers in high yields (Scheme 2). The
same diastereomers 3a,b  were also obtained from
(1R*,25*,35*,45*)-diols ent-2a,b.

The structure of compounds 3a,b was confirmed by H and
13C NMR using 2D NMR experiments (COSY, HSQC, HMBC,

MeO 4 OMe

Scheme 2 Reagents and conditions: i, Et;SiH, BF; OEt,, CH,Cl,;
ii, BF5- OEt,.
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Figure 1 Key NOESY correlations for determination of the compounds
3a,b structures.

and NOESY). Their configuration was determined based on the
3JH()-H@) and *Jye)a Values and NOE correlations between
H(3), H(1), and H(3), H(4a) (Figure 1). Large values of the
vicinal constants and NOE interactions between H(1) and H(3)
clearly indicate the pseudo-axial orientation of the H(1), H(2)
and H(3) protons. The high-resolution mass spectra of
compounds 3a,b contain peaks [M +H]*.

Unexpectedly, we have found that diastereomer ent-2a under
the action of BF; OEt, in diethyl ether gave individual
(2R*,3R*,4R* 5R*)-tetrahydrofuran 4 (see Scheme?2). The
structure and configuration of compound 4 were established by
NMR spectroscopy with the use of a standard set of 2D correlation
experiments: 1H,'H-COSY, 1H,13C-HSQC, H,13C-HMBC. The
NOE contacts were examined in the 1H,3C-HSQC-NOESY
experiment without decoupling. The absence of the NOE
contacts between the protons of all the substituents indicates
their mutual trans-orientation. The values of the vicinal spin—
spin coupling constants between the furan ring protons also
indicate the mutual trans-orientation of the substituents. It
should be noted that since the 'H NMR spectrum contains non-
first order multiplets, the spectrum total lineshape analysis was
performed by ANATOLIA NMR software? to calculate the
values of coupling constants. To correlate the values of the
vicinal spin-spin coupling constants with the relative
stereochemical configuration, qualitative quantum-mechanical
calculations of all possible configurations were carried out
(including geometry optimization and spin-spin coupling
constants calculation?”). Detailed information on measuring the
coupling constants, their relation to stereochemistry and
measurement of NOE effects, as well as elucidation of
stereochemical configuration is given in the Online
Supplementary Materials.

It should be noted that the cyclization of diol 2a,b under
milder conditions (ether, lower temperature) took a longer time,
however it led to the same aryltetralines 3a,b (see Scheme 2).
The transformation of furan 4 into the final product 3a in ether
also required longer time, but in CH,Cl, it proceeded within few
minutes. Thus, the pathway of tetraline 3 formation depends
upon the diol 2 diastereomeric structure and the solvent used. We
assume that in CH,Cl, under the action of BF;- OEt,, diols 2a,b
initially form intermediate cation A (Scheme 3). Its stability is
provided by electron-donating substituents of the aromatic ring.
The cation A rapidly undergoes intramolecular cyclization
yielding an intermediate B which upon ionic hydrogenation
(Et3SiH + BF;- OEt,) is transformed into 1,2,3,4-tetrahydro-

2a,b L.

ent-2a L

Scheme 3 Reagents and conditions: i, BF; OEt,, Et,O; ii, BF; OEt,,
CH,Cly; iii, Et3SiH, BF;-OEt,, Et,0 or CH,Cl,.

naphthalene derivative 3a,b. Presumably, the direction of the
intramolecular attack on the oxygen atom of the hydroxy group
of the intermediate A in the case of ent-2a in ether is more
favourable than the occurrence of the intramolecular Friedel—
Crafts reaction (which would take place for 2a).

One of described general accesses to 2,5-diaryl-substituted
tetrahydrofurans of type 4 involves stereoselective intra-
molecular cyclization of 1,4-diarylbutanediols.8-32 Also note
that the intramolecular Friedel-Crafts reaction of 2,3-substituted
1,4-diarylbutan-1-ols is a popular way to construct an aryl-
tetraline skeleton.?333:34 Reported stereoselective syntheses of
compounds of 3a,b type are very time-consuming and multi-
stage.35-%8 QOur strategy greatly reduces this sequence.

In conclusion, a new convenient two-stage synthesis of
aryltetraline lignan analogues from aromatic aldehydes and
diallyl diboron derivatives has been developed. The presence of
vinyl groups in tetralines 3a,b opens further possibilities for
their transformation into natural lignans.

The study was carried out as a part of the program for the
development of Scientific schools of ZIOC RAS.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2021.09.033.
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