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Abstract: The atroposelective ring cleavage of configurationally
unstable biaryl lactones, by dynamic kinetic resolution, is an effi-
cient tool for the stereoselective synthesis of axially chiral biaryl
target molecules. The recent extension of this methodology to the
kinetic resolution of configurationally stable biaryl lactones and its
application to natural product synthesis is described herein, exem-
plarily for the preparation of the nerve-growth stimulating dimeric
sesquiterpene mastigophorene B.
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Introduction and Background

Rotationally hindered, stereogenic biaryl axesare, besides
stereocenters, the most commonly found and utilized ele-
mentsof chirality. During the past years, stereochemically
pure biaryl compounds have become increasingly impor-
tant as effective chiral reagents and catalysts in stereose-
lective synthesis' and as widespread natural products.?
Such naturally occurring biaryls constitute alarge class of
structurally most divergent substances, among them
antimalarial® naphthylisoquinoline alkaloids*® like dion-
copeltine A (1)® and dioncophylline C (2),” the anti-HIV
quateraryl alkaloid michellamine B (3),2 the insect anti-
feedant bicoumarin (+)-isokotanin A (4),° the antimalarial
phenylanthragquinone knipholone (5),'° and the nerve-
growth stimulating biphenyl mastigophorene A (6a)*!
(Figure 1).

Due to the increasing importance of axially chiral biaryls,
the availability of atropo-enantio- or -diastereomerically
pure material is a challenging task. For the elaboration of
efficient methods for the stereosel ective synthesis of such
biaryl target molecules, quite a couple of methods have
been developed based on oxidative,>!® ‘redox-neu-
tral’,**15 or reductive'® coupling reactions, following in-
ter- and intramolecular strategies.'” Still, many of these
methods suffer from low chemical and/or optical yieldsas
soon as sterically crowded target molecules are in-
volved.'>'"18 Moreover, most of them do not permit an at-
ropo-enantio- or -diastereo-divergent synthesis, i.e., the
directed preparation of any desired atropisomeric product
from ajoint general precursor, and thus few applications
to natural products biaryl synthesis have asyet been
described in the literature.X®

° = configurationally unstable
* = configurationally stable

Figure 1 Axidly chiral biaryl natural products with pronounced
biologica activities

TheBasic‘LactoneConcept’: Atropisomer-Selective
Cleavage of Configurationally Unstable Biaryl L ac-
toneswith Dynamic Kinetic Resolution

For the regio- and stereoselective construction of even
sterically highly hindered biaryls, we have developed a
fundamentally novel approach, the ‘lactone concept’ . It
differs from the other existing coupling methods in solv-
ing the two formal partial goals of atropisomer-selective
synthesis: the C,C-bond formation, and the asymmetric
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induction, separately. Firstly, and independent of the final
axial chirality, the coupling is achieved intramolecularly,
after pre-fixation of the two aromatic portionsvia an ester
bridge asin 7 (Scheme 1). This bridge is of manifold cru-
cia importance within the concept:

It brings together the reaction partners, i.e., the two aro-
matic rings, thus guaranteeing the coupling to 6-mem-
bered lactones of type 8 to be achieved in excellent yields,
even against highest steric hindrance (e.g., R = t-Bu).

Moreover, by dramatically lowering the atropisomeriza-
tion barrier at the newly created biaryl axis, it allows the
establishment of the required axial configuration sepa-
rately, by atropisomer-selective cleavage of lactone 8, for
which a variety of different nucleophilic reagents can be
used. For this purpose, the bridge with its reactive C=0
group again provides the site of stereocontrolled attack
and thus constitutes a useful “Achilles’ heel” for the di-
rected opening of the lactone ring of 8. This cleavage can
be brought about with high stereocontrol; atropo-diastere-
oselectively to esters or amides 9 using O- or N-nucleo-
philes*>?2 (e.g., sodium 8-phenylmentholate (11), giving
drs of up to > 99:1), or atropo-enantioselectively with H-
nucleophiles??4 (e.g., with borane activated by the oxaza-
borolidine (§-12, to provide alcohols 10 with up to er
98.5:1.5 (Scheme 1). In each case, the other respective at-
ropisomer can be obtained, too, just by the use of the other
reagent enantiomer, starting from the same ‘late’ lactone
precursor 8, in the sense of an atropisomer-divergent pro-
cedure.
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(R)-11 (S)-12 ,\‘,,e , BHgTHF

INote that for formal reasons of the CIP denotation, biaryls with R = OMe
have opposite descriptors compared to those with R = H or alkyl

blbye to the large ortho substituent, lactone 8d (R = tBu) is configuration-
ally stable at room temperature

Schemel Thebasic principleof the ‘lactone concept’ for the atro-
poselective synthesis of axially chiral biarylslike 9 or 10: the dyna-
mic kinetic resolution of configurationally unstable biaryl lactones

Me (M,M,M)-15

Figure2 A selection of useful biaryl ligands aready prepared by
the lactone methodol ogy3*-32

‘Non-Dynamic’ Kinetic Resolution of Configuration-
ally Stable L actones

More recently, the lactone method has been further ex-
tended to the atropisomer-selective ring cleavage of con-
figurationally stable lactones,*>3 which have thus proved
to be valuable substrates for such enantiomer-differentiat-
ing reactions, too. Configurational stability for lactone-
bridged biaryls can be attained in two different ways: by
placing even more steric hindrance into the ortho-position
next to the biaryl axis (which iseasily tolerated in the cou-
pling step), or by utilizing a bridge that will not, asin the
previous cases, lead to a 6-membered lactone, but to a 7-
membered one. The first of these two casesis exemplified
by the tert-butyl substituted lactone 8d. The fact that it
can, as all the other (less hindered) lactones of type 8,
again be prepared by the intramolecular coupling of the
corresponding bromo ester, despite the now enormous
steric hindrance, emphasizes the efficiency of this cou-
pling step, which provides 8d in more than 80% yield.%
Lactone 8d is a drastically distorted, helicene-like chiral
molecule,®” and of courseinitially racemic. Application of
the reductive cleavage reactions as above leads to a ‘ here
non-dynamic’ kinetic resolution. Due to the strain-in-
duced enhanced reactivity of 8d, this resolution can be
performed even at —78 °C, now proceeding with a nearly
immeasurably high relative rate constant k., > 200%
(Scheme 2). The remaining unreactive atropisomer, (P)-
8d, in the case of the S-configured oxazaborolidine (S)-12
can again berecycled, thistime not in situ, but separately,

e e U s
tBu MI (0] ﬁ/b tBu Pl (0]
tBu tBu
L (M)-8d (P)-8d 4

S)-12 . BHgeTHF
Me

OO o
HO tBu
tBu

(M)-10d (P)-8d

Scheme 2 Highly efficient non-dynamic kinetic resolution of the
configurationally stable biaryl lactone 8d using oxazaborolidine-ac-
tivated borane®®
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by thermal equilibration, followed by renewed reduction
of the racemic lactone; a most efficient pathway to even
highly hindered biaryls, proceeding in excellent chemical
and optical yields.*®

Turning from 6-membered lactones of type 8 to larger,
e.g., to 7-membered rings asin 16, the atropi somerization
barrier at the axisisless efficiently lowered by the bridge:
thus, in contrast to its 6-membered analog,® 16 is config-
urationally stable up to well above 120 °C (Scheme 3).
This makes a dynamic kinetic resolution impossible, but
under reductive conditions using borane activated by the
oxazaborolidine (9-12, the diol (M)-17 is obtained
through a“normal’ kinetic resolution, again with high rel-
ative rate constants (up to k. = 50).° During the reaction,
(P)-16 is enriched up to complete optical purity.

O o
M 0 —f= P o}

Qe A
(M)-16

(P)-16

- - _Ph
= | 7%

rel

(M)-17 (P)-16

Scheme3 Another successful example of the new principle: kinetic
resolution of the 7-membered |actone 16 with two C; units next to the
biaryl axis®

Configurative instability at the axis and the resulting pos-
sibility of achieving dynamic kinetic resolutions has to be
considered as a major advantage when using 6-membered
lactones, while 7-membered lactones can be cleaved only
by a normal, non-dynamic kinetic resolution and thus re-
quire aseparate recycling of the unreacted enantiomer. On
the other hand, the 7-membered | actones bear the inherent
advantage of complementing the substitution pattern ini-
tially attained in the primary ring cleavage process of 6-
membered lactones (one C;- and one O-substituent) by
producing molecules with two C;-units next to the biaryl
axis, which is a valuable enrichment of the basic lactone
methodol ogy.

Application of the 7-M embered L actone M ethodolo-
gy to Natural Product Synthesis. Preparation of
Mastigophorene B (4)

With this new methodology in hand, the synthesis of mas-
tigophorene B (6b), the atropo-diastereomer of mastigo-
phorene A (6a), via a configurationaly stable biaryl
lactone was envisaged and is described herein. Reaction
conditions were first optimized for asimplified analog 23
(vide infra), in which the two chira cyclopentyl residues
of 6 are replaced by tert-butyl groups. Previous studies
had shown that, like the mastigophorenes 6 themselves,*!
this model compound also has neurotrophic properties.®
Starting from the known? ester 18, the required lactone
22 was obtained in five smooth reaction steps as outlined
in Scheme 4. Ullmann coupling of 18 gave racemic 19,
whose structure was fully confirmed by X-ray structure
analysis;* reduction of 19 and oxidation of the resulting

9]
(rac)-19 R=cCoO,Me j b
— (rac)-20 R=CH,0H ='87%
|

OMe (rac)-21

de l 89%

OMe (rac)-22

(X-ray)

Reagents and conditions: (a) Cu, DMF, 160 °C, 48 h (90%);
(b) LiAlH,, THF, 2h (87%); (c) MnO,, CH,CI,, 3 days (98%);
(d) KOH, EtOH, reflux, 24 h; (¢) DCC, DMAP, CH,Cl,, reflux, 4 h
(89%, two steps)

Scheme 4 Preparation of the configurationally stable model lac-
tone 22
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diol 20 yielded the dialdehyde 21, which was trans-
formed into the corresponding hydroxy acid under Can-
nizzaro conditions. Ring closure with DCC gave the key
lactone 22.

Thislactone-bridged biaryl 22 was found to be configura-
tionally stable at room temperature by HPLC on a chira
stationary phase (Chiralcel OF, Daicel Chem. Ind.). An X-
ray crystallographic analysis of 22 (Scheme 4)* revealed
that the lactone bridge as compared to that of the 6-mem-
bered lactones 8% is long enough to let the two molecular
portions adopt a‘relaxed’, near-orthogonal position, with-
out distortion of the aromatic rings, which, besides addi-
tional steric interactions in the atropisomerization
transition state,® results in the observed higher rotational
barrier. Kinetic resolution under the conditions previously
optimized for lactone 16% proceeded with moderate se-
lectivity (k.4 = 12) in this case (Scheme 5), making it nec-

- I Ph
D
=12 N (o)

rel —

k
(512 o

65% conversion

(M)-20  er=76:24 (P)-22  er=98:2

b lQZ%

(P)-20  er=97:3

Reagentsand conditions: (a) (9-12, BH; THF, THF, —20°C, 3h [33%
(P)-22 and 58% (M)-20]; (b) LiAIH,, THF, 2 h (92%); (c) (CBrCl,),,
PPh;, CH,Cl,, 4 h, then LiAIH,, CH,CI,/Et,0O, 24 h; (d) BBr;, CH,Cl,,
1 h (73%, three steps)

Scheme5 Kinetic resolution of lactone 22 by enantiomer-differen-

tiating reduction and further transformation of (P)-22 to give the ma-
stigophorene A analog (P)-23

essary to use the enantiomerically enriched unreacted
lactone (P)-22%* for further transformations. Reduction of
(P)-22 with LiAlH, yielded the acohal (P)-20 without
significant loss of stereochemical purity.

In order to avoid unnecessary tedious separation work on
synthetic intermediates, the final stepsin the synthesis of
the mastigophorene A analog (P)-23, the hydroxy-bromo
exchange, the LiAlIH, reduction, and the subsequent re-
moval of the protecting groups were all achieved in situ,
yielding (P)-23 in an overall 73% yield, fully identical
with material previously prepared.*

This procedure was then applied to the total synthesis of
the related authentic natural product mastigophorene B
(6b). Asastarting material, we chose herbertenediol dim-
ethyl ether (26),%¢ which had previously been obtained by
anovel modification of the lactone method, as outlined in
Scheme 6: by an again — non-dynamic — kinetic resolution
of a configurationally stable lactone, here the ‘aiphatic-
aromatic’ 24, with borane activated by oxazaborolidine
(9-12, resulting in a highly efficient (k,q > 300!) enanti-
omer-differentiating reduction, which underlines that the
extension of the basic lactone concept described here is
not limited to biaryl lactones. This high selectivity made
it possible to obtain unreacted, stereochemically pure
(RR)-24 (ee > 99.9%) already after lessthan 52% conver-
sion.?® Standard transformations of (R,R)-24 then gave
herbertenediol dimethyl ether (26), the O-protected
‘monomer’ of the mastigophorenes 6.

o (rac)-24

H Ph

S
I(rel >300! N_ O

B
(512 e . BHgTHF

51.6% conversion

Me
5 OMe OMe
e
0 (RR)-24 " OH (S,5)-25
ee > 99.9% ee = 96%

Scheme 6 Another efficient extension of the lactone methodol ogy:
the highly selective (k.4 > 300) production of the enantiomerically
pure ‘monomer’, herbertenediol dimethyl ether (26), by reduction of
the ‘ aliphatic-aromatic’ lactone 24 with kinetic resolution?®

Bromination of 26 according to the literature?® gave com-
pound 27 (Scheme 7), which was oxidized in a three-step
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procedure (74% overall yield) to furnish the bromo alde-
hyde 29, fully identical to material previously obtained by
semisynthesis from a natural precursor.? In an improve-
ment compared to the synthesis of the mastigophorene A
analog (P)-23 presented above, aldehyde 29 was directly
subjected to the Ullmann coupling conditions; not as its
ester derivative. Although this gaverise to the biaryl dial-
dehyde 30 in an only moderate yield (53%), it reduced the
number of steps significantly. Cannizzaro reaction of 30
and ring closure with DCC gave the 7-membered biaryl
lactone 31 as a mixture of itstwo configurationally stable
atropisomers, in a diastereomeric ratio of 58:42.

ab | 57%
(plus 26% 29)

Reagents and conditions: (a) NBS, (t-BuO),, CHClj, reflux, 4 h;
(b) CaCO;, H,Oldioxane, reflux, 16 h (57% and 26% 29, two steps);
(c) MnO,, CH,Cl,, 1 day (85%); (d) Cu, DMF, 165 °C, 16 h (53%);
(e) KOH, EtOH, reflux, 1.5 h; (f) DCC, DMAP, CH,Cl,, 8 h (51%,
two steps)

Scheme 7 Preparation of the configurationally stable lactone 31, a
key intermediate in the synthesis of mastigophorene B (6b)

Comparison of the CD spectrum of this mixture with that
of the related lactone (P)-32, a compound from the syn-
thesis of the configurationally well known natural prod-
uct, (+)-isokotanin A (4)*° (Figure 3), clearly revealed that
(M)-31 must be the predominant atropisomer in the mix-
ture. Thismade it rewarding to pursue the following strat-
egy: Since the enantiomer-differentiating selectivities in
the model studies (see above) had been unexpectedly
moderate, the remaining, stereochemically enriched lac-
tone, in that case (P)-22, was used for further transforma-
tions. For the actua mastigophorene synthesis, it thus
seemed desirable to rather try to remove as much as pos-

sible of the minor (‘wrong’) (P)-isomer of lactone 31,
through reduction to the corresponding alcohol by kinetic
resolution. For this, by analogy to the stereochemical out-
come of previousring cleavage reactions (seei.a. above),
the (R)-oxazaborolidine enantiomer, (R)-12, should bethe
required reagent of choice. The resulting enriched (M)-
enantiomer of the unreacted lactone (M)-31 would then be
used for completing the synthesis of mastigophorene B
(6b), which islikewise (M)-configured.

(P)-32

Figure 3 Biaryl lactone (P)-32, an axially chira compound from
the synthesis of (+)-isokotanin A (4)%

Following this strategy, partia reduction of (M/P)-31 with
(R)-12-BH, gave stereochemically enriched lactone (M)-
31 with a diastereomeric ratio of 81:19. Further reduction
of (M)-31 with LiAIH, (85% yield) and application of the
above three-step procedure; reduction of the two benzylic
alcohol functions in (P)-33 to methyl groups and subse-
guent removal of the protecting groups gave stereochem-
ically pure mastigophorene B (6b) after chromatographic
purification, in an overal yield of 5.1% starting from the
herbertenediol derivative 26 (Scheme 8). It proved to be
identical in all respects with the natural product 6b,** by
which the previous assumption (see above) that the (M)-
atropisomer of lactone 31 had been formed predominately
in the coupling step, was confirmed.

Although the atropisomer-differentiating selectivity in the
resolution step is only moderate, the strategy elaborated
here represents the as yet shortest and most convergent
synthesis of mastigophorene B (6b), compared both to
Meyers oxazoline approach® and to our previous synthe-
sis via a configurationally unstable six-membered lac-
tone.”®

Conclusion

The kinetic resolution of configurationally stable lac-
tones, both biarylic and ‘aiphatic-aromatic’ ones, has
proven to provide an efficient pathway to both axially
chiral and centrochiral compounds. The new protocol has
been used for the first time in a diastereomer-differentiat-
ing reaction, for a short synthesis of the nerve-growth
stimulating bis-sesquiterpene mastigophorene B (6b). In
comparison to our lactone method via configurationally
unstable biaryl lactones, it is especialy well-suited for
constitutionally symmetric biaryls, sinceit avoidsthe need
of first building up two different aryl compounds (a bro-
mo acid and a phenolic portion) for the construction of a
6-membered lactone, thus significantly reducing the num-
ber of required reaction steps.
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H Ph
:_Ph
R a
N_ O 46% conversion

(M)-31  dr=81:19 (P)-33

dr=65:35

biBS%

sy

mastigophorene B (6b)

Reagents and conditions. (a) (R)-12, BH; THF, THF, —20°C, 2 h
[51% (M)-31 and 43% (P)-33]; (b) LiAlH, THF, 2h (85%);
(c) (CBrCly),, PPh;, CH,Cl,, 4 h, then LiAIH,, CH,CI,/Et,0O, 4 h;
(d) BBr3, CH,Cl,, 1 h (59%, three steps).

Scheme8 kinetic — here diastereomeric — resolution of 31 by oxa-
zaborolidine-assisted borane reduction and final steps of the synthe-
sis of mastigophorene B (6B).

Experimental

M ps were determined on a Rei chert—Jung Thermovar hot-stage ap-
paratus and are uncorrected. IR spectra were recorded using a Per-
kin—Elmer 1420 spectrometer and are reported in wave numbers
(cm™2). Optical rotations were measured on a Perkin—Elmer 241
MC polarimeter. CD spectrawere taken on aJasco J-715 spectropo-
larimeter, using EtOH as solvent. *H and *C NMR spectrawere re-
corded on Bruker AC 200 (200 and 50 MHz), AC 250 (250 and 63
MHz), and AMX 400 (400 and 101 MHz) machines. Chemical
shifts (8) are reported in ppm and coupling constants (J) in Hz. As
the internal reference, the solvent signal [*H: § (CDCl,) = 7.26, °C:
& (CDCl;) = 77.01] was used. El mass spectra (70 eV) were mea
sured on Finnigan MAT 90 and MAT 8200 mass spectrometers, the
relative intensities are given in brackets. Microanalyses were per-
formed by the microanalytical laboratory of the Inorganic Institute
of the University of Wirzburg, Germany (Leco CHNS-932).

THF was freshly distilled from K, Et,O from Na wire, DMF from
CaH,, and CH,CI, from P,Os. All air or moisture sensitive reactions
were carried out with dry glassware under N, or Ar atm. Column
chromatography was performed on silica gel 63—200 um (Merck).
Oxazaborolidines (S)-12 and (R)-12 (1 M in toluene, which wasre-
moved in vacuo prior to use) and BH; THF (1 M in THF) were ob-
tained from Aldrich.

HPLC analyses were carried out with a combination of a Waters
HPL C pump 510, a 20 pl injection loop and Chiralcel OF and OD-
H columns (0.46 x 25 cm, Daicel Chem. Ind.) with UV detection at
254 nm. The atropisomers of lactone 22 were separated on the OF
column with hexane/i-PrOH (85:15; 1.0 mL/min) as the eluent, the
tg for (P)-22 and (M)-22 were 11 and 15 min, respectively. For diol
20, the OD-H column was used with hexane/i-PrOH (98:2; 1.0 mL/
min) as the eluent, with t; of 9 and 15 min for (M)-20 and (P)-20,
respectively. The diastereomeric ratios of compounds 31 and 33
were determined by *H NMR.

(rac)-Dimethyl 4,4-Di-tert-butyl-5,5",6,6"-tetramethoxy-1,1"-bi-

phenyl-2,2’-dicar boxylate (19)

A mixture of methyl 2-bromo-5-tert-butyl-3,4-dimethoxybenzoate
(18)% (3.00 g, 9.06 mmol) and activated copper* (4.40 g) in DMF
(10 mL, degassed) was heated to 160 °C for 48 h under N,. After the
mixture had cooled to r.t., the copper was filtered off and washed
with CH,Cl,, and the solvent was removed in vacuo. Column chro-
matography (petroleum ether/Et,O 10:1) gave 19 (2.05 g, 4.08
mmol, 90%) as colorless crystals from petroleum ether, mp 161-
165 °C.

IR (KBr): v =2980, 2930, 2890, 2840 (C-H), 1710 (C=0), 1300,
1040 cm™.

IH NMR (250 MHz, CDCly): § = 1.43[s, 18H, C(CH,)J], 3.55, 3.56,
3.90 (3% s, each 6H, each OCH,), 7.75 (s, 2H, 3-H, 3"-H).

13C NMR (63 MHz, CDCl,): & = 30.36 [C(CH)a], 35.12[C(CH.)],
51.59, 59.50, 59.84 (OCH,), 123.8, 124.4, 132.1, 142.3, 150.8,
155.9, 167.4 (C=0).

MS (70 eV): miz (%) = 502 (21) [M*], 455 (20) [M*~CH,OH—-
CHy], 149 (100), 57 (47) [C,H4'].

Anal. Calcd for CyHagO4 (502.60): C, 66.91; H, 7.62. Found: C,
66.64; H, 7.52.

(rac)-4,4’-Di-tert-butyl-6,6'-dihydr oxymethyl-2,2’,3,3"-tetr a-
methoxy-1,1'-biphenyl (20)

At 0 °C under Ar, a solution of diester 19 (2.00 g, 3.98 mmol) in
THF (50 mL) wastreated with LiAIH, (605 mg, 15.9 mmal) in por-
tions. After 2 h, the reaction mixture was carefully hydrolyzed by
slow addition of H,O (10mL) and 2 N HCI (20 mL), the organic sol-
vent was removed in vacuo, and the aqueous phase was extracted
with Et,O. The organic phase was dried (MgSO,), the solvent evap-
orated, and the residue crystallized from Et,O/petroleum ether to
give colorless crystals of 20 (1.54 g, 3.45 mmol, 87%), mp 183—
185°C.

IR (KBr): v =3420 (OH), 2980, 2940, 2850 (C-H), 1370, 1290,
1220, 1000 cmL.

IH NMR (200 MHz, CDCl,): § = 1.43 [s, 18H, C(CH,)4], 3.62 (s,
6H, 2- and 2’-OCH,), 3.87 (s, 6H, 3- and 3'-OCH,), 4,17 (s, 4H,
CH,OH), 7.21 (s, 2H, 5-H, 5-H).

13C NMR (50 MHz, CDCly): § = 30.53[C(CH,)4], 35.14 [C(CH_)s],
59.91 (OCH,), 63.76 (CH,OH), 123.3, 128.1, 134.3, 143.7, 150.6,
152.2.

MS (70 eV): miz (%) = 446 (10) [M*], 428 (100) [M*-H,O ], 57
(81) [CH']-

Anal. Calcd for CyxH340, (446.58): C, 69.93; H, 8.58. Found: C,
69.46; H, 8.40.
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(rac)-4,4'-Di-tert-butyl -5,5',6,6-tetramethoxy-1,1"-biphenyl-
2,2’-dicarbaldehyde (21)

A solution of compound 20 (1.54 g, 3.45 mmol) in CH,Cl, (50 mL)
was stirred with MnO, (3.00 g, 34.5 mmol) for 3 daysat 30 °C with
ultrasonic assistance. The mixture was filtered over silica (2 cm
Celite on top of column). After evaporation of the solvent, the crude
product (1.49 g, 3.37 mmol, 98%) was obtained, which wasused in
the next step without purification. An analytical samplewascrystal-
lized from petroleum ether, mp 181-182 °C.

IR (KBr): v = 2980, 2940, 2840, 2800 (C-H), 1670 (C=0), 1290,
1220, 1040 cm™.

H NMR (200 MHz, CDCl.): 6 = 1.45 [s, 18H, C(CH,)J], 3.56 (s,
6H, 5- and 5’-OCHj), 3.95 (s, 6H, 6- and 6-OCH,), 7.81 (s, 2H, 3-
H, 3-H), 9.61 (s, 2H, CHO).

13C NMR (50 MHz, CDCl,): § = 30.22 [C(CH,)a], 35.44 [C(CH.)4],
59.70, 60.15 (OCH,), 122.3, 129.6, 130.0, 144.7, 151.2, 157.9,
190.6 (CHO).

MS (70 eV): miz (%) = 442 (56) [M*], 413 (41) [M*~CHO], 385
(73), 57 (100) [C,Ho"].

Anal. Cacd for CxH3,04 (442.55): C, 70.56; H, 7.74. Found: C,
70.15; H, 7.64.

(rac)-4,4’-Di-tert-butyl-2’-hydr oxymethyl-5,5',6,6'-tetr a-
methoxy-1,1’-biphenyl-2-carboxylic Acid (22)

A mixture of dialdehyde 21 (1.49 g, 3.37 mmol) and KOH (2.80 g,
50.6 mmol) in EtOH (100 mL) was refluxed for 24 h. The solvent
was removed in vacuo, H,O (20 mL) was added, and the mixture
was acidified with 2 N HCI. Extraction with Et,O (drying with
MgSO,) gave the hydroxy acid 22 as a colorless solid, which was
used in the next step without purification. An analytical sample was
crystallized from EtOAc, mp 189-191 °C.

IR (KBr): v = 3400 (OH), 2980, 2920, 2840 (C-H), 1690 (C=0),
1290, 1240 cm™.

IH NMR (200 MHz, CDCl,): § = 1.41[s, 18H, C(CHs)4], 3.50, 3.57
(2 x s, each 3H, 6-OCH,, 6-OCHy), 3.78, 3.91 (2 x s, each 3H, 5
OCH,, 5-OCH3), 4.21, 4.22 (2 x br s, each 1H, CHHOH, CHHOH),
7.15, 7.75 (2 x s, each 1H, 3-H, 3-H).

13C NMR (50 MHz, CDCly): & = 30.25, 30.53 [C(CHa)q], 35.08,
35.20 [C(CHa)y], 59.40, 59.73, 59.85 60.24 (OCHj), 64.40
(CH,OH), 122.9, 124.9, 125.0, 128.5, 131.1, 132.8, 143.1, 143.3,
150.5, 150.9, 152.1, 156.6, 171.3 (CO,H).

MS (70 eV): miz (%) = 460 (47) [M*], 442 (100) [M*~H,0], 427
(28) [442—CHy], 57 (87) [C,Hs"].

Anal. Calcd for CyxH30; (460.57): C, 67.80; H, 7.88. Found: C,
67.51; H, 7.94.

(rac)-3,9-Di-tert-butyl-1,2,10,11-tetr amethoxydibenzo[ c,e] oxe-
pin-5(7H)-one (22)

To asolution of crude hydroxy acid 22 (vide supra) in CH,Cl, (150
mL), DCC (832 mg, 4.04 mmol) and DMAP (206 mg, 1.68 mmol)
were added, and the mixture wasrefluxed. After 4 h, the solvent was
removed in vacuo and the residue was purified by column chroma:
tography (petroleum ether/Et,O, 5:1). Crystallization from Et,O/pe-
troleum ether gave thelactone 22 (1.33 g, 3.01 mmol, 89% over two
steps) as colorless crystals, mp 196197 °C.

IR (KBr): v = 2960, 2920, 2840 (C-H), 1690 (C=0), 1360, 1220,
1140, 1040 cm™.

IH NMR (200 MHz, CDCl,): 5 = 1.41, 1.43[2 x s, each 9H, each
C(CHy),], 3.56, 3.64 (2x s, éach 3H, 1-OCH, 11-OCH3), 3.93, 3.94
(2 x s, each 3H, 2-OCH,, 10-OCHj), 4.80 (d, 1H, J= 11.8 Hz,
CHH), 4.96 (d, 1H, J = 11.9 Hz, CHH), 7.11, 7.56 (2 x s, each 1H,
4-H, 8-H).

13C NMR (63 MHz, CDCly): § = 30.27, 30.38 [C(CHs)q], 35.18,
35.38 [C(CH.)3], 60.10, 60.21, 60.23 (OCH,), 69.99 (CH,), 121.6,
123.9, 126.3, 126.5, 126.7, 130.8, 144.1, 144.6, 151.0, 152.8, 153.6,
155.6, 170.5 (C=0).

MS (70 eV): miz (%) = 442 (100) [M*], 427 (25) [M*—CHy], 397
(18) [M*—CO,H], 383 (32), 341 (55).

Anal. Cacd for CxH3,04 (442.55): C, 70.56; H, 7.74. Found: C,
70.56; H, 7.46.

Kinetic Resolution of (rac)-3,9-Di-tert-butyl-1,2,10,11-tetr a-
methoxydibenzo[c,e]oxepin-5(7H)-one (22)

Toasolution of oxazaborolidine (§-12 (133 mg, 480 pmol) in THF
(4 mL), BHzeTHF (1 M in THF, 640 pl, 640 pumol) was added at
0 °C under an Ar atm. After stirring for 30 min at r.t., the solution
was cooled to —20 °C and added dropwise during 5 min to a solu-
tion of lactone 22 (71.0 mg, 160 umol) in THF (4 mL) at —20 °C.
After 3 h, the mixture was hydrolyzed by careful addition of H,O
(5mL) and acidified with 2 N HCI (5 mL). After removal of the
organic solvent in vacuo, the mixture was extracted with CH,Cl,.
The organic phase was dried (Na,SO,), the solvent was removed
in vacuo, and the residue was chromatographed on silica gel
(petroleum ether/Et,0O, 1:2), leading to acohol (M)-20 [41.8 mg,
93.6 pmol, 58%, er = 76:24; after crystalization: enrichment to
er=90:10 in the mother liquor] and lactone (P)-22 (23.2 mg,
52.4 pmol, 33%, er =98:2). The relative rate constant K, was
determined* to be 12 (65% conversion).

(M)-4,4’-Di-tert-butyl-6,6'-dihydroxymethyl-2,2’,3,3'-tetra-
methoxy-1,1’-biphenyl [(M)-20]
Colorless needles, mp 182-184 °C (CH,Cl,/petroleum ether).

[a]®, —54.7° (¢ 0.20, CHCl,).
CD (EtOH): Ag;g,+29.8, Agyg —14.4.

(P)-3,9-Di-tert-butyl-1,2,10,11-tetramethoxydibenzo[ c,e] oxepin-
5(7H)-one [(P)-22]
Colorless crystals, mp 198 °C (CH,Cl,/petroleum ether).

[a]?4; = +23.3° (¢ 0.95, CH,Cl,).
CD (EtOH): Ag166+12.3, Agyp —7.1, Acppg+2.7, At g —4.0.

(P)-4,4'-Di-tert-butyl-6,6'-dihydr oxymethyl-2,2’,3,3'-tetra-
methoxy-1,1’-biphenyl [(P)-20]

LiAlH, (3.87 mg, 102 umol) was added in portions a 0 °C to a so-
lution of (P)-22 (37.9 mg, 85.6 pmol) in THF (6 mL) under Ar atm.
After stirring for 2 h at r.t., the reaction was quenched by addition
of 2 N HCI (1 mL), the organic solvent was removed in vacuo, and
H,O (10 mL) was added. This mixture was extracted with CH,Cl,,
the combined organic layers were dried (N&,SO,), and the solvent
was removed in vacuo. The residue was purified by column filtra-
tion (petroleum ether/Et,0, 1:2). Crystallization from Et,O/petro-
leum ether gave (P)-20 (35.2 mg, 78.8 pumol, 92%, er = 97:3) as
colorless crystals, mp 182-183 °C.

[0]2, +64.1° (c 0.93, CHCI,).
CD (EtOH): Agyg; —21.3, Aggy; +14.8, Agpyy+2.1.

(P)-4,4-Di-tert-butyl-2,2",3,3'-tetr ahydr oxy-6,6'-dimethyl-1,1"-
biphenyl [(P)-23]

Under an atm of dry Ar, 1,2-dibromotetrachl oroethane [(CBrCl,),,
67.7 mg, 208 umol] and PPh; (54.6 mg, 208 pmol) were added to
(P)-20 (33.1 mg, 74.1 pmol) in CH,CI, (3 mL). After stirring for 4
hatr.t., Et,O (3mL) and LiAIH, (11.8 mg, 311 umol) were added,
and the reaction was stirred at r.t. for 1 day. After addition of H,O
(8 mL) and 2 N HCI (4 mL), extraction (CH,CI,, drying over
N&a,SO,), and removal of the solvent in vacuo gave a colorlessresi-
due,* which was dissolved in CH,Cl, (4 mL) and treated with BBr,
(49.1 pL, 519 pymol) at 0 °C under Ar. After stirring for Lhat r.t.,
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excessive BBr; was destroyed by addition of MeOH (1 mL), and the
solvent was removed in vacuo. Purification of the residue by col-
umn chromatography (cyclohexane/EtOAc, 5:1) yielded (P)-23,
which was obtained from EtOAc/cyclohexane as colorless crystals
(19.5 mg, 54.4 pmol, 73% over three steps), identical to material
obtained previously,*? mp 244 °C (Lit.*?: mp 242-243 °C); [a] %, —
33.6° (c0.53, CHCI;) [Lit.*% [a]®p —33.3° (¢ 0.61, CHCI,)]. During
this reaction, PhyPBBr,* was formed, which could be easily sepa-
rated by column chromatography. On contact with air, Ph;PBBr;
slowly hydrolyzed, so that, after treatment of the recovered adduct
with H,O and extraction with Et,O, PPh; (47.2 mg, 180 umol, 86%)
could be recycled.

(1S)-2-Bromo-3,4-dimethoxy-5-(1’,2",2"-trimethylcyclopent-
yl)phenyl-1-methanol (28)

Bromo compound 2728 (150 mg, 440 umol) was refluxed with NBS
(156 mg, 876 umol) and (t-BuO), (50 pL) in CHCI; (10 mL). After
2 h, another portion of NBS (117 mg, 657 umol) and (t-BuO), (50
UL) was added to ensure complete consumption of the starting ma-
terial. The reaction was stirred at reflux for another 2 h. After cool-
ing to r.t., H,O (10 mL) was added, and the mixture was extracted
with CH,Cl,. The organic phase was dried (MgSO,) and the solvent
was removed in vacuo. Theresulting solid was dissolved in H,O/di-
oxane (9 mL each) and refluxed with CaCO; (222 mg, 2.22 mmol)
overnight. After acidification with 2 N HCI, the mixture was ex-
tracted with CH,Cl,, the combined organic extracts were dried
(MgSO,) and evaporated. The resulting residue was purified by
column chromatography (petroleum ether/Et,0O, 5:1), yielding, be-
sidesthe adehyde 29 (40.0 mg, 113 umol, 26%), the bromo al cohol
28 (90.0 mg, 252 pmol, 57%) as a colorless ail.

[¢]%,—13.9° (c 0.75, CHCl,).
CD (EtOH): Agjg5 —3.3, Agyog +7.8, Agyg —4.9.

IR (KBr): v = 3090 (Ar-H), 2920, 2845, 2805 (C-H), 1535 (C=C),
1375, 1020, 1005 cm.

IH NMR (400 MHz, CDCl): § =0.68, 1.12, 1.34 (3 x s, each 3H,
each CHy), 1.44-1.84 (m, 5H, 3-H, 4-H, 5-CHH), 2.51-2.63 (m,
1H, 5-CHH), 3.81, 3.83 (2 s, each 3H, each OCH,,), 4.68 (br s, 2H,
CH,OH), 7.21 (s, 1H, 6-H).

13C NMR (101 MHz, CDCl,): & = 20.34 (CH,), 23.88, 25.23, 26.84
(CH,), 39.12, 40.96 (CH,), 44.83, 51.68 (C-1’, C-2), 59.87, 60.27
(OCH,), 65.46 (CH,0OH), 115.7, 124.5, 133.9, 140.5, 150.8, 153.4.

MS (70 eV): miz (%) = 358/356 (100/100) [M*], 327/325 (13/22)
[M*~CH30], 288/286 (62/61) [M*~CyHyo], 277 (7) [M*—Br], 276/
274 (62/76) [M*~CgHyg], 275/273 (65/89) [M*~CgHy,], 259 (51),
245/243 (46/55).

Anal. Calcd for C,;H,5BrO; (357.29): C, 57.15; H, 7.05. Found: C,
56.89; H, 7.18.

(1S)-2-Bromo-3,4-dimethoxy-5-(1’,2",2"-trimethylcyclopent-
yl)benzaldehyde (29)

To asolution of benzyl acohol 28 (74.5 mg, 209 umol) in CH,CI,
(10 mL), MnO, (72.7 mg, 836 umol) was added, and the mixture
wasstirred at r.t. for 1 day. After removal of theinsolubles by filtra-
tion, the solvent was evaporated and the residue was subjected to
column chromatography (petroleum ether/Et,O, 5:1), to give 29
(63.2 mg, 178 pmol, 85%) as a colorless oil, identical to material
previoudy obtained by semisynthesis,® [a]?%, —38.5° (c 1.26,
CHCI;) [Lit.%: [a]®, —37.6° (c 1.01, CHCI,)].

(179)-5,5,6,6"-Tetramethoxy-4,4"-bis(1”,2”,2”-trimethylcyclo-
pentyl)-1,1-biphenyl-2,2’-dicar baldehyde (30)

Bromo aldehyde 29 (89.7 mg, 252 pmol) was dissolved in degassed
DMF (0.25 mL) and treated with activated copper* (176 mg) under
Ar at 165 °Cfor 16 h. After themixture had cooled tor.t., the copper

was filtered off and washed with CH,CI, and the solvent was re-
moved in vacuo. Column chromatography (cyclohexane/EtOAcC,
8:1) gave 30 (36.8 mg, 66.8 umol, 53%, dr,., = 54:46) asacolorless
solid, aong with (1'S)-3,4-dimethoxy-5-(1’,2",2’-trimethylcyclo-
pentyl)benzal dehyde?® (19.6 mg, 70.9 umol, 28%). The atropiso-
mers (M)-30 and (P)-30 could not be separated at this point and
were thus characterized as a diastereomeric mixture.*®

IR (KBr): v = 3090 (Ar-H), 2930, 2835, 2805 (C-H), 1675 (C=0),
1570 (C=C), 1285 cm ™.

H NMR (400 MHz, CDCl;) [(M)-30]: § = 0.71, 1.18, 1.44 (3 x s,
each 6H, each CH,), 1.51-1.90 (m, 10H, 3"-H, 4”-H, 5”-CHH),
2.63-2.72 (M, 2H, 5’-CHH), 3.46, 3.89 (2 x s, each 6H, each
OCH,), 7.91 (s, 2H, 3-H, 3-H), 9.67 (s, 2H, CHO).

H NMR (400 MHz, CDCl.) [(P)-30]: 5 =0.74, 1.18, 1.45 (3 x s,
each 6H, each CH,), 1.49-1.92 (m, 10H, 3”-H, 4”-H, 5"-CHH),
2.61-2.74 (m, 2H, 5”-CHH), 355, 3.90 (2 x s, each 6H, each
OCHs,), 7.87 (s, 2H, 3-H, 3*-H), 9.60 (s, 2H, CHO).

13C NMR (101 MHz, CDCly): § = 20.41/20.43 (CH,), 23.49/23.82,
25.26/25.38, 27.00/27.02 (CH,), 39.21/39.36, 41.06/41.20 (CH,),
44.91/44.94, 51.95/51.96 (C-1”, C-2”), 59.34/59.70, 60.27/60.31
(OCH,), 124.3/124.7, 128.9/129.2, 129.2/129.9, 142.0/142.2,
151.2/151.5, 158.2/158.4, 190.5/190.8 (C=0).

MS (70 eV): mz(%) = 550 (100) [M*], 535 (6) [M*~CH], 521 (18)
[M*—CHO], 520 (18) [M*—CH,O0], 519 (44) [M*~CH;0], 492 (29),
480 (9) [M*—CyHyg], 468 (4) [M*—CgHy].

HRMS: m/z calcd for C,H ,4404: 550.3294. Found: 550.3291.

(1'9)-3,9-Bis(1",2’,2-trimethylcyclopentyl)-1,2,10,11-tetra-
methoxydibenzo[c,e]oxepin-5(7H)-one (31)

A solution of dialdehyde 30 (35.3 mg, 64.1 pmol) in EtOH (3 mL)
was treated with KOH (119 mg, 2.12 mmol) at reflux for 1.5 h. The
solvent was removed in vacuo, H,0O (10 mL) was added, and the
mixture was acidified with 2 N HCI. Extraction with CH,Cl, (dry-
ing with Na,SO,) gave the corresponding hydroxy acid as a color-
less solid, which was used without purification for the next step: It
was dissolved in CH,CI, (8 mL), together with DCC (19.8 mg, 96.0
pmol) and DMAP (3.92 mg, 32.1 umol), and stirred for 8 h at r.t.
under Ar. Then the solution was washed with H,O (20 mL) and
brine (20 mL), the organic phase was dried (N&,SO,), and the sol-
vent was removed in vacuo. The residue was purified by column
chromatography (petroleum ether/Et,0O, 3:1) to yield lactone 31
(17.9 mg, 32.5 umol, 51% over two steps, dr,,., = 58:42) asadight-
ly yellow oil. Theinseparable atropisomers (M)-31 and (P)-31 were
characterized as a diastereomeric mixture.*

IR (KBr): v = 3080 (Ar-H), 2930, 2845 (C-H), 1705 (C=0), 1570
(C=C), 1380, 1360 cm ™.

IH NMR (400 MHz, CDCl,) [(M)-31]: & = 0.74, 0.74, 1.16, 1.18,
1.41, 1.42 (6 x s, each 3H, each CHy), 1.50-1.94 (m, 10H, 3-H, 4-
H, 5-CHH), 2.54-2.71 (m, 2H, 5'-CHH), 3.51, 3.52, 3.86, 3.91 (4
x s, each 3H, each OCHS,), 4.80 and 4.96 (AB system, 2H, 2] = 11.9
Hz, OCHy), 7.15 (s, 1H, 8-H), 7.65 (s, 1H, 4-H).

IH NMR (400 MHz, CDCl,) [(P)-31]: § =0.72, 0.74, 1.15, 1.17,
1.39, 1.43 (6 x s, each 3H, each CHy), 1.48-1.92 (m, 10H, 3-H, 4-
H, 5-CHH), 2.53-2.74 (m, 2H, 5'-CHH), 3.55, 3.63, 3.85, 3.87 (4
x s, each 3H, each OCH,), 4.78 and 4.96 (AB system, 2H, 2] = 11.9
Hz, OCH,), 7.15 (s, 1H, 8-H), 7.64 (s, 1H, 4-H).

13C NMR (101 MHz, CDCl3) [(M)-31]: & = 20.36, 20.44 (CH,),
23.97, 24.13, 25.26, 25.32, 26.83, 26.96 (CH,), 39.05, 39.30, 40.95,
41.09 (CH,), 45.14, 45.15, 51.76, 51.88 (C-1’, C-2'), 60.12, 60.23,
60.30, 60.35 (OCHS,), 70.18 (OCH,), 123.6, 125.8, 126.1, 126.3,
126.4,126.5,130.2, 141.8, 142.1, 153.2, 154.0, 156.2, 170.6 (C=0).

13C NMR (101 MHz, CDCly) [(P)-31]: & =20.29, 20.78 (CH,),
23.82, 23.95, 25.10, 25.29, 27.09, 27.12 (CH,), 39.10, 39.26, 40.86,
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41.12 (CH,), 44.84, 44.92, 51.90, 51.97 (C-1’, C-2'), 60.11, 60.14,
60.21, 60.39 (OCH,), 70.15 (OCH,), 123.8, 1255, 125.8, 126.1,
126.3,126.4, 130.3, 141.2, 141.7, 153.1, 154.0, 156.2, 170.6 (C=0).

MS (70 eV): m/z (%) = 550 (100) [M*], 535 (7) [M*~CH], 532
(18), 519 (20) [M*—CH,0], 501 (20), 480 (9) [M*~CyHy], 468 (8)
[M¥—CgHy,], 467 (6) [M*~CgHyy], 419 (13).

HRMS: m/z calcd for Cg4H,504: 550.3294. Found: 550.3296.

Kinetic Resolution of (1'S)-3,9-Bis(1’,2,2"-trimethylcyclopent-
yl)-1,2,10,11-tetr amethoxydibenzo[ c,e]oxepin-5(7H)-one (31)
To a solution of oxazaboralidine (R)-12 (23.9 mg, 86.2 umol) in
THF (2mL), BHz;eTHF (1M in THF, 115 L, 115 pmol) was added
at 0 °C under Ar. After stirring for 30 min at r.t., the solution was
cooled to —20 °C and added dropwise during 5 min to a solution of
the above prepared diastereomeric mixture of lactone 31 (15.8 mg,
28.7 umol) in THF (2 mL) at —20 °C. After 2 h, the mixture was
hydrolyzed by careful addition of H,O (4 mL) and acidified with
2 N HCI (4 mL). This mixture was extracted with CH,Cl,, the or-
ganic phase was dried (Na,SO,), the solvent was removed in vacuo,
and the residue was chromatographed over silica gel (petroleum
ether/Et,0, 3:1 — 1:2), leading to acohol (P)-33 (colorless ail,
6.92mg, 12.5 umol, 43%, dr = 65:35) and lactone (M)-31 (colorless
oil, 8.10 mg, 14.7 pmal, 51%, dr = 81:19). The atropisomers (M)-
33 and (P)-33 could not be separated and were thus characterized as
a diastereomeric mixture.>

(M,1'S)-3,9-Bis(1’,2",2’-trimethylcyclopentyl)-1,2,10,11-tetra-
methoxydibenzo[ c,e] oxepin-5(7H)-one [(M)-31]
dr =81:19; [a]%,’—19.1° (c 0.76, CHCl,).

CD (EtOH): Aty —7.5, Aty +4.7, Atygs —3.3, Aty +5.8, Atgg
-17.

(P,1”9-6,6'-Dihydroxymethyl-2,2’,3,3'-tetramethoxy-4,4’-bis-
(17,2 ,2”-trimethylcyclopentyl)-1,1’-biphenyl [(P)-33]

dr=65: 35

IR (KBr): v = 3370 (OH), 3075 (Ar-H), 2920, 2895, 2835 (C-H),
1580 (C=C), 1445, 1375, 1285 cm ™.

H NMR (400 MHz, CDCly) [(M)-33]: 5 = 0.74, 1.15, 1.42 (3 x s,
each 6H, each CH,), 1.51-1.91 (m, 10H, 3"-H, 4”-H, 5”-CHH),
2.74-2.85 (m, 2H, 5’-CHH), 357, 3.80 (2 x s, each 6H, each
OCH.,), 4.18 and 4.22 (AB system, 4H, 2] = 11.5 Hz, CH,OH), 7.29
(s, 2H, 5-H, 5-H).

IH NMR (400 MHz, CDCl.) [(P)-33]: 6 =0.70, 1.17, 1.45 (3 x s,
each 6H, each CH,), 1.52-1.89 (m, 10H, 3"-H, 4”-H, 5”-CHH),
2.55-2.67 (M, 2H, 5’-CHH), 3.57, 3.82 (2 x s, each 6H, each
OCH,), 4.17 and 4.23 (AB system, 4H, 2] = 11.4 Hz, CH,OH), 7.29
(s, 2H, 5-H, 5-H).

13C NMR (101 MHz, CDCly) [(M)-33]: & =20.39 (CH,), 24.40,
25.06, 26.96 (CH.), 38.75, 40.70 (CH,), 44.99, 51.75 (C-1”, C-2),
59.82, 60.28 (OCH,), 63.81 (CH,OH), 126.0, 128.0, 133.7, 140.7,
150.8, 152.7.

13C NMR (101 MHz, CDCl,) [(P)-33]: § =20.42 (CH,), 23.54,
25.43, 26.99 (CH2), 39.21, 41.07 (CH,), 44.99, 51.74 (C-1”, C-2"),
59.82, 60.05 (OCH,), 64.22 (CH,OH), 126.1, 127.7, 134.2, 141.1,
150.5, 152.7.

MS (70 eV): miz (%) = 554 (38) [M*], 537 (37) [555-H,0], 536
(100) [M*~H,0], 505 (5) [536—CHs0], 466 (7) [536—CsHyo], 454
(10) [536—CgHyq], 453 (10) [536—CgHyy].

HRMS: m/z calcd for C,H5,0g: 554.3607. Found: 554.3599.

(M,1795)-6,6'-Dihydr oxymethyl-2,2",3,3"-tetramethoxy-4,4’-
bis(1”,2”,2”-trimethylcyclopentyl)-1,1"-biphenyl [(M)-33]
LiAlH, (1.03 mg, 27.1 umol) was added to a solution of (M)-31
(7.50 mg, 13.6 pmol, dr = 81:19) in THF (2 mL) under an Ar atm.

After stirring for 2 h at r.t., the mixture was acidified by addition of
2N HCI (1 mL), H,O (5 mL) was added, and this mixture was ex-
tracted with CH,Cl,. The combined organic layers were dried
(N&a,SO,), and the solvent was removed in vacuo. The residue was
purified by column chromatography (cyclohexane/EtOAc, 2:1).
Crystallization from EtOAc/cyclohexane gave (M)-33 (6.41 mg,
11.6 umol, 85%, dr = 78:22) as colorless crystals, mp 192-193 °C.

[0]2, —60.7° (¢ 0.25, CHCl,).
CD (EtOH): Agypp+6.1, Agyp —13.0.

M astigophorene B (6b)

Under an atm of dry Ar, 1,2-dibromotetrachl oroethane [(CBrCl,),,
8.05 mg, 24.7 umol] and PPh; (6.48 mg, 24.7 umol) were added to
(M)-33 (4.90 mg, 8.83 pmoal, dr = 78:22) in CH,Cl, (2 mL). After
stirringfor 4hatr.t., Et,O (2mL) and LiAlH, (1.41 mg, 37.2 pmol)
were added, and thereaction wasstirred at r.t. for 4 h. After addition
of H,O (4mL) and 2N HCI (2 mL), extraction (CH,Cl,, drying over
Na,SO,) and removal of the solvent in vacuo gave a colorless resi-
due, which was dissolved in CH,Cl, (3 mL) and treated with BBr;
(5.85 uL, 61.9 umol) at 0 °C under an Ar atm. After stirring for 1 h
at r.t., excess BBr; was destroyed by addition of MeOH (1 mL), the
solvent was removed in vacuo, and the residue purified by prepara-
tive TLC[1 mm plates (Merck), hexane/CH,Cl,, 1:1], to yield enan-
tio- and diastereomerically pure mastigophorene B (6b) (2.43 mg,
5.21 pmol, 59% over three steps) as a colorless ail, fully identical
spectroscopically with the natural product,** [0]%, —38.8° (c 0.11,
CHCIy) [Lit.2: [a]*p —39.1° (¢ 0.35, CHCIY)].
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