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Abgstract: A first approach to the atroposelective total synthesis of mastigophorenes is described. the
directed preparation of a structurally slightly modified analog of mastigophorenes A and B, with a zert-
buty! instead of a substituted, chiral tyclopentyl residue. Its (partially protected) monomeric half is
dimerized by oxidaiive {phenolic) coupling to give the corresponding bipheny! in a racemic form, or
atropo-enantioselectively via the corresponding biaryl lactone, to give the M- or, optionally, the P-
enantiomeric form, by stereoselective ring opening and subsequent standard transformations.

© 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Mastigophorenes A (P-1) and B (M-1)" are nove
the liverwort, Mastigophora diclados, co-occurring with their monomeri
(2), and the mono- or bis-sidechain coupled analogs 3 (mastigophorene C) and 6 (mastigophorene D).

Mastigophorenes A (P-1), B (M-1), and D (6) are characterized by pronounced nerve growth and network
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Fig. 1. Natural mono- and dimeric phenolic terpenoids and their simplitied unnatural analogs.
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In this paper, we describe the atropo-enaniloscleciive
coupling of a closely reiated achiral analog 5 of herbertenediol (2) to give P-4 or, optionally, M-4 as the first
synthetic analogs of mastigophorenes A (P-1) and B (-1).

RESULTS AND DISCUSSION

simplified analog 5 instead of the authentic naturai precursor 2. In this analog 5, the lipophilic cyclopentyl
residue, with its stereocenter, is replaced by an achiral, but comparably lipophilic tert-butyl group, so that, if
likewise biologically active, it would simultaneously constitute of a simplified analog for the production of
this active compound on an larger scale for extended biological tests.

For a first synthesis of the dimer 4, the preparatively useful and biosynthetically relevant principle of

oxidative phenolic couolmg appeared to be the method of choice, although here to be applied to an unnatur. al

analeg. Yet, various attempts for a direct oxidative dimerization, using a variety of known oxidants such as
FeCl,, Pb(OAc),, Ag,0, and (tert-BuQ), failed, giving rise to a broad spectrum of as yet unidentified
products. A more promising (since less reactive) monophenolic coupling precursor, should be compound 8,
with a free phenolic group, as required for the oxidative dimerization reaction, ortho to the scheduled
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Scheme 1. Sym.,esis of the monophenolic analog 8 of 5 and its oxidative coupling to give 4. Reaction conditions: a)

EtOH/ALOEt I atm, 1t, 6%; d) (fe]"t—BUO)g, CsH;Cl, reflux, 80%; ) BBr;, CHyCly, 0 °C, 80%.
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coupling site, while the other oxygen function is blocked by O-alkylation. Its synthesis is outlined in Scheme
1. Reaction of 5 with benzyl bromide allowed specific protection of the less hindered 1-oxygen, due the steric
demand of the tert-butyl group. Subsequent methylation of O-2 to give 7 and hydrogenolytic cleavage of the

benzyl group gave 8. Coupling of this mono-O-alkylated analog 8 of 5 was best done with (tert-BuO), in
refluxing chlorobenzene,’ leading to the biaryl 9 in 80% yield. O-Deprotection with BBr; in CH,Cl, gave the

For the synthesis of 4 in enantiomerically pure form, we chose our 'lactone methodology',*!! which
allows the regio- and atroposelective construction of biaryl axes, via configuratively unstable biaryl lactones.
For the preparation of such an 'axially prostereogenic''” lactone 14, the required building blocks were 8 (as
already prepared above), and 12, which was synthesized by double O-alkylation of 5 to give 10 and
bromination to give 11, and subsequent Co-mediated benzylic oxidation with elemental oxygen."* Reaction of

8 with 12 (via its acid chloride) gave the ester 13, whose structure, including the correct position of the

; . . 1 e o1 1 14 1 12 o e £ YT [ o S PR, wmt; cbsmimtirea amalsroio 4 e
structure, including the helical distortion of the molecule, was confirmed by an X-ray structure analysis.'* In
the crystal, both helimeric forms, P-14 and M-14, are found (two molecules each per crystal unit, along with
two molecules of n-hexane). For reasons of clarity, only P-14 is shown in Scheme 2.
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Scheme 2. Synthesis of the stereochemically labile key compound 14. Reaction conditions: a) Me;504, NaOH, Bzl(n-
Bu);NBr, H,O/CHCl,, rt, 87%; b) Bry, CH,Cl,, 0 °C, 76%; c) Co(II)(OAc),, O,, 2-butanone, HOAc, 120 °C, 92%; d)
SOCl,, rt; e) NaH, THF, 1t, 76% from 12; f) Pd(OAc),, PhsP, NaOAc, dimethylacetamide, 130 °C, 32% (48% of 13

recovered).
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For the atropo-enantioselective cleavage of 14, we first chose the oxazaborolidine technique previously
Lot o1 TLIS A N Tl R 12T
claborated. Thus, reduction of 14 with R-i15-BH; in THF at 0°C gave one of the two possibie

enantiomeric diols 16, preferentially. The stereoanalyms, which was first optimized with a synthetic racemate
(as obtained by reduction of 14 with LiAlH,), was best done by HPLC on a chiral phase, giving up to 94:6 e.r.
in favor of the M-enantiomer (for the stereochemical attribution of the two atropo-enantiomers, see below). As
expected, reduction of the same configuratively unstable lactone 14, now with the enantiomeric reagent, S-15,
gave rise to the other atropisomer, P-16, in a likewise good enantiomeric ratio (8:92 e.r.), thus allowing the
enantiodivergent optional synthesis of 16, both in its M- or P-configured form. Attempts to further enhance

the enantiomeric purity &g= of M-16 by crystallization of the enantiomerically enriched material, as an
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Scheme 3. Atropo-enantioselective ring cleavage of 14 to give M- or, optionally, P-16. Reaction conditions: a) THF,
BH;3, 0 °C, 68%.

For the preparative synthesis of truly enantiopure material of 16, the stereoselective ring opening of 14
with chiral O-nucleophiles seemed preferable, allowmg for the option of now purifying diastereomeric

or atropodiastereomer, as elaborated nrev10u<;lv Indeed,

at VOALLADMLCLI LU 4D

. . . o .
ring cleavage of 14 with the lithium 1S-mentholate in toluene at 0 °C delivered P-configured 17b in a good
atmmems oot armromlan ieer A QL1 A analimad e, LIDT ™M T 4+l A *

tropo-diastereoselectivity (d.r. 86:14, analyzed by HPLC). From this diastereomeric mixture, 17b was

obtained by a simple chromatographic resolution. Reduction of pure 17b gave P-16, likewise in a
stereochemically homogeneous (here enantiomerically pure) form. In this procedure, the minor atropisomer,
here 17a, is not lost, but can be recycled, by recyclization back to the configuratively unstable lactone 14, and
renewed ring opening reaction - chiral economy with respect to atropisornerism.u'17 From enantiomerically
pure P-16, the stereochemically homogeneous target molecule P-4 was finally obtained by further standard

transformations, first optimized with the racemic compound, yielded by reduction of 14 with LiAlH,.
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Scheme 4a. Atropo-diastereoselective ring opening of 14 and transformation to P-4. Reaction conditions: a) toluene,
0°C, 63% 17b; b) LiAlH,, THE, 98%; c) KoCOs, Me, SO, acetone, rt, 97%; d) C,Br,Cly,'® PPhs, CH,Cl,, tt; €)
LiAlHy, THF, 0 °C, 79% from P-18; f) BBr3, CH,Cl,, 0 °C, 95%; g) 2N NaOH, dioxan; h) 150 °C, vacuum, 78% from
17a.

By the use of 1R- (instead of 15-) mentholate for the ring opening (d.r. 87:13) and application of the

same series of transformations as above, M-4 became available in an enantiopure form, too (Scheme 4b).
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Scheme 4b. Optional directed preparation of M-4 by using 1R-menthol as a chiral source. Reaction conditions as in
Scheme 4a.
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The Stere(x:h,m;,ﬂl _n_rib_ tton (_'_)f _P-19 wasg done bv comnarican of the evnarimantal (T cnantemim with
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that of P-19, and the near-opposite spectrum calculated for the M-atropisomer of 19 show the synthesized

compound to be P-configured at the axis as anticipated in Scheme 4a.
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Fig. 2. Experimental CD spectrum of P-19 and the spectra calculated for the absolute P- and M-stereostructures.

Furthermore, the comparison of the CD spectrum of P-4 showed an excellent conformity with that of
natural mastigophorene A (P-1), thus verifying the previous stereochemical attribution of the natural product.2
The presented work constitutes the first stereoselective synthesis of a mastigophorene-like biaryl and

establishes the key methodology for the scheduled stereoselective total synthesis of the natural products,
f " hnath fram

mactiannhnranac A ({P_1) and R (AM_1) Yiven the availahility Af the anthanticr mnlecnlar hal

Masugopnorenes A (-1 and o Wi=1). UIVOD ull avaliaolity Ol Ui aguicnudl moiCCuial nail o0ul ITOMm
bV st et e e N\220 g 1 ccsimtbncle foa <ra ST ST SO
laturdl resOources (1 dll Cldnuoticricaly purc 101} dlld tougil Syuuie b &db yc acerr C), UIC coupliing

strategies presented in this paper should provide a promising strategy for the directed synthesis of authentic P-
1 and M-1. The biological evaluation of the now available simplified analogs P- and M-4 is in progress.”!

EXPERIMENTAL
melting points were determined with an Kofler hot plate apparatus and are uncorrected. IR spectra
were recorded on a Perkm-Elmcr 1420 infrared spectrophotometer and reported in wave numbers (cm’ Y. The
Liy AR naAd 1300 NIMD cmantrn srare ronnrdad am o Deibas A 200 (NN AALIZY ~x A &N (SN RALTSY Tha
I1 INLIVIIN aliudl U, INIVLIIN hpc\.ua <l 1ICLULUCU ULl a D1 Tl AL Luuyu \LUU lVlllL} UL A LJU \&ou LVIIIL} 11IC
o ey

chemicals shift are given in parts per miliion (ppm) with the deuterated solvent as internal reference for H
and "*C NMR. The coupling constants, J, are given in Hertz. Mass spectra were recorded on a Finnigan MTA
8200 spectrometer at 70 eV in the EI mode. Optical rotations were measured on a Perkin-Elmer 241 MC
polarimeter. CD spectra were recorded in ethanolic solution on Jobin Yvon Model CD6 spectrograph at room
ternperature within the range of 190 - 350 nm. HPLC analyses of 16 were carried out with a combination of a
Waters M 510 pump, a Chiracel OD-H column (Daicel Chem. Ind. Ltd., 4.6 mm x 250 mm) and an ERC-
7215 UV-detector, using n-hexane / i-PrOH (99:1) as eluent. 4 was analyzed with the same combination but

with n-hexane / i-PrOH (9:1) as eluent. The HPLC analyses of the esters 17 were done with the combination
of a Knanar-64 numn a Watere uParacil™ calumn (125 A 10 um 2.9 mm v 300 mm) and a Watere T amda-
Ol a [AaUlT-04 PUInp, a4 vwallls prOrasiz COMUINN (120 A, 1V plhy, 2.7 TN X 500 M) allG a4 yWWallIs Lalllia
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3-Benzyloxy-5-tert-butyl-4-methoxytoluene (7). To a solution of 5° (22.5 g, 125 mmol) in acetone
(400 ml), BzIBr (21.5 g, 125 mmol) and K,CO; (69.0 g, 500 mmol) were added. After 3 d stirring at room
temperature, (n-Bu),NCI (2 g) and Me,SO, (23.6 g, 187 mmol) were added and stirring was continued for
further 2 d. The mixture was then cooled to 0 °C and after addition of conc. agueous NH; (180 ml) the
organic solvent was removed under reduced pressure and the agueous layer was extracted with petroleum

ether. The extract was dried (NaZSO4) and evaporated to yleld 7 (34.0 g, 94%) as a yellow brown solid, which

or 6-H), 6.75 (br. s, 1H 2-H or 6-H), 731 751 (m SH Ph-H); 13C NMR (63 MHz, CDCly): 6— 21 55
(ArCHj3), 30.61 [C(CHs)s], 34.99 [C(CHj)5], 60.51 (OCHj), 70.79 (PhCH,), 113.2, 119.8, 1274, 1278,
128.5, 132.2, 137.3, 143.0, 146.7, 152.1 (Ar-C); MS: m/z (%) = 284 (30) [M*], 228 (13) [M" - C4Hy], 193
(35) [M" - PhCH,], 91 (100) [PhCH,]; Anal. calcd. for C;oH,,0, (284.4): C, 80.24; H, 8.51. Found: C, 80.57;
H, 8.40.

Data of the intermediate 2-benzvloxv-6-tert-butvl-4-methvinhenol, as obtained by waorkup before the

tr 1termediate enzyloxy-6-fert-butyl-4-methylphenol, as obtained by workup before
tine ~AF N and (7-Bu.NCE mp 89-20 °C (from natralanm athary: TR (KR o ISON 2000 2000
auuxuuu (8 LVLE2\)U4 dill (Fi~DuUjgiNCl. 1P O07-7U U llull poluulculn vuivd j, UNUINWDL). vV JJUY, JULyU, JUUY,
1.44 [s, 9H,

2945, 2940, 2890, 2845, 1570, 1280, 1030, 825, 740, 680; 'H NMR (250 MHz, CDCl,): & =
C(CH,)], 2.32 (s, 3H, ArCHy), 5.09 (s, 2H, PhCH,), 5.92 (br. s, 1H, OH), 6.72 (d, J = 1.5, 1H, 3-H or 5-H),
6.76 (d, J = 1.2, 1H, 3-H or 5-H), 7.34-7.48 (m, 5SH, Ph-H); C NMR (63 MHz, CDCly): § = 22.62 (ArCHj;),
29.41 [C(CH;)s], 34.61 [C(CHj3)5], 71.28 (PhCH,), 110.6, 119.7, 127.8, 128.3, 128.7, 129.0, 135.4, 136.6,
142.1, 145.8 (Ar-C); MS: m/z (%) =270 (7) IM*], 214 (6) [M" - C,Hg], 179 (3) [M" - PhCH,], 91 (100)

[PhCH,]; Anal. caled. for C3H»0, (270.2): C, 80.01; H, 8.14. Found: C, 79.75; H, 8.35.

3-tert-Butyl-2-methoxy-5-methylphenol (8). A solution of 7 (11.5 g, 40.5 mmol) in a 1:1 mixture of
N and athylasatata (00 m1) wacg hydracanatad wit ~ at atm haric nrecenre faor § h aftar addition of
11 aliu Cullylavbldie LUV L) was llyuluguliditad wikii 112 at LIC PILUOSSULL 1UL O 11 dlibd aUuuiiiuvil Vi

0 1 was
residue purified by sublimation in vacuo (100 °C) and subsequent crystallization from petroleum ether gave 3
(5.90 g, 76%): mp 104 °C; IR (KBr): Vv 3290, 3030, 2980, 2930, 2900, 2840, 1580, 1305, 990, 830; !
NMR (250 MHz, CDCl;): 6 = 1.38 [s, 9H, C(CH3)3], 2.27 (br. s, 3H, ArCHj3), 3.81 (s, 3H, OCHjy), 5.23 (s,
1H, OH), 6.67 (br. s, 2H, 4-H and 6-H); ’C NMR (63 MHz, CDCl;): 8 = 21.27 (ArCHs), 30.98 [C(CH5)s],
34.96 [C(CH3)3], 61.01 (OCH,), 115.0, 119.53, 133.6, 142.8, 144.5, 149.3 (Ar-C); MS: m/z (%) = 194 (60)
[M*], 179 (100) [M" - CHs], 164 (24) [179 - CH;]; Anal. calcd. for Cj;HgO, (194.3): C, 74.19; H, 9.34.
Found: C, 73.90; H, 9.45.

rac-4,4'-Di-tert-butyl-2,2'-dihydroxy-3,3'-dimethoxy-6, 6'-dimethylbiphenyl (9). To a solution of 8

(452 mg, 2.33 mmol) in chlorobenzene (20 ml) di-zerz-butylperoxide (860 pl, 4.66 mmol) was added under N,
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and the mixture was refluxed for 4 h. The solvent was removed under reduced nressure and the residue was

= & SRAs 0 AVAALU VWAL AL 2 wAau PAwoouliy aliu tuv IWolUusr wad
purified by column chromatography on silica gel with Wtrolea*n ether / ethylacetate (5:1) as eluent. The crude
product was recrystallized from petroleum ether to give 9 (360 mg, 80%): mp 177 °C; IR (KBr): Vv 3360,

non Annn AN OAN - s

3040, 2980, 2940, 2900, 2840, 1400, 830; 'H NMR (DU MHz, CDCly): 6 = 1.42 [s, 18H, C(CH;)5], 1.97 (s,
6H, ArCH3), 3.88 (s, 6H, OCH3), 4.87 (s, 2H, OH), 6.82 (s, 2H, ArH); *C NMR (63 MHz, CDCl,): 6 = 19.46
(ArCHj3), 30.64 [C(CH;)3], 35.05 [C(CHj3);], 60.38 (OCHj3), 119.5, 119.9, 132.0, 143.3, 144.9, 147.1 (Ar-C);
MS: m/z (%) = 386 (100) [M'], 371 (5) [M" - CHs], 330 (30) [M* - C,Hy], 315 (46) [M* - CH; - C,Hy]; Anal.
caled. for C,4H3404(386.5): C, 74.58; H, 8.87. Found: C, 74.25; H, 8.68.

rac-4,4'-Di-tert-butyl-2,2',3,3'-tetrahydroxy-6,6'-dimethylbiphenyl (4). To a cooled (0 °C) solution
nf 9 (240 mo 627 nmal) in drv CH.CL, (S mI a T RRr. ealntian in CH.OL. (2 SO ml 2 SO mmanl) wac
of 9 (240 mg, 622 pmol) in dry CH,Cl, (S5ml), a IM BBy solution in CH,Cl, (2.50 ml, 2.50 mmol) was
added under N, and the mixture was stirred for 3 h. Then MeOH (2 ml) was added and the solvent was
evaporated. Purification of the residue by column chromatography on silica gel (CH,Cl, / MeOH 20:1) and

recrystallization from n-hexane gave 4 (178 mg, 80%) as fine needles: mp 249 °C; IR (KBr): V 3460, 3040,
2980, 2940, 2900, 2850, 1215, 815; 'H NMR (250 MHz, CDCly): & = 1.44 [s, 18H, C(CH,)s], 1.95 (s, 6H,
ArCH,), 4.66 (s, 2H, OH), 5.56 (s, 2H, OH), 6.81 (s, 2H, ArH); "CNMR (63 MHz, CDCl;): &= 19.13
(ArCHj3), 29.41 [C(CH,);], 34.72 [C(CHa)s], 117.1, 120.3, 127.4, 136.6, 140.6, 141.0 (Ar-C); MS:
m/z (%) = 358 (48) [M*], 302 (52) [M" - C4Hs], 287 (75) [M* - CHj;), 246 (56) [M" - CHsl, 57 (100)
[C4Hy'1; Anal. caled. for CpH1y04(358.5): C, 73.71; H, 8.44. Found: C, 73.43; H, 8.44.

3-tert-Butyl-1,2-dimethoxy-5-methylbenzene (10). To a cooled (0°C) solution of 5 (22.5g,
125 mmol) in a mixture of CH,Cl, (160 ml) and water (80 ml), NaOH (20.0 g, 508 mmol) and Me,SO,
(26.4 ml, 383 mmol) were added. After stirring at room temperature over night, conc. aqueous NH; (50 mi)
was slowly added and the organic solvent was removed under reduced pressure. The aqueous layer was
extracted with petroleum ether, the organic extract was dried (Na,SO,) and the solvent was evaporated. The
obtained oil was purified by distillation in vacuo (98-100 °C) to afford 10 (22.7 g, 87%): IR (KBr): v 3030,
2960, 2870, 2840, 1580, 840; '"H NMR (250 MHz, CDCly): § = 1.41 [s, 9H, C(CHs);], 2.35 (s, 3H, ArCH,),

3.87 (s, 3H, OCHy), 3.89 (s, 3H, OCHj;), 6.68 (d, J = 1.8, 1H, 4-H or 6-H), 6.75 (d, J = 1.8, 1H, 4-H or 6-H);

Be NMR (63 MHz, CDCL): § =21.54 (ArCH.,), 30.52 [C(CH-).1, 34.89 [C(CH,):], 55.55, 60.29 (OCH-)
NVIR (63 Mz, CDUL) o= 2104 (ArCH;,), 3002 [C(CH3)3], 34,8 [ LI(CH;)5], 20,00 , OU. 2% (LUCH;),
+ +
111.3, 119.2, 132.2, 142.8, 146.1, 152.9 (Ar-C); MS: m/z (%) = 208 (56) [M], 193 (100) [M™ - CH;], 178
(51) [193 - CH;]; Anal. caled. for Cy3H,0,(208.3): C, 74.96; H, 9.68. Found: C, 74.65; H, 9.85.

3-Bromo-6-tert-butyl-1,2-dimethoxy-4-methylbenzene (11). To a cooled (0°C) solution of 10
(22.6 g, 109 mmol) in CH,Cl, (300 ml), bromine (5.44 ml, 109 mmol), dissolved in CH,Cl, (20 ml), was
added slowly. After complete addition stirring was continued for 1 h at room temperature, then water (5 ml)
and K,S0; (100 mg) were added. After decolorization of the reaction mixture, the aqueous layer was
separated and the organic solvent was removed. The remaining oil was crystallized from petroleum ether to
vield 11 (23.7 g, 76%) as colorless crystals: mp 52 °C; IR (KBr): V 3050, 2980, 2940, 815; 'H NMR

A JIULILDSS Liyo DL

(250 MHz, CDCl;): 8 = 1.36 [s, 9H, C(CHa);], 2.36 (s, 3H, ArCHj3), 3.84 (s 3H, OCH,), 3.90 ( s, 3H, OCH,3),

6.94 (S, 1H, 5‘1‘1 o ( D IVinZ, L 3): 5 2 13 ), .38 [C(\,113)3] 349 {C( 3131, 97.063,
~m A0 1 - o Tare +
60.27 (OCHsy), 117.9, 123.4, 132.6, 142.3, 150.6, 151.3 (Ar-C); MS: m/z (%) = 286/288 (54/53) [M'],
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271/273 (97/100) [M* - CH,] 256/258 (24/24) [M"* - 2(,qu 192 (25) [271/273 - HBr]; Anal.
C\3H,4BrO, (287.2): C, 54.37; H, 6.67. Found: C, 54.28: H, 6

©
e
0

=9

VI_RBroaman S fort . hutul 2 A_dinmmathavvhaneaia astid 719) T 11 /10N - 1A

AFAIRMNRUESTETUuLY RO, uNICUIUA Y OCHZOIC alia (14). 10 11 (1u.u g, 34.6 mInoi), qAIssoived in
Slaoninl nnati A1 710N 1N VU STINA A N ATT /™ A AN -
giacial acetic acia (16U mi), Co(l)(OAe)*4H,0 (2.20 g, 7.50 mmol) and 2-butanone (10 mi) were added.

>

Through the preheated (130 °C) reaction mixture oxygen was bubbled for 5 h. Then the mixture was cooled
and poured into ice (150 g), filtered and washed with water (300 ml). Drying the residue in a freeze dryer
gave crude 12 (10.1 g, 92%), which may be used for the next step without further purification. From ethyl
acetate, colorless crystals were obtained: mp 191 °C; IR (KBr): ¥ 3300 - 2300, 3050, 2940, 2850, 1670;
'"H NMR (250 MHz, CDCl;): 8 = 1.38 [s, 9H, C(CH,);], 3.84 (s, 3H, OCH,), 3.98 (s, 3H, OCH,;), 7.79 (s, 1H,
6-H); *C NMR (63 MHz, CDCl,): & =30.03 [C(CH,)s], 35.24 [C(CHs);], 59.98, 60.50 (OCHj), 117.5,

~ il Va4

126.2, 142.9, 151.5, 157.3, 171.9 (Ar-C), 191.4 (C=0); MS: m/z 318 (41/39) [M'], 301/303
(100/A7 MY _ CH.T: Anal caled for C.H _Re), (317 2) C 40 18- 52 Found: C 406 H § AN
QA /- P\ kg, ndldi. Caill. 101 U370 \J1/7.4). U, 57,10, 11, J.JU. £OUllG. «, 46.59, 11, J.5vU

(3'-fert-Butyi-2'-methoxy-5'-methyi-phenyi) 2-bromo-5-tert-butyi-3,4-dimethoxybenzoate (i3). A
solution of 12 (6.53 g, 20.6 mmol) in SOCI, (50 ml) was stirred over night at room temperature. The solvent
was removed under reduced pressure and the remaining oil was dissolved in dry CH,Cl, (50 ml) and added
dropwise, under N, to a suspension of 8 (4.00 g, 20.6 mmol) and NaH (540 mg, 225 mmol) in THF (90 ml),
which has already been stirred for 1 h at room temperature. Stirrring was continued for 1 h, then the solvent
was evaporated and the residue was purified by filtration through silica gel with petroleum ether / ethyl
 (10:1) as the eluent.

('D
lhﬁ
=
¢
]

m petroleum ether, 13 was obtained as colorless crystals (7.73 g, 76%): mp

[

-
-
o
7

: .34 (s, 3H, ArCH3), 3.
S5, 1H,4-Hor 6-H),7.03(d, J =

8§ =21.03 (ArCH,), 30.02, 30.56 [C(CH3)3] 35.05, 35.14 [C(LH3)3] 59.91, 6041, 61.16 (OLH3), 117.2,
121.9, 125.08, 125.14, 125.9, 132.5, 143.0, 143.6, 143.8, 148.9, 151.5, 156.8 (Ar-C), 164.0 (C=0); MS:
m/z (%) = 494/492 (3/3) [M*], 301/299 (100/99) [M" - (C¢H,)(OCH3)(C4Ho)(CH3)O']; Anal. caled. for
C,sH3;BrO5 (493.4): C, 60.85; H, 6.74. Found: C, 60.75; H, 6.57.

D0

3.8-Di-tert-butyl-4.9.10-trimethoxy-1-methyl-dibenzo[b,d]pyran-6-one (14). In a carefully baked

=I5 AU=LT IILICLIIUA Y ULICT

three-necked flask 13 (3.00 g, 6.10 mmol), Pd(OAc), (]49 mg, 610 pmol) NaOAc (1.00 g, 12.2 mmol) and

A rar (Oa, nd nda
U ~ G

A sl grana  dicenlyuad nda frachly A3 ar N
. unaes iN3)

rPu3 \U‘rl mg, 2.44 mimoi) WEre Gissivead unaGer n2 il Ircsiiy

e 1 0

dimethylacetamide (200 ml). The flask was put into a preheated (14

0 °C) oilbath and the reaction course was
controlled by TLC (petroleum ether / diethyl ether 10:1) every 15 min. After 100 min nearly half conversion
and an increased formation of sideproducts was observed. The solvent was removed under reduced pressure
and the residue was filtered through silica gel with petroleum ether / diethyl ether (10:1) as the eluent to yield
a mixture of 14 and starting material 13. By crystallization from petroleum ether, 14 (720 mg) was partly
separated. Subsequent column chromatography of the mother liquor on silica gel with petroleum
ether / diethyl ether (20:1) afforded 14 (175 mg) and recovered 13 (1.43 g, 48%). Recrystallization from
petroleum ether gave 14 (817 mg, 32%) as colorless needles: mp 197 °C; IR (KBr): V v 2965, 2940, 2900,

2840, 1720; '"H NMR (250 MHz, CDCly): 8= 1.44 [s, 9H, C(CH,)s], 1.45 [s, 9H, C(CH3)3], 2.41 (s, 3H,
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ArCH.). 3.4Q (g 3 10-OCHY404 (¢ 3H OCHN) 4100 3 H OCH)Y 706 (¢ TH 7.1\ 200 (¢ 1 2_IN.
ARERAALG)y SOTS Dy JAEy AVTRINRAY) TUT A0y JARy ARy TedU Oy JLEy WAL F, TV D, 111, 7711, G.UZ (D, 1X1, L711),
BAzNMD /SN MIT, T Y. S 9221 (AITY 2010 AN A1 [0/ ITN T 28 17 A6 AA Tovr a1 £n e

CINIVIRN (DU vz, L), U= 4001 (AlLnl3), JVU.17, JUu.4l [uilriy)z), JJ.1/4, 233.44 [L(LIly)z), DU.J)5,
60.70, 61.36 (OCH3), 116.3, 118.0, 123.9, 124.7, 128.4, 130.8, 143.4, 144.3, 144.4, 144.8, 149.8, 159.0 (Ar-

R AR TR AET SRS fEE =

C), 161.1 (C=0); MS: m/z (%) = 412 (100) [M*], 397 (55) [M* - CH;], 355 (47) [M* - C,Hs], 340 (23) [355 -
CHs,]; Anal. caled. for CpsH3,0501/2C¢H 4 (455.6): C, 73.81; H, 8.63. Found: C, 73.48; H, 8.34.

—

rac-4,4'-Di-tert-butyl-2-hydroxy-6'-hydroxymethyl-3,2',3'-trimethoxy-6-methylbiphenyl (16). To a
cooled (0 °C) solution of 14 (300 mg, 728 pmol) in dry THF (10 ml), LiAlH, (30.0 mg, 790 umol) was added
under N,. After 2 h of stirring at room temperature, water (2 ml) and 2N HCI (3 ml) were added, the solvent
was removed and the aqueous layer was extracted with diethyl ether. The extract was dried (Na,SO,) and the

onlsrant 1o avamaroatad Deame matesnlarisas athar 184 wrac Altatmad ae ~rnlasrlace Aevotals MDQQ smasr QKO0 e
DSULYCTIIL W L [JUI LCUL. 171U PU\JUICU[II CUuiCi, LU wWwad uvvLailiivud ad LULULIUDD \ulyblalb \«O00 iy, 7J/U). lllkl
1 [+ ] b i o BVA 78 » DAY iadiNs W Fa¥al S AMNMN MNO N MY NOALZ 10NN ] AR nATTY_ IRYal Y I — A o
i C; IR (KBr): v 3490, 3420, 2980, 2930, 2845, 1290, A Cly): 0=1.42 |5,

: i
9H, C(CH,),], 1.43 [s, 9H, C(CH3)s], 1.92 (s, 3H, ArCHs), 3.54 ( .
3H, OCH,), 4.27 (br. s, 2H, CH,0OH) 6.80 (s, 1H, 5- or 5'-H), 7. 22 (s, 1H, 5- or 5-H); *C NMR (63 MHz,
CDClL): 6 =19.97 (ArCH,), 30.47, 30.82 [C(CHa),], 34.94, 35.16 [C(CH,)3], 60.04, 60.20, 60.72 (OCH,),
64.03 (CH,OH), 120.0, 122.3, 122.8, 127.8, 131.9, 133.8, 142.1, 143.7, 145.1, 146.5, 151.7, 152.8 (Ar-C);
MS: m/z (%) = 416 (2) [M'], 398 (100) [M" - H,O ], 383 (21) [398 - CH,], 327 (20) [383 - C4Hg]; Anal.
calcd. for Cp5HaO5 (416.7): C, 72.08; H, 8.71. Found: C, 71.84; H, 8.42.

General procedure for analytical ring opening reactions of 14 with R- or §-15. To a cooled (0 °C)

_f‘}Elﬂf\ﬁ_. )

~ A | in A TTIIR 71 L1 A DIY JTIID PR A FavaTn B IV 4Y o R addaAd
S (Lv.21ng, /

3.G HIIIOL) 111 Ql y 10r (1L 1), .‘UVI DIy 1Inr bmuuuu \IUU |.U. 1UU l.ll.llU.U wdd dulcul
under N,. Then i4 (10.0 mg, 24.3 umoi), dissolved in dry THF (1 mi), was added dropwise to the reaction
mixture which was then stirred for 24 h, If necessary, more BH;'THF solution (50.0 pl, 50.0 pmol) was
added, followed by 24 h stirring. Then 2N HCI (2 ml) was added, the solvent was removed in vacuo and the
aqueous layer was extracted with diethyl ether. The extract was purified by TLC (petroleum ether / diethyl
cther 3:4) and analyzed by HPLC.

,":
£ pm
2

slowly to the mixture. After 48 h stirring 2N HC was added, the organic solvent was removed and the
aqueous layer was extracted with diethyl ether. Purification of the extract by column chromatography on silica
gel with petroleum ether / diethyl ether (1:1) as eluent gave M-16 (34.5 mg, 68%) as an amorphous solid of

[olp> =-21.8 (¢ = 0.8 in CHCI;). HPLC analysis gave 92:8 e.r.

rac-4,4'-Di-tert-butyl-6'-hydroxymethyl-2,2',3,3'-tetramethoxy-6-methylbiphenyl (18). To a
solution of 16 (288 mg, 692 pumol) in acetone ( 10 ml) under N,, K;CO; (191 mg, 1.38 mmol) and Me,SO4

w
<
[¢]
-t
3
)
n
i3
[+9)
[=H
[¢]
w
(2]
-
o¥
Y
o
g v
-
-
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2970, 2930, 2840, 1280, 1220; 'HNMR (200 MHz, CDCL): 8= 1.41 [s, 9H, C(CH,)], 1.43 [s, 9H,
C(CH3)3), 1.94 (s, 3H, ArCH;), 3.63 (s, 3H, 2- or 2-OCH3), 3.66 (s, 3H, 2- or 2-O 6H, 3- and
7

4 [C(CH3)s], 59.67, 59.76, 60.00, 60.05
(OCHs), 64.34 (CH,0H), 122.7, 123.3, 128.6, 131.5, 1:}5.8, 142.7, 143.2, 150.4, 150.6, 151.2, 152.2 (Ar-C);

MS: m/z (%) = 430 (100) [MT], 412 (36) [M" - H,0], 397 (21) [412 - CH,], 383 (14) [397 - CHs], 341 (39)
[397 - C4Hg); Anal. caled. for CysH3305 (430.6): C, 72.53; H, 8.90. Found: C, 72.59: H, 9.19.

rac-4,4'-Di-tert-butyl-2,2',3,3'-tetramethoxy-6,6'-dimethylbiphenyl (19). To a solution of 18
(160 mg, 372 pumol) in dry CH,Cl, (10 ml), C;Br,Cl, (131 mg, 403 pmol) and PPh; (106 mg, 404 umol) were
added together. After 2 h stirring at room temperature, the mixture was filtered through silica gel with

petroleum ether / diethyl ether (5:1) as the eluent and the solvent was removed. To a solution of the residue in
— ~ttie,l Seliaan P M P frve E—— ~ Py 4l semenmdlmam cmmlwrdrian mzrmo o sesa P

d y dnctu_yx Lh 31 (5 1 l}), Lu"\\_‘l}'},‘ (30 0 1 lb, 790 }.uuul) wad add d a ld LhC ITAULIUIL HIHAWUL was Sl I'Cd fUl 2 d

at room temperature. After addition of water (2 mi) and 2N HCI (3 mi), the mixture was extracted with diethyi

ether, the extract was dried (Na,SO,) and the solvent was removed. The obtained solid was purified by
column chromatography on silica gel (petroleum ether / diethylether 5:1). Subsequent recrystallization from
petroleum ether afford 19 (128 mg, 83%): mp 160-162 °C; IR (KBr): vV 2930, 2850, 1290, 1220; 'H NMR
(250 MHz, CDCl5): 8 = 1.41 [s, 18H, C(CHs3)3], 1.93 (s, 6H, ArCH,), 3.63 (s, 6H, 2- and 2'-OCHs), 3.84 (s,
6H, 3- and 3'—OCH3), 6.91 (s, 2H, Ar-H); >C NMR (63 MHz, CDCl;): § = 19.73 (ArCH3), 30.66 [C(CH3)s],
34.89 [C(CH,)1], 59.55, 59.80 (OCH3), 122.7, 129.9, 130.7, 141.9, 150.4, 151.0 (Ar-C); MS: m/z (%) = 414

hiatd —J/.u

(100 I'M"'l 343 (48) {M* CH; - C,H;1; Anal. caled. for C;sH;50, (414.3): C, 75.38; H, 9.17. Found: C

\L1VV) jiva oxi3 So4AAR s 4 Raaiaa. 6+ 238 Ry Tl Uy AAy i F. ORI Ny

75.22; H, 9.03.

rac-4,4'-Di-tert-butyl-2,2',3,3'-tetrahydroxy-6,6'-dimethylbiphenyl (4). To a cooled (0 °C) soiution
of 19 (50.0 mg, 121 pumol) in dry CH,Cl,, a 1M BBr; solution in CH,Cl, (480 pl, 480 pmol) was added under
N,. After 2 h of stirring at room temperature, the reaction mixture was quenched with MeOH (2 ml) and the
solvent was removed under reduced pressure. Purification of the residue by column chromatography on silica
gel with CH,Cl, / MeOH (100:1) as the eluent and recrystallization from n-hexane gave 4 (41.0 mg, 95%) as
colorless fine needles, identical with material obtained above.

. . o . :
Ring opening of 14 with lithium 1S-menthelate. To a cooled (0 °C) solution of 14 (278 mg,

<: At N . | N 1Tae Tieloioo PR IE iy PRy ~ 1 PRV N PRy P oy 1 N e 1\

675 pmoi) in dry toluene (10 ml), 0.1M lithium 1S5-mentholate solution in toluen , 1.40 mmol)

=~
[N
+a
]
-
jam
h-

N,. After additional
stirring for 4 h, glacial acetic acid (0.5 ml) was added, the solvent was removed under reduced pressure and a

(prepared from 1S-menthol with 0.8 eq. of n-Buli) was dropped within 30 min unde

little sample was taken for HPLC analysis. Purification of the residue by column chromatography on silica gel
(petroleum ether / diethyl ether 5:1) and recrystallization from petroleum ether gave the chromatographically
more rapid 17b (240 mg, 63%) as colorless needles. Chromatographically less rapid fractions gave a mixture
of 17a and menthol. From this, the excessive menthol was removed in vacuo and the residue was crystallized
from petroleum ether to yield 17a (49.0 mg, 13%): (M,1"S,2"R,5"S)-menthyl 4,4'-di-tert-butyl-2'-hydroxy-

2,3,3'-trimethoxy-6'-methyl-1,1'-biphenyl-6-carboxylate (17a): mp 137-138 °C; [alp? = +35.54 (¢ = 1.1 in
2030 2900. 2840. 1670:

v, Lriuv, LUV, 1TV,

CHCl;); CD (EtOH): Agyos +6.6, Agyye -7.47, Agyy -5.68; IR (KBr): ¥ 3430



1436 G. Bringmann et al. / Tetrahedron 54 (1998) 1425-1438

1 .
HNMR (200 MHz, CDCLy): §=0.65-1.88 (m, 18H, menthyl-H), 1.43 [s, 9H, C(CHs);], 1.44 [s, 9H,
C(CH;)1]1, 1.95 (s, 3H, 6'-CH>), 3.53 (s, 3H, OCH-), 3.82 (s. 3H. OCH,) 303 (s 3H. OCH.) 4 57-4 70 (i
37313 s 3 et R ¥ £ Py SRy MRy, S04 D, JEL, ULy, J.70 0, JaL, ULy, 4.0 -5, /U D,

TH 1"-HY 492 (s 1H OHY £§75 (s 1H §_HYy 783 /¢ 1 & 1n Boawan rea aarrr, e s 1= A0
i), 4.74 \S, 111, U1}, O./J \5, 111, J-11), 7.03 (S, 111, 3-11) U INIVIK (0D MINZ, L) 0= 10.7Y,
CH3-6) 30.26, 31.04 [C(CH;);], 31.26, 34.10, 34.87

1

J

20.03, 20.92, 22.01, 22.71, 25.62 (menthyl-C and

35.23, 39.91, 46.62 [menthyi-C and C(CHs)s], 01, 60.22, 60.66 (OCH3), 74.24 (C-1"), 119.2, 123.5,

124.9, 126.1, 130.0, 1314, 141.1, 143.3, 144.5, 146.2, 151.6, 156.5 (Ar-C), 167.0 (C=0); MS: m/z (%)

=568 (16) [M"], 430 (32) [M" - CoHgl, 412 (100) [M* - C;;H,,0], 397 (32) [412 - CH,], 355 (15) [412 -

C4Hg]; Anal. caled. for C35Hs,O¢ (568.8): C, 73.91; H, 9.21. Found: C, 73.59; H, 9.28.
(P,1"5,2"R,5"S)-Menthyl 4 4'-di-tert-butyl-2'-hydroxy-2,3,3'-trimethoxy-6"-methyl-1,1'-biphenyl-6-

carboxylate (17b): mp 192 °C; [0l = +23.6 (c=1.1in CHCL); CD (EtOH): Agg7 -12.1, Agags +15.9, Agys

=%Luo ¥

-12.3; IR (KBr): ¥ 3360, 2970, 2930, 2840, 1660; 'H NMR (250 MHz, CDCly): §= 0.63-1.75 (m, 18H,

I NI,
I AV L

Y 2 QK
113), J.0J

~~
O’)

U’l

LYPURETE S ¢
2 (s, 1o,

F
U
]
L&
> 2

7
2. (menthyl-C and CH;-6"), 30.26,
.59 [menthyl C and C(CHs;)s3], 59.97, 60.18, 60.71
(OCH3), 74.45 (C—l"), 119.5, 123.6, 124.3, 126.9, 129.6, 131.0, 141.4, 143.4, 144.8, 146.6, 151.5, 156.2 (Ar-
0), 167.4 (C=0); MS: m/z (%) = 568 (18) [M], 430 (33) [M" - C;oH 5], 412 (100) [M" - C;oHx01, 397 (31)
[412 - CH3], 355 (17) [412 - C4Ho]; Anal. calcd. for C3sHs,Og (568.8): C, 73.91; H, 9.21. Found: C, 73.82; H
9.49.

ve the enantiomeric esters ent-17a (chromatographically less

P, 1"R,2"S,5"R)-menthyl 4,4' -di-tert-butyl-2"-hydroxy-2,3,3'-

i, (G iiiv ] AYTET,

"-biphenyl-6- carboxylate (ent-17a) mp 138-139 °C; [alp® = -35.38 (¢ = 0.8 in

M"Y A0 SN < 1 A A .1

CHCly); CD (EtOH): Ag g -15.5, Agyy; +6.56, Agy1q +3.90, Agyss -4.94; (M,1"'R,2"'5,5"'R)-menthyl 4

trimethoxy-6'-methyl-1,

-teri-

butyl-2'-hydroxy-2,3,3'-trimethoxy-6'-methyl-1,1'-biphenyl-6-carboxylate (ent-17b): mp 191-193 °C; [a
226.7 (¢ = 1.1 in CHCly); CD (EtOH): A€o +7.46, Agsgo -8.72.

l».)

di-
odp’

(P)-4,4'-Di-tert-butyl-2-hydroxy-6'-hydroxymethyl-3,2',3'-trimethoxy-6-methylbiphenyl (P-16). To
a cooled (0 °C) solution of 17b (300 mg, 528 pmol) in dry THF (10 ml) LiAlIH, (40.0 mg, 1.05 mmol) was
added and the reaction mixture was stirred for 1 h at 0 °C and for 2 h at room temperature. After addition of

water (2 ml) and 2N HC! (3 ml), the organic solvent was removed and the agueous laver was extracted with
yyauvwa \h xxu, CARINE vl Y A4 fy ViAN ULbuAAL —aa AL ch Rahdd oo LA S LW

sl atlhar Tha avivant tarac driad (Na €N DY and tha enlyen naratad Fram tha recidne manthal wac
alcuiyl Cuict. 11C TA CL wad UlICU (1Napolry) aliu Liv duUl Uldivu. L IULLL LT IUsIu UIUL YWad

yi
removed by distillation in vacuo to get pure P-16 (215 mg, 98%) as an oil: [di]p
CD (EtOH): Ag g5 -21.7, A€y +13.1.

Following the above reaction sequence (16—4) beginning from P-16, P-18 (97%), P-19 (79%) and P-4
(95%) were obtained: P-18: mp 163-164 °C; [OL]D23 = 4+46.9 (¢ = 0.8 in CHCl,); CD (EtOH): Ag o3 -9.62,
Agy +10.1. P-19: mp 163-164 °C; [a]p™ = +21.9 (¢ = 1.0 in CHCLy); CD (EtOH): Ag;g6 -16.5, Agyg -4.89,
A€y +19.65, Agyy -8.34, Aty -6.33. P-4: mp 242-243 °C; [alp” = -33.3 (¢ = 0.6 in CHCl3); CD (EtOH):
Atyg; -21.10, Ag,yy; +4.70, Agyyg +1.86.

..... LT G0
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In analogy to the above reaction sequence (17b—P-4), but -cgl_n_in_g from ent-17h, M-16 (98%), M-18

a : . 23
(77%), M-19 (71%) and M-4 (95%) were yielded: M-16: obtained as an oil; [a]p? = -22.8 (¢ = 0.9 in CHCly);
CD (BOH): A¢,0q +16.3, Aty -10.7. M-18: mp 163 °C; [l = -44.9 (c = 0.8 in CHC13), CD (EtOH): Agyos

Recycling of 17a to 14. A solution of 17a (60.0 mg, 105 pumol) in a mixture of dioxan (5 ml) and 2N
NaOH (2 ml) was heated for 8 h (50 °C) under N,. Then the reaction mixture was made acidic with 2N HCl
and extracted with diethyl ether. After drying (NaSO,) the organic extract and evaporation of the solvent, the
residue was heated (150 °C) under reduced pressure for 6 h. The remaining solid was dissolved in petroleum

COMPUTATIONAL

Conformational analyses were performed on Silicon Graphics IRIS 4D, INDIGO (R4000) and Intel P6
(LinuX) workstations using the semiempirical AM1?? method as implemented in VAMP 5.5/6.0. 3 The
rotational strengths were calculated on LinuX workstations with the BDZDO/MCDSPD* program package.

For Cl calculati figurations plus the ground state were used.
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1.  "Novel Concepts in Directed Biaryl Synthesis", part 63, for part 62 see Bringmann, G.; Breuning, M.;
Busemann, S.; Kraus, J.; Rummey, C.; Stowasser, R.; Vitt, D.; Kiefer, W.; Fickert, C.; Linker, T ;
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Activated Molecules; Werner, H.; Schreier, P. Eds.; Vieweg: Braunschweig 1998, in press.
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3. Correctly speaking, the biaryl 1 and 4 are dehydrodimers of the corresponding 'monomeric’ phenolic
compound 2 resp. 5; for reasons of simplicity, the terms 'dimer' or 'dimerization' will, nonetheless, be

R

used in this paper.
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