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Axially chiral biaryls are not only common structural subunits Scheme 1 @
in numerous pharmacologically important natural produbtst, also
the backbone of the growing number of highly effective chiral
ligand$ for the asymmetric synthesis. Despite the availability of
various procedures for the resolution of racemic mixtures of chiral
biaryls? the development of atropisomer-selective methods is atopic  akey: (a) 2,2,2-tribromo-1,3,2-benzodioxaphospholesChi 0°C, 30
of considerable current interest. This problem has been previously min., rt, 15 min, 74%; (b) NBS, (PhC@),, CCl, reflux, 20 min; (c) ROH,

approached in a number of different waydncluding kinetic NaHCGQ, rt, 12-36 h,3a (R' = Me) 54%,3b (R' = Et) 50%, 3c (R* =

resolution of racemic substratésgesymmetrization of prochiral  -P") 47%3d (R* = t-Bu, not isolated).

biaryls;* chirality transfer from centreff; ¢ axial" and planaft Table 1. Atropisomer-Selective Benzannulation of Carbene

asymmetry present in the substrate, and, most recently, asymmetrid:omplexes 4 with 1-Pentyne?

catalytic coupling® Although the latter is certainly the most o)

convenient approach, the coupling efficiency and stereochemical M * oo™

outcome of such processes is greatly influenced by the steric and ™ OC ot 1:::“’"" Oo or' ¥

electronic nature of substituents on the aromatic rings being Mmeo » :g;: MeO :g;:

coupled* Coupling reactions of planar chiral arene chromium

tricarbonyl complexes developed by the groups of Nefsand yield yield 5

Uemurd can serve as examples of nearly complete atroposelec- entry 4 R R! 3—4(%) I+ (%) dre (I:11)

tivity. 1 42 Me Me 67 40 1l only
The benzannulation reaction aff-unsaturated chromium car- 2 4b Me Et 64 43 Il onlyd

bene complexésallows for the construction of an arene ring in 3 4c Me i-Pr 57 47 I only

the coordination sphere of the metal from three different ligands: g i(ej '\E/Ite t’\'/lBe“ Z;g ‘?(3) ”1%’33’;

carbene, carbon monoxide, and alkyne. Since the arene ring is g af i-Pr Me 36 72 1125

assembled at the metal center, asymmetric induction can be expected
from existing chirality on one of the ligands, leading to a facial aAll reactions were run in benzene at-558 °C for 36 h with 0.33
selectivity in chromium coordinatiohwhich can have further ~ €quiv of4in 1 M 1-pentyne” Isolated yield.® Determined by'H NMR
stereochernical consequences. Up [0 ths poit, this has beer[Reialon from the crude procuct mixue and then confrmed ate
reported for central-to- centr&a},bcentral to-planaf¢¢ and planar- be detected by NMR, HPLC, and TLC even in the mixture of side products.
to-axiaP" chirality transfer. Here we report the first examples of ©Yield over two steps fron3.
central-to-axial chirality transfer in the benzannulation reaction of
carbene complexes and these are set in the context of the design of Variations in the steric size of the'Rubstituents had no effect
a convergent synthedigf configurationally stable ring C func-  on the stereoselectivity of the reaction (entries4]: the only
tionalized derivatives of allocolchicinoids. phenolic products isolated from the reactions 4d—d were
Synthesis of the carbene complexesvas performed starting  identified as the (aR,7R; aS,7S) diastereomefsasfd. However,
from the know#s benzosuberong. Vinyl bromide 2 was prepared an increase in the size of the R group4ieads to a slight decrease
by the reaction ofl with 2,2,2-tribromo-1,3,2-benzodioxaphos- in the stereoselectivity: from complete witha (R = Me) to
pholé® (Scheme 1). Allylic bromination d followed by solvolysis 12.5:1 with4f (R = i-Pr), all still favoring the (aR,7R; aS,7S)
in the appropriate alcohol gave substrades-d.1! Preparation of diastereomer (entries 1, 5, and 6).

carbene complexe$was achieved from the bromid8sby using In an attempt to gain selective access to the allocolchicinoids
a modified Fischer procedure followed by alkylation of the with an opposite biaryl twist, a series of compleSesith different
intermediate lithium (R= Me, Et) or tetramethylammonium (R substituents R, Rhave been prepared from the corresponding
i-Pr) salts of the corresponding metal acylates with ROTT. precursors/, analogously to the above-described conversios of

We have examined the reaction of carbene complekes to 4. Bromides7 can be readily synthesized by using a silver-
substituted with R, Rgroups of different size, with 1-pentyne  assisted ring-opening reaction of dibromocyclopropéhé the
followed by oxidative demetalation and were pleased to observe presence of the appropriate alcohol (Scheme 2).

high to complete diastereoselectivity in every case (Table 1). The benzannulation reaction of carbene comple@ewith
: 1-pentyne followed by oxidative demetalation afforded a mixture
:,\af’gﬁgsgr?“sﬂ'ant% ?J“rfl'\‘/‘;'rsﬁyma": wulf@cem.msu.edu. of atropisomer$ with the (aR,7S; aS,7R) diastereomer as the major
* University of Zrich. component (Table 2). In this case, the diastereoselectivity observed
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Scheme 2 @

7a (R'=Me) 77%
7b (RI=Et) 71%
OR' 7¢ (Ri-Pr) 79%
7d (R'=t-Bu)” 61%

aKey: (a) AgBR, CaCQ, RIOH, 65-80 °C, 24-36 h.

Table 2. Atropisomer-Selective Benzannulation of Carbene
Complexes 8 with 1-Pentyne?

M Cr(Q0)s MeO
ort a. 1-Pentyne MeO Oo ont *
MeO b. Air aR7S MeO
9] aS7R
yield® yield® 9
entry 8 R R! 7—8 (%) |+ 11 (%) drd (1:11)
1 8a Me Me 66 53 3.0:1
2 8b Me Et 55 45 2.4:1
3 8c Me i-Pr 42 51 2.4:1
4 8d’ Me t-Bu 54 48 2.0:1
5 8e Et Me 52 45 2.1
6 8f i-Pr Me 4P 45 2.1:1
7 89 i-Pr t-Bu 29 48 3.4:1

a All reactions were run in benzene at-558 °C for 24 h with 0.33
equiv of8in 1 M 1-pentyne? Isolated as a mixture with-510% of OR-
chelated tetracarbonyl compleXisolated yield.d Determined byH NMR
integration from the crude product mixture and then confirmed after
chromatographic separation of diastereome&l&eld over two steps from
7.

Table 3. Thermal Epimerization of Phenols 9, |, and 112

entry 9 R R! th [HIY | +11,¢ %
1 9a Me Me 22 94:6 90
2 9b Me Et 28 95:5 96
3 9c Me i-Pr 48 96:4 95
4 9e Et Me 22 96:4 100
5 99 i-Pr t-Bu 22 97:3 82

a All epimerizations were run in toluene solution (10 mg/mL) at 220
in a sealed tube under At Determined byH NMR integration.c Recovery
after column chromatography.

was only moderate, decreasing gradually with an increase in the
steric size of both R(entries 1-4) and R (entries 1, 5 and 6) groups.
It slightly recovers only when both R and' Represent sterically
demanding substituents (entry 7).

To obtain information about the thermodynamics of the diast-
ereomer distribution, selected allocolchicinoi@svere subjected
to thermal epimerization conditions. Equilibrium between the
diastereomers was achieved starting from both pguaad |l in
each case in 2248 h at 120°C. We were glad to discover that in
all cases the equilibrium mixture strongly favored the desired
atropisomer®,l (Table 3). High levels of material recovery make
these allocolchicinoids selectively available from the benzannulation
reaction ofg followed by a first-order asymmetric transformatitsn.

Assignment of (aR,7S; aS,7R) configuration9al has been
secured by X-ray diffraction studies. Consequently, the (aR,7R; aS,
7S) configuration has been assigne®&ll . The structure of other
phenolss and9 has been determined by analysis of tHeilNMR
spectré relative to those 08a, based on the difference in chemical
shifts of C7-H and coupling constarfifsbetween C#H and C6-
HaHb for both atropisomersandll .

In conclusion, we have developed a highly atropisomer-selective
preparation of configurationally stable (aR,7R; aS,7S) allocolchi-
cinoids5 using a central-to-axial chirality transfer benzannulation
strategy. We have demonstrated that (aR,7S; aS,7R) allocolchici-
noids9 can also be accessible in a stereoselective manner by using
a benzannulation reactietthermal epimerizaton protocol. Ad-
ditional synthetic and mechanistic studies of these reactions are
underway.
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