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: . : Andersert? Lithiation of the tertiary amide4 with s-
Abstract: An enantiomerically pure sulfinyl groupthoto an aro-

matic amide imposes absolute stereochemistry on the conformatl%HLI in THF™ gave ortholithiated amid@which .reaCtgd
of its Ar-CO axis. Sulfoxide—lithium exchange followed by addiWith (1R, 25, 3R, S§)-(-)-menthyl toluenesulfinat&
tion to an aldehyde relays the chirality of the amide axis to the nd®cheme 1) to yield sulfoxides’ Two alternative proto-
hydroxyl-bearing stereogenic centre with good stereochemical fiols were employed: initially the sulfinate was added to
delity. Lactonisation of the hydroxyamide gives naphthofuranonghe lithiated amide (‘Method A’). Products of high ee
and benzofuranones, including the fungal metabolite isoochracejjere obtained with this method when the amide was rela-
but with substrate-dependent stereoselectivity. tively hindered 4a,b,d were all formed in > 95% ee). In
Key words: chiral memory, amide, sulfoxide, directed metallationpther cases, however, this method gave less than complete
benzofuranone enantiospecificity: in the case 4 the product was race-
mic. Reasoning that ee at the sulfoxide centre was being
eroded by multiple invertive substitution at sulfur by the
Ortholithiation is a powerful method for the regioselectivexcess nucleophifé, we repeated these reactions using
functionalisation of an aromatic rifdyut attempts to use Method B, in which the ortholithiated amide was added
it to introduceortho-substituents enantioselectively by,by cannula to a two-fold excess of the sulfinate. The
for example, using chiral metallation directing groupssnantiomeric excesses4if and4e were dramatically im-
have generally failed Chiral versions of several classesroved, and using 10 equivalents of sulfinate increased
of metallation directing groups- including amide$, the ee ofde from 0% (by Method A) to 92% (Table 1,
oxazolines, hydrazide$, sulfonamides, and sulfoxided Method B, entries 7-9).
— have all been examined, but only the last two have been

able to show good, though substrate-dependent, levels -* r_ r R. .R
diastereoselectivity on addition to prochiral electrophiles _ o N

We have reported that an aromatic tertiary amide grou . e oee X Li

which may possess a stereogenic Ar—-CO aiss;apable : Method A: 3 (1.1 equiv)
of directing the diastereoselective formation of a ne A Y added to 2

hydroxyl-bearing centre via ortholithiation and reactiol
with an aldehydé? In this paper we report the extensior
of this work to the synthesis of enantiomerically enriche
alcohols by using the conformation of a slowly-rotating
amide Ar—CO axis to store a record of the configuratio
of a pre-existing stereogenic centre, with its steret
chemistry later being regenerated in the guise of an en:
tiomerically enriched chiral alcohol.

Several classes of stereogenic centre have proved to | ‘- . S
capable of imposing an orientational preference upon anti-4 syn-4
nearby amide groufd,but for the purpose of this work we
required a chiral substituent removable at a temperatifigheme1 Synthesis of enantiomerically enriched amidosulfoxides
low enough to allow the amide to retain its axial confor-

mation. f\ZSU”inW group appears to fit this requirementyvR indicated that the amidosulfoxides adopt a single
perfectly: diastereoisomeric conformation, to the limit of detection
We therefore made a rangé enantiomerically pure or (>95:5), about their Ar—CO axis (which in related com-

enriched amidosulfoxided, following the method of pounds is sufficiently labile to equilibrate rapidly to the
more stable of the two possible axial conformations). The

Method B: 2
added to 3 (2.0 equiv)

preferred orientation of the amide group adjacent to a
SYNLETT 2005, No. 11, pp 1716-1720 sulfoxide has previously been shown todvei, with an
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Tablel Amidosulfoxides by Ortholithiation

Entry Starting material R = = Y = Method Yieldnti-4 (%) eeanti-4 (%)
1 la i-Pr Benzd A 74 > 98P
2 1b i-Pr MeO MeO A 62 >95
4 1c i-Pr MeO H A 48 7o°
5 1c i-Pr MeO H B 83 > 95
6 1d i-Pr i-Pr,SIO H A 56 %
7 le Et Benzég A 65 g

le Et Benzd B 60 8

9 le Et Benzd B¢ 55 92
10 1f Et Me,N H B 55 2
11 19 i-Pr H H B 86 > 95

a1-Naphthamide.
b Previously reported in réfbut ee not determined.
¢ With 10 equiv sulfinat@.

The amidosulfoxideanti-4 were submitted to sulfoxide-
lithium exchang® by treatment with-BuLi (3.0 equiv).

e

A reaction temperature of 90 °C was employed to min O +BuLt (3.0 equiv). i
mise Ar—CO rotation after formation of the presumer .- —_— —_—
enantiomerically enriched organolithiuki-2. After two by 2min then NH,CI

minutes (the minimum time consistent with complete sut anti-4
stitution of the sulfinyl group) an aldehyde electrophile
was added. The product was quenched with water a
kept cool and the results are shown in Scheme 2 a
Table 2.

The diastereoselectivities obtained were high — typical
10:1 or bettéf — with the major product in all cases being
the syndiastereoisomer. Chiral HPLC indicated that the
enantiomeric excess of this majeyndiastereoisomer scheme2 Chiral memory in additions to aldehydes
was also typically high, in the region of 90-95% (entries
1-6)!° Given that the only stereogenic centre in the

anti-5

Table2 Additions to Aldehydes

Entry Starting materidl X = Y = R = Product, yield (%) synb5:anti-5 ee ofsyn5
1 4a Benzd Et 5a, 94 93:7 88

2 4a Benzo i-Pr 5b, 79 95:5 93

3 4a Benzo Ph 5c, 88 90:10 > 905

4 4b MeO MeO c-Hx 5d, 46 > 85:15 96

5 4ab MeO MeO Ph(CH), 5e, 59 >90:10 93

6 4c MeO H Et 5f, 89 95:5 95

7 49 H H Ph 5g, 89 60:40 0

a All starting materials > 95% ee.
b 1-Naphthamide.
¢ Thermodynamically-controlled ratio of interconverting conformers.
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starting material is destroyed before the aldehyde - /L J\
added, the most likely explanation for this result is that tt N o
axial conformation of the amide has mediated the transt O OH . ions 0
of stereochemical information from the old sulfoxide cen N~ T "R
tre to the new hydroxyl-bearing centre. The fact that OO

Py

substituenortho to the amide (in addition to the sulfinyl  synsa—c Ba—c
group) is essential for any level of asymmetry in th

product supports this hypothesis: compodgdentry 7) /LNJ\

lacks this substituent and in this case the lithiated ami o

‘forgets’ the stereochemistry of the sulfoxide as a result N

fast bond rotatiod®?! OO

Slow rotation has been invoked as the controlling featu 7

in_other ‘(_:h'ral m(_amory, s_equences,. mOSf{ nOtany th&hemeS Ring-closure to enantiomerically enriched naphtho-
asymmetric alkylation reactions of amino acids developegtanones

by Kawabata and Fuj?, where the orientation of a car-

bamate group stores a record of a stereogenic centre

which is destroyed by enolisation and then recreated faitf{2ys to some degree retentive, suggesting that the princi-

fully, controlled by the carbamate conformation, in a sul:?—al mecha_nism for cyclisation is nucleophilic substi_tution
y y he amide carbonyl group rather thayl-Style dis-

sequent alkylation. Both this method and the one we n% t of the hvd I by th leophil
describe are special cases of the phenomenon descrip@yement of the hydroxyl group by the nucieopniiic
amide oxygen atom (Figure 3.

by Seebach as ‘self-regeneration of stereocerftashis
pioneering work, the configuration of a temporary stereo-

genic centre was employed as the mediator of chiral me| /L J\ /I\ j\
ory. The linking feature of all chiral memory sequences O ,:I.f(_)H (_)f*N\
the formation, under thermodynamic control, of a tempc : ®

rary stereochemical feature, which is no longer present
the final product of the sequence.

In order to convert them to useful chiral products, and
bring the chiral memory sequence to completion, Wieigurel Mechanisms for lactonisation
sought to lactonise the alcohéls-c to naphthofuranones

6 (Scheme 3j* However, protic and Lewis acids convertyyjth 4 small, aliphatic R substituent (entry 4), ee was pre-
ed the hydroxyamidesa to only poor yields of6a  served intact in the product. However, with a more bulky
(Table 3, entries 1-3 give some examples) and pose Hjean aryl substituent (entries 5 and 6), selectivity was

risk of rapid racemisation via carbocationic intermediates; nificantly lower, presumably because of competitive
We therefore turned to more neutral conditions, and fouRgcjisation via an invertive or non-stereospecific substitu-

by chance that by heating the alcollwith sodiump-  ion of the hydroxyl group by the amide carbony! group.
toluenesulfinate, or, better, sodium or potassium acetate in.

refluxing xylene, gave good yields of the naphthofura2Sing KOAC, cyclisation obf gave6f (Scheme 4 and

noness (entries 4—7) The cyclisation varied in the degret@Ple 3 entry 7) which was deprotected with 5?

of its stereospecificity, although interestingly it was al¥i€ld the simple fungal metabolite isoorchrac®in 50%
yield, but unfortunately with only 11% ee as a result of

retention retention/inversion?

Table3 Cyclisation to Yield Naphtho- and Benzofuranofes

Entry Starting material, ee (%) R= Conditiéns Product Yield ee (%)
1 5a, n/d Et A 6a b -

2 5a, n/d Et B 6a Track -

3 5a, 88 Et C 6a 25 88

4 5a, 88 Et D 6a 72 89

5 5b, 93 i-Pr D 6b 70 73

6 5c, >95 Ph D 6¢C 70 17

7 5f, 95 Et D 6f 75 83

aConditions: A: MeSGH, tolueneA; B: PPTS, xyleneA; C: silica, toluenej; D: KOAc, xylene A.
b Significant quantities of elimination produtformed.
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racemisation during the deprotection step. Nonethele$B)-3-Ethyl-7-methoxyisobenzofuran-1(3H)-one [(R)-(+)-

this represents the first synthesis8oWith any enantio- isoochracein] (8). o

selectivity and (subject to the limits of our certainty aboL\ﬁvggogégzéogf:v\fgf‘:’oﬁsz‘] j‘ti}) r':/'osf"lg‘ctiggg‘ (%E'gi:??;mggt)

. . . )

the StereOSpeCIﬂCIty.Of the cyclisatféhconfirms that the r.t. After 3 h, the solution was quenched with 0.1 M aq HCl and the

natural product, which is laevorotatory, has §1€on-  ivtire diluted with CHCI, (15 mL), washed with sat. N8I so-

figuration?® lution (3x 10 mL), dried (MgS@ and concentrated under reduced
pressure. NMR spectrum of the crude residue showed the phenol
(90%). Flash chromatography (SiOpetroleum ether—EtOAc,

)\N/k 0 o 80:20) gave the ring-opened product (50%) plus the lactone (36 mg,

ouf  oH 47%) as white crystals, mp 80-81 °C tfimp 78-79 °C)R, = 0.55

MeO KOAe R RO | (70:30 petroleum ether—EtOAc); 11% ee by HPL4};, [+48.6 €
xylene, A 0.43, CHCY). IR vinae = 3429 (O-H), 2972 (C-H), 1735 (C=0)tm
(+)-6f (R = Me) 75%, 83% e 1,4 NMR (300 MHz, CDCJ): = 1.03 (3 H, tJ = 7 Hz, CH), 1.88
syn-5f BB3 |, (+)-8 (R = H) (1H, m, CH), 2.15 (1 H, m, Ck), 5.50 (1 H, ddJ = 4, 7 Hz, CH),
ent-isoochracein 6.90 (1 H, dJ = 8 Hz, ArH), 6.92 (1 H, d] = 8 Hz, ArH), 7.58 (1
50%, 11% ee H, t,J = 8 Hz, ArH), 7.82 (1 H, br s, OH}C NMR (75 MHz,
Scheme4  Synthesis ontisoochracein CDClL): & = 9.1, 27.8, 84.1, 111.6, 113.4, 115.6, 137.1, 150.3,

156.8, 172.5. MS (C)m/z(%) = 196 (100) [M + NKt], 179 (30)
[M + H]. HRMS: m/z calcd for GgH;4O; [M]: 178.0624. Found
In summary, we have shown that a transiently chirgh+]: 178.0621.
Ar—CO axis in an ortholithiated amide may mediate the
transfer of chirality from a sulfoxide to a hydroxyl-bear-
ing centre, providing a route to enantiomerically enriche’%CknO\'\’Iedgment
benzofuranones, useful compounds lacking more direw® are grateful to Eli Lilly and the EPSRC for support of this work.
synthetic approaches.
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pressure. The residue which was purified by flash chromatographg}L i
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In our earlier work on the addition of racemic
organolithiums to aldehydes (ref. 10), we reported
somewhat lower diastereoselectivities, although those
reactions were carried out at —78 °C. Repeating some of the
earlier racemic reactions at —90 °C confirmed that it is
simply the temperature, and not the enantiomeric purity of
the organolithiums, which improves the diastereoselectivity.
Racemic ortholithiated amides are heterochiral dimers (at
least in the solid state: see Clayden, J.; Davies, R. P_;
Hendy, M. A.; Snaith, R.; Wheatley, A. E. Angew. Chem.
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(25)
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absolute stereochemistry of comparable atropisomeric
amides obtained by quenching with simple, ‘non-prochiral’
electrophiles (see ref. 7h).
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the reactiontert-butyl tolyl sulfoxide, which may be
generated in enantiomerically pure form, could mediate the
asymmetric formation of the new centre, seems unlikely,
given this dependence on amide structure.

Attempts to extend this application of chiral memory to the
control of stereogenic centres formed by lateral lithiation
were hampered by the remarkably fast racemisation of
laterally lithiated amides. See: (a) Clayden, J.; Helliwell,
M.; Pink, J. H.; Westlund, Nl. Am. Chem. So2001, 123,
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Ortholithiation, addition to aldehydes, and lactonisation
under acid conditions is an established way of making
benzofuranones from aromatic amides: see ref. 1b and
references therein, and ref. 27.

It is of course possible that chiral memory effects operate
during the cyclisation, and we cannot rule out retentive
cyclisation via a benzylic carbocation. Our confidence in the
absolute stereochemistry of the products is based upon the
fact that simple 3-alkylbenzofuranones with reported optical
rotations are laevorotatory$and dextrorotatory iR. See:
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Butsugan, YJ. Org. Chem1992, 57, 742.
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In a previous publication (ref. 7h) we got this wrong: we
claimed, erroneously, the opposite dependence of optical
activity on stereochemistry (though in mitigation we suggest
that the experimental section of ref. 25b invites
misinterpretation!), and the proposed cationic mechanism
for the lactonisation reported in ref. 7h is consequently
probably wrong.

(-)-Isoochracein is a fungal metabolite isolated from
Hypoxylon sppSee: Anderson, J. R.; Edwards, R. L.;
Whalley, A. J. SJ. Chem. Soc., Perkin Trans1983, 2185.

by X-ray crystallography (ref. 10). Absolute stereochemistry (27) Anstiss, M.; Clayden, J.; Grube, A.; Youssef, LSynlett

was deduced from the preferred orientation of amides
adjacent to enantiomerically pure sulfoxides and from the
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