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The six carbon atoms of a benzenoid aromatic ring can be a Table 1. Dearomatizing Ring Expansions of Benzamides

valuable resource for constructing more complex, nonaromatic Entry SM. X =.  Protocol Product Yield
targets! and photochemistdhas a good track record as a tool for 1 6a 2-MeO (i), (iii), MeO - CONHEBY 80
breaking open the aromatic sextet. In this Communication, we reveal @iv) ©>""Ph
a mild new photochemical reaction which, by means of base and H 8a
a simple halogen spotlamp, achieves the stereospecific transforma- 2 6b  3-MeO (i), (iii), CONHEBu 63
tion of tertiary benzamides into a range of seven-membered cyclic (iv) Q
trienes and dienones, or their norcaradiene analogues. MeO  Ph 11b
As we have previously shown, the extended enckataay be 3 6 3-MeO (ii), (iii), CONH£Bu 54
made by lithiatingl to form organolithium2 in the presence of V) Q
HMPA.3 Protonation of3 yields the dearomatized tetrahydroisoin- 11»’
dolinones4 in 80% yield (Scheme 1). However, when the enolate 4 6 4-MeO (i), Giii), Qccumem 730
Scheme 1. A Cycloh i ide? @iv) 69°
. ycloheptatriene from a Benzamide
o o oLi 10¢
©)LN1-BU 0, @J\NI-BU o, @N/-Bu > bc  4-MeO (), (iid), Q o 7
- e oo 2
1 2 3H pn o 11c
H { ¢ “%) \(:) NH£Bu 6 6d 24-di- (i), (iii), ! 33
©:‘<‘/N[-Bu + ©:i</N1_Bu MeO (lv) /©>C(::Ht-8u
H bhaa7s% H Phabs% Ph 5,72% MeO T H 8d
aReagents: (i}-BuLi, HMPA, —78°C; (ii) —=78°C, 16 h; (jii) NH,CI; 7 6d  24-di- (i), Gii), ™ conmesy 21
(iv) LDA, THF, 0 °C; (v) hw, >500 nm, 500 W, 3 h. MO (v) Q
3 (which can be re-formed frord with LDA) was cooled to
—78°C and the resulting red solution was placed under a 500 W 8 6e 34-di- (i), (iii), CONHEBU 75
tungsten-filament halogen lamp, a rearrangement took place over MeO (iv) Me%;g
a period of 3 h. Workup gave the cycloheptatriéna 72% yield, Ph 10e
an overall insertion of th&-benzyl group ofl between the ortho 9 6f  2,5di- (i), (i), MeO 24
and meta carbons of its aromatic ring. MecO (iv) QV
Similar treatment of otheX-benzylbenzamide* led to related, h
but not always identical, rearrangements (Scheme 2). A range of
10 6g 2-Me (i), (iii), CONHEBU 72
Scheme 2. Rearrangement of Lithiated Benzamides? (iv) ©/
o OLi 11g
x| G = @”FB“ - (el Mo oMt @D Lcome 4
c ONHEBU ! c OHNHt-P;u CONHEBU |~ -CONHEB MeO (iv) meo” N7y PP sh
X “ph O g q Q/ 12 6h 2-Me-4- (i), (iii), CONHEBU 47
Ph 10 Ph 19 MeO ) MeO
aReagents. (i) LDA, THF, 620 °C, 2 h; (ii) t-BuLi, HMPA, THF, Ph 11h
—78°C, 16 h; (iii) hv, 500 nm, 500 W,~78 °C, 3 h; (iv) NHCI (aq);

a - i il i i 0,
(v) HCI (aq). Structure proved by X-ray diffractio®.With 12Li as base (78% ee).

ortho substitution in the starting amide (théa 6d, and6h give
enolates’ were irradiated, and the outcomes are collected in Table 8, while 6¢ and 6e give 10).

1. The four classes of produc®-11 fall into two pairs of Introducing chirality into the starting materials or producing the
regioisomers, each pair related by a disrotatory thermal electrocy- enolate intermediates of the rearrangements enantioselectively both
clization. Presumably, the lithium salts of norcaradie@es 10 offered new opportunities for the asymmetric synthesis of chiral

are the initial products in all cases, but ring opening on workup or 6,3- and 7-ring systems and illuminated some features of the
before may give the cycloheptatrierzsr 11. Aqueous acid, which rearrangement’s mechanism. Enantiomerically enriched (78 ee
hydrolyzes enol ether products to ketones, can promote formationenolate 7c (formed by cyclization of6c with lithiated 12b)

of cycloheptatrienones. Whether the isolated product has therearranged to the norcaradieb@cin 69% yield and with 74% ee,
regiochemistry o8 or 10 also depends on workup conditions (acid showing that the photochemical rearrangemen? @b 9 can be
gives 11 not only from 10 but from 8 as well) but principally on stereospecific. Stereospecificity is also evident in the rearrangement
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of amides derived from chiral amindé2aand12b (Scheme 3 and
Table 2).17ais formed as a single diastereoisomer frd8s and

Scheme 3. Rearrangement of Chiral Benzamides?
OLi

. J\ _
j\l\ . HN “ (i), x—(;éNR (iii)
Ph 2T
12a 12b H {Pn
_~CONHR _~_CONHR
X— i XK \
7 Ph X N
H =
15 Ph 1s

aReagents: (i) ArCOCI, BN, CHyCly; (ii) t-BuLi, DMPU, —78 to
+20 °C; (iii) hv, >500 nm, 500 W~78 °C, 3 h, then NHCI.

Table 2. Stereospecific Ring Expansions of Chiral Benzamides

Entry SM. R= X-= Product Yield ee
1 13 : 4-MeO 52 >98
= >Ph NP
MeO
2 13b i-Pr - QCON“*P' 80 >99
3 13¢ i-Pr 2-MeO M0 © 55 n/d
@)‘YNH/-Pr
4 13d i-Pr 3-MeO QCONW 20 90
5 13e i-Pr 4-MeO qc‘)“”"’f 94 >99
6 13e i-Pr 4-MeO QCONH*P' 94 w/d
. . MeO
7  13f i-Pr 24-di- conHiPr 53 92
MeO
8 13g i-Pr 2-Me 1 CONHEPr 49 80
9 13h i-Pr 3-Me Q/CONH*W 40 92
10 13i i-Pr 4-Me 85 86

CONHi-Pr
“H
H |“Ph

17i
a Diastereoisomeric excess.

the enantiomeric purity of amides formed by acylationl@h is
also largely preserved throughout the cyclizatioearrangement
sequence. Norcaradien#g or cycloheptatriene48 were formed
in up to 94% yield, but in no case wds$ or its cycloheptatriene
isomer (analogous t®and9) isolated, even from ortho-substituted
amidesl3cand 13f. A rearrangement not seen wif giving the
ketonel6c was observed witli3c

The lowest measured product ee was 80%: stereospecificity
persists through the deprotonation, cyclizai@md rearrangement
steps. Overall, transformation df3 to 17 or 18 amounts to a
remarkable stereospecific insertion of a chiral carbenoid into the
aromatic structure of the benzene ring.

The relative stereochemistry of the proddatss proved by a
combination of X-ray crystallography and NOE studies and, in most

cases, is consistent with rearrangement via stereospecific photo-
chemical sigmatropic rearrangements of the enold@tesd 14,
whose U\~-visible spectra show absorptions in the region of 550
nm. Scheme 4 shows a proposed mechanistic pathway. Photo-

Scheme 4. Mechanism of the Rearrangements
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chemical [1,3]-sigmatropic rearrangement (suprafacial and reten-
tive)® of 7 or 14 gives norcaradien8Li or 15Li, or aziridine 19
whose protonation with ring opening yield$. From8Li or 15Li,
rearrangement may continue, formif@Li or 17Li by 1,5-sigma-
tropic rearrangemenf,presumably photochemical, because this then
allows the observed stereochemistry to be formed by an invertive
suprafacial migratiod! Protonation of8Li, 10Li, 15Li, or 17Li
yields norcaradiene8, 10, 15, or 17; six-electron disrotatory ring
opening and protonation or hydrolysis (in either order) yields
cycloheptatriene$, 11, or 18.

We are currently applying this reaction of extreme practical
simplicity ((1) base, (2) halogen lamp) to the synthesis of further
cyclopropane and cycloheptenone targets.
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