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Abstract

Carbaldehydes 1a and 1b, when treated with Lewis or Bronsted acids in non-aromatic solvents or in
nitrobenzene afford dihydrochromeno[3,2-b}azet-2(1H)-ones of types 4-6 and 10. In toluene, chloro- and
fluoro-benzene related compounds of types 7-9 were obtained, in the last named two solvents accompanied by

pyrrolidin-2-one derivatives 11-15. © 1998 Elsevier Science Ltd. All rights reserved.

Kevwords: Azetidinones, chromenes; diastereoselection; ring transformations

Racemic 3-aryloxy-4-oxoazetidine-2-carbaldehydes 1a and 1b were obtained, together with
racemic (2a, b) and meso-4,4'-bi(azetidin-2-ones) (3a, b) as minor products, by allowing the
ketenes generated in situ from the correspondlng aryloxyacetyl chlorides to react with
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Treatment of 1a and 1b with Lewis or Bronsted acids afforded, depending on the conditions
used, products or mixtures of products of types 4-15 (Table 1). Two important points emerge
from the data compiled in Table 1: first, that when compounds 1a and 1b are treated with AICl;

' For Part 30, see ref. [1]
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Table 1.
Reaction of 3-aryloxy-4-oxoazetidine-2-carbaldehydes 1a and 1b with Lewis or Bronsted acids in various
solvents
Starting Reagent Solvent® Products (and yields,%)
compound

1 1a AlCh Et;0-DCM | 4a (45) + 10a (6) + 5a (14)

2 1b AICl, Et;0-DCM | 4b (35) + 10b (7) + 5b (15)

4 1a AlBr; MeNO; 6a (91)

conc. H,S04
5 la DCM Sa (47)
+SnCl,2 H;O

6 1a AICl3 PhNO, 5a (68)

7 1a AlCl, toluene 7a (82)

8 ib AlCl; toluene 7b (72)

9 1a conc. H;SO, toluene 7a (48)
10 la AICl, PhE® 8a (41) + 11+14 (£20; 4:1)
o ‘1 DRES 8a (56) + 11+14 (£3.5) + 12 (7) +13 (6.6) +
i 14 AlL I3 rnr ~ e N 7

15 (8.6)

12 1a AICl PhCI® 9a (36) + 11+14 (231)

A s '

* DCM = dichloromethane

h . . 4 P . .

® Reaction mixture quenched by pouring into water

¢ Reaction mixture quenched by pouring into methanol

2 - - . -
* Racemic compounds; for convenience only one enantiomer is shown
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| molecule of the solvent is incorporated into the product; second, that when treatment of

compounds la and 1b with AICl; is carried out in chloro- or fluoro-benzene (but not in
toluene, nor in nitrobenzene), formation of the cyclization products 8 and 9, respectively, is
accompanied by ring transformation to afford mixtures of the pyrrolidinone
derivatives 11-15.

Except for the formation of the epimeric pairs of compounds 4a and 10a, and 4b and 10b,
formation of all other dihydrochromeno[3,2-b]azet-2(1H)-ones was highly diastereoselective,
affording chromane derivatives 5-9 monosubstituted diastereoselectively at each of the carbon
oms O i i
exploit the potential of this method are in progress.)

The constitutions of ring closure products 4b, Sb, 7b and 10b at once follow from an

inspection of their 'H NMR spectra: all of them display the signals of three aromatic protons

<

substrate 1b. By analogy, it may be assumed that the constitutions of compounds 4a,

s

ring o
Sa, 6a, 7a, 8a, 9a and 10a are of the same type. Support for this view comes from the fact that
compound 7a, as shown by its 'H and two-dimensional 'H-'H NMR spectra, contains 11
aromatic protons, four being part of the 4-methoxyphenyl group (AA'BB' spectrum) which has
remained intact i the course of the cyclization, and four of the newly incorporated
4-methylphenyl group (heavily distorted AABB' spectrum). Consequently, the 4-chlorophenyl
group has lost one of its four hydrogen atoms, ie. cyclization has taken place with participation
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Furthermore, the structural similarity of aii products discussed so far is borne out by their
NMR spectra.

The relative onﬁ,quratlons of C-8 in the two epimeric pairs 4a and 10a, and 4b and 10b
¢ :

C ~
were estahlished on t
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conformations are possible for these compounds, one compact, folded, the other more
extended, as shown in 16 and 16A, respectively. In the former the C-8-a bond in the flagpole
position of the boat-shaped six-membered ring is close to perpendicular to the plane of the
fused benzene ring. As shown by the values of the Jgus,y coupling constants and by the
occurring of certain long-range couplings in compounds 10a and 10b,* and their non-
-occurring in compounds 4a and 4b, of the two conformations of these compounds, the former
is the only or the predominant one in solution. In agreement herewith, NOEs were observed on

1.
-I

Pt

* The assignment of the signals of the various aromatic protons is supported by the 'H-">C correlation spectra
* Observed values, J; 5.4 4@, 4b, 2.0, 102 4.0, 10b 3.9 Hz; J, ;5 : 10a, 10b 1.0 Hz; J,,, 5, 10a, 10b 1.2 Hz.
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The stereochemistry of compounds 4a and 4b, and 10a and 10b, respectively, was proved

by the 1dent1ty or near-identity of the couplmg constants Jg.sa. for both pairs of compounds
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coupiing constants as for 10a”) and the absence of long range couplings in that of
compound 4b.

Since the Jg wzan coupling constants of compounds 4a, 4b and 5-8 were similar’ and long-

range couplings between 8-H and either 7-H or 5-H were not observed, 8-H in all these

compounds clearly occupies the same steric position (3). The observation of a NOE between
8-H and 7-H and of a weak NOE between 8-H and 8a-H in the 'H NMR spectrum of

compound 7a is in agTeement with these conclusions and serves as additional evidence for the

By monitoring the reactions of compound la with Brensted and Lewis acids by t.1.c.
valuable information concerning the mechanisms of the reactions leading to products 5a-9a
was obtained; viz. it was found that compounds 4a and 10a, complexed to the Lewis acid

through, or protonated by the Bransted acid at, their hydroxyl groups, are the intermediates of
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reaction of compound 1a with AICI; in toluene, the substrate was found to react rapidiy
affording initially two intermediates which are subsequently gradually transformed into final

product 7a. The R; values of the two intermediates were found to be identical with those of the
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was similar. Thus, an examination by t.1.c. of samples taken from time to time from the

O.

taken place during chromatography. The reaction of compoun AlBr; in nitromethane

% Jgymesr, Observed values, 5a, Sh, 6a, 1.8 Hz; 7a, 7b, 8a: 1.2 Hz.



formed and subsequently more slowly converted into the complex of final prod
two complexed compounds 4a and 10a, the former was found to disappear more rapidly from
the reaction mixture, which suggests that, at least under these conditions, no equilibrium is s

up between the complexed diastereoisomeric intermediates 4a and 10a, in other words that
they are independently formed from carbaldehyde 1a and A]Brg. Support for this view comes
from the observations that neither compound 4a, nor compound 10a is 1somerized even partly
into the other on treatment with conc. H,SO,4, with toluene-sulfonic acid for 24 h in aqueous

dioxane at 60-70°C (not even after addition of some TFA) or with 3 mol equivalents of AICl;
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Taken together, all these observations suggest the mechanism shown in Scheme 1 for the
formation of compounds 4-10.
Scheme 1.
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NMR spectra are agreement w1th the ring-expanded structures shown. The relative
configurations of the chiral carbon atoms of compounds 11-15 were deduced from the results
of NOE studies (Table 2). These results clearly demonstrate the trans relation of 3-H and 4-H
in all of the compounds 11-15, the cis relation of 4-H and 5-H in compounds 11-13 and their
trans relation in compounds 14 and 15, as well as the trans relation of 3-H and 5-H in

compounds 11-13 and their cis relation in compounds 14 and 15.

Table 2.
NOE studies on compounds 11-15.

Compound | Irradiated sxgnal NOEs*® observed on
1n® 5-H (5.36) 2-H+6-H, PMP (7.58); 4-OH (4.31); 4-H (4.41)
3-H (5.06) 5-OH (5.87)
11 5-H (5.30) 4-H (4.30), 2-H+6-H, PMP (7.52); 5-OH (6.39); 4-OH, very weak
(5.76)
3-H (5.14) 2-H+6-H, 4-CIC4H, (7.13); 4-H (4.30); 4-OH (5.76); 5-OH (6.39)
12¢ 3-H (4.89) 2-H+6-H, 4-CIC¢H, (7.10); 4-H (4.49); 4-OH (3.03); 5-OMe (3.43)
5-H (5.09) 5-OMe (3.43); 4-H (4.49); 2-H+6-H, PMP (7.30)
4-OH (3.03) 3-H (4.89); 4-H (4.49); 5-OMe (3.43); 5-H (5.09); 2-H+6-H,
4-ClCeHs4 (7.10)
13° 3-H (4.85) 2-H+6-H, 4-CICgH, (7.08); 2-H+6-H, 4-FCgH, (7.24); 4-OH (2.07)
5-H (5.24) 4-H (4.74), 2-H+6-H, PMP (7.36); 2-H+6-H, 4-FCsHa (7.24)
14° 3-H (4.79) 5-H (5.35)
14° 3-H (4.95) 2-H+6-H, 4-CICsH,4 (7.14); 4-H (4.04); 4-OH (6.20); 5-H (5.21)
5-OH (6.64) 5-H (5.21); 4-H (4.04)
4-H (4.04) 4-OH (6.20); 5-OH (6.64); 3-H (4.95); 5-H, very weak (5.21)
157 3-H (4.55) 2-H+6-H, 4-CIC¢H, (6.96); 4-OH (3.68); 4-H (4.20); 5-H (5.05)
5-H (5.05) 2-H+6-H, PMP (7.26); 5-OMe (3.25); 4-OH (3.68); 4-H (4.20); 3-H
(4.55)
5-OMe (3.25) 5-H (5.05); 4-H (4.20); 2-H+6-H, PMP (7.26)

* Listed in the order of decreasing intensities ® Solvent DMSO-de+CDCls © Solvent DMSO-ds ¢ Solvent CDCly

A related acid catalyzed ring transformation, that of azetidine-2-one 20 into pyrrolidine-2,4-
-dione 24 had been described by Alcaide et al. [4]. The key-step of the reaction was assumed
to be an anionic 1,2-shift, viz. concerted cleavage of the C-3 — C-2 bond of the protonated
starting substance 21a and formation of a new bond between C-3 and the original aldehydic
Caroon atom to arror(l me mterme(na[e caroemum IOH LLd llllb was assu EU to UC IUMUWCU
by a second anionic 1,2-shift, this time of a hydride anion, to yield the protonated product 23,
which is finally transformed by loss of a proton into the end product 24 [4].



The key step of ring transformations 1a — 11-15 is assumed to be an analoget.s 1,2 shiﬁ,
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leading from the AICl; complex (Z21b = 17, X = Cl, A =2 AlICl,) of the starting carbaldehyd

la to zwitter-ionic intermediate 22b. Since the relative configurations of C-3 and C-4 are
identical in all isolated products (11-15) of the ring transformation (3-H and 4-H being frans
to each other), this 1,2-shift is clearly highly stereoselective. The correct stereochemistry of
the products may be derived by assuming that the bond between C-2 and the carbon atom of
the complexed aldehyde group at the moment of the shift adopts the conformation shown in
Scheme 2 and that, consequently, the complexed aldehyde group of compound 21b i1s attacked
by the migrating C-3 atom from the S/ face.
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assumed to be identical; since, however, the two substituents at C-3 in the starting 20 are
identical and the chirality of C-2 (which becomes C-4 in the product) is temporarily lost

during the reaction, there is no stereochemical proof for this assumption.
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ide’s case, the anionic shift of C-3 is followed by an anionic 1,2-H-shift [which ultimately

>
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leads to the formation of a pyrrolidine-2,4-dione (24)], in our case the cationic center of
intermediate 22b is attacked by some nucleophile present in the reaction mixture to afford

not clear. Depending on whether attack of the nucleophile t keg place from the top or bottom
face of the five-membered ring of intermediate 22b, formation of two epimeric products i1s
theoretically possible. Pairs of epimeric compounds (11, 14 and 12, 15) have indeed been
obtained; on the other hand, the 5-epimer of the 4,5-cis product 13 was not obtained.
According to the mechanisms suggested for ring closures 1 — 4-10 (Scheme 1) and ring
transformations 1a—11-15 (Scheme 2) the key-intermediates of the two reactions are identical
(e g 21b = 17, X = Cl, A =©AICl;) or at least of ldentlcal types Th]S means that all these
transformation products. As shown by our experiments (Table 1), while the cyclizations appear
to be general, ring transformations have been observed only with fluoro- or chlorobenzene
used as solvents. The reluctance of compounds 1a and 1b to undergo ring transformations in

0
excess AlCl; in dichloromethane (DCM) afforded compound 5a in ca 60% yield w1th no
detectable amounts (t. 1.c.) of ring transformation products 11 and 14 being formed ® and,

® When the solvent DCM was replaced by DCM-diethyl ether (1:1), compound 10a did not change at all even after 24 h on
treatment with 3 mol equivalents of AICI,. The latter is apparently complexed to the ether, rather than to the hydroxyl group of

compound 10a; as a result, reaction 10a — Sa is inhibited.



15234

<

dud ‘HOPW ‘O'H =

NN olwsoel A1e pz pue g7 spunodwo)  THUJDF = IV THPDOMNWb = A

HOS ‘O°H = HO... 4

SI-IL « ¥l (g) pue [p] pT < 0T ()

54 S1p1 €1-11 144 4
F H H
z \0_< @E a : \O._< 0 H (o2} 4 Q Zom - zon
$3e - N\ p -\
J\A DIV J\A H J.\ _H J\ ® )
V\_, veo —_—— o + % TO llmlll.. YlO/
\z/~A 3 HO. ] \z/\ "OH A oH . \z.lm OH \z.,wA &
! , = B h "
HON H N H H N aw H an H
®
[}
HON + Yyuys-H z°1 dmowme

@25 =V qzz(9)

VD =V 1 qIZ(9) W= YH=M=¥:
= ud —=ad = M_. * -wﬂ
H=V :¥IT () —— © —v ez (@) 0 4 .m : @
H=V BT [Flon = d=d=d=07 (V)
Q, o .m
g —_ /vlm . Ad/EDIV (9) J
. - el -
J\ H “ o _5 zm .‘.J C[OHO/FOSTH (») U
\_Z/mw "oV >.,,, --O” o \( N j
p] T\ C- ®

suoneuLIOJSuBRn Sull JO WSIUBYDIIN

7 AWIAYIS



_~
X
)
=
e
Y
0o
~
Y
~
~
)
3
[~
=
)
5
S
ta
£
-
o~
e
C
So
P
.n
N
(3%
T
~
()
NG
o
N
N
[N}
W
L

furthermore, treatment of any of compounds 4a, 10a or Sa with excess AlCl; in fluorobenzene
P A I 1 O _ s~ ~11_ __ : ~ee oal m e~ £ ~ 1 LL
arroraca compouna 04 1N excelie ar tnat once UIC OIll"OIIldIlC rmg lb 10TINEQq, tneé

reaction leads, in the presence of aromatics not strongly deactivated towards electrophilic_

substitution, invariably to the formation of 8-aryl-8,8a-dihydro-2af/-chromeno-[3,2-b]azet-
-2(1H)-ones (7-9).

Dichloromethane is abbreviated as DCM. MgSO, was invariably used as the drying agent.
Evaporations to dryness were carried out at reduced pressures (ca 2.5 kPa).
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reduced pressures (10-25 kPa) using Kieselgel G 60 (Merck) as the adsorbent. For preparative
t.1.c. separations 20 x 20 cm glass plates coated with Kieselgel PF;s4.366 (Merck; thickness of

adsorbent layer 1.5 mm) were used. The solvents used are given in parentheses. The purity of

the products was checked, in combination with IR s .,pv .rovcopy, by t.1.c. on DC-Alufolien 60
I ey N L WIS IR I [ SR PR, ~1L__ T :_._J_‘_,.L..,-__ o~ L. .t 1. &0/
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ethanolic molybdo- or tungsto-phosphoric acids as the reagents.
Meltmg points were determined on a Kofler hot—stage mp apparatus. IR spectra were
orded on a Specord-75 (Zeiss, Jena) spectrometer, 'H and "*C n.m.r. spectra v
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and using tetramethylsilane as the internal reference compound; J values are given in Hz. The
chemical shifts of the 4-methoxyphenyl groups are given only if differing by more than 0.1
ppm from the usual values in the present series [ca 3.8 ppm (MeO) and 6.9 + 7.3 ppm (AA'BB’,

J ca 9; 4 x ArH]. Exact molecular mass determinations were made at 70eV with a Finnigan
MAT 95SQ instrument of reversed geometry equipped with a direct iniet system.

(2RS,3RS)-3-(4-(,‘hlomphenyl)- and (2RS,3RS)-3-(4-fluorophenyl)- 1 -(4-methoxyphenyl)-

o 1h) D C 2DC D¢ 2D C) N ranamin Y
a, 1, (<D, oD, < NO,D DO/ or favvillie uri

(2RS,3RS,2’SR,3’SR)— or meso-3,3’-bis—(4-chlorophenyl)— (2a, 3a) and -3,3'-bis(4-fluoro-
phenyl)-1,1'-bis(4-methoxyphenyl)-4,4'-bi(azetidin-2-ones) (2b, 3b)
Solutions of 4-chioro- {5] and 4-fluoro-phenoxyacetyl chioride [6] (50 mmol) (freshly
prepared from the corresponding acids) in DCM (250 ecm®) were dropwise added over 0.5 h
to solutions of N,N'-di(4- methoxvr)henvl)ethanedumme [71 (le.1 g, 60 mmol) and

7
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re was stirred for further 1.5 h. The two phases were
separated. The organic phases were dried and worked up by c.c. (DCM) to afford the title
compounds.

11'\ r aT ‘ r

C; found: C, 61.45; H, 4.35; Ci, 10.35; N, C 7H|4L,
requires: C, 61.55; H, 4.25; Cl, 10.7; N, 4.2%; Vmax (KBr) 1750, 1710 cm™; 8y (CDCl5) 4.75dd
3 7 + 7.30 (AA’BB’; 4-CIC¢H,), 9.82d (3.7, CHO);
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2a + 3a (racemic + meso form): 1.0%; m.p. 259°C; found: C, 63.3; H, 4.15; CI, 11.9; N, 4.4;
C12Hz6CLN,O¢ (605.5) requires: C, 63.5; H, 4.35; Cl, 11.7; N, 4.65%; vy (KBr) 1760 cm™: 8y

26

(CTYCIY A 0Qm (A TT L AT AQm 2.1IT 1L 27 1IN ASS 1+ 7N1T 1+ 708 1+ 7 AA
\irely) “*. 7711 \""-11 i “+ T11), J.“f)lll \v‘-ll T J =1 1}, V.JJ T AV § T F.uJ 1 / P o
(2 x 4-MeOC¢F4 + 2 x 4-C1C6H4),

1b: 80%; m.p. 126°C; found: C, 65.0; H, 4.35; F, 5.8; N, 4.65; C;7H;4sFNO, (315.3) requires

b r©r > > b b > > b4 b 3 17 1% 4\ 7 ~1
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C,64.75, H, 4.5, F, 6.05; N, 4.45%; vinax (KBr) 1750, 1710 cm™; 8y (CDCl;3) 4.71dd (5.4, 3.7,
2-H), 5.49d (5.4; 3-H), 6.95-7.1m (4-FCsH,), 9.82d (3.7; CHO);

MTh 4 h (varomisn + meen form) N0/ 1<1a7<70ﬂ~ frrnd A OS- A7 F A2 N

B T RS \Iubcf’lll—b Toincou LUllll}. o.v LIATLIL vy 1VULIU VU. 70, 11, 7.7 4,1, U.J, 1N,

4.9%; vaux (KBr) 1740
3'—H), 6.55 + 7.05 (2 x 4-MeOC4H,),

4.75; CspHa6F2N2Og (572.6) requ1res C, 67.
m!: ; 0y (CDCL3) 5.0lm (4-H + 4'-H), 5.48m (3-H
698 +7.04 (2 x 4-FCgHy);

47

Because of the similarity of their Ry values, chromatographic separation of compounds 1b

and 2b + 3b proved rather difficult. The crude mixture (obtamed by evaporation to dryness
ol (cf tef. [3])
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heir DCM solution) was there
WI]BI'CDy amenyae ib was COHVCHCG lﬂIO a IIIIX[UI'C Of its amswre(nSOmerlo I em dbb‘tais. FTOi
the solution compound 2b + 3b gradually separated on cooling while the two hemiacetals
[70%; ratio of the stereoisomers according to the 'H NMR spectrum ca 3:2; m.p. 117°C; Vi

(I{Dr) 2200 1780 cml- g,_ (CDCLN oninar A- 1 A hr ¢ {OH Q At—(o (NN e hama

335y, 1/3V T | O \(wisa3j, 1ISOMCT A7 1.0 OF § (Urlj, 5.408 (Ui, nliilall

4.38dd (5.1, 4.1, 4-H), 5.06d (4.1; 4-CH), 5.31d (5.1, 3-H), 6.95-7.16m (4-FCsHy); isomer B:
1.6 br s (OH), 3.41s (OMe, hemiacetal group), 4.45dd (5.4, 3.5; 4-H), 4.99d (3.5; 4-CH), 5.26d
6.95-7.16m (4 FCGH4)] separated on prolonged standing in a refrlgerator The
crystalline form or in CDClI; solution, gradual decomposition to the aldehydes took place. T
resulting mixtures of the aldehydes and their hemiacetals, however, could be used instead of the

J

pure aldehydes for the transformations described below.



Reaction of carua,.,.ehydes 1a and 1b with Lewis and Bronsted acids: preparation of
O -1 o 1. . N _¥TYT _ L __ e Y LT 4 N STIYTN PR, Fa AN 7 P g
1-(4-methoxyphenyl)-8,8a-dihydro-2ati-chromeno(3,2-b/-azei-2(IH)-ones (1) and ieira-
substituted pyrrolzdzn -ones
(a) Carbaldehydes 1a or 1b (30 mmol) in DCM (60 cmq) were stirred with AICI; (16.0 g, 120

mmol) in dry diethyl ether (220 cm’) for 40 h at room temperature, then poured into a mixture
of ice-water (400 cm®) and ethyl acetate (100 cm®). The two phases were separated and the
aqueous phase was extracted with ethyl acetate. The combined organic phases were
successively washed with saturated aqueous Na,CO; solution and brine, dried and evaporated

FtNAc 101 in

ana _
ULLIV T L/, 1Vl

-~

Y O
the a and 10:0.5 in the b series) to afford (2aRS,8RS,8aSR)-6-chioro-8-hydroxy-1 (4a‘)‘7 45g
45%), its (2aRS,8SR,8aSR) epimer (l[la)7 (0.6 6%) and (2aRS,8RS,8aRS)-6,8-dichloro-

g,
-1 (5a)" (1.5 g 14%), and (2aRS,8RS,8aSR)-6-fluoro-8-hydroxy-1 (4b) (4.2 g 35%), its
(2aRS,8SR,8aSR) epimer 10b” (0.9 g 7%) and [.

(b) A1C13 (5.3 g, 40 mmol) and AlBr; (8.0 g, 3.0 mmol), respectively, were added to
1 an

ritromethane (70 cm’) with continuous stirring at -15°C.

a n

The mixtures were allowed to warm up to room temperature, stirred for further 5 h, then poured
into ice-water and EtOAc (100 cm’, each) and worked up as described in (a) to afford
compounds Sa (1.6 g, 46%; m.p. 193°C), identical (m.p., IR) with the sample obtained as
described in (a), and (2aRS,8RS,8aRS)-8-bromo-6-chloro-1 (6a)’ (3.6 g, 91%), respectively.

IR E S ANN

(¢) A mixture of carbaldehyde i1a (6.6 g, 20 mmol) in DCM (400 cm’) was stirred with
SnCly:2 H,O (9.0 g, 40 mmol) and conc. H,SO4 (6 cm’ ) for 20 h at room temperature. A
resinuous precipitate was formed. The supernatant was decanted and the resin was washed
with DCM (2x50 cm®). The combined org 1

(a).

x

f od far 2 h
Dl

and evaporated to dryness (35-40°C, ca 70 Pa). The residue was taken up in water and DCM,
the two phases were separated and the aqueous phase was extracted with DCM. The combined
organic phases were dried and evaporated to dryness. The residue was worked up by c.c.
(toluene) to afford compound 5a (0.24 g, 68%; m.p. 192-193°C) which proved identical (m.p.,
IR, Ry) with the sample obtained as described in {(a).

* For the melting points, analyses, IR and 'H NMR spectra, see Table 3
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(¢) Carbaldehydes 1a (10.0 g, 30 mmol) and 1b (3.5 g, 11 mmol), respectively, in dry
tohiana (12 emi/mmal 1) were added dronwice over 08 b ta AICL (4 mal aauivalents) in
tviutne (14 vill 71Vl 1) wu AUUCU WHUPWIDU UVUL VLD 11 WU MLVl (7 1V Lyulvaliviing ) i

dry toluene (10 cm*/mmol 1) with continuous stirring at -5 — -10°C. Stirring was continued for
further 4 h at -10°C. The mixture was then poured onto a mixture of ice-water (800 cm) and
EtOAc (200 cm’). The two phases were separated and the aqueous phase was extracted with
EtOAc. The combined organic phases were washed successwely with saturated aqueous
Na,COj; solution and water, dried and evaporated to dryness. The oily residue was triturated
with methanol to afford crystalline (2aRS,8RS,8aRS)-6-chloro-8-(4-methylphenyl)-1 (7a)’

[10 g 82%; 8c (CDCly)* 21.04 (Ar-Me), 43.47 (C-8), 55.54 (OMe), 60.43 (C-8a), 79.68

/rf)\ 11A0n;1107c¢1wn10"L1:n’;:T/r‘..m\,n)\ 127.41 + 12999 + 137.20 + 137.50
-Zd ) I49.0U T 110.7/70 7T 1£L7.00 T 1JU. /70 \parn,rlv1r), 14791 7V 1L7.,77 7T 1J0/1.4V 7 107,79V
(Cus, 7), 12046 (C-4), 126.99" (C-6), 128.62" (C-Ta), 130.40 (C-7), 156.87" (C-3a), 16162

(C-2)] and (2aRS,8RS,8aRS)-6-fluoro-8-(4-methylphenyl)-1 (7b) (3.1 g, 72%), respectively.

(A Cane H.QNO., (0 D8 r-m3 § mmalY wac dranwice added ta camnoind 1a (22 o 10 mmaoald
V} N AT R LN \U.[‘J Wikl by 4 llllll\.lll vao UIUPVVIDU (2 AVAVA Y SV UUlllyUuLlu A \J -t 5’ I\ 111111\J1 )
: . 4 - 71 £ 3 m : 4 Aty o~ Y 0o Y 1. 1 ___ 1 _ . 1 ]
in dry toluene (150 cm”). The mixture was gently refluxed for 1 h, allowed to cool and washed

successively with ice-water, saturated aqueous Na,COj; and brine, dried and evaporated to

dryness. The residue was purified by flash-chromatography (hexane DCM 10:1 — 1I: l) to
oun d Ta /] Q< g, AROLY II"FI tical v t

7 63 T /U}, UULIL Wil V lll

(g) A mixture of compound la (5.3 g, 16 mmol), AICl; (4.4 g, 33 mmol) and dry
fluorobenzene (100 cm’) was stirred for 20 h at room temperature. The excess ﬂ orobenzene
was distilled off at ca 2.5 kPa and the oily residue was taken up in EtOAc. The solution was
washed with water, saturated aqueous Na,COs; solution and brine, dried and evaporated to
dryness. The oily residue was worked up by flash-chromatography (DCM) to afford
(2aRS,8RS,8aRS)-6-chloro-8-(4-fluorophenyl)-1 (8a)’ (2.7 g, 41%) and a 4:1 mixture
('H NMR) of the stereoisomeric ring transformation products (3RS,4RS,5RS)- (11) and

/INC M AN 2 [ 'L!l wnh )MI\VI)) ,45 fihvdvnvu 1. fd_mothavvn ﬂnIr’lrn)rrlﬂnl.

OIS, 7180, I01N/-I-(4-C ~GIAYQroxXy-1 =(+=-Menoxypnenyi,

(14) [Z1.1 g, 20%; m.p. 170-175°C found: C, 58.15; H, 4.55; Cl, 10.05; N, 3.95; L,nH‘(,UNUs
(349.75) requires: C, 58.4; H, 4.6; C1, 10.15; N, 4.00; vy (KBr) 3420, 1680 cm™; 8y (CDCl;

+ DMSO-ds), compound 11, 3 81s (OMe), 4.41ddd (7.4, 7.4 and 5.5; 4-H), 491d (7.4; 4-OH),
5.06d (7.4; 3-H), 5.36dd (5.5 and 5.6; 5-H), 5.86d (5.6; 5-OH), 6.91 + 7.58 (2 x 2H, PMP),
7.14 + 7. 2% (2 x 2H, chlorophenoxy), difNOE 3-H — 5-OH; compound 14, 3.80s (OMe),
4.28ddd (5.3, 5.0 and 3.4; 4-H), 4.79d (5.3; 3-

-H
H), 5.35dd (7.5 and 3.4; 5-H), 5.59d (5.0;
4-OH), 5.94d (7.5; 5-OH), 6.92 + 744 (2 x 2H, PMP), 713 + 723 (2 x 2H nhlgrgphmnxv\

difNOE 3-H — 5-H; 8¢ (CDCl; + DMSO-dg), compound 11, 55.14 (OMe), 71.80 (C-4),
79.99 (C-3), 81.78 (C-5), 113.70 + 123.84 + 130.39" + 157.211 (Cus, PMP), 117.46 + 128.79

# Assignment of the signals marked * and 1 is uncertain, other interpretations are possible.



+ 125904 + 157 73t (C. s chloronhenoxv) 168 55 (C-2) comnound 14 55 14 (OMe) 77 33
.23 (L4, chlorophenoxy) 168,50 (C-2), compound 14, 55.14 (UMe), //.33

Sy AN G1 YA ™ 2N oOr & Y & 1172 71N 1ML £ ] l”n"n‘ IE/AAT FHy TYR AT 117 2&£

(C-4), 81.24 (C-3), 86.55 (C-5), 113.70 + 125.65 + 130.39 + 156.94" (Cy,s, PMP), 117.35 +

(h) Carbaldehyde 1a ( 3g, 16 mmol) was added in one portion to a suspension of AlCl;

(44 ¢, 33 mmol\ in fluoro-benzene (70 cm \ with continuous stirri

uo tirring at room temperature
under argon. Stirring was continued under the same conditions. T.1.c. analysis (toluene -
EtOAc, 8:2) of a sample taken after 20 min showed the presence of two products: the less
polar compound 8a and, as a result of hydrolysis during t.1.c., the more polar mixture of
compounds 11 and 14; the starting compound had already been consumed. The

tr)lrn ﬁrI Q“"d20h“’ '
fluoro-benzene was distilied off at reduced pressure, the residue was stirred for 1 h w1th dry
methanol (150 cm‘) and the mixture was evaporated to dryness. The residue was taken up in a

mixture of DCM and water, the two phases were separated and the aqueous phase was
re-extracted with DCM. The combined o

hases were dried and evaporated to dryness.
The oily residue (6.1 g) was worked up by c.c. (toluene — toluene — EtOAc, 10:0.5) to afford
the following products, which were eluted in this order: 8a [3.65 g, 56%; identical (IR, t.1.c.)
with the sample obtained as described in (g)], 13 [0.45 g, 6.6%; solid foam; found: M,
427.09793; Cy3HoCIFNO, requires M™, 427.09866; vmax (KBr) 3400, 1710/1695 cm™;
oy (CDCls) 2.07d (6.2; 4-OH), 4.74ddd (7.3, 7.2, 6.2; 4-H), 4. 85d (7.2; 3-H), 5.24d (7.3; 5-H),
7.08 +7.22 (AA'BB', 9.0; 4-chlorophenoxy), 7.09dd + 7.24dd (2 x 2H, 4-fluorophenyl);, NOE:
see Table 2; 8¢ (CDCl;) 55.38 (MeO, PMP), 64.20 (C-5), 72.41 (C-4), 80.97 (C-3), 114.14
(C-3 + C-5, PMP), 116.18 (Jor 21.7; C-3 + C-5, fluorophenyl), 117.96 (C-2 + C-6,
chlorophenoxy), 123.12 (C-2 + C-6, PMP), 127.25" (C-1, PMP), 129.28 ( 3Jor 8.4; C-2 + C-6,
ﬂuorophenyl) 129.35 (C-3 + C-5, chlorophenoxy), 129.75 (“Jcr 3.4; C-1, fluorophenyl),

13042 (C-4, chlorophenoxy), 156.96" (C-4, PMP), 157. 301 (C-1, chl rophenoxy), 162 81
('Jer 248.3; C-4, fluorophenyl), 168.50 (c-z)g}, 12 [purity 77% (‘H NMR):;” 0.55 g, 7% solid
foam; main component, found: M*", 363.08728; C,sH;sCl NOS requires: M, 363.08735;
Vaax (KBr) 3400, 1720/1710 cm™; 8y (CDClg) 3.03 br (4-OH), 3.43s (5-OMe), 4.49 br dd (7.5,
5.6; 4-H), 7.10 + 7.22 (AA'BB’, 9.0; chlorophenoxy); NOE: see Table 2], 15 [0.5 g, 8.6%;
m.p. 138°C; found: M"", 363.08724; C,sH,sCINOs requires: M* ', 363.08735; vinax (KBr) 3400,
1695 em™; 8y (CDCls) 3.25s (5-OMe), 3.68d (6.6; 4-OH), 4.20ddd (6.6, 3.7, 2.3; 4-H), 4.55d

(3.7; 3-H), 5.05d (2.3; 5-H), 6.96 + 7.20 (AA'BB’, 8.9; chlorophenoxy

SV Loy STRAg, A\Ipl ANS Y

); NOE: see Table 2]

and a mixture of epimers 11 and 14 [X0.2 g, 3.5%; identical (IR, t.1.c.) with the product
obtained as described in (g)].

* The main part (15%) of the impurities (total 23%) was shown (‘"H NMR) to be very likely identical with the 5-epimer 15; the rest
was made up of several unindentified compounds



(i) Carbaldehyde 1a (5.65 g, 17 mmol) was added in one portion to a suspension of AlICl;
[ o AN oINS A Ll L J R S SNPE (.
(53g 4 1) in dichlorobenzene (80 cm’) at room temperature. Stirring was continued for
3 h and

he solvent was distilled off. The residue was taken up in a mixture of EtOAc and
water. The organic phase was washed with water, dried and evaporated to dryness. The
p by c.c. (toluene - EtOAc, 10:0.5 —» 10:3) to afford comnound 9,!

e P AR T L Kaivs VRPN

(2.65 g, 36%) and two fractions [21 85 g, 31%] of mixtures of epimers 11 and 14 [first
fracnon. 0.1 g, m.p. 181-183°C ( H NMR) 92:8 (CDCIl; + DMSO-d¢) which changed to 54:46
in DMSO-dg, indicating epimerization at C-5 in the latter solvent; &g (DMSO-d¢), compound
11, 3.762s MeO, PMP), 4.30ddd (8.2, 5.3, 7.0; 4-H), 5.14d (8.2; 3-H), 5.30dd (5.3, 7.5; 5-H),
5.76d (7.0; 4-OH), 6.39d (7.5; 5-OH), 6.97 + 7.52 (AA'BB’, 9.0, PMP), 7.13 + 7.35 (AA'BB’,
9.0; 4-CIC¢H40), NOE: see Table 2; compound 14, 3.757s (OMe, PMP), 4.04ddd (6.3, 4.0,
5.6; 4-H), 4.95d (6.3; 3-H), 5.21dd (4.0, 8.0; 5-H), 6.20d (5.6; 4-OH), 6.64d (8.0; 5-OH), 6.97
L7 S8 fAADD! ON- DARADY 7 14

e &8
T 200 \ AN DD

residue was worked 1

(R4 ViniVhe W
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, 2.0, PP, F.14 + 33 (AA' DD, 7.U; -\_,l\./(;l’l4\}) NUwLE! S€€ 14d01€ 2,
second fraction: 1.75 g, m.p. 170-175°C; identical (IR, t.1.c., m.p.) with the sampie obtained
as described in (g)].

Monitoring the reaction of compound 1a with AlBr;

Carbaldehyde 1a (2 mmol) was added in one portion to AlBr; (6 mmol) in nitromethane (15
cm’) at -15 — -20°C. Stirring was continued for 25 min at this temperature and then for ca 1.5
h with the cooling bath removed. From time to time samples were taken from the mixture and
examined by t.l.c. (toluene — EtOAc, 8:2; detection: UV light or 5% ethanolic
molybdophosphoric acid). In the chromatogram of the sample taken after 1 min fair amounts
of compounds 4a and 10a (formed by hydrolysis of their AlBr; complexes in the course of

t.1.c.), together with unchanged starting compound la and minute amounts of product 6a were
detected. After 5 min the starting compound was consumed; after 50 min compound 4a could

not be detected any more in the chromatogram, but compound 10a was detected even after 60
min. After 2 h product 6a was the only compound detected in the chromatogram.

Reaction of compounds 4a, 5a and 10a with fluorobenzene in the presence of AlC!;

(a) Compound 4a (166 mg, 0.5 mmol) or compound 10a (166 mg, 0.5 mmol) were added in
one portion to suspensions of AICl; (200 mg, 1.5 mmol) in fluorobenzene (3 cm’) with
continuous stirring at room temperature. Within ca 15 sec clear yellow solutions (containing
minute amounts of insoluble impurities) were formed. Stirring was continued for 90 min and

the mixtures were evaporated to dryness. The residues were taken up in water and extracted
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mg, 92%; m.p. 184-185°C, and 170 mg, 84%; m.p.
sample obtained as described above in (g)].
or 3 h with AIC

- 1y Ar N 1

(h) By similar treatment of compound 5a
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fluorobenzene at room temperature compound 8a was obtained in 99% yleld
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