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Abstract

Carboxylic chlorides 3a-3¢, when treated with AICl;, afforded the tricyclic compounds 17a-17¢. NaBH,

A atinie AL T naad TTTR AL 3 amm amd TIL TLo o toae o ot sl o las il e niicie amcesca niizad o Ao
reduction of 17a and 17b afforded bUlllpUuIlub 11a and 11b. The latter and the related known co npounas 4a,
oL re i - 3 A L. e NI PR | £

JD, ba and /a were used for the preparanon of various alnyarocnromen |2.4-0jazet-L( 1/1)-0nes and o1 a

3.4-disubstituted chromane-2-carboxylic ester (26) of fixed stereochemistry. Catalytic reduction of 8-chloro
compound 5b afforded compounds 10b and 25, the products of simple hydrodechlorination and of azetidinone
ring cleavage with concomitant hydrodechlorination, respectively. © 1999 Elsevier Science Ltd. All rights reserved.
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In Part 31 [2] of the present series the Lewis and

series the L Bransted acid catalysed ring closure of
(2RS,3RS)-3-aryloxy-4-oxoazetidine-2-carbaldehydes 1a and 1b leading to (2aRS 8RS 2aRS)-
(4a, b) and (2aRS,85R,8aRS)-8-hydroxy-1-(4-methoxyphenyl)-8,8a-dihydro-2af{-chromeno-
[3,2-b]azet-2(1H)-ones (11a, 11b) and transformation products (Sa,b-7a,b) was described.

Here we report the extension of these studles to the AICl; catalysed ring closure of (2RS,3RS)-

P xv-4-0x03azeti PR RN PR, Rp— | Ahlaridae (2o 2aY and cama ranntinne nF tha racultinag
dl)’ y"'l"U)\UdLUllUIIIC'L"DCU vu y DlllUllUCb \»Jd"J\y} dlll DUILIT 1Caliivld Ul LHU IVOUILiE
(ZafS 8aRkS)-1-(4-methoxyphenyl)-17 hromeno[3 2-bJazete-2,8(2aH 8aH)-diones (17a-17c¢).

! For Part 32, see ref. [1]

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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The starting carboxylic acid chlorides 3a-3¢ were prepared by KMnQO, oxidation of
aldehydes 1a-lc and treatment of the resulting carboxylic acids 2a-2¢ with thionyl chloride.

Carbaldehyde 1c¢ was obtained [together with a mixture of the racemic (18¢) and meso-4 4'-
-bi(azetidin-2-ones) (19¢) as minor products] si'nil"rly as the analogous compounds of the a

When carboxylic chlorides 3a and 3b were treated with AICI; in dichloromethane the

expected diones 17a and 17b, respectively, were obtained in 80-90% yields. In the methoxy

“1Y,

* Racemic compounds; for convenience only one enantiomer is shown.
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series, however, the yield of the desired dione 17¢ was much lower (17%) because, as shown
hy the ' NMR ctra of the prodi
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s (which were separated by chromatography), the
partially (O-demethylated derivative (or a mixture of the isomeric partially (O-demethylated
derivatives) (25%) and the totally O-demethylated derivative (2%) were also formed
Methylation of the ()-demethylated products with ethereal diazomethane afforded compound
17c.

The structure of product 17b was at once clear from an inspection of its 'H NMR spectrum
whose aromatic part displayed signals of three protons coupled with fluorine which proves

that the fluorophenyl group of the starting 3b was involved in the cyclization. In addition, the
1 ]l’(l I]ﬂ("ﬁ')ﬂﬂﬂf‘\ Kﬁnn O"l’l’n')l l']
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spectrum of the 4-methoxyphenyl group were present in the spectrum, which was true aiso for
the cyclization products 17a and 17¢. Further proof of structure for products 17a and 17b

came from NaBH, reduction experiments which afforded the known compounds 11a (97%)
and 11b (92%) f')] and n of their 8-epimers 4a and 4b. Similarlv. NaBH; reduction of

nu AAR | S Uy [+ 318 llUll\t Ry, ll.l.ll Qairy, iNQLlii4 lvuuvtuvll

dione 23c (see below) afforded compound 24c, again with 8-H and 8a-H in cis position
relative to one another.

The stereospecificity of the NaBH; reductions may be understood by assuming that
compounds 17a and 17b do exist in solution predominantly or even exclusively in the folded
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approaches the surfaces of the diones from outside and transfer of the hydride anion takes
place as indicated in 20, with the result that the oxygen atom is pushed into the B-position
he newly introduced 8-H ligands will occupy the a-position i
the products.

Since compounds 11a and 11b were obtained as single diastereoisomers, and both their
known 8-epimers 4a and 4b as well as derivatives of types 5-7 of the latter were also available

le diastereoisomers [2], a s

omers [2], a
c inds for the preparation of variou
[3.2-b]azet-2(1 H)-ones and, possibly, of 2,3 4-trisubstituted chromane derivatives of fixed

stereochemistry.
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1 NMR spectra to be cis rel
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from the vaiues of the couplmg constants Jy,jyg.11 (4.9-5.6 Hz) characteristic for
disubstituted azetidin-2-ones. The relative configuration of C-8, on the other hand, was
established on the basis of two rules [2], viz. (i) that the value of the coupling constant
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in pvridine afforded crude
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O-methylsulfonyl derivatives 12a and 12b in high yields if care was taken that the temperature
during work-up did not exceed 50°C until chloride ions, the co-products were present. When,
however, the temperature was raised to 70°C, reaction with chloride ions took place to afford

the known commnounds 8a and Sh {21 resnec

oh vislde Whean
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crude compounds 12a and 12b were refluxed with methanol, methoxy derivatives 8a and 8b
were obtained, again with inversion at C-8, in ca 70% yields.

Treatment of compound 6a [2] with sodium azide in DMF afforded 8-azido derivative 13a
in excellent yield with inversion at C-8. Reduction of compound 13a with H,S, followed by
acetylation with acetic anhydride afforded the 8-acetylamino derivative 15a. 8-Acyloxy
derivatives 9a and 16b were obtained by treatment of the 8-hydroxy derivative 4a with
sulfuryl chloride isocyanate, followed by treatment with Na,S,0s, and by acetylation of

compound 11b with acetic anhydride, respectively.

2 £ +ha teun
J L UIC twu

[
o

dihydrochromeno(3,2-hjazet-2-ones (7a, Z = 4-methylphenyl; 16b) and the two chromeno-
[3.2-h]azete-2,8-diones (17b, ¢) tested afforded the desired products 21a, 22b and 23b, c,

resoectwelv in medium to good yields.
Oﬂ (H./PAC NaDOYAr Mo 4+ O C!-\ nf tl'\e 8

(S R/ BN o \/, INGANJ W, UVIVRUEL T a2

aﬂ’on ded, in addition to the expected product 10b of hydrodechlorination, chromane-2-
-carboxanilide 25 as a result of cleavage of the azetidinone ring with concomitant
hydrodechlorination. Compound 10b was found not to be an intermediate en route to
compound 25, since the ratio of the two products did not change on prolonged hydrogenation.

ompound 10b being essentially a 4-benzylazetidin-2-one, this result could be anticipated:
although the N(1)-C(4) bond of 4-phenyl- and other 4-arylazetidin-2-ones is readily cleaved
by hydrogenolysis (Raney-Ni, Hy/Pd-C) [4a-¢], the N(1)-C(4) bond of 4-benzylazetidin-2-ones

1s stable to these conditions

R R f R
,—}/\l (& K\ Me
aw ﬁ i
27 28 29 30
A closely related reaction, 27 — 28 + 29, accompanied in some cases by the formation of
traces to considerable amounts of simple reductive deiodination products 30, has been found
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to take place on treatment of a series of 4-(iodomethyl)azetidin-2-ones 27 with disodium or
dinntaceinim [tetracarhanvlfarratalf _T1\1  lithiim rfnfrr\nnr‘snntﬂfﬂaﬂtnnn\rl\fawn}m{_]"\] nr hotyl
pPuriaosiuin jwviaval vuil Al\./llat\/\\ .LJ../J, FRLiRRULNNY ll\dlla\a lwuyl)lbllal\/\ ll,J Uz utyl

ithium {5]. A reasonable muitistep mechanism, assuming radicais and anions as intermediates
has been suggested for this reaction [5]. Whether the mechanisms of the heterogeneous
reaction Sb — 10b + 25 and of the homogeneous reaction 27 — 28 + 29 + 30 are similar,

A different type of cleavage of the azetidin-2-one ring, viz. cleavage of the NH-CO bond of
compound 21a, resulting in the formation of the 3-aminochromane-2-carboxylic ester 26, was
brought about by treatment with methanolic sodium methoxide.

Experimental

Dichloromethane is abbreviated as DCM. MgSQO, was invariably used as the drying agent.
Evaporations to dryness were carried out at reduced pressures (ca 2.5 kPa). Separations of

o
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pressures (10-25 kPa) using Kieselgel G 60 (Merck) as the adsorbent. For preparative t.1.c.
separations 20 x 20 c¢m glass plates coated with Kieselgel PFjsq36¢ (Merck; thickness of
adsorbent layer 1.5 mm) were used. The solvents used are given in parentheses. The purnity of
the products was checked, in combination with IR spectroscopy, by t.1.c. on DC-Alufolien
60 Fps4 (Merck); the individual compounds were detected by UV irradiation or by using
1odine, 5% ethanolic molybdo- or tungsto-phosphoric acids as the reagents.

Melting points were determined on a Kofler hot-stage m.p. apparatus. IR spectra were

. 3
corded on a Specord-75 (Zeiss, Jena) spectrometer, 'Hand "C nmr . Spectra were obtained
wxrith a0 Voamoan YVYD AN cmontrnmator 10 TW T anlicdbimme 1imlaoce ~tlhossicn ctatod omd sicimo
Wil a4 vadilall V¥V AIN-4UUVU prbl ULIICLICL 11 VAU 13 DUTUUIUILD, WHCSS UUITI WIDT SLdiCU, dill UdINE

tetramethyisilane as the internal reference compound; J values in Hz are given in parentheses.
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

A AT T o~ A o T
(AA'BB"), J ca 9; 4 x ArH].

(2RS, 3RS)-3-(4-Methoxyphenoxy)- I -(4-methoxyphenyl)-4-oxoazetidine-2-carbaldehyde

IS P MDRQ HDQL nze peenpzaain {10 J AAMC DT HAD 27CD ) iz sernon 2 2 _hio
Ly, ( I\Q JI\D < INO,J N/~ UF rUcerriic (1o4) anda (£, IR, & DI\, J OIN/~ UF HICDUJ,J ~UR
(4-methoxyphenoxy)- 1, I'-bis(4-methoxyphenyl)-4,4'-bi{azetidin-2-one) (19¢)
Traatmant nf I'A_mafhn\nynl»\annvu\qnnfnl ochlarida A1 in tha nracance nf triethvlamine (7 4
Livdaliliviilt U 7 lllblllUA)’Pll\/lLUA‘y )au\.l. I wiiliuvliuaw lUJ i une lll\ab\/ll\t\a W1 WIS Y TGRS | ~.T

mol equivalent) in DCM with N,N’-di(4-methoxyphenyl)ethanediimine [7] (1.2 moi
equivalent), followed by hydrolysis with dilute hydrochloric acid of the resulting
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4-methoxyphenylimine of carbaldehyde l¢ as described for the analogous reactions in the a
anr‘ l\ Qpﬁna [’)] affardad camnoimd 10 182 04

'n)
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C, 66.15; H, 53; N, 4. 45 CisHj7NOs (327.35) requires: C, 66.05; H, 5.25; N, 4.3 %;

Viax (KBr) 1760, 1730 cm™'; 8y 3.77s + 3.80s (2 x OMe), 4.70dd (5.3, 3.6; 2-H), 5.48d (5.3;
3-H), 6.84 + 7.01 (AA'BB') and 6.89 + 7.30 (AA'BB') (2 x PMP), 9.81d (3.6; CHO)] and a
mixture of sterecisomers 18¢ and 19¢ [X 2.4 %, colourless crystals; m.p. 222°C; found:
C, 68.25; H, 52; N, 4.65; Cy4H3N,O0g (596.65) requires: C, 68.45; H, 54; N, 4.7 %;
Vinax (KBr) 1770 cm™; 8y 3.68s + 3.77s (2 x 2 MeQ), 4.99m (4-H + 4'-H), 5.41m (3-H + 3'-H),
6.56 +7.07 (AA'BB’) and 6.81 + 7.02 (AA'BB') (2 x PMP)].

orvatale: mn 170°C- Fl‘\l]ﬂl"

agg
w33 Ul]DlﬂlD, uiLp. 14V o, 1V

[y

(2RS,3RS)-1-(4-Methoxyphenyl)-4-oxo-3-(4-substituted phenoxy)azetidine-2-carboxylic
acids (2a-¢)

(@) A mixture of carbaldehyde 1b (15.7 g, 50 mmol), acetone, water (650 cm’ , each) and
KMnQOy4 (11.9 g, 75 mmol) was stirred for 10 h at room temperature. The excess oxidant was
removed by adding Na,S,;0s until the violet colour disappeared. The MnO, was filtered off
and the acetone component of the fiitrate was distilied off. The residual aqueous solution was
extracted with DCM. The aqueous phase was acidified (pH 2) by adding conc. HCl with
ice-water cooling to afford the colourless crystals of fluorophenoxy compound 2b [12.6 g,
76 %, m.p. 191°C (from EtOAc-hexane), found: C, 61.7; H, 44; F, 535; N, 4.35;

e); I
C7H|4FNOs (331.3) requires: C, 61.65; H, 425; F, 575, N, 425 %, vp (KBr)
3300-2900, 1750, 1730 cm-]' du (CDCl; + DMSO-ds) 3.79s (OMe), 4.87d (5.2; 2-H),
5.3br (COH + H;0), 5.45d (5.2; 3-H), 6.88 + 7.34 (AA'BB'; PMP), 6.99m + 7.08m

(h) Similarly obtained were, starting with carbaldehydes 1a and lc, carboxylic acids 2a

[71 %, colourless crystals; m.p. 186°C (from EtOAc-hexane); found: C, 58.9; H, 4.2; Cl,
b IAY ral Trr ra 2 R Ire Vés ‘/-’ -\ TY A f\ 1 1M Y. AT VR 748 B PN
10.45: N, 3.9; C;7H4CINO;s p 7.75) requires: C, 58.7; H, 4.05; CI, 10.2; 1

] 4 055 Vma\ \I\D{)
3400-2900, 1760, 1730 cm SH (CDCl; + DMSO-ds) 3.79s (OMe), 4.88d (5.2; 2-H), 5.49d
(5.2; 3-H), 6.88 + 7.34 (AA'BB'; PMP), 7.05 + 7.25 (AA'BB'; chlorophenoxy), 7.6br (CO,H +

H,0)] and 2¢ [64.5 %, colourless crystals, mp 187°C; found: C, 62.85; H, 4.75; N, 4.22;
CigH7NO¢ (343.35) requires: C, 62.95; H, : N, 4.1 % ; vmax (KBr) 3300-2900, 1760,
1750 em™; 8y (CDCl; + DMSO-ds) 3.68s + 3.70s (2 x MeQ), 4.78br d (4.8; 2-H), 5.33d (4.8;
3-H), 6.4br (CO,H + H,0), 6.74 + 6.96 (AA'BB'; methoxyphenoxy), 6.80 + 7.26 (AA'BB';
PMP)], respectively
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Conversion into carboxylic acid chlorides 3a-c

Carboxylic acids 2a-c were stirred with 4 parts of SOCl, (w/w) for 1 h at 80°C. The
mixtures were evaporated to dryness. The crude carboxylic acid chlorides were used without
any purification in the subsequent ring closure steps.

| p I8
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=

(a) AICL (32.6 g, 245 mmol) was added to crude acyl chloride 3a (29.3 g, 80 mmol) in dry
DCM (450 cm®) with continuous stirring and ice-water cooling, Stirring was continued for 2 h
with the cooling bath removed. A yeliow precipitate separated gradually. The mixture was
poured onto ice (300 g), the two phases were separated and the aqueous phase was extracted

and hrine dried and evanarated tao drvnece The crvetalline racidue wae tritnratad with diethvl
LIS Vi li2Ww, WA IWwiE dadzna vvuyulub\«u s uljll.\di)b.’ A LIN Ul]ubulllllv AWIIVUEW YYD WAL UEUALWNL YYatix m\tlll]l
ether to afford (2aRS,8aRS)-6-chioro-1-(4-methoxyphenyl)-1H-chromenof3,2-bjazete-2,8-
(2aH,8aH)-dione (17a) [26.1 g, 79 %, colourless crystals; m.p. 149°C (from MeOH); found

C, 62.1; H, 3.7; Cl, 10.95; N, 4.35; C7H,,CINO; (329.75) requires: C, 61.9; H, 3.65; Cl,
10.75; N, 4.25 %; vamax (KBr) 1760, 1670 em™; 85 3.79s (OMe), 4.84d (5.2; 8a-H), 5.68d (5.2

max \s\u; 5 ML, U UL SS Ny~ b, s Y VU (. hr,

R
2a-H), 6.88 + 7.53 (AA'BB'; PMP), 7.11d (8.7; 4-11), 7.52dd (8.7, 2.7; 5-H), 7.80d (2.7: 7-H)].

() AICI; (38.3 g, 287 mmol) was added to crude acyl chloride 3b (34.7 g, 99 mmol) in dry
NCAA (SON A weth I‘{\D_‘Ilﬁ“}f rnnling and Aantinninng gfirring Qérirrinea wwagc anantinnoad far
LA iVl \JVV il YYIiil IveTvvadlul \JUUIIIls Al VULILHIUUUD Dlulllls k)llullllb wad LULILLIIIuLug 1ul
2 h at room temperature. When the evolution of gas had ceased, the mixture was poured onto

ice (1000 g) and acidified with conc. HC1. The two phases were separated and the aqueous
phase was extracted with DCM. The combined organic phases were successively washed with
IN HCI, water and brine, dried and evaporated to dryness to afford (2aRS,&8aRS)-6-fluoro-

F Y FIYY y¥Yh

-1-(4-methoxyphenyl)- IH-chromeno[3,2-b Jazete-2,8(2aH, 8aH)-dione (17b) [28 g, 90 %,
which proved homogeneous (t.1.c.); colourless crystals, m.p. 162-163°C (MeCN); found: C,
65.3;H,3.6;F, 6.1, N, 44; C;7H,FNO, (313.3) requires: C, 65.2; H, 3.85; F, 6.05; N, 4.45 %;

H) 6 88 « 7 573
} .7

AFLOU

1690 rmle &
TUsv \v)

LAY A mmsvbara ~AfF Arnda angl Ahlacids 20 17 Q@ o 77 smmmnl) Ao WA (DK nm3\ and AT,

\L} A HHTALUIC U CIuuc dbyl VIHULIUC JL (£ /.0 kg, // 111 llUl}, Uly i70ivl (40 vill J aliu ndvi;y
(30.8 g, 231 mmol) was refluxed for 10 h. Since starting compound 3¢ was not consumed at
this point, another portion of AICL; (10.3 g, 77 mmol) was added and the mixture was refluxed
for another 10 h. The starting substance was thereby consumed, however at the expense of
cnyara tar fAarmatian Tha mivénra wae nanrad Aantn 1ira and avirantad with FtOYA~ The
hlwh g w) § winy ¥ TVl Iatiuvil 1HC HITALULICL wad lJUl,ll \l UllLU IVL adlluld VAILAGUVIVU YWILLL 1L/ N, F v

Lh
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combined organic phases were washed with water and 0.1 N HCI, dried and evaporated to
drvness. The residue was worked up by ¢cc.: (DCM — DCM-acetone. 1005 — 10 l\
AAAYID\N t} UJ A= a S j \I\JIU -7

WAL Y LIS LIS SV S T2 Vv, (AFNiVE iy [ VIRV N

to afford (2aRS,8aRS)-6-methoxy-1-(4-methoxyphenyl)-1H-chromeno[3,2-bjazete-2,8(2aH,
8aH)-dione (17¢) [4.2 g, 17 %, colourless crystals; m.p. 158°C; found: C, 66.7; H, 4.55; N,
4.45; C;gH;sNO;s (325.3) requires: C, 66.45; H, 4.65; N, 4.3 %; Vi (KBr) 1770, 1680 cm™;
Oy 3.77s + 3.78s (2 x OMe), 4. 82d (5 2; 8a-H), 5.63d (5.2; 2a-H), 6.88 + 7.55 (AA'BB'; PMP),
7.08d (9.0; 4-H), 7.17dd (9.0, 5-H), 7.23d (3.1; 7-H)], the partially ()-demethylated
('"H NMR) product (or a mixture of the two isomeric partially O-demethylated products) of
compound 17¢ [6.0 g, 25 %, colourless crystals; m.p. 200-203°C; vua (KBr) 3400, 1740,

1£QK% -y L $deallss A nthsrlatad (0T NIAADY cvendiiné ~ £ it 194 [N £ o 0/
1065 cimi | and the totaiy O-demett iyiated ( i1 ulvu\) pluuuu (8} uunupuuuu 1/¢jub g, £,

colourless crystals; m.p. >275°C (dec); vmay (KBr) 3380, 3280, 1730, 1680 cm'].
Methylation of both the partially and the totally O-demethylated products with ethereal

diazomethane afforded comnpound lc¢

a2 tnane artoracad P eiiie 2%,

Sodium [tetrahydridoborate | reduction of compounds 17a, 17b and 23c

(a) NaBH4 (1.45 g, 38 mmol) was added to a suspension of compound 17a (14.5 g,
44 mmol) in methanol (240 cm®) with continuous stirring and ice-cooling. Stirring was
continued for 2 h with the cooling bath removed. The mixture was acidified with conc. HCI

anr] ovannratad tn drvnace at radnecad nracanire The racidne wag triturated with water tn affard
U LVapuiativld U Ul YIIVOO At IviUuLLVU PIVOooUl v, 1w dWolUUe YYdo ituiidailva ywitlh vvdatv: v ativie
compound Iia [14.2 g, 97 %, colouriess crystais; m.p. 188-189°C (from MeOH)] which

proved identical (m.p., IR, 'H NMR) with one of the minor products obtained by ring closure
of carbaldehyde 1a with AICl; in diethy!l ether-DCM [2].

(b) Starting with compound 17b (6.3 g, 20 mmol), compound 11b [5.8 g, 92 %, colouriess
crystals; m.p. 184-186°C (from MeOH)] was obtained by an essentially identical procedure.

The product proved identical with one of the minor products obtained by ring closure of
in Adiathyl
u (98 1

(c) NaBH,4 (20 mg, 0.5 mmol) was added to compound 23¢ (see below; 0.22 g, 1 mmol) in
YH D at i rred for 1 h and acidified at this temperature by

=
":“
posy

4

I
-+

Y

=

" k

addina Anna LI
aulliny COLIL. Tiv

up in water (3 cm’). From the initial clear solution the colourless crystals of
(2aRS,8SR,8aSR )-8-hydroxy-6-methoxy-8,8a-dihydro-1H-chromeno(3,2-bjazet-2(2aH)-one
(24¢) (0.14 g, 63 %1 gradually separated.
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Methylsulfonylation of compounds 1la and 11b and reaction of the resulting
Q s ntbos s I T nane: A pzaics mebinene 8~ .. ] 4L [URARY J AS
O=INELryi3uLjuriyt Y UCTIVALIVES 1ad Urid 140D WHI'I SORIE NUCIEOQDFIIES
3
(@) MeSOxCI (1.5 ecm’, 19 mmol) w dded dronwme to compound 11a (3.3 g, 10 mmol)

~Nno

1 h at room temperature and for i/2 h at 50°C, and the mixture was evaporaied to dryness at
0.2 kPa (bath temperature below 50°C), the residue was triturated with ice-cold water to
afford crude compound 12a (3.7 g).5 This was refluxed for 2 h with methanol (60 c¢m’) to
afford the colourless crystals of (2aRS &RS 8aSR)-6-chloro-8-methoxy-1-(4-methoxyphenyl)-

-8 8a-dihydro- [H-chromeno[3,2-b Jazet-2(2aH)-one (8a) (2.1 g, 70 %)’ which separated on
cooling.

>

mmol) in pyrnidine (350 cm’) with continuous stirring and ice-water cooling. Stirring was
continued for 3 h with the cooling bath removed and the mixture was poured onto ice-water
(1000 g) to afford the crystals of crude compound 12b (26.4 g, 98 %).” Crude compound 12b
(13 g, 33 mmol) was refluxed for 2.5 h with methanol (300 ¢m?). The colourless crystals

i A PR ~L YT C ONNOG OOy £ LT Looncescnle oo 1) O O o Filae  Aee s 11X
(0.4 £) (91 (AUI\D ORYD, OUDI\/ ()"/ HOFro- O"”lﬁll’lU.l_y-l (‘f-fﬂ(ilﬂ(),lypf CrYyL) -0, 0U-Uinyuro-11i-

-chromeno-{3,2-bjazet-2(2aH)-one> (8b) separated on cooling; a second fraction of the same
product (total yield 7.4 g, 68 %) was obtained by concentration of the filtrate of the first.

{¢) A solution of compound iZb (and of the excess MeSO,Cli used) in pyndine, obiained
from compound 11b (21.2 g, 67.2 mmol) as described in (b), was evaporated to dryness at

0.2 kPa (bath temperature 70°C). The residue was triturated with water to afford crude

compound 5h (22,3 g 100 %:; colourless crystals) which was recrystallized from methanol and
AAAAA ntical (Gi.D Ivy ninAaD with oine of the i e it mdndnienad e siomn Al acriea
pluvcu identical (m.p., IR, H NMR ) itn Oii€ OI iN¢ Miilor proaucis Ooiain€d oy rifg CiosSure

'H NMR) with one of the minor products obtained by ring closure of carbaldehyde ia with
AlCl; in diethyl ether-DCM [2] was obtained similarly.
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colourless crystalline title compound (3.8 g, 97 %) which was recrystallized from EtOAc.”
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(2aRS,8SR, 8aSR)-8-Acety

F22N, T 94

.
.

A vigorous stream of H,S was introduced for 15 min. into a solution of compound 13a
(A 10 N in Arv YN (100D r\m3\ with santinninne ctirring and 1cewatar canlinog Tha
\7N g5, IV MIMEUL) Lt VLY AsRdVE (AVY Vil ) VIl VUHULIUUUDS Sl g aliu iviSvwalna VUULIRE. X D

b} P4 oYY O~ . 1

introduction of H,S was stopped, triethylamine (17 cm’) was added and stirring was continued
for 1 h. The mixture was evaporated to dryness. the residue was triturated with warm ethyl
acetate (200 cm’), the insoluble material was filtered off and the filtrate was evaporated to

drvness to afford crude R-aming derivative (14a) which wag stirred for 18 h at room

Sea Y aaD LAV A Amwaw A7 deAmxama 2y YV LA 22 YYD wvAaAwar  AWaA A3 a1 Gu aNNraa

temperature with acetic anhydride (3.5 cm®, 37 mmol) in dry DCM (80 cm’). The resulting
suspension was evaporated to dryness and the residue was recrystallized from acetonitrile to
afford the title compound (2.5 g, 60 %, colourless crystals).’

(2aRS, 8RS, 8aSR)-8-Carbamoyloxy-6-chloro-1-(4-methoxyphenyl)-8,8a-dihydro- [ H-
-chromeno(3,2-bJazet-2(2aH)-one (9a)

Sulfuryl chloride isocyanate (0.83 cm’, 9.5 mmol) was dropwise added to compound 4a [2]
(2.5 g, 7.5 mmol) in dry THF (50 cm®) with continuous stirring and ice-water cooling. Stirring
was continued for 1.5 h at 0°C. An aqueous (38 cm’) solution of Na,S,0s (4.3 g) was added
and the mixture was stirred for 4 days at room temperature. EiCAc (100 cm’) was added and
the two phases were separated. The aqueous phase was extracted with EtOAc. The combined
organic phases were washed with water, dried and evaporated to dryness. The oily residue
grystalh_zgd when triturated with dlethvl ether to afford the title compound (2.7 o 96 ©

A e

(2aR S,8SR.8aSR)-8-Acetoxy-6-fluoro- 1-(4-methoxyphenyl)-8,8a-dihydro- IH-chromeno-
3 2_.h 7/173‘1’ 2/ A one f168h)

]auxx/*v..n \l\’u}

Acetic anhydride (5.3 cm’, 56 mmol) was added dropwise to compound 11b [2] (9.8 g, 31
II

mmol) in pyridine (100 cm®) with continuous stirring at 0°C. Stirring was continued for 6 h at
AN Tha smsvtiiea wraa acanaratad 4 drecmnoaca Tha anlAanslace Aarrotallina racidna swac tritniratad
JY L HTIC HHALWEC ad Ly lJU.lCll.UU (A% Lll_yllUDD L11IC VULIUULIUDD W _y:suuuuu 1COIULIV YYAD Lijtulatvua
with water to afford the crude title compound (10.3 g, 96 %) which was recyrstallized from

toluene.’

N-De(4-methoxyphenylations)

[«

(a) CAN (36 g, 66 mmol) in water (250 cm’) was dropwise added within 20 min. to
P :

3
3
-
S~
3
"
k]
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continuous stirring at -10°C. Stirring was continued for 20 min. EtOAc (200 cm’) was added,
haca wac nvfrantnrl with EtﬂAn Th

n o
yuuau YYD WALl Gwivig VY iLiL NI i1

the twn
A4

aceqe were coenarated and the annaninc
AR ¥y ¥ A% NS N U LW S A

phases were separate he aqueous
combined organic phases were successively washed with 10 % aqueous NaHSO;, water and
brine, dried and evaporated to dryness. The residue was worked up by flash chromatography
(toluene-EtOAc, 10:1), followed by recrystallization from toluene to afford (24RS,
8RS, 8aSR)-6-chloro-8-(4-methylphenyl)-8,8a-dihydro-1H- chromeno[ 3,2- b]azet‘2(ZaH) -one

_ 0 £7 o

crystal-toluene (4.9 g, 63 %, colourless crystals).”

b

| Y e P gy ame

(21a), containing 1/2 mol o

(b) Compound 16b (6.2 g, 17.35 mmol) was allowed to react similarly with CAN, except
that the crude product was isolated by extraction with DCM and purified by trituration with
methanol to afford crystalline (2aRS,8SR,8aSR)-8-acetoxy-6-fluoro-8 8a-dihydro-IH-
-chromeno[3,2-bJazet-2(2aH)-one (22b) (2.8 g). A second fraction (1.5 g; total yield 69 %,
colourless crystals) of this product was obtained by subjecting the methanolic filtrate to flash

y. The combined fractions were recrystallized from toluene to afford pure

12V WNRiiviiawse aa AW nau‘;u JowGaiads rom ouene 1o u&‘v;u

(c) Treatment of compound 17¢ (0.32

(8]
“"NMeoacatane (100 5) wae n
W LS U\LUUJ} ¥¥Y

C‘DA ‘FI\T
Uovas AUl

-0-methoxy-1H-chromenof3,2-b jazeie-2,8(2aH, 8aH)-dione (23¢) [70 mg, 32 %, colouriess
crystals; m.p. 175-176°C (from MeOH); found: C, 60.1; H, 4.35; N, 6 .45; C“H9N04 (219.2)
requires: C, 60.3; H, 4.15: N, 6.4 %; v (KBr) 3340, 1770, 1690 em’; 8y (CDCly +

NMSO_d4.) 1 R1¢ IK ally A4 /40 R
12V =0g ) 3.85185 (U= U, '-r S84 (5.7 0

(5-H), 7.27d (7-H), 8.93br (NH).
(d) (2aRS,8aRS)-6-fluoro-1H-chromeno/3,2-bJa
A

q

¢

Arnlarirlace Areratala " IN2 INKO ((Frrvrn A~MNLI £z e &7 7 I 2148 N ~ 8
COUIVUULICDD \/lybld'L i P LUI=LID O \JJUI 1 1v1ICUJ1] 1}, 10U \/, ST I ll J.IJ, 1“, v.J,
10H6FNO (207.15) requires: C, 58.0; H, 2.9; N, 6.75 %), viux (KBr) 3290, 1780/1760d

=1
It

1
1690 cm™; §; (CDCI; + DMSO-de) 4. 39d (5.0; 8a-H), 5.59d (5.0, 1. 7 2a-H ) 7.11dd (9.1,
4.3;* 4-H), 7.30ddd (9.1, 3.1, 7.6;* 5-H), 7.52dd (3.1, 8.0:* 7-H), 8.94br (NH)] was obtained

LI P Ny ey T, JTRaY, Erh = T Y FTRAy, U.STWOL 4

from compound 17b according to the procedure described in (c¢).

Catalytic reduction of compound Sb

A mixture of compound 5b (5.0 g, 15 mmol), NaOAc (2.0 g, 24 mmol), methanol (50 cm’),
DCM (50 cm3) and a 10 % Pd-C catalyst (1.0 g) was vigorously stirred for 2 h under
hydrogen. The catalyst was filtered off and the filtrate was evaporated to dryness. The residue

was triturs

° Long-range coupling with the NH proton
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The combined organic phases were dried and evaporated to dryness. The residue (2.1 g) wa

7]

wor ed nn by coC (hpvnnp_panr‘ /1 ﬂ ( - A l\ tn ‘pfnrﬂ /7DQ) ﬂu:{}'v0=4’=m.athnrn_

xane-E to 6-f1 methox
chromane-2-carboxanilide (25) [0.3 g, 6.7 %, colourless crystals; m.p. 137°C (apparently with
change of the crystal structure at 132-133°C; from MeOH); found: C, 67.5; H, 5.25; N, 4.75;
C17HsFNO; (301.3) requires: C, 67.75; H, 5.35; N, 4.65 %, vma (KBr) 3220, 1770 cm’;
311 2.06dddd + 2.48dddd (Jgem 13.5, Juic 9.7 + 10.5 + 5.5 and 2.8 + 6.0 + 4.0, respectively'

e s ow e P

3-H,), 2.79ddd + 2.89ddd (Jgem 16.5, Jyic 5.5 + 4.0 and 10.5 + 6.0, respectwely, 4-H,), 3.79s
(4-OMe), 4.57dd (9.7, 2.8; 2-H), 6.79dd (3.0, 8.6,* 5-H), 6.85m (7-H), 6.87 + 7.48 (AA'BB",
Ar-H's, PMP), 6.90dd (8.7, 4.8;* 8-H)] and (2aRS,8aSR)-6-fluoro-1-(4-methoxyphenyl)-8,8a-
-dihydro-1H-chromeno-{3,2-bjazet-2(2aH)-one (10b) (0.6 g 13.4 %, colourless crystals)’ in

MLII)!VII! 111 =Cr? VINCriv=fJ, 4 0vjuctt (4Ll /7UTEC \AVU ) (V. VIV WSS Wl youais j 1

o
f=F)
g) of these two products as the

-

the order of increasing polarities, and a mixture (0.6

intermediate fraction.
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he crystalline title compound [2.9 g, 59 %, colourless r‘ySi&iS; m.p.

0.6; N, 4.15; C;sH;3CINO; (331.8) requires: C, 65.15; H, 5.45;

r) 3410, 3330, 1770, 1210, 1060 cm™"; &y 1.40br (NH,), 2.33s and 6. 94
H 5
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[\S]
D
b
E !
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(AA'BB": 4-MeC. I
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ethanol.
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