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Abstract: The tetrazolyl groups of azetidin-2-ones ia-e and ih interfere with the normal reaction of related
azetidin-2-ones with lead(TV) acetate, viz. acetoxylation at C-4, and cause formation of tetracyclic products 3a-
e and 3h. Similar reactions take place with ring homologues 1f, 1g and 1i, and with open-chain analogues 11a
and 11b. © 1999 Elsevier Science Ltd. All rights reserved.
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standard processes widely used in the synthesis of natural and non-natural f-lactam antibiotics.
In an attempt to apply this reaction to compound la it was noted that, rather than undergoing
demethoxyphenylatxon compound la is cunvened into the spirocyclic product 2a which was

f3-lactam 1h were found to behave analogously towards CAN, i.e. to afford spirocyclic
compounds 2f and 2h, respectively, 2f being the only one among the products 2 which could
itself be isolated.

'Simple and Condensed $3-Lactams. Part 34. For part 33, see ref.[1]
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In continuation of these studies, the reaction of compounds 1a-1i with another oxidant, viz.
lead(1V) acetate (LTA) in boiling dioxane has now been studied. As shown by the elemental
composition, the IR and the NMR spectra of the products, oxidative cyclization has again taken
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70-80% yield, the yields being lower in the e, h and i series), however, differed considerably

from those of compounds 2a, 2f and 2h: viz. the methoxy group and the aromaticity of the
4-methoxyphenyl groups of the starting compounds la-1i have been retained and the 2"-H

atoms of the methoxyphenyl groups have disappeared. Considering that, as in the course of
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LULHIGUIVIE V1 VULLTPUULIUD ady &k AllU &1, LLIU u_y\.uus L AUl Ul L1l wuluacuiv-iN1l 51\}“ uas aioy

one of the nitrogen atoms, for steric reasons obviously N-1’ of the tetrazole ring. This leads to
structure 3.°

The type of structure of the resulting oxidative cyclization products does not depend only on
oxidant used: LTA oxidation of the 4-(1-Aydroxyphenyl) analogue 4 [5] of
compound If afforded compound 2f (53%), while oxidation with CAN of compound if in a
mixture of dry dioxane and methanol afforded compound 3f (37%) in addition to compound 2f.
Similarly, a mixture of compounds 2f and 3f was obtained on oxidation of compound 1f with
CAN in an acetonitrile methanol mixture.

The formation of compounds of type 2 in the oxidation of compounds of type 1 by CAN has

* Racemic compounds. For convenience oniy one enantiomer is shown
3 The first example of oxidative LTA cyclization of compounds of typc 1 (that of compound 1a leading to compound 3a ) has been
noticed by T. Czuppon [6]
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been explained [4,5] by assuming intramolecular trapping by the nucleophilic tetrazoiyl groups
of the quinoneimmonium moieties of intermediates of type § [3] formed by oxidation of the
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substrates, thereby preventing the normal course of the reaction, ie. oxidative
demethoxyphenylation. Similarly, the tetrazolyl group is assumed to trap intramolecularly the
N-substituents of the intermediates of type 6* formed by LTA oxidation of substrates 1, thereby
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Scheme 1. LTA oxidation of compounds 1 (n, m, R for compounds 6-9 as for compounds 1-3)

* For the justification of the assumption of two-electron oxidation products 6 as intermediates, c.f. the electrochemical studies of
Corlcy et al.[3]
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affording cations 7 (rather than 8) and again preventing the normal course o
which, in the case 1-(4-methoxyphenyl)azetidin-2-ones, has been found to be acetoxylation at

C-4 [7]. The cations 7 finally afford products 3 by deprotonation (see Scheme 1).
Transformation 17 which, according to the mechanism discussed, would be the result of an
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the new ring would start at the stage of radical 1'* cation (path b, Scheme 1).

In both mechanisms shown in Scheme 1, the transformations 1-»3 are aromatic nucleophilic
substitutions. Oxidative nucleophilic substitutions of activated aromatic compounds, e.g.
4-chloronitrobenzene [8a], and electron deficient heteroaromatic compounds [8b] leadmg

Tan

[ PRSI @ ..n..l,‘,v;m,\ut o~ ¥} 7 A~ atnnn s #lan smrnlanah:la s o | PP Vi
UTIITL atCly lcpldb SANCHL UL A l} }’ uyun)gcu atuiil Uy UIC 1 ublCUpllllC atc WD KIIUWIIL. 11
the latter cases the nucieoph 'e thought to attack the non-oxidised substrates, and oxiaation to
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previously oxidised in order to be able to be attacked intramolecularly by a n
tetrazole nitrogen atom. This leads directly or via their radicaloid analogues to the fo

d

cationic g-complexes (7), which then rearomatize again with loss of a proton.

Two mechanisms (Scheme 2) offer themselves for the explanation of the different course of
the LTA oxidation of compound 4 carrying a 4”-hydroxy rather than a 4”-methoxy group in the
N-aryi substituent. According to the first, the reagent acts, as in the oxidation of compounds of
type 1 (Scheme 1), by abstracting two electrons from the N-aryl group. [For the sake of
snnphcxty, only the EEC pathway 4—>6A—>5—2f is shown in Scheme 2 which, however, does

ative ECE nath way {rf Scheme 1) is thought to be ruled out for
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1g cation 6A and its
analogue 6 (Scheme 1) is the presence of a highly acidic ®OH group in the former but not in the
latter. As a result, ring closure of cation 6A is preceded by deprotonation to monocation S
(n=m=1) which accounts for the difference in orientation of the cyclization step leading, in the

present case, to spirocyclic product 2f. According to the second mechanism, substrate 4 and the
reagent react initially by ligand exchange to afford intermediate 10 containing an
(aryl)O-Pb(IV) bond. Similar ligand exchange reactions between LTA and alcohols are known
[9] and ligand exchange between LTA and phenols has been postulated to be the first step of

I.TA oxidation of mono- and dihydric phenols [10, 11] although products (similar to 10) of the

latter tvne of lieand exchange have. to our knowledoe. so
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(n-m 1) to compound 2f.
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Whenever, at some stage o f compounds of type 1, the poss'.bihty of
replacement of the 4”-methoxy group of the substrate (or of part of its molecules) by a

4"-hydroxy group exists (as in the case of CAN oxidations carried out in the presence of
various amounts of water), the result should be similar, and spirocyclic products of type 2 or
mixtures of compounds 2 and 3 have, indeed, been obtained.
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Amide 11a reacts with LTA in a similar fashion to the compounds 1 yielding compound 12a
(16%) Even nonacviated amine 11b affords onm,nmmd 12b (4 6%\ however, in this case
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further dehydrogenation affords an additional product (12.3%) which, according to its 'H NMR

spectrum, exists in CDCl; as a 80:20 to 90:10 mixture of the two tautomeric forms 13 and 14.
In order to rationalize the considerable differences between the yields of compounds 3a

(75%), 3h (2%) and 12a (16%) isolated from the oxidation mixture of their precursors 1a, 1h
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11a and 12Za and the dications 6a, 6h, 7a-H™, 7Th-H", 29 and 30 and their heats of formation in
the minimum energy conformations were determined by combined molecular mechanics and
semiempirical calculations. The following heats of formation were obtained by AMI
calculations for the minimum energy conf‘rrﬁ-‘tions 3a 570.69, 3h 603.72, 6a 1410.9, 6h
1576.4, 7a-1” 1515.1, 7h 1842.6, 11a’' 252.06, 11a" 237.53, 29' 1305.3, 29" 1284.9 and 30
1290.35 kJ/mol
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The higher yield of compound 3a vs that of compound 3h was rationalized by comparing the
s 6a—7a-H® (1515.1 - 1410.9 = 104.2) and 6h—>7h-H® (18426 - 1576 4
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= 266.2 kJj/mol), the key steps of transformations 1a—>3a and 1h—3h, respectively (see
Scheme 1). The considerably higher value obtained in the h series is thought to be caused by the
greater strain in the ring system of and the smaller distance of the cationic centers in dication

7h-H®. Both effects should manifest themselves already in the transition state of the cvelization.
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(Scheme 1) should be analogous. The higher yield of compound 3a vs that o

fco
should therefore reflect the difference in the ease of cyclization of dications 6a t
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11a was found to be 11a" which is stabilized by a comparatively strong N-H---O=C hydrogen
bond and whose stereochemistry strongly differs from that of the minimum energy
fah

onformation of compound 1a (Fig. 1); for structural reasons formation
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impossible in the iatter. it was furthermore found that the stereochemistry of the
energy conformations of the two-electron oxidation products 29" and 6a is very similar to that
of their parents 11a" and 1a, respectively. In addltmn to the global minima 11a" and 29", local

}n an b2l r Iy, wvary mn

a and 6a, respectively, very much, were
284.9 = 20.4 kJ/mol,
i.e. 29" is the predominant conformer. The distance of the two centers involved in the
cyclizations (N-4 of the tetrazole rin 12 and C-2 of the PMP group) was found to be 3 .81 A in
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hydrogen-bonded conformer 29" is stabilized relatlve to 29' by 1305.3 -

11a" and 3.18 A in 1a. Roughly the same distances between these centers may be assumed for
the two-electron oxidation products 29" and 6a, respectively. Furthermore, an inspection of Fig.
1 shows that the two reacting centers in 1a and, presumably, in 6a as well are in a relative
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ation about a C-N bond are nccessary for

Compounds 1b-le, 1g and li were synthesised by treating nitri , 18g and 18i,
respectively, with in situ prepared Al(N;); as had been described {4, 5] for the synthesis of

compounds la, If and 1h. Nitriles 18b-18d and 18g were obtained by applying the method
(described earlier [4] for the conversion of hydroxymethyl derivative 15a into 18a) to

compounds 15b [12], 15¢ [13], 15d [13] and 15g, respectively. Compound 15g was obtained in
three steps from dimethyl (2RS)-2-bromohexanedioate (25) [14] as describe
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m Experimental.
Hydroxymethyl derivatives 15b-15d and 15g were, as had been described [4] for compound
15a, treated with methanesulfonyl chloride, and the resulting methanesulfonates 16 were
converted either through iodomethyl derivatives 17 or directly into nitriles 18b-18d and 18g,

respectively. Since difficulties were often experienced in step 17 — 18 of this synthesis

sequence, an alternative method for the preparation of nitriles 18 was studied, viz. reaction of
115001, 10, M1&1 L..2 Fen  cridar  EwE AN TS TINT EAllncsrnd lie P Sy ~F lha sacnilting
aldehyde 19e [15] with in situ prepared HCN, followed by treatment of the resulting

hydroxynitrile 21 with triphenylphosphine and tetrachloromethane, and finally reduction
(H,/Pd-C). To our surprise, in addition to the expected nitrile 18e, considerable amounts of
ring-opened products 23 and 24 were also formed. Studies into this novel ring-opening reaction
are in progress.
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Carbonitrile 18i was obtained from compound 15f [5] by the method used earlier [5] for the
preparation of the lower ring-homologue 18h from compound i5a, i.e. oxidation of 15f to

carbaldehyde 19f and conversion of the latter via its oxime into carbonitrile 18i.

Open-chain analogue 11a was obtained by N-acetylation of compound 27 [16], followed by
reaction of the resulting product 28 with in situ prepared Al(N;3);. The other open-chain
analogue 11b was obtained by NaOMe induced methanolysis of compound 1h [5].

Experimental

All reactions were monitored by t.l.c. (DC-Alufolien 60F»ss, Merck) and allowed to go to completion.
Separations of product mixtures by flash chromatography (c.c.) were carried out using Kieselgel G (Merck) as
the adsorbent, unless otherwise stated (pressure differences between the two ends of the columns 10-25 kPa).

For preparative t.l.c. separations 20x20 cm glass plates coated with Kieselgel PFasq4366 (Merck; thickness of

adsorbent layer 1.5 mm) were used. The solvents are given in parentheses. Dichloromethane will be abbreviated
as DCM. The purity of the products was checked, in combination with IR spectroscopy, by t.l.c. on DC-

-Alufolien 60F;s4 (Merck), the individual compounds were detected in UV light or by using iodine, 5%
cthanolic molybdo- or tungstophosphoric acids as the reagents. MgSOs was used as the drying agent.
Evaporations to dryness as well as the removal of voiatile components of reaction mixtures by distiliation were

carried out at reduced pressures (ca 2.5 kPa, unless otherwise stated).

> n.m and R in a-i. where applicable, as for compounds 1-3. PMP = 4-methoxyphenyl



All new crystalline compounds described in this paper, except those noted, were colourless. Melting points
were determined on a Kofler hot-stage m.p. apparatus. IR spectra were recorded on a Specord-75 (Zeiss, Jena)
spectrometer. 'H an C n.mr. spectra were obtained with Varian VRX-400 and Unity INOVA-400
spectrometers in CDCl;-DMSO-ds solutions, unless otherwise stated, and using tetramethylsilane as the internal
reference compound. J values in Hz are given in parentheses. The & values of the 4-methoxyphenyl groups

cases at ca 3 8 pom (MeM and 69 + 7.3 ppm (A A'RR’ Jca Q 4x ArH): therefore
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when differing by more than 0.1 ppm from these standard values, their chemical shifts will be omitted from the
individual spectra. Exact molecular mass determinations were made at 70 eV with a Finnigan-MAT 95 SQ

instrument of reversed geometry equipped with a direct iniet system using PFK (perfluorokerosene) as the

reference.

The minimum energy conformations of the neutral molecules were determined with the particularly efficient

treatments the value of ¢ = 1 was assumed fo
force field were used. 1000 LMOD steps were applied for each conformational search. Low energy conformers
were obtained using the TNCG algorithm and an energy window of 35 kJ/mol was used for the selection of
chemically sngmﬁcant conformer populations. The minimum energy conformations of the mono- and dications

arting m the minimum ener: formations of the corresnondine neutral molecules
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geometry of the ions, considering thereby the changes resuiting from the removal of two electrons or the
addition of the appropriate number of protons. The heats of formation of the various species in their minimum
energy conformations were subsequently calculated by AM1 semiempirical calculations using the SPARTAN
3.1 package [19].

Preparation of starting compounds 1b-1e, 1g 1i, 11a and 11b

(3RS, 4RS)-3-Lthyl-1-(4-methoxyphenyl)-4-(methylsulfonyloxymethyl)azetidin-2-one (16b)

T : Py — A/ . R

hie title compound {74%; m.p. 107°C (MeOH); found: N, 4.7; 8, 10.2; C14H;eNGsS (313.4) requires: N,
4.45; S, 10.2%); vmaxy (KBr) 1740, 1350, 1160 cm" ou (CDCl3) 117t (J7.5)+ 1.76m + 1.91m (3 H+ 2 H, Et),
2.93s (3 H. 0sSMe), 3.39 ddd (1 H, J 9.2, 7.0, 5.5; 3-H), 4.43 ddd (1 H,J 5.6, 5.2, 5.5; 4-H), 4.50 + 4.52 ABM
(1H+1H,J 110, 52 and 5.6, respectively; 4-CH,Hy)] was obtained by methylsulfonylation of the known

4-(hydroxymethyl) compound 15b [12] as described for methylsulfonylation of compound 15a [4].

1-(Todomethyl)- 1 -(4- ethoxyphenyl)azettdm— -ones (17b-17d)
The ti unds i wing to react compounds 16b, 16c [13] and 16d [13],
respectively, with sodium iodide as described [4] for the analogous transformation 16a ~> 17a.

(3RS, 4R S)-3-Ethyl-4-(iodomethyl)- 1-(4-methoxyphenyl)azetidin-2-one  (17b) [95%; m.p. 95°C (EtOLlL),

found: C, 45.1; H, 485, N, 4.15; C;3H;sINO, (345.2) requires: C, 45.25; H, 4.65; N, 4.05%; Vmax (KBr) 1750



em™; 8y (CDCl) 1.24t (J 7.5) + 1.84m + 1.99m 3 H+ 2 x 1 H, Et), 3.15 +3.58 ABM (1 H+ 1 H,J 10.4, 10.5
and 2.8, respectively, 4-CH,Hy), 3.32 ddd (1 H, J 10.5, 5.5, 5.5; 3-H), 4.46 ddd (1 H, J 10.5, 5.5, 2.8; 4-H)];
(3RS, 4RS)-4-(lodomethyl)-3-isopropyl-1-(4-methoxyphenyl)azetidin-2-one (17¢) [99%; m.p. 113-115°C
(MeOH); found: C, 46.75; H, 5.15; N, 4.05,; C14H;3INO; (359.2) requires: C, 46.8; H, 5.05;, N, 3.9%; Vamax (KBr)
1730 em™ 8 (CDC 1 14dGH)Y+125d 3 H)+233m (1 H Pr\ 3.16 r]d(] /9.1,56;3-H), 343 +354

(O WL T & e 21X/ - 23 .22 i 7 (AR LE -‘ 4

(2x1H,2xdd:J11.2, 7.8 and 3.1, respectnvely, 4-CH,Hb), 4.40 ddd (1 H, J 7.8, 3.1, 5.6; 4-H)]:

/30 4CDY 4 e L..1) 3 FNPY SRRy N PSS oy I Bed rgaAg/ . .. .. Q10 7 ~dY .
(3RS, 45R)-4-(lodomethyi)-3-isopropyl- I-(4-methoxyphenyljazetidin-2-one (17d) [84%; m.p. 81°C (MeOH);
l

(=3

found: C, 46.95; H, 5.05; N, 3.7, C14H;5INO; (359.2) requires: C, 46.8; H, 5.05; N, 3.9%; v (KBr) 1730 ¢
Sy (CDCL) 1.11d 3 H) +1.14d 3 H) + 2.14m (1 H, Pri), 285dd(1H,/74,21;3-H);330+365(2x 1 H,
2xdd; J10.5, 8.4 and 2.7, respectively, 4-CH,Hy), 3.83ddd (1 H, /84,27, 2.1; 4-H)].

4-(C vnnnngothvh _.’d-mathnnmhonvl)n-;-ohdrn-7..(,

Sy ALl iRl i~ CA

' (18b-18d)

The title compounds were obtained by allowing to react compounds 17b-17d, respectively, with sodium
cyanide as described [4] for the analogous transformation i7a — 18a.

(3RS, 4SR)-4-(Cyanomethyl)-3-ethyl- 1-(4-methoxyphenyl)azetidin-2-one  (18b) [79%; m.p. 119-120°C
(EtOH), found: C, 68.85; H, 6.5, N, 11.35; C14H16N,0; (244.3) requires: C, 68.85; H, 6.6; N, 11.45%,; v,
(KBr) 2310w, 1740 em™; 8y (CDCls) 122t 3 H, J 7.5) + 1.84 dqd + 1.91 dqd 2 x 1 H, J 13.5; 7.5 + 6.5 and
7.5 + 9.5, respectively; Et), 2.67 +2.93 (2x 1 H, 2 x dd; J 17.2, 8.4 and 4.2, respectively, 4-CH,Hy), 3.41 ddd
(1H,J95,65,55;,3-H),4.40ddd (1 H, /84,42, 55; 4-H)];

(3RS, 4SR)-4-(Cyanomethyl)-3-isopropyl- 1-(4-methoxyphenyl)azetidin-2-one  (18¢) [66%; m.p. 130°C;

f.-_.. L0 0L LY "’ 1 N 1 o B NP PR 7

A . -\
und: C, 6985, H, 7.1; N, 11. 0; Ci1sHisN2Gs \/..)o.) lcquuua C, 69. %%, 22

c. . 1N oK ’11:1‘\ .
3 /.U, N, 1U.8570, Vimax U\Dl} 2260w,

>

1740 cm™; 8y (CDCl3) 1.08d (3 H) + 1.27d (3 H, ./ 6.5) +2.22m (1 H, Pr), 2.84 + 2.88 (2 x 1 H, 2x dd; J 17.5,
6.5 and 4.5, respectively; 4-CH,Hy), 3.19dd (1 H,.J 10.6, 5.5; 3-H), 4.41 ddd (1 H, J 6.5, 4.5, 5.5; 4-H)],

(3RS, 4RS)-4-(Cyanomethyl)-3-isopropyl- I1-(4-methoxyphenyl)azetidin-2-one (18d) [80%; faint yellow oil;
found: C, 69.65; H, 7.1, N, 10.95; C;sHisN20, (258.3) requires: C, 69.75; H, 7.0; N, 10.85%; Vs (film)
2260w, 1750 cm™; 8y (CDCl3) 1.09d (3 H) + 1.16d (3 H,.J6.5) +2.13m (1 H, Pr'), 2.74 + 2.98 (2 x 1 H, 2 x dd;
J17.1,73 and 3.8, respectively; 4-CH,Hy), 2.96 dd (1 H,./ 8.2, 2.2;: 3-H), 4.02 ddd (1 H, J 7.3, 3.8, 2.2; 4-H)].
(3RS, 4SR)-4-( I-Cyano- I-hydroxymethyl)-3-{4-fluorophenoxy)- 1-(4-methoxyp
mixture of side-chain epimers

KCN (545 g, 83 mmol) in water (60 mL) was dropwise added to a mixture of (2RS,3RS)-
-3-(4-fluorophenoxy)-1-(4-methoxyphenyl)-4-oxoazetidine-2-carbaldehyde (19¢) [15] (17.5 g, 55.5 mmol),
MeCN (280 mL) and acetic acid (4.9 mL, 83 mmol) with continuous stirring at room temperature. Stirring was
continued for 24 h. The MeCN component of the mixture was distilled off and the resulting aqueous suspension
was extracted with EtOAc. The combined organic phases were washed with water and saturated aqueous
Na,COs solution, dried and evaporated to dryness The residue was triturated with diethyl ether and the

-
f the title compound [17.5 g, 92%:
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130-135°C; ratio of the epimers (NMR) 1:1° ]. The filtrate of this product was found (t.l.c; toluene - EtOAc,
8:2) to contain the less polar epimer A in almost pure form, contaminated by traces of the more polar epimer B.

The filtrate was evaporated to dryness and the residue was worked up by preparative t.l.c. (toluene - EtOAc,
8.2) to afford pure epimer A [m.p. 158°C; found: C, 63.0; H, 4.5; F, 5.25; N, 8.15; CigH;5FN;04 (342.35)
requires: C, 63.15; H, 4.4; F, 5.55; N, 8.2%; vimax (KBr) 3400, 1750 cm’™; ;01474 dd (1 H, J 7.8, 5.4; 4-H), 491

max

dd (1 H,./ 7.8, 6.4; 4-CH), 5.36d (1 H ; 3-H), 677d(1H,J64 OH); 6.88 + 7.59 (2x2ArH PMP), 7.01

2 A4 T ARC.H N1 and a mivior
L A7 144 H

+ 710 -
AN B2 § 01, a=r'Uerigi/j all

2x
but the chemical shifts of its protons [0y 4.66 dd (1 H, /5 4, 2.8, 4-H)

5.4; 3-H), 6.76 br (1 H, OH), 6.90 + 7.06 (2 x 2 Ar-H, PMP), 7.01 +
extracted from the spectrum of the mixture of the two epimers}.

(3RS, 4RS)-4-(1-Chloro-{-cyanomethyl)-3-(4-fluorophenoxy)- 1-(4-methoxyphenyl)azetidin-2-one (22),

mixture of side-chain epimers

Compound 21 (mixture of side-chain epimers) (29.5 g, 86 mmol), MeCN (340 mL), CCls (17 mL), 175

mmoal) and PhsP (27 g, 103 mmol) was stirred for 18 h at room temperature, Kieselgel (0.063-0.2; 150 g) was

{‘lf"ﬂf‘ 2nr‘| 1]’]'3 m;vhn‘n AR/ Q ﬂ‘lﬂnf\l“fﬂf‘ t f‘ﬁlﬂﬂﬂ(‘ Tl‘lﬂ D‘Dl‘;AIIQ wrac ff')ﬂcrﬂrfi’ﬁf‘ nntn a f‘n]llmﬂ ‘lﬂf‘ IXII\TL'DA nn 17
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c.c. (DCM). The eluate was evaporated to dryness to afford the colourless crystals of the title compoun
64%, 9:1 mixture of two epimers (NMR); m.p. 133°C; found: C, 59.9; H, 4.0; Ci, 9.85; N, 7.8; C5i114CIFN,03
(360.8) requires: C, 59.95; H, 3.9; Cl, 9.85; N, 7.75%; Vmax (KBr) 1760 cm’’; &;; (CDCl3) main component 4.86
dd (1 H,./5.1,5.1;4-H), 5.03d (1 H, J 5.1, CHCI), 5.40d (1 H, J5.1; 3-H), 6.93 + 7.45 (2 x 2 Ar-H, PMP), 7.03
+ 7.14 (2 x 2 Ar-H, 4-FC¢H40}); minor component 4.88 dd (1 H, J 6.1, 5.1; 4-H), 5.01d (1 H, J 6.1, CHCI),

542d (1 H,./5.1; 3-H), 6.93 + 7.41 (2 x 2 Ar-H, PMP), 7.03 + 7.17 (2 x 2 Ar-H, 4-FCsH,0)].

Reduction of compound 22, mixture of side-chain epimers

Compound 22 {12 g, 33 mmol) in EtOGAc (170 mL), NaHCO; (3.1 g, 36.3 mmol) in water (60 mL) and a
10% Pd-C catalyst (4 g) was vigorously stirred at room temperature. Hydrogen uptake did not stop abruptly
when the calculated amount was consumed. Stirring under hydrogen was continued until ca 140% of the
amount of H, necessary for reaction 22 — 18e was consumed. The catalyst was filtered off and the organic
phase of the filtrate was washed with water, dried and worked up by c.c. (DCM) to afford, in increasing order
of their polarities, the colourless crystals of (3RS,4SR)-4-(cyanomethyl)-3-(4-fluorophenoxy)-

-1-(4-methoxyphenyl)azetidin-2-one (18e) [5.5 g, 51%; m.p. 113°C; found: C, 66.25; H, 4.6; N, 8.55;

CH. :FN-O: (326 3) requires: C. 6625 A65 N R6E% v (KBRr) 2250w 1750 cm™? 8. (CDCL) 3.00d
IRLLISLINDZAIZ RILVU. 05 10{UUTS. o, UULLJ, 14, 7.UJ, 1N, O.U/0, Vmax UMDl 2424JU0W, 1700 Ll UH L2 4 #13j J.vvu
£ ITY “Z N A MIY \ AN +1 71 L Ty £ N N A LTI\ £ %" 731 71 ¥ I'q 2 LI 7T N 1 TE 7 = N As. TT
(<, v 0V, 4-Upj, 4/0 10 (1 n, v 0.0, 3.0, 4-n1), d.53/a {1 0, v .U, 3-r1j, /.U T 7.13 {2« X 2 AF-n,

4-FCsH40)], (2RS)-4-cyano-2-(4-fluorophenoxy)-4 -methoxybutananilide (23) [3.5 g, 33%; m.p. 105°C; found:
C, 65.75; H, 5.2; N, 8.5, CisH7FN203 (328.35) requires: C, 65.85; H, 5.2; N, 8.55%; vmax (KBr) 3250, 2240w,
1660 em™; 8y (CDCls) 2.37m (2 H, CH,CH,CN), 2.60t (2 H, J 7.2; CH,CH,CN), 4.69 dd (1 H, J 7.0, 4.7,
4-FC¢H4,OCH), 6.87 + 7.41 (2 x 2 Ar-H, PMP), 6.97 + 7.04 (2 x 2 Ar-H, 4-FC¢H40), 8.08 br s (1 H, NH)] and

® The ratio of the epimers was found to change in the course of the reaction . Eg., in a sample taken after 2 h stirring at room
temperature. the intensity ratio of the spots corresponding to the two epimers (t l.c.; toluene - EtOAc, 8: 2) was found to be .18

4:1. The occurrence of this epimerization suggests that, under the reaction conditions applied, addition of HCN to the aldehvde
group of compound 19e is reversible.
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4-cyano-4 “methoxybutananilide (24) [0.3 g 4%, m.p. 102°C; found: C, 66.0; H, 6.5, N, 12.75;, C1oH1aN,05
(218.25) requires: C, 66.05; H, 6.45; N, 12.85%; vmax (KBr) 3330, 2260w, 1670 cm’’; 8y (CDCls) 2.08m (2 H,
CH,CH,CN), 2.52t (2H,J 7.7) + 2.53t (2 H, J 7.7, CH,CH,CN and CH,CO), 7.38 br s (1 H, NH); 8¢ (CDCl)
16.56 (CH,CH;CN), 20.94 (CH,CH,CN), 34.69 (CH,CO), 55.43 (OMe), 114.05 (C-3 + C-5, PMP), 119.42
(CN), 121.92 (C-2 + C-6, PMP), 130.72 (C-1, PMP), 156.44 (C-4, PMP), 169.27 (CONH)].

Dimethyl (2RS)-2-(4-, thoxyamlma)hexanedloat e (26)

Zﬁg

_ﬂu

. P, Vs

mmol) and dry acetonitrile (100 mL) was refluxed untii the starting ester was consumed (t.

basd

10:0.3; ca 2 h) and allowed to cool. The crystalline anisidine-HBr was filtered off, the filtrate was evaporated to
dryness and the residue was taken up in EtOAc¢. The solution was washed successively with water and IN HCl
until the anisidine was completely removed, dried and evaporated to dryness. The residue was distilled at 130
Pa (b.p. 170-180°C) to afford the title compound as a yellow oil [9.5 g, 64%; found: C, 61.25; H, 7.15; N, 5.05;
CisHa1NOs (295 .3) requires: C, 61.0; H, 7.15; N, 4.75%, vmax (film) 3370, 1730, 1260, 1020 em™; 8y (CDCly)

1.7-195m (4 H, MeO,CCH;CH,CH>), 2.36t (2 H, MeQ,CCH>), 3.66s +3.70s + 3.73s (3 x 3 H, 3 x Me0), 3.7

hr(1 H NHY 200t (1 HH CH-CHYXYCNO-MpY A §Q + T7 (D v D Ar= PAPYT Arecnrding tn ite MR enactriim
Loy iy FZLN L LR, KRN AL ANIZIVEV ), VU7 V.77 (& A &£ Ar=11, DIVLD j]. £30VUIULHE U IS VU Splluiuni

tha mendiint cono alialel vt omnrrmatnd b 4o creins Al i e T AN ]

LT product was SHEILY COIIlaHLHLalCd DY IS 1T111E C1USUIT PIoUuct LUy, |

Methyl (2RS)- I-(4-Methoxyphenyl)-6-oxopiperidine-2-carboxylate (20g)

Compound 26 (20.7 g, 70 mmol) in acetic acid (130 mL) was refluxed under argon until compound 26 was
consumed (ca 6 h; t.lc., DCM-acetone, 10:0.5) and the mixture was evaporated to dryness. The residue was
taken up in DCM, washed successively with saturated aqueous NaCOj; solution and water, and dried. Kieselgel
G was added and the mixture was evaporated to dryness. The residue was transferred onto a Kieselgel G

column and worked up by c.c. (toluene - acetone, 10:0.5 — 8:2) to afford the title compound [14 7 g, colourless

- r TJ = I e =
crystals, 80%; m.p. 82-83°C; found: C, 63.85; H, 6.55; N, 5.45; C;sH,7NO4 (263.3) requires: C, 63.85; H, 6.5
NT £ 10 FI7 0.y 17160 V1V LLIN mamn l < /f'\‘l"\f“l»\ 1 OAN__ /N 1IT 4 TT ) Is Mo B IS ALY \ L 3 €s ] e Ve VE T |
N, 5.3%; Vmax (KBr) 1750, 1660 cm™; 6y (CDClL;) 1.90m (2 H, 4-Hz), 2.21m (2 H, 3-Hy), 2.52 + 267 (1 H +
I H, 2 x ddd;, / 18.0; 8.8, 8.6 and 5.2, 4.8, respectively, 5-H,Hp), 3.69s (3 H, CO,Me), 4.46t (1 H, J 4.7; 2-H),

6.89 + 7.16 (2 x 2 Ar-H, PMP)].

(6RS)-6-(Hydroxymethyl)- I-(4-methoxyphenyl)piperidin-2-one (15g)
Compound 20g (13.2 g, 50 mmol) in anhydrous THF (130 mL) was stirred for 30 min with NaBH, (5.7 g,
150 mmol). The mixture was heated up to 40°C and methanol (ca 30 mL) was added dropwise within ca 10

min, whereby heat was evolved and the mixture started to boil moderately. The mixture was stirred for

O
=2

and acidified (nH 3) with cone with ice.conlineg The oroganic comnonents of the solvent were di

allG aClUilicG (Pl 2 ) WU CONC, 1 WILIL 1CC-CO0:INE. 1 nC OIganlc COMPORCHSs Of N Sivo WCIC Gl Oll
and tha rocidiia no talran i dn vratar Tha esacléian anlistinm mina avterantad th TYRA th ~embinad Acganie
alld tilv jOOIUUC wdd Lanlll up 11 el LIIT TOOUILL ls DUIULIVIT Wad CTALLALLTU WILLL L0 1V, LIIC VOULNITVILICY Ulsauu.,

W
phases were dried and evaporated to dryness. The oily residue was crystallized from i-PrOH to afford the title
compound [10.2 g, 87%; m.p. 163°C; found: C, 66.1; H, 7.2; N, 5.85; C13H;7NO; (335.3) requires: C, 66.35; H
7.3; N, 5.95%; vmax (KBr) 3250 br, 1620/1600d cm’ ; Su (CDCl3) 1.75-2.15m (2 x 2 H, 4-H; + 5-Hy), 1.93t
(1 H,J58;, OH), 2.50m (2 H, 3-H;), 3.48m (2 H, CH,0H), 3.77m (1 H, 6-H), 6.91 + 7.08 (2 x 2 Ar-H, PMP)].



(6RS)-1-(4-Methoxyphenyl)-6-(methyisulfonyloxymethyl)piperidin-2-one (16g)

Methanesulfonyl chloride (2.8 mL, 36 mmol) was added dropwise to a mixture of compound 15g (7.1 g; 30
mmol), pyridine (12 mL) and DCM (15 mL) with continuous stirring and ice-water cooling. Stirring was
continued for 1 h, and the mixture was poured into a mixture of DCM (120 mL) and IN HCl (130 mL). The
aqueous phase was extracted with DCM. The combined organic phases were washed with brine, dried and
evaporated to dryness. The residue was crystallized from i-PrOH to afford the title compound {8.2 g, 87%; m.p.
125°C; found: C, 53.55: H, 6.0; N, 4.2: S, 9.8, C1sH;sNOsS (313.4) requires: C, 53.65; H, 6.1; N, 4.45; S, 10.25%;

VRIS Ry e 5 *5 % b A\~ A i ~ I %
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(6RS)-6-(Cyanomethyl)-1-(4-methoxyphenyl)piperidin-2-one (18g)
A mixture of compound 16g (9.4 g, 30 mmol), KCN (2.4 g, 36 mmol), 18-crown-6 (0.8 g, 3 mmol) and dry
DMF (95 mL) was stirred for 3 days at room temperature and poured into water (800 mL). The resulting
mixture was extracted with DCM. The combined organic phases were dried and evaporated to dryness at ca 200
Pa. The residue was worked up by c.c. (Al,03, Brockmann II, neutral; toluene - acetone, 10:0.5) to atford the
title compound [4.4 g, 60%; m. p. 108°C; found: C, 68.6; H 6.6; N, 11.15; C;4H;sN,0, (244 3) reguires: C

AU, LI

68.85; H, 6.6; N, 11.45%; vmax (KBr) 2270, 1650 oy (CDCl;) 1.85-23m (2 x 2 H, 4-H, + 5—H2), 245 +
248 (1 H+1H, 2xdd;J168; 6.2 and 4.5, respectively; CH,H,CN), 2.58m (2 H, 3-H;), 4.05m (1 H, 6-H),
695+ 7.11 (2 x 2 Ar-H, PMP)].

(2RS)-1-(4-Methoxyphenyl)-5-oxopyrrolidine-2-carbaldehyde (19f)

The title und [63%; faint yellow oil; found: M™, 219.08962; C 3 ‘M .08954:
Viax (film) 1690, 1670/1660d cm™; 8y (CDCl3) 2.14+2.41 (2 x 1 H, 2 x dddd, J 133, 9.0+ 6.5+ 49 and 9.1 +
8.9 + 8.0, respecnvely, 3-H,Hs), 2.56 +2.59 (2 x 1 H, 2 x ddd, J 17.2; 89 + 6.5 and 9.0 + 8.0, respectively;
4-H,Hy), 4.61 ddd (1 H, J 9.1, 4.9, 2.8; 2-H), 9.57d (1 H, ./ 2 8; CHO)] was obtained starting with compound

15f [5] as described [S] for the analogous transformation 15a — 19a,

inH1q
122213+ %

(5RS)-5-Cyano-1-(4-methoxyphenyl)pyrrolidin-2-one (18i)

. ammam s zam ] Tl 1270 /IR A _MNTTN . "\1( I\Oﬂl’1 .......... . 1L ONOo.
npound lU-P- 132°C (MeUn), found: M, 216.08917; C12H12N,0O, rcquut:b M7, 216 08988

Vimax (KBr) 2260w, 1700 cm™'; 8y (CDCls) 2.43-2.87m (4 H, 3-H; + 4-H;), 4.77m (1 H, 5-H)] was obtained
from carbaldehyde 19f in two steps (87 and 91%) via its oxime [m.p. 133°C; vmax (KBr) 3250, 1660 cm’ M as

described [5] for the analogous transformation 19a — 18h.

N-(2-Cyanoethyl)-4 -methoxyacetanilide (28)

A mixture of N-(2-cyanoethyl)-p-anisidine (27) [16] (2.0 g, 11.5 mmol), acetic acid (3.5 mL) and acetic
anhydride (1.3 mL, 13.5 mmol) was refluxed for 30 min, poured into water (80 mL) and extracted with DCM.
The combined organic phases were dried and evaporated to dryness. The residue was worked up by tlec.
(DCM - acetone, 10:0.5) to afford the oily faint yellow title compound [2.2 g, 89%; found: M™", 218.10475,

C12H14N2 0, requires: M, 218.10553; vimax (film) 2240, 1650, 820 cm™; 8 (CDCls) 1.86s (3 H, N-Ac), 2.68t
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(2 H, J 6.8, CH,CN), 3.91t (2 H, J 6.8; CH;N), 6.95 + 7.16 (2 x 2 Ar-H, PMP)] which was used in the
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The reactions of the title compounds with in situ generated Al(N3); were carried out out as described [4,5]
for the analogous reactions of compounds 1a, 1f and 1h, and afforded the corresponding (tetrazol-5-ylmethyl)
derivatives 1b-le, 1g, the tetrazol-5-yl derivative 1i and the open-chain analogue 11a, respectively.’

oxvphenvl)-4-tetrazol-3-vimethvDazetidin-2-one (1b) [191%:- m.n. 166-167°C
(DR, -3-Ltayl- - rethoxypnenyl)-4-(tetrazol-s-yimetnyl)azetiain-2-one (1) {917, m.p. 1006-10/7C
- e am x AT 0T ray ral T NT M P . ~NOT 1 s} I's 748 » DA talo
1UUHU vl LQ /. \U LI qu TCS. lV] , L0/7.1

maxima), 1750 cm™; 8y 1.53t (3 H, J7.3) + 1.62m (1 H) + 1.83m (1 H, Et), 3
8.9 and 4.5, respectively, -CHHb) 3.35ddd (1 H,.J 9.8, 6.0, 5.6; 3-H), 4.73 dd(
10.3 br (1 H, NH);
(3RS, 48R )-3-Isopropyl- 1-(4-methoxyphenyl)-4-(tetrazol-5-ylmethylazetidin-2-one  (1c) [92%; m.p. 114°C;
found. C, 59.7; H 6.25; N, 23.2; CisHyo

N0 (301.35) requires: C. 598 H. 6. '2‘? N 23 7§°./,. v (KRr)
.............. N, HioNsU2 (301.35) requires: €, S5, M, Vimax (2T)
17AN0N/1712N A ’!Ml < NG f”'\ [l I 1 l"' ,£ £ 1N E 1 LY ..\ " 17 13 71 17X Fr1nnNn £&£ 7% 11y 2204
prau/ri/soua il O uU.73uiorn)Ti JUK n, UU)T.Z. Jin \11’1 rl} 17 uu\ln,J 11UV, 5.0, 3-11}), 3574

(2 H, J 6.4; acyclic CH,), 481 td (1 H, /6.4, 5.5; 4-H), 6.79 + 7.12 (2 x 2 Ar-H, PMP)];

(3RS, 4RS)-3-Isopropyl- I-(4-methoxyphenyl)-4-(tetrazol-5-ylmethyl)azetidin-2-one  (1d) [60%; m.p. 118°C,
found: C, 59.65; H, 6.25; N, 23.3; C;5H;oNs0, (301.35) requires: C, 59.8; H, 6.35; N, 23.25%; Vmax (KBr) 1730
em™; 84 0.75d 3 H) + 0.94d 3 H, J6.7) + 1.97m (1 H, Pr'), 2.94 dd (1 H, / 7.9, 2.1; 3-H), 3.17 dd + 3.66 dd
(1H+1H,J14.6; 8.9 and 4.2, respectively; acyclic CH,Hy), 4.18 ddd (1 H, ./ 8.9, 4.2, 2.1; 4-H)];

G"D(‘ ACD 3 2 /A Llaenn -l Py S R AP e
DO, PONJ=I={ S4~L" t“U’(I[IﬂCI’IUJy/'I ("'f"Cl’lU.L)’P’iL’l)/l/""‘( “51’uuUl'J"lellGLIlyl/uAﬂl idi
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216°C (MeCN); found: C, 58.5; H, 4.35; N, 18.65; C;sH;¢FNsO; (369.4) requires: C, 58.55; H, 4.35; N,
18.95%; Viax (KBr) 3100-2600br, 1730 cm™; 81 3.49 dd + 3.58 dd (1H+1H,J/156; 8.6 and 4.8, respectively,
acyclic CH.Hy), 5.13 ddd (1 H, J 8.6, 4.8, 5.0; 4-H), 5.38d (1 H, J5.0; 3-H), 6.93m (4 x Ar-H; 4-FCsH10)];
(6RS)—I-(4-Methoxyphenyl)-6—(tetrazol-5—ylmethyl)p{peridin—2—one (1g) [96%; m.p. 245°C; found: C, 58.35
H, 59, N, 24.1; C14H;7Ns0; (287.3) requires: C, 58.5; H, 5.95; N, 24.35%, vmax (KBr) 3200-2400br, 1620

x A SN Ll " . o 5 Ry LUV UL

by (DMSO-dg) 1.6-2.05m (4 H, 4-H, + S—Hg), 232-25m(2H, 3-Hy),3.03dd+3.14dd (1 H+ 1 H,J 146,42
and 9.6, respectively, 6-CH,Hs), 4.24m (1 H, 6-H)];
(5RS)-[-(4-Methoxyphenyl)-3-(tetrazol-5-yl)pyrrolidin-2-one (1i) [74%; m.p. 112-113°C; found (FAB):
(M + H) ", 260.11824; C;2H14NsO, " requires: (M + H)", 260.11475; vpax (KBr) 3350br, 1680 cm’; 8y 2.22m +
2.55-2.90m (4 H, 4-H,; + 3-H;), 5.69 dd (1 H, /8.2, 4.2; 5-H), 7.3br (1 H, NH)];
4~ Mpt,hnw.N-IQ l’tpf_mrvnl_T-vl)pihvllnr-ptnmhdp (l 1a) f77‘% m.n. 146°C (EtQAc): found M7 261.12222:

Lo~ e CLF LLLOCSTIILEL (228 AP ATV A Aa AL, AR, Y2 y = lss N

C12H1sNsO; requires: M7, 261.12257; viax (KBr) 3200-2500br, 1640 em™; 8y 1.74s (3 H, N-Ac), 3.12t (2 H,

CH,-tetrazole), 4.00t (2 H, NCHy), 6.94 + 7.12 (2 x 2 Ar-H; PMP)].

" For the preparation of compound 1g prolongation of the reaction time to six days (at reflux temperature) and acidification of the
mixture with conc. HCI until all the Al-containing co-products were dissolved, proved advantageous.



Metaliic sodium (0.26 g, 11.4 mmol) and compound 1h [5] (1.4 g, 5.7 mmol) were successively dissoived in
anhydrous methanol (60 mL). The mixture was refluxed for 9 h (t.1.c., DCM - methanol, 7:2), neutralized with

conc. HCI (ca 1 mL) and evaporated to dryness. The residue was triturated with water, and the insoluble
material was filtered off The filtrate was extracted with DCM. The combined DCM solutions were dried and

HLALOLIGE [ 315934 o ARV AR Gt UM 1ne combin EE L O34 4 il Y 22 1

4 aYal Wi A NYT A\

evaporated to dryness. The residue was worked up by c.c. (DCM - MeOH, 7.2) to afford the title compound

[0.7 g, 44%; m.p. 113-114°C; found: M™", 277.1145; C;;H;sNsO; requires: M, 277.1175; Vmax (KBr) 3100-

-2900br (with several local maxima), 1730, 1230, 1015 cm’; 8y (CDCl; 55°C) 3.04 + 3.08 ABX (1H+1H,

J16.5, 5.6 and 6.0, respectively; 2-H,Hy), 3.61s (3 H, CO;Me), 4.7br (2 H, 2 x NH), 5.19 dd (1 H. J 5.6 and
0; 3-H)] slightly contaminated by an unidentified impurity (M™", 301).

Equimolar mixtures (unless otherwise stated) of the title compounds and LTA were refluxed in dioxane (40-
-60 mL/g substrate) for 1 h. Since, in most cases, the substrates were not consumed at this point, another
portion of LTA (1 mol/mol substrate, unless otherwise stated) was added, and the mixtures were refluxed until
the substrate was consumed. Subsequently Kxeselge G was added (1 g/g substrate) and the mixtures were
evaporated to dryness. The residues were worked up by flash c.c., using DCM - acetone mixtures of variable
compositions (10:0.5 - 7:1) as the solvent. The following compounds were obtained:

(9aRS)-3-Methoxy-9,9a-dihydroazeto] 1, 2-aJtetrazolof5, I-d][ 1,5 Jbenzodiazepin-11(10H)-one (3a) (LTA: 2
mol-equivalents) [75%; m.p. 228°C (toluene); found' C, 55.9; H, 4.45; N, 27.35; Cy2H1NsO7 (257 25) requires:
C, 56.0; H, 4.3; N, 27.2% Vmax (KBr) 1740 cm™; 8y 3.15 + 3.49 (1 H+ 1 H, 2xdd; J 15.2; 2.6 and 5.2,

L Il LA
wvelv- TOCH HLY 242 4308 (¢
i G\

, AVSIiailhy, J.75 T 3.7

Y
Me0), 4.19 dddd (1 H, J 10.5, 5.2, 2.6, 2.0, 9a-H): 7.10dd (1 H, /9.0, 2.7; 2-H), 7.75d (1 H, J 2.7, 4-H), 8.17d
(1 H, J9.0; 1-H); 8¢ 29.24 (C-9), 43.98 (C-10), 48.92 (C-9a), 55.62 (MeQ), 107.06 (C-4), 115.87 (C-2), 121.72
(C-12a or C-4a), 122.07 (C-1), 122.79 (C-4a or C-12a), 152.3]1 (C-8a), 155.55 (C-3), 163.79 (C-11)] from
compound la [4],

(9aRS, 10SR)-10-Lthyl-3-methoxy-9,9a-dihydroazetof 1, 2-ajtetrazolof5, I-d]{ 1,5 |benzo-diazepin-11(10H)-

i

r)
H+ 1
1
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FT15 5- 10 § an ctivaly O_H H.)Y 2 RAc (2
v x.JA.J, lU - u i Z=ilalip), 7. GUS \J 11,

nd- M7 988 1774 . H.

-One (ThY 7804 m n nhiana) fn N)s reamiirac: M7 925 1741 v (KR
\v) | 270, LY. LOUWUIUCHIV ), UGG, V1, 200, 1240, L I40R]5IN502 TVHURIUS. IVE , L0201 45 1, Vmax (A2l
1 B Al ‘1. < 72l aYal Y T EY E Bl IeY £ TEN 1 oV £F1 YT YN ~ 1 AT 1T YT 1 LY ~ Jh 35 I F 1 9. 1
L/oucm | oy (LLLL) 1.20t (J ﬂ) Ti/am(l H)+ 1.Y9om(l R, EL), 3.10T3.Y5 (1 T 1o, £Xaag s o130y

and 1.7, respectively; 9-H,Hy), 3.59 ddd (1 H, J 7.9, 8.3, 5.5; 10-H), 3.87s (3 H, MeO), 4.12 ddd (1 H, J
10.9, 1.7, 9a-H), 6. 99 dd (1 H, 2-H), 7.78d (1 H, 4-H), 8.24d (1 H, 1-H)] from compound 1b;

(9aRS, 10SR)-10-Isopropyl-3-methoxy-9, 9a-dihydroazetof 1, 2-ajtetrazolof5, [-d][ 1,5 [ benzodiazepin-
-11(10H)-one (3c) [82%; m.p. 188°C (toluene); found: C, 60.2; H, 5.55; N, 23.25; C,5sHi7Ns02 (299.3) requires:

602:H, 57: N, 23.4% v (KR 1720 ~m b R, (CDCLY109d (3 H
Ou. £a, J. /) INg 2/0, Vmax \L\ull 1/5v CINl , O \L 3] 2. VTGS
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Y4+ 1284 (7 H ,F\Q\—l—qumfl
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Pr'),3.21dd+408dd (1 H+1H,J150; 11 and 1.5, respectively; 9-H,Hp),

33
3.87s (3 H, MeO), 4.10ddd (1 H, J 11, 1.5, 5.3; 9a-H), 6.99 dd (1 H, J 9.0, 2.8; 2-H); 7.79d (1 H, .
8.26d (1 H,./9.0; 1-H)] from compound 1¢;

1
1

U’\

4

—
—
[

—

1
aa > >

3;
2.8,

&C)’

-H
-H

~

)



Nno IAMmo non 1

(9aRS8, 10RS)-10-Isopropyi-3-methoxy-9, Ya-dihydroazeiof i, 2-ajteirazolof 5, i-d][ 1,5 [benzodiazepin-

-1 1(10H)-one (3d) [77%; m.p. 160°C (toluene); found: C, 60.3; H, 5.65; N, 23.2; C;sH7Ns0O; (299.3) requires.
C, 60.2; H, 5.7; N, 23.4%; Venax (KBr) 1750 cm™; 8 (CDCl3) 1.08d (3 H) + 1.16d (3 H, J 6.6) + 2.21m (1 H,
Pr'), 3.07dd (1 H, /8.0, 2.5, 10-H), 3.18 dd + 4.05 dd (1 H+ 1 H, J 15.3; 10.5 and 1.8, respectively; 9-H,H,),
3.81ddd (1 H, J10.5, 1.8 2.5; 9a-H), 3.87s (3 H, MeQ), 7.00dd (1 H J9.0,2.7; 2-H), 7.79d (1 H, J 2.7, 4-H),
8.27d (1 H, J9.0; 1-H)] from compound 1d,

(9aRS$, 10SRj- 10-(4-Ituorophenoxy)-3-methoxy-%, Sa-difiydroazetof 1, 2-afieirazolof 5, 1-df{ 1,5 Jbenzo-
diazepin-11(10H)-one (3¢) [LTA: 3 x 1 mol-equivalents; 21%; m.p. 220°C; found: C, 58.9; H, 3.9; F, 5.35. N,
19.15; C1sH14FNsO3 (367.35) requires: C, 58.85; H, 3.85; F, 5.15; N, 19.05%; Vmax (KBr) 1760 cm’ 1. 84346 dd
+3.87dd(1H+ 1H,J16.0; 10.5 and 2.2, respectively; 9-H,Hy), 3.90s (3 H, MeO), 4.53 ddd (1 H, / 10.5, 2.2,
4.7, 9a-H), 5.73d (1 H, J 4.7, 10-H), 7.05 + 7.13 (2 x 2 Ar-H; 4-FC4H,0), 7.05 dd (1 H, J 9.0, 2.7, 2-H), 7.88d
(1H.J2 7 4-H). 8.09(9.0: 1-H)1 from compound le:

Ai, o & by B0k, BV RULY, a7a s UM unpuunu 5

(9aRS)-3-Methoxy-9a, 10-dihydro-9H-pyrrolof 1, 2-aJtetrazolof5, 1-d ][ 1,5 Jbenzodiazepin-12(11H)-one (3f)
[70%; m.p. 172°C (toluene), found: M, 271.1063; C13H;3NsO; requires: M™, 271.1069; Vinax (KBr) 1700 cm*
o 1.91m+ 233-2.64m (4 H, 10-H, + 11-H;), 3.30dd +348dd (1 H+ 1 H,J154; 65 and 1.7, respectlvely;
9-H.Hy), 3.92s (3 H, OMe), 4.61m (1 H, 9a-H), 7.14 dd (1 H, J 9.0, 2.7; 2-H), 7.40d (1 H, J 2.7; 4-H), 7.49d

(1 H,790; 1-H)] from compound 1f [5];

(QaR S)-3 ethoxv-9 9a 10 11 tetrahvdropvridol 1 2-alietrazolols 1-d1 1 31henzodiazenin-13¢12H)-one (3a)
Jarks/ fetnoxy-%,%a, 10, 1 tetranyaropyridof 1, c-aftetrazolofd, 1-af{ 1,0 [henzodiazepin-1 3(1 .H)-one (2g)
T A v YA mnl ariiioalant o r adamitiant ALY M Al oo 3 YT o aan 1Y aliiaet tabiiana | aeatano
[LEAS 4 X L4 HIVI-CUIVAICTIL, C.C., aldOIUCHL Al2W3 (DIOCKIIGILNL, Bi4aulC 11, Nculldl), Clucit toiucle - dbClUllC

8:2], [71% m.p. 152°C; found: C, 58.7, H, 5.6, N, 24.75, C1HisNsOz (285.3) requires: C, 58.95, H. 53, N,
24.55%; vyax (KBr) 1660 cm’ ; Oy (CDCL;) 1.79-2.2Im (4 H, 10-H; + 11-Hy), 2.32 ddd + 2.57 ddd (1 H+ | H,
J 178, 10.0 + 6.7 and 5.6 + 3.9, respectively; 12-H,Hyp), 3.13 dd + 3.44dd (1 H+ 1 H, J 15.5; 6.9 and 2.8,
respectively; 9-H,Hy), 3.90s (3 H, OMe), 4.36m (1 H, 9a-H), 7.09 dd (1 H, J 8.8, 2.8; 2-H), 7.36d (1 H, ./ 2.8:
4. H\ 740d(1 H /&8 1- H\T from comnound 1e-

PNy AR S OO0 2THL G RO UURN Pt L35

\

11aRS)-6-Methoxy-11, 1 la-dihydro-10H-azetof 1, 2-aftetrazolof 5, I-c [quinoxalin-10-one (3

M, 243.0707; C11HoNsO; requires: M, 243.0755; vy (KBr) 1800br cem’; 8y (CDCl3) 3.78 +4.02 (1 H +

I H,.J15.7;, 2.5 and 5.1, respectively, 11-H,Hy), 3.91s (3 H, MeO), 5.29dd (1 H, J 25, 5.1; tla-H), 6.98 dd

(1H,J8.7,2.7,7-H), 7.43d (1 H, J8.7; 8-H), 7.62d (1 H,.J 2.7, 5-H)] from compound 1h [5];
(12aRS)-6-Methoxy-12, 1 2a~dihydropyrrolof 1, 2-aftetrazolof5, 1-cJquinoxalin-10(1 IH)-one  (3i) [40%. m.p.

180°C (toluene); found: M'", 257.09184; C;;H;;NsO, reguires: M, 257.09127; Viax (KBr) 1710 cm™; 8
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L DU=3. Uotn 4 n, la-rip T 11-112), 3.715 o0 11, UlVlU}, Q2.23711N \1 In, l1za-ri), VU au il n, s 7.V, £.0, I"I.J.}, 7. Io0U
(1 H,J2.8;5-H), 8.17d (1 H, J 9.0; 8-H)] from compound

6-Acetyl-9-methoxy-5,6-dihydro-4H-tetrazolof 1,5-af{ 1,5 jbenzodzazepme (123) [16%; m.p.: 148°C; found: M
259.10672; C12H13NsO, requires: M, 259.10692; v, (KBr): 1750 cm’ ; on 1.87s (3 H, N-Ac), 3.2-3.4m +
3.72m + 4.92m (4 H, 4-H; + 5-Hy), 3.94s (3 H, OMe), 7.11 dd (1 H, J 8.8, 2.8; 8-H), 7.45d (1 H, /8.8, 7-H),
7.64d (1 H, ./ 2.8, 10-H)] from compound 11a;

Methyl  {(4RS)-8-Methoxy-4,5-dinvdrotetrazolof 1, 5-ajquinoxalin-4-yl}aceiaic  (1Zb). 4.6%, yel

crystals, m.p. 137°C; found: M, 275.1018; C;2H13NsOs requires: M™", 275.1013; viax (KBr) 3400, 1740 cm’™;

YWISH
1
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OH ( Ciz} 3 aa -~ o> a1+ L J 1 7. 4 10.5 and 2. J, respecuvely, side-chain CHally), 3./Y8 T 3.0848

(Zx3 H,2xMe0), 536dd (1 H, J 105, 2.5; 4-H), 6.81d (1 H, J 8.6, 6-H), 6.83 dd (1 H, J 8.6, 2.4; 7-H),
7.45d (1 H, J 2.4; 9-H); 8¢ (CDCly) 37.79 (side-chain CHy), 47.22 (C-4), 52.40 + 171.47 (CO,Me). 56.02
(8-MeQ), 102.19 (C-9), 116.63 + 116.85 (C-6 + C-7), 120.27 (C-9a), 128.21 (C-5a), 148.85 (C-3a), 153.77
(C-8)] and a ca 85:15 tautomeric mixture (NMR) of methyl (8-methoxy-tetrazolo/1,5-aj-quinoxalin-
-4-yl)acetate (13) and meihyl (4, 5-dihydro-8-methoxytetrazolof 1, 5-aJquinoxalin-4-ylidene)acetate (14) [12.3%;
lemon yellow cr“y , m.p. 153-154°C; found: M™, 273.0864; C,,H | NsOs requires: M, 273.0862; vy (KBr)
1760, 1630 cm™; 8y (CDCl3), major component 3.78s (3 H, CO;Me), 4.07s (3 H, 8-MeQ), 4.46s (2 H, side-
-chain CHy), 7.41 dd (1 H, /9.0, 2.7; 7-H), 7.96d (1 H, .J 2.7, 9-H), 8.15d (1 H, J 9.0; 6-H); minor component
3.81s (3 H, COMe), 3.92 (3 H, 8-MeQ), 6.01 (1 H, side-chain CH), 7.07 dd (1 H, /9.0, 2.7, 7-H), 7.18d (1 H,

J 9.0, 6-H), 7.69d (1 H, J 2.7, 9-H), 11.32br (1 H, NH); &¢ (CDCl3), major component 40.44 (side-chain CH,)
52.72 + 168.89 (COMe), 56.44 (8-MeQ), 97.73 (C-9), 119.80 (C-7), 125.89 (C-9a), 131.26 (C-5a
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(C-6), 14270 (C-3a), 143.12 (C-4), 161.76 (C-8); minor component 5135 + 170.64 (CO;Me),

(8-MeO), 84.21 (side-chain CH), 100.61 (C-9), 117.36 (C-7), 11837 (C-6), 120.04 (C-9a), 122.79 (C— a),
137.11 (C-4), 155.95 (C-8)] from compound 11b (LTA: 1 mol-equivalent; reaction time: 15 min).

LTA oxidation of compound 4

A mixture of compound 4 [5] (0.20 g, 0.77 mmol), 95% LTA (0.36 g, 0.77 mmol) and dry dioxane (8 mL)
was refluxed for 1 h. Since the substrate was not consumed at this point, another portion of 95% LTA (0.18 g,
0.39 mmol) was added and the mixture was refluxed for another 30 min during which time the substrate was

consumed. Kieselgel (1 g) was added and the mixture was evaporated to dryness. The residue was transferred

el G column and worked un bv ¢c.¢. (DCM - aceto ne, 7. I\ to afford compound 2f (0. 11 g 53%:;

g colur up by c.c. (DCM - aceton to afford compound 2f (0.11 g,

, which proved identical (m.p., t.l.c., IR) with an authentic sample [5].

Oxidation of compound 1 with CAN

(a) A methanolic solution (30 mL) of CAN (2.75 g, 5 mmol) was added with continuous stirring at -5°C to a
suspension of compound 1f [5] (0.54 g, 2 mmol) in methanol (30 mL). Anhydrous acetonitrile (20 mL) was
added to afford a clear solution. The mixture was allowed to warm up to room temperature and stirred
overnight during which period the substrate was consumed. Kieselgel G (2 g) was added and the mixture was
evaporated to dryness. The residue was transferred onto a Kieselge! G column and worked up by c.c. (DCM -
- acetone, 7:0.5) to afford, in this order, compounds 3f (0.05 g, 10%; m.p. 170°C) and 2f [5] (0.06 g, 12%; m.p.

> 195°C) which proved identical (m p | t1c  TR) with authentic samples
{AY Maothanal {10 i Y wae addad at ranm teamnoratnire under arann ta a anignencinn af comnannd 1€ 151
L) lvivildaiiul (iv lll.l_J} wads auuvu at uruid Lbllll_}bl LUIL ULIULL Gl BUID LU 4 SUDPTLLISIVEIL UL VULHMPUULIG 1 [ U]
(0.54 g, 2 mmol) and CAN (2.75 g, 5 mmol) in dioxane (40 mL). The resulting clear solution was stirred for 3

h. Since the substrate was not consumed at this point, another portion of CAN (1.1 g, 2 mmol) was added and
stirring at room temperature was continued. By monitoring the reaction by t.l.c. the initially formed spiro
compound 2f was shown to decompose gradually and only traces of the unchanged substrate to be present after
72 h. The mixture was evaporated to dryness and the residue was taken up in ethyl acetate and water. The two
phases were separated and the aqueous phase was extracted with ethyl acetate. The combined organic phases

¢ The signal of one of the quaternary carbon atoms {probably of C-3a) of the minor component was not discernible
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were dried and evaporated to dryness. The residue was worked up by preparative t.lc. (DCM - methanol -
- acetic acid, 7:1:0.1) to afford compound 3f [0.20 g, 37%; m.p. 171°C] which proved identical (m.p., t.1c., IR)
with an authentic sample (see above).
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