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Abstract: A series of hl(-('l ﬁ\nvr:z7nlrmhqnp: of nr\fpnh'ﬂ interest in c.npr'zmnlsarnlnr chemistry have

lecular chemistry have
been synthesized by exploumg sequentlal 1ntermolccular intramolecular cycloadditions of properly
functionalised nitrilimines. © 1998 Elsevier Science Ltd. All rights reserved.

intramolecular cvcloadditions of 1.3-dinoles such ag i

intramolecular cycloadditions of 1.3-dipoles such as nitriloxides, ntrilimines,” azides,” nitrones,
9. 10 1 1 12t a

azomethinylides,”'’ and carbonylylides.'' Our recent contributions in this ficld® arc concerned with the use of

suitably functionalised nitrilimines as precursors of (1,5)pyrazolophanes. We now wish to report a version of

the same methodology leading to mono- and bis-(3,5)pyrazolophanes. Such kind of molecules are receiving

attantinn ac nnn_nnnwnnfcnnnl haande tnwarde matal ratinne '~
QLLVEILIVEL QD 1IVIITUULIV CLILIv as lléml\lb tUywalud 1uvial valiulils
Results
We explored the behaviour of two types of nitrilimines, namely 5 and 15, which differ in the nature of the

tether joining the dipole and dipolarophile groups (Schemes 1 and 2). All of them were generated in situ upon
basic treatment of the corresponding hydrazonyl chlorides (i.e. 4 and 14, respectively), the synthesis of which
was accomplished as outlined in Schemes 1 and 2.

In order to generate the desired nitrilimines, compounds 4 and 14 were treated with silver carbonate in dioxane
at room temperature. Schemes | and 2 iilustrate the compiex reaction outcomes, whiie detailed data are
collected in Tables 1 and 2. The intermediate species 8a-e and 17¢ were really isolated when stopping the

reaction at short times and were proven to be the precursors of the macrocyclic products 10a-e¢ and 18¢,
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rather than a mesoform one whenever the NMR signal of the 4-pyrazolinic protons was splitted in the presence

of Eu(hfc), [tris{ heptatluoropropylhydroxymethylene-(+)-camphorato } europium-(1TT)].
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Tabie 1. Reaction of 4 with siiver carbonate in dioxane at room temperature.

Entry Time Products and yields (%) Eluant®
(h)
6 7 S 10
a 185 - 9 - 20" AcOEULP 1:2
b 160 - - 5 2" AcOEVYLP 1:1
GC
c 100 - - - 20° AcOEULP 2:1
20°
d 112 6 - 8 30"  CH:Ci/LP 5:1
e 170 12 - 10 30° Et,O/LP 1:2
*LP = light petroleum b.p. 40-60°C. "Racemic. “Meso form.
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Tabie 2. Reaction of 14 with siiver carbonate in dioxane at room temperature.

Entry Time Products and yields (%) Eluant
(h)
18 18
a 48 - 12: AcOEUELO 1:5
12°
b 54 - 25° Et0
c 120 18 10° AcOEVELO 1:3
Ay ___:. Daa Ca

Racemic. "Meso form. "Mixture of the two diastereoisomers not separated.
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Discussion
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cycloadditions to terminal alkenes, electronic factors favour the formation of 4-unsubstituted over

13-15
In

S-unsubstituted pyrazole derivatives. our present case, this rule is just obeyed in intermolecular processes

(Sa-¢ — Ra-e and 15a-¢ — 17a-

~ 7 O&

:d that the tether between the

¢) and also in intramolecular processes prov

reactive centers is long and flexible enough to permit the formation of bridged-ring structures (8a-e — 10a-e,

17a-¢c — 18a-c, 5d,e — 6d,e, and 15¢ — 16). On these grounds, one can readily explain the lack of formation

unsubstituted pyrazole ring becomes operative only if a favourable proximity effect'® intervenes to circumvent

the impervious enthalpic barrier (5a —
The peculiar role of silver carbonate as basic agenl remains to be underlined. In a previous paper,'” we

reported that the reaction of hydrazonyl chlorides 4a,b with triethylamine did no characterisable cycloadduct,
but only resinous material. It is reasonable to think that the insolubility of Ag,CO; in dioxane determines a very
slow generation of the nitrilimine species. Consequently, the latter happens to react under high dilution

conditions, which are well-known to favour the intramolecular processes leading to macrocyclic structures.'®’

Experimental Section

determined with a VG-70EQ apparatus. '"H-NMR spectra were taken with a Bruker AC 300 instrument (in
CDCl; solutions unless otherwise stated). Chemical shifts are given as ppm from tetramethylsilane and coupling
Compounds 1a-e are commercially available. Compounds 2a,b, * 3a,b,
are already known in the literature.

General procedure for the preparation of alkenyl acetoacetates 2a-e¢ and 12a-c. A solution of the
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or 11 (0 1 maly in xvlene (20 m
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T)\'mctvu ed with 2.2 6-t ethvl-4H-1 3-dioxin-4-one (14,2 o 0.1

as ed with 2,2 6-trimethyl-4H-1 3-dioxin-4-one (14.2 g, 0.1
mol). The mixture was refluxed for 1.5h. Evaporation of the soivent under reduced pressure and subsequent in
vacuo distillation of the residue gave the acetoacetates 2a-e as analytically pure samples. Compounds 12 were
otherwise obtained as undistillable thick oils and used without further purification.
A ~ O - A Y
< g,, 0770 Yl )
2.19 (3H, s), 3.35 (2L, s), 4.1
Caled far CoH,60:: C, 65.19; H, 8.75. Found: C, 65.23, H, 8.80.
2d (20.4 g, 85% yield) b.p. 106°C (1 mmHg); IR (neat): 1740, 1720 (cm’ "; 'H-NMR: 1.10-2.10 (14H,
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m), 2.20 (3H, s), 3.37 (2H, s), 4.08 (2H, t, J=6.5), 4.70-5.10 (2H, m), 5.50-6.10 (1H, m); MS: m/z 240 (M").
Anal Calcd for C4H2405: C, 69.96; H, 10.07. Found: C, 70.02, H, 10.10.
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Anal. Caled for CisH,40;: C, 70.83; H, 10.30. Found: C, 70.90; H, 10.34.

12a (13.0 g, 70% yield); IR (neat): 1750, 1720 (cm™); 'H-NMR: 8 2.25 (3H, s), 3.47 (3H, s), 3.65

J=5.2), 4.00 (2H, dt, J=59, 1.3), 427 (2H, t, J=5.2), 5.10-5.40 (2H, m), 5.60-6.12 (1H, m); MS: m/z 186
(M).

12b (14.5 g, 62% yield); IR (neat): 1760, 1720 (cm™); 'H-NMR: & 2.36 (3H, s), 3.66 (2H, s), 4.55 (2H,
dt, J=5.1, 1.3), 5.18-5.38 (2H, m), 5.77-6.24 (1H, m), 6.80-7.30 (4H, m); MS: m/z 234 (M").

12¢ (13.3 g, 58% yield); IR (neat): 1745, 1720 (cm™); '"H-NMR: & 2.23 (3H, s), 3.45 (2H, s), 3.50-3.80
(6H, m), 4.00 (2H, dt, /=5.8, 1.0), 4.28 (2H, t, J~4.9), 4.95-5.40 (2H, m), 5.65-6.15 (1H, m); MS: m/z 230
(M").

General procedure for the preparation of alkenyl chloroacetoacetates 3a-e and 13a-c. A solution of

3
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jo

A

sulfury! chloride (8.37 g, 62 mmol) in dry chloroform (100 mL) was slowly added (1h) to a solution of 2 or 12
(50 mmol) in dry chloroform (50 mL), on keeping the temperature in the range 0-5°C. After 2h at room
temperature, chloroform (100 mL) was added and the organic solution was washed with 5% aqueous sodium

PP 1~ PR § T et A ~

ic layer was then washed with water (150 mL) and dried over sodium
sulfate. The solvent was removed and the residue was distilled in vacuo to give pure chloroacetacetates 3.

Compounds 13 was otherwise obtained as undistillable thick oils which were used without further purification.

3¢ (10.5 g, 96% yield) b.p. 90°C (3 mmHg); IR (neat): 1770, 1750 (cm''); 'H-NMR: § 1.20-2.20 (6H, m),
2.35 (3H, s), 4.22 (2H, t, J=6.8), 4.72 (1H, s), 4.90-5.12 (2H, m), 5.55-6.02 (1H, m); MS: m/z 218 (M"). Anal
Calcd for CoH,sCIOs: C, 54.92; H, 6.91; Cl, 16.21. Found: C, 55.00; H, 6.97; Cl, 16.33.

3d (6.85 g, 50% yield) b.p. 75°C (2 mmHg); IR (neat): 1760, 1740 (cm“), 'H-NMR: 8 1.15-2.12 (14H,
m), 2.35 (3H, s), 4.18 (ZH, t, J=6.0), 4.71 (1H, s), 4.80-5.10 (2H, m), 5.50-6.05 (1H, m); MS: m/z 274 (M").
Anal. Caled for C14HxClOs: C, 61.19; H, 8.44; Cl, 12.90. Found: C, 61.11; H, 8.40; C, 13.02.

3e (6.0 g, 42% yield) b.p. 75°C (2 mmHg); IR (neat): 1760, 1740 (em™"); '"H-NMR: § 1.15-2.15 (16H, m),

N N A A s N\ o 1% /" oL £ NO 7
H,s), 4.18 (2H, t, /=5.9), 4.72 (1H, s), 4.78-5.11 (2H, m), 5.55-6.08 (
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13b (11.0 g, 82% yield); IR (neat): 1780, 1730 (cm’); 'H-NMR: § 2.45 (3H, s), 4.55 (2H, dt, J=5.1, 1.1),
H

)5
), 5

<
11y O

.55
8-5.45 (2H, m), 5.72-6.15 (1H, m), 6.80-7.30 (4H, m); MS: m/z 268 (M").

18-5.45 (2H, 6.80-7.30 (4H, m); MS:

13¢ (11.9 g, 90% yield); IR (neat): 1770, 1740 (cm™); 'H-NMR: & 2.35 (3H, s), 3.50-3.80 (6H, m), 4.00
(2H, dt, J=5.8, 1.0), 4.35 (2H, t, J=4.9), 4.78 (1H, s), 5.02-5.38 (2H, m), 5.65-6.15 (1H, m); MS: m/z 264
(M),
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mmol) in 80% aqueous methanol (65 mL) under vigorous stirring and ice-cooling. During the addition, the pH
was adjusted to 5 by adding sodium acetate. The mixture was allowed to stand overmght under stirring at room

temperature. The solvent was

Ll 2ol b aliol £1N00Y ol T
Wllﬂ aiciyl Cliaet (1Uu IiL.).

he organic layer was washed firstly with 5% sodium
mL), then with water (150 mL), and dried over sodium sulfate. Evaporation of the solvent gave solid and

subsequent recrystallisation with diisopropylether gave the hydrazonyl chlorides 4 or 14 in the pure state.

de (2 M 769/‘\ vialrl) m

e LU EAS AR 2 1

J=6.5), 4.85-5.20 (2H, m), 5.55-6.15 (1H, m), 6.88-7.52 (4H, m), 8.25 (1H, br s); MS: m/z 314 (M"). Anal.
Calcd for Ci4H,CLN,O,: C, 53.35; H, 5.12; CI, 22.50; N, 8.89. Found: C, 53.28; H, 5.16; Cl, 22.62; N, 8.96.
4d (4.90 g, 53% yield) m.p. 68°C; IR: 3260, 1710 (cm™); '"H-NMR: § 1.10-2.20 (14H, m), 4.28 (2H, t,
J=6.5), 4.78-5.10 (2H, m), 5.50-6.10 (1H, m), 7.05-7.40 (4H, m), 8.25 (1H, br s); MS: m/z 370 (M"). Anal.
Calcd for CsH24CLN,O,: C, 58.23; H, 6.51; Cl, 19.10; N, 7.54. Found: C, 58.31; H, 6.59; Cl, 19.21; N, 7.60.
4e (2.88 g, 30% yield) m.p. 68°C; IR: 3260, 1715 (¢cm™); '"H-NMR: & 1.15-2.10 (16H, m), 4.30 (2H, t,
J=6.7), 4.80-5.05 (2H, m), 5.55-6.08 (1H, m), 7.03-7.38 (4H, m), 8.30 (1H, br s); MS: m/z 384 (M'). Anal.
Caled for CjoHzCLNO,: C, 59.22; H, 6.80; CI, 18.40; N, 7.27. Found: C, 59.28; H, 6.76; Cl, 18.30; N, 7.24.
14a (3.63 g, 46% yield) m.p. 84°C; IR: 3260, 1715 (cm™); '"H-NMR: & 3.75 (2H, t, J=5.1), 4.07 (2H, dt,
J=5.2, 1.0), 4.46 (2H, t, J=5.1), 5.10-5.45 (2H, m), 5.67-6.20 (1H, m), 7.05-7.40 (4H, m), 8.30 (1H, br s);

83°C; IR: 3260, 1710 (em-1); IH-NMR: ( 1.42-2.30 (6H, m), 4.32 (2H, t

m.p. IR: 3260, 1); 12-2.30 {6H, m), t,

MS: m/z 316 (M"). Anal. Calcd for C3H,4CI;N,Os: C, 49.23; H, 4.45; Ci, 22.36; N, 8.83. Found: C, 49.28; H,
4.39; Cl, 22.30; N, 8.72.
14b (3.19 g, 35% yield) m.p. 110°C; IR: 3260, 1730 (cm™); 'H-NMR: & 4.58 (2H, dt, J=5.0, 1.4), 5.22

, 5.03-5.38 (2H, m), 5.62-6.15 (1H, m), 7.05-7.38 (4H, m), 8.33 (1H, br s);
MS: m/z 360 (M"). Anal. Calcd for C;sH;sCLN,O4: C, 49.88; H, 5.02; Cl, 19.63; N, 7.76. Found: C, 49.78; H,
4.98; Cl, 19.56; N, 7.69.

General procedure for the reaction of hydrazonyi chiorides 4 and 14
dioxane. A solution of the hydrazonyl chlorides 4 or 14 (10 mmol) in dry dioxane (500 mL) was treated with

silver carbonate (5.52 g, 20 mmol), and stirred in the dark at room temperature for the time indicated in Tables

1al was filtered off. the solv wag evanorated, and then the residue was
vas filtered off, the solvent was evaporated, and then the residue was

chromatographed on a silica gel column. Eluents, products and isolation yieids are collected in Tabies 1 and 2.

All compounds were obtained in analytically pure state by recrystallisation.
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6d (0.20 g, 6% yield) m.p. 149°C (from methanol); IR: 1720 (cm™); '"H-NMR: & 1.20-1.80 (14H, m), 3.13

(1H, dd, J=16.6 42) 3’)’7{]}1 dd <166 10 }

ias RS RN Ay MWy v 1V, 1V,

, 4.30-4.60 (2H, m)
MS: m/z 334 (M"). Anal. Caled for C1sH23CIN,Oy: C, 64.57; H, 6.92; Cl, 10.59; N, 8.37. Found: C, 64.63; H,
6.98; Cl, 10.65; N, 8.42.

6e (0.42 g, 12% yield) m.p. 157°C (from methanol-diisopropylether); IR: 1715 (cm™); 'H-NMR: § 1.20-
1.70 (16H, m), 3.08 (1H, dd, J=17.5, 3.3), 3.27 (1H, dd, J=17.5, 11.7), 4.36 (1H, ddd, J=11.7, 6.7, 3.7), 4.53
(1H, ddd, ~11.7, 7.5, 3.7), 4.68-4.77 (1H, m), 7.10-7.25 (4H, m); MS: m/z 348 (M"). Anal. Calcd for
CisH,sCIN,O;: C, 65.41; H, 7.22; Cl, 10.16; N, 8.03. Found: C, 65.35; H, 7.25; CI, 10.24; N, 8.11.

7 (0.23 g, 9% yield) m.p. 147°C (from hexane-benzene); IR: 1720 (cm™); 'H-NMR: § 2.04-2.37 (2H, m),
3.62 (1H, dd, J=16.9, 10.9), 3.66 (1H, dd, J=16.9, 4.8), 4.38-4.43 (1H, m), 4.45 (1H, ddd, J=12.1, 3.0, 1.8),
4.58 (1H, ddd, J=12.1, 4.8, 1.8), 7.10-7.30 (4H, m); MS: m/z 250 (M"). Anal. Caled for C;-H;,CIN,O»: C,
57.50; H, 4.42; Cl, 14.14; N, 11.17. Found: C, 57.58; H, 4.47; Cl, 14.21; N, 11.20.

Sb (0.18 g, 5% yieid) m.p. 190°C (from diisopropylether); IR: 3410, 1720 (cm); 'H-NMR: § 1.50-2.20
(8H, m), 2.80 (1H, br s), 2.92 (1H, dd, J/=17.8, 5.1), 3.25 (1H, dd, J=17.8, 12.1), 3.60-3.70 (1H, m), 4.27 (2H,
t, J=6.7), 4.51-4.62 (1H, m), 4.96-5.10 (2H, m), 5.75-5.91 (1H, m), 7.07-7.26 (4H, m); after treatment with

N0 D RN (dicannaarey T A8 (O + J=( 8§ MQ+ g/e 280 (MY Anal alad far O . CINL.O N A1 AN 10

L. L0V (udapplals ), J.0J (&1, Ly v UJ ), VIS, /2 S5v (il j. Adldr, LdiCl 100 U RicuNgwg , U1.04, 11,
6.61; Cl, 10.11; N, 7.98. Found: C, 61.70; H, 6.66; Cl, 10.20; N, 8.06.

9d (0.39 g, 8% yield) m.p. 162°C (fi thanol); IR: 3400, 1730 (cm); '"H-NMR: & 1.20-2.00 (28H,

n). 225 (1H. brs). 293 (1H. d =176.52). 325 (1H. dd I:I'Tﬁl’)(\\ 360-3R80(IH. m). 425 (2H. ¢

T ~ AL Ja w70 AL, QG JTR7.0, 2.8), .22 (AT, GU, SR80, 14.V), 3.0U-3.8V Va3, ), 520 (&, 4y

J=6.6), 4.40-4.60 (iH, m), 4.92-5.16 (2ZH, m), 5.70-5.90 (iH, m), 7.00-7.25 (4H, m); after treatment with
D,0: 2.25 (disappears), 3.70 (2H, t, J=6.7); MS: m/z 490 (M'). Anal. Calcd for C3H,:CIN,O;: C, 68.48; H,
8.83; CL, 7.22; N, 5.70. Found: C, 68.57; H, 8.78; Cl, 7.29; N,

(\

W

.63,

r‘II\ C‘\ o 1(\0/ « ~.ll Pru. ICOOﬁ /[‘..n e
Je (U.oe g, 1U70 yield) im.p. C (o
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m), 2.40 (1H, br s), 2.90 (1H, dd, J=17.7, 5.2), 3.2 =17.7, 12.1), 3.60-3.76 (1H, m), 4.25 (2H, t,
=6.9), 4.45-4.58 (1H, m), 4.90-5.05 (2H, m), 5.73-5.87 (1H, m), 7.07-7.25 (4H, m); after trcatment with
D-0: 2.40 (disappears), 3.67 (2H, t, /=6.8); MS: m/z 518 (M'). Anal. Calcd for C3H4,CIN;O;: C, 69.41; H,

9.12; Cl, 6.83; N, 5.40. Found: C, 69.49; H, 9.06; CI, 6.89; N, 5.49.
10a (0.50 g, 20% yield) m.p. 230°C, with dec. (from hexane-diisopropylether); IR: 1730 (cm™); 'H-NMR:

Y. NAC. /A Cﬁf\ FRAT A 1 MAlad
I, lll), IS, m/z U (ivl ). wallu

‘»—t
N
[y
N
z
—
—
—
3
-
o
=
o
=Y
e
wn
\]
'S
S
E
I
'
\O
e
-
S
o
o
4
Pt
i—‘
_‘
—

[#8)
=2
‘P
[¥5)
~J
o
—
o
o
3
-
I~
[#9)
%

.10-7.30 (8H, m); after irradiation at 3.65 8: 5.01 (2H, dd, /=5.8, 3.5); after
5

irradiation at 5.01 &
I AQL.- 1 12 20-N 10 £Q AvimAd Y SQ Y7 T 4] 1 1T AR N 10N AA
i, 4.70, 01, 15.07, 1%, 1V.JO0 ounG. «, Jr.u/, 11, J.US, Ui, 13.597, IN, 1U.U7T.
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10b, Mesoform (0.15 g, 6% yield) m.p. 206°C, (from diisopropylether); IR: 1720, 1710 (cm™); '"H-NMR:
6 1.50-2.10 (8H, m), 2.82 (2H, dd, F17.1, 2.6), 3.19 (2H, dd, J=17.1, 10.8), 3.64-3.72 (2H, m), 4.40-4.50

&1l L7 . LR, VO y 23

(2H, m), 5.00-5.06 (2H, m), 7.10-7.30 (8H, m); after irradiation at 3.68 §: 5.03 (2H, dd, J=6.0, 3.1); MS: m/z
528 (M"). Anal. Calcd for C;sH,CLN4O4: C, 58.99; H, 4.95; Cl, 13.39; N, 10.58. Found: C, 59.04; H, 5.04;
Cl, 13.33; N, 10.55.

10¢, Racemic form (0.56 g, 20% yield) m.p. 230°C, (from hexane-benzene); IR: 1720, 1710 (cm™); 'H-
NMR: § 1.20-1.60 (12H, m), 2.92 (2H, dd, J=17.9, 3.8), 3.31 (2H, dd, J=17.9, 12.3), 4.10-4.35 (2H, m), 4.70-
4.80 (2H, m), 7.10-7.30 (8H, m); MS: m/z 556 (M"). Anal, Calcd for CoxH30CLN4O4: C, 60.33; H, 5.42; Cl,
12.72; N, 10.05. Found: C, 60.26; H, 5.37; Cl, 12.66; N, 9.96.

10¢, Mesoform (0.56 g, 20% yield) m.p. 220°C, (from hexane-benzene); IR: 1730, 1710 (cm™); '"H-NMR:
8 1.20-1.90 (12H, m), 2.85 (2H, dd, /=18.4, 4.2), 3.50 (2H, dd, J=18.4, 12.7), 4.00-4.45 (4H, m), 4.65-4.75
(2H, m), 7.10-7.30 (8H, m); MS: m/z 556 (M'). Anal. Calcd for CysH30CLLN4O4: C, 60.33; H, 5.42; Cl, 12.72;
N, 10.05. Found: C, 60.39; H, 5.44; Ci, 12.77, N, 10.12.

10d (1.00 g, 30% yield) m.p. 187°C, (from diisopropylether); IR: 1720, 1710 (cm); 'H-NMR: § 1.20-
1.80 (28H, m), 2.90 (2H, dd, J=18.0, 4.7), 3.28 (2H, dd, J=18.0, 11.3), 4.25 (4H, t, J=7.0), 4.50-4.60 (2H

- AT
N /0 . Qo o/ £L£Q IANAT™N Al £ 1.1 O M 1 .
30 (8H, my); MS: m/z 668 (M'). Anal. Calcd for C36HssCLN4Oy:

8.37. Found: C, 64.63; H, 7.00; Cl, 10.66; N, 8.44.
1.04 g, 30% yield) m.p. 187°C, (from diisopropylether); IR: 1720, 1710 (cm™); 'H-NMR: & 1.20-

7.00-7.25 (8H, m); after irradiation at 1.70 &: 4.23 (2H, d, J=11.3), 4.28 (2H, d, J=11.3); MS: m/z 696 (M’).
Anal. Calcd for C33HsoCLN4O4: C, 65.41; H, 7.22; Cl, 10.16; N, 8.03. Found: C, 65.48; H, 7.20; CI, 10.26; N,

16 (0.58 g, 18% yieid) m.p. 223°C, (from diisopropylether-methanol); IR: 1715 (cm™); 'H-NMR: & 3.40-
4.08 (10H, m), 3.70 (1H, dd, /~=15.3, 11.0), 3.78 (2H, dd, J/=11.0, 5.6), 4.8-4.94 (1H, m), 7.00-7.25 (4H, m);
after irradiation at 3.75 &: 4.91 (1H, dd, J/=11.3, 2.8); MS: m/z 324 (M~ \ Anal. Caled for C.- CIN,Qy: C,

ailldal L PN Fh B T § LW \_,”;*“‘_,; ./

P oYY

55.48; H, 5.28; Cl, 10.92; N, 8.63. Found: C, 55.56; H, 5.20, Cl, 11.01; N, 8.71.

18a, Racemic form (0.34 g, 12% yield) m.p. 312°C, (from methanol); IR: 1720 (cm™); 'H-NMR: & 3.28
(4H, d, J=8.8), 3.58 (2H, dd, J=9.5, 5.4), 3.62-3.65 (4H, m), 3.66 (2H, dd, J=9.5, 2.9), 4.23 (2H, dt, /~12.6,
3.6), 4.45 (2H, dt, J=12.6, 5.0), 4.64-4.75 (2H, m), 7.10-7.28 (8H, m); MS: m/z 560 (M"). Anal. Calcd for
C6H26ChN4Og: C, 55.62: H, 4.67; Cl, 12.63; N, 9.98. Found: C, 55.58; H, 4.72; C1, 12.71; N, 10.06.

18a, Mesoform (0.34 g, 12% yield) m.p. 301°C, (from methanol); IR: 1730 (cm™); '"H-NMR: & 3.27 (4H,
d, /=9.0), 3.45 (2H, dd, /=10.0, 6.0), 3.50 (2H, dd, /=10.0, 2.5), 3.60-4.50 (8H, m), 4.68-4.76 (2H, m), 7.10-
7.30 (8H, m); MS: m/z 560 (M"). Anal. Calcd for CyH2sCLN4Og: C, 55.62; H, 4.67; Cl, 12.63; N, 9.98.
Found: C, 55.50; H, 4.59; Cl, 12.54; N, 9.88.

i 1

18b (0.82 g, 25% yield) m.p. 210°C, (from diisopropylether-methanol); IR: 1710 (cm™); 'H-NMR:
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4.92-5.00 (2H,

m
\nal. Calcd for C3HasCLNLOs: C, 62.11; H, 3.99; Cl, 10.78; N, 8.52.

3arize2NgUs 0, O H, 3.99; N,

>

18¢ (0.32 g, 10% yield); IR: 1730, 1715 (cm™); '"H-NMR: & 3.15-3.33 (10H, m), 3.50-3.77 (16H, m),
4.25-4.47 (4H, m), 4.60-4.71 (2H, m), 7.10-7.30 (8H, m); MS: m/z 648 (M*] Anal, Caled for C
C, 55.48; H, 5.28; Cl, 10.92; N, 8.63. Found: C, 55.39; H, 5.21; C}, 10.79; N, 8.59.

General procedure for the isolation of hydrazonyl chlorides 8a-e and 17¢. A solution of the
hydrazonyl chlorides 4 or 14¢ (1 mmol) in dry dioxane (50 mL) was added with silver carbonate (0.55 g, 2
mmol), and stirred in the dark at room temperature for 24 h. The undissolved material was filtered off, the
solvent was evaporated, and then the residue was chromatographed on a silica gel column with light
petroleunmvethyl acetate 2:1. Products 8 were obtained as thick oils not analytically pure, while 17¢ was a solid

material which was recrystallised. Considerable amounts of the starting hydrazonyl chloride (46 to 59%) was

8a (14 mg, 5% yield); IR: 3260, 1730, 1710 (cm™); 'H-NMR: & 1.85-2.54 (4H, m), 3.24 (1H, dd, J=17.6,
10.6), 3.42 (1H, dd, J=10.6, 5.9), 4.27 (4H, t, J-7.0), 4.10-4.35 (1H, m), 4.90-5.20 (2H, m), 5.60-6.10 (1H,

m), 7.00-7.60 (8H, m), 8.40 (1H, br s); MS: m/z 536 (M")

1x1]y visn, mj, 8.4V ViS., M/Z (AN N

8b (20 mg, 7% yield); IR: 3250, 1730, 1710 (cm” ) 'H-NMR: & 1.65-2.35 (8H, m), 3.23 (1H, dd, J=17.6,

11.8), 3.36 (1H, dd, J=17.6, 5.9), 4 5(4HtJ68)410-430(1Hm)488 20 (2H, m), 5.55-6.10 (1H,
m), 7.00-7.49 (8H, m)R’%R(Hh ' MS: m/7564(M\

8c (18 mg, 6% yield); IR: 3270, 1720, 1705 (cm'); 'H-NMR: § 1.15-2.40 (12H, m), 3.20 (iH, dd, J=17.8,
11.8), 3.39 (1H, dd, J=17.8, 5.9), 4.28 (4H, t, J=6.2), 4.05-4.40 (1H, m), 4.75-5.15 (2H, m), 5.50-6.10 (1H,
m), 6.95-7.50 (8H, m), 8.35 (1H, br s); MS: m/z 592 (M").

17¢ (48 mo. 14% vield) mp. 116°C (from diisonronvlether): TR: 3240, 1735, 1710 {(ecm™): '"H-NMR: §
17¢ (48 mg, 14% yield) m.p. 116°C ( propy ); , , ( );
3.1 (1H, dd, /=18.0, 5.4), 3.26 (1H, dd, /~=18.0, 12.0), 3.46-4.45 (20H, m), 4.58-4.67 (iH, m), 5.i2-5.28
(2H, m), 5.82-5.96 (1H, m), 7.10-7.30 (8H, m), 8.42 (1H, br s); MS: m/z 684 (M) Anal. Calcd for

CaoHisCLNLOg: C, 52.53: H, 5.14; Cl, 15.50; N, 8.17. Found: C, 52.60; H, 5.17; Cl, 15.60; N, 8.25.
solution of 8a-e or 17¢ (1 mmol) in dry dioxane mL) was added with silver carbonate (0.55 g, 2 mmol),
and stirred in the dark at room temperature for 96 h. The undissolved material was filtered off, the solvent was

aphed on a silica gel column with light petroleum/ethyl acetate
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I:1. After crystallisation from diisopropylether, dimeric products 10 and 18¢c were obtained as mixtures of
diastereoisomers with the following yields: 10a, 44%; 10b, 38%; 10¢, 45%; 10d, 56%; 10e, 44%; 18¢, 42%.
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