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Abstract—A series ofO- and N-a,w-enyne derivatives of 2-iodoarylethers and 2-iodoarylamides undergo palladium catalysed cascade
hydrostannylation of the-alkyne moiety at 0—2% followed by bis-cyclisation at 100—1%D terminating in intramolecular 3psg Stille
coupling. These cascades provide a wide range of 5/6 and 5/12—17 membered bicyclic spiro- and bridged-ring het€r@d@dasisevier
Science Ltd. All rights reserved.

The utility and mildness of Stille coupling reaction are Moreover, it has been established that excellent regio-
evidenced by their wide application in organic synthésis. selectivity in the hydrostannylation of terminal alkynes
Major factors influencing the choice of Stille coupling can be achieved rtr?/ the incorporation of a proximdie (
protocols are: (a) the organotin(lV) coupling partners are or +y-) heteroatont. Bis-cyclisation process involving
air- and moisture-stable and (b) the coupling processescreation of two 5—7 membered rings were explored prior
tolerate a wide range of functional groups. Intramolecular to macrocyclisation studies. In these small ring forming
versions of this coupling reaction have been utilised to cascade reactions it is essential to generateotwinyl-
prepare a variety of ring sizes, from four- and five- stannanel since it is sterically impossible for thg-vinyl-
membered to medium-size rirfgand macrocyclic natural  stannane to undergo intramolecular anion capture.
products? Following the pioneering work of Stille, Hegedus

and Hirama in the construction of macrocyclic natural R>= R
productd* many examples have been reported in the Bu-SH SnBu
literature employing sp-si, sp—spor allylic srf—srf Stille ® :
coupling reactiond-® The first macrocycle formation via 1 2

sp—sp Stille coupling reactions, reported by tisyere

developed as part of an ongoing survey and extension ofA series of enyneda—g, prepared as outlined in Scheme 1,

our cascade cyclisation—anion capture methodolo@ur  was allowed to react with tributyltin hydride (1 equiv.) in

extensive studies have shown that anion capture istoluene at 0—2% over 1h in the presence of 10 mol%

invariably slower than cyclisation when 3—-7 membered palladium acetate and 20 mol% triphenylphosphine at

ring are being constructed. These cascade processes arghich time hydrostannylation was judged completebly

ideal templates to explore the’ss Stille coupling and NMR or TLC monitoring.

its successful implementation via palladium catalysed

cascade cyclisation—anion capture is reported herein. Enynes 4a, 4b and 4e underwent regiospecific hydro-
stannylation to afford the-vinylstannane$a, 6b and 6e,

The facile Pd(0) catalysed hydrostannylation of alkynes respectively, as the sole products (Scheme 2), whilgive

offered the possibility of a Pd(0) catalysed cascade processa 3:1 mixture oféc and the E)-B-vinylstannane. Enyndd

in which cyclisation—anion capture occurs intramolecularly. afforded a 1:1 mixture of the-vinylstannanesd and the

B-regioisomer. A complex mixture of products was

obtained in the case ¢ff and 4g with only traces of the

Keywords cascade reactions; Pd catalysis; hydrostannylation; Stille desired organostannaﬁe(Scheme 2)

coupling; cyclisation.
* Corresponding author. Tel.:+44-113-233-6501; fax:+44-113-233- . .
6501; e-mail: r.grigg@chem.leeds.ac.uk When the conversion efa—e to stannaneSa—e was judged
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Scheme 1(A) Propiolic anhydride, EtQ rt (n=0, 98%). (B) DCC, THF, HEEC(CH,),COH (n=1 and 2, 45 and 75%).
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Scheme 2.

Table 1. Synthesis of spirocycleg (reactions were carried out for 0.1 M complete the temperature of the reaction mixture was raised
solutions of4 in toluene) to 100C (oil bath) which initiated the bis-cyclisation—anion

Entry 4 Reaction timé (h) Product Yield (96 capture process yielding spirocyclé§Scheme 2 and Table
1) via 5exotrig cyclisation followed by sp-sg intra-

1 4a 16 7a 67 molecular Stille coupling.

2 4b 16 7b 70

2 33 %8 ;3 %? Compound4d, the precursor of the 5/7-spirocycle, failed to

5 4e 16 7e 56 afford the desired product giving only a mixture of decom-

position products. It would appear that the failure of this
cascade is due to a slow rate of intramolecular anion capture
arising from an unfavourable 8-membered palladacycle
intermediate. The lower yield ofc reflects the 3:1 ratio

2 For the conversion of stannan@so spirocyclesy.

P|solated yields, after purification by column chromatography §5iO
based on starting materidl

®This reaction was also repeated at higher dilutionX1@ > M).

SOZPh SOzPh

(1) (ii) \/J)/n 1' Pd(0), Toluene \/J)/n )\
=lvd el
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Scheme 3Reagents: (i) HOCKCH,),CH,OH, NaH, DMF, OC. (i) HC=CCH,NHSO,Ph, ADDP, PBy, toluene, 25C.
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Entry n Product Ring size Yield (%)

1 2 10a 5/11 Not observed
2 3 10b 5/12 39

3 3 10b 5/12 59

4 4 10c 5/13 44

5 5 10d 5/14 53

2|solated yields, after purification by column chromatography, based on
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of vinylstannanes and the inability @-vinylstannanes to
participate in intramolecular anion capture, whilst the some-
what lower yield of7e probably reflects the sensitivity of
acrylamide derivatives to polymerisation (Table 1, entry 5).

The foregoing results encouraged us to explore macro-
cyclisation cascades which terminate in*sgg Stille
coupling. Initially, a series of enyne® (Scheme 3) were
prepared as precursors for macrocyclisation studies.

Enynes8a—d were synthesised using modified Mitsunobu
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Scheme 4Reagents: (i) Potassium phthalimide, DMF. (ii) Hydrazine, MeOH. (iii) PYECELN. (iv) NaH, DMF, Br(CHy)gBr. (v) HC=CCH,NNaSQPh,

DMF.
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Scheme 5Reagents: (i) NaOAc, DMF. (i) MeOH, 3 N HCI. (iii) HEE(CH,),COH, DCC, DMAP, DMF. (iv) PPh, ADDP, HC=CCH,OH.

Table 3. Synthesis of spiro-macrocycld®

Entry n  Product

Macrocyclic ring siz8l

1 2 19a
2 3 19
3 4 19c
4 5 19
5 6 19e
6 7 19f
7 8 19g

2Based on compounti7.
P Yields in brackets are corrected for the/B-vinylstannane ratio.

conditions with 1,1’-(azodicarbonyl)-dipiperidine (ADDP)
as the coupling reagent. 0.05 M solutions8af-d in toluene
were submitted to the Pd(0) catalysed hydrostannylation
conditions (0—2%C, 1 h) giving exclusively the correspond-
ing a-vinylstannanea—d as demonstrated b{H NMR
and TLC monitoring. The vmylstannane solutions were
diluted to provide %103 M solutions in toluene and then
heated at 10 (bath temperature) for 24 h to give the
macrocyclic spirocycled0 in moderate yield (Table 2).
The 11-membered spirocycle was not formed using this
methodology (Table 2, entry 1). The yield bBbwas raised
from 39 to 59% (Table 2, entries 2 and 3) by syringe pump
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Scheme 6Reagents: (i) NaH, DMF, Br(CiBr. (i) DMF, HC=CCH,NNaSQPh.

Table 4. Synthesis of bridged-ring macrocycl28

Entry n Ring size Additive (mol equiv.) Reaction tirhéh) Product Yield (%)
1 6 13 LiCl (1.0) 2 23a 51
2 6 13 Cul (0.2) 2 23a 34
3 6 13 EtNCI (1.0) 16 23a 29
4 6 13 AgCO; (0.5) 2 23a 45
5 7 14 LiCI (1.0) 4 23b 30
6 7 14 AgCO; (0.5) 4 23b 30
7 8 15 LiCl (1.0) 2 23c 39
8 8 15 AgCO; (0.5) 2 23c 37
9 10 17 AgCO; (0.5) 4 23d 37

2For conversion of stannan@g to bridges-ring macrocyclez3.
b Based on compoungll, isolated after purification by column chromatography ($iO

addition of a solution 08b (0.05 M solution in toluene) toa it was also possible to obtain a medium size spirocyclic

mixture containing an additional charge of catalyst productl9a(Table 3, entry 1) in moderate yield.

(10 mol% palladium acetate, 20 mol% RPm toluene at

100°C over 20 h. A fourth, and final series of bridged-ring forming macro-
cyclisation employin@?2, obtained as outlined in Scheme 6,

A second type of spirocycle precurs@B was prepared  afforded the desired produc®8 (Table 4). Monitoring the

based on 2-iodoaniline (Scheme 4). Hydrostannylation hydrostannylation reaction (0.05 M solutions in toluene at

(0-25C, 1 h) afforded thex-vinylstannanel4 which, by 0-25C over 1 h) by'H NMR indicated only thex-vinyl-

cyclisation—anion capture, gave 5/15-spiromacrocylie stannane was formed. In these cases the preferred catalyst

in only 15% vyield. This latter yield was achieved using system comprises 10 mol% itha/80 mol% tri(2-furyl)-

5 mol% of Pddba and 20 mol% of tri(2-furyl)phosphine  phosphine and an additive depending on the size of macro-

as catalysf in a 5x10 M solution of 14 in toluene at cycle (Scheme 6 and Table 4). The bis-cyclisations

110°C (Scheme 4). employed %10 *M solutions in toluene and were
completed in 2—4 h at 11Q.

Several additives (Lil, ENCI, Ag,CO; and ThCOs) and

catalysts [Pd(OAgJPPh and (PRP)Pd] were evaluated In this last series a variety of reactions conditions were

but failed to improve on the 15% yield. It was observed evaluated, which demonstrated the superior effectiveness

that increasing the amount of palladium catalyst increased of I|th|um chlondé and silver carbonat¥,when compared

the yield [for example, a 23% yield was obtained employing to Cu(l)** and tetraalkylammonium saﬁs1 which did not

10 mol% of Pddba and 40 mol% of tri(2-furyl)phosphine],  improve the yields (see Table 4).

suggesting the product macrocyd® may be sequestering

the palladium! In summary, we have demonstrated the synthetic potential
of hydrostannylation-intramolecular anion capture cascades

A third series of macrocyclic spirocycle$9 has been for the preparation of both small and large bridged- and

obtained in better yield (Scheme 5 and Table 3). The starting spirocyclic-rings.

materials 17, prepared as outlined in Scheme 5, were

submitted to the catalysed hydrostannylation reaction

(toluene, 0—2%C, 1 h) in the presence of 5 mol% Jithas Experimental

and 20 mol% tri(2-furyl)phosphine to afford 2:1 mixtures of

a- and B-vinylstannanes18. Bis-cyclisation proceeded Melting points were determined on a Koffler hot-stage

smoothly at 116C (5x10 > M solutions in toluene) over  apparatus and are uncorrected. Mass spectral data were

12 h furnishing 5/N-macrocycle®9. With these substrates  obtained from a VG Autospec operating at 70 eV. Nuclear
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magnetic resonance spectra were recorded on BrukerlH, ArH), 6.83 (d,J=8.0 Hz, 1H, ArH), 7.30 (tJ=8.0 Hz,

QE300 and AM 400 machines operating at 300 and
400 MHz, respectively. Unless otherwise specified, deutero-
chloroform was used as solvent with tetramethylsilane as

1H, ArH) and 7.77 (dJ=8.0 Hz, 1H, ArH); vz (%) 342
(M™, 32), 272 (14), 220 (55), 92 (95), 77 (84) and 53 (100).

internal standard. Microanalyses were obtained using aSynthesis of compound 4e

Carlo Erba MOD 11016 instrument. Thin layer chromato-
graphy was carried out on Whatman PESIL G/UV polyester
plates coated with a 0.2 mm layer of silica-gel 60 (Merck
9385). Anhydrous DMF was commercially available
(Aldrich), THF and toluene were sodium dried under a
nitrogen atmosphere anathexane was distilled prior to
use. Petroleum ether refers to the fraction with boiling
point 40—60C.

General method for 4a—d

The N-protected propargylamine or propargyl alcohol
(20 mmol) in dry DMF (10 ml) was added over 0.25h to
a stirred suspension of NaH (0.400 g, 10 mmol, 60% disper-
sion in mineral oil) in dry DMF (5 ml) under a nitrogen
atmosphere at°C. The mixture was allowed to warm to
room temperature and stirred for a further 0.5 h, then cooled
to 0°C and the allyl chloride8 (2.5 g, 8.1 mmol) in DMF
(10 ml) added dropwise over 0.5 h. After stirring for a

Propiolic anhydrid& (0.35 g, 2.9 mmol) was added over
0.25 h to a stirred solution of amire(1.1 g, 2.9 mmol) in
ether (40 ml) at @C and the mixture stirred for 16 h at room
temperature. The solvent was removed and the residue
purified by column chromatography eluting with 1:1 (v/v)
ether:petroleum ether to afford tpeoduct(1.29 g, 98%) as
colourless oil. (Found: C, 55.5; H, 4.1; N, 3.3,8:gINO,
requires: C, 55.7; H, 4.2; N, 3.3%; (mixture of rotomers)
3.05, 3.17 (Xs, 1H, G=CH), 4.09, 4.31 (Zs, 2H, CHN),
449, 453 (Xs, 2H, H,0Ar), 4.63, 4.80 (&s, 2H,
NCH,Ph), 5.13, 5.21, 553, 5.55 %4, 2H, C=CH,),
6.70-6.80 (m, 2H, ArH), 7.24-7.37 (m, 6H, ArH) and
7.35-7.78 (m, 1H, ArH)m/z (%) 431 (M", 6), 340 (43),
212 (94), 131 (62) and 91 (100).

General method for 4f and 4g

A mixture of amine5 (1.2 g, 3.2 mmol), DCC (0.65 g,

further 16 h at room temperature the solvent was removed 3.2 mmol) and the appropriate carboxylic acid (3.2 mmol)

in vacuo, the residue dissolved in ether (70 ml), washed with
water (30 ml), brine (30 ml) and dried (Mg3Filtration
and evaporation of the solvent followed by column chroma-
tography of the residue, eluting with mixtures of ether/
petroleum ether, afforded throducts 4a—d(66—87%).

4a. Colourless needles (87%), mp 45-=@6from ether/
petroleum ether. (Found: C, 55.9; H, 3.9; N, 3..
CooH1gINOs requires: C, 55.7; H, 4.2; N, 3.3%§ 2.29
(m, 1H, CG=CH), 4.62—-4.06 (m, 6H, OCjHand 2NCH),
5.57-5.27 (m, 2H, E=CH,), 6.71 (t,J=7.0 Hz, 1H, ArH),
6.82 (m, 1H, ArH), 7.60-7.30 (m, 6H, ArH) and 7.78 (m,
1H, ArH); mz (%) 432 (M" +1, 5), 401 (19), 392 (16), 212
(100), 105 (81) and 77 (45).

4b. Colourless needles (85%), mp 91-°@3from ether/
petroleum ether. (Found: C, 48.9; H, 3.8; N, 2.9.
C1oH1gINO3S requires: C, 48.9; H, 3.9; N, 3.0%9; 1.98

(t, J=2.0 Hz, 1H, G=CH), 3.98 (s, 2H, E=CH,N), 4.15 (d,
J=2.0 Hz, 2H, G=CCH,), 4.57 (s, 2H, CHO), 5.35, 5.65
(2xs, 2H, C=CH,), 6.79 (m, 2H, ArH), 7.26-7.53 (m, 4H,
ArH), 7.83 (dd,J=9 and 2.0 Hz, 1H, ArH) and 7.87 (m, 2H,
ArH); m/z (%) 467 (M', 7), 326 (21), 248 (51), 141 (47),
106 (60) and 77 (100).

4c.Colourless oil (85%). (Found: C, 47.4; H, 3.9.:81310,
requires: C, 47.6; H, 3.9%)5 2.45 (t, J=2.0 Hz, 1H,
C=CH), 4.23, 4.20 [2s, 4H, (ChLO], 4.61 (s, 2H,
ArOCHy), 5.35, 5.49, (s, 2H, €CH,), 6.72 (t,J=8.0 Hz,
1H, ArH), 6.82 (d,J=8.0 Hz, 1H, ArH), 7.29 (tJ=8.0 Hz,
1H, ArH) and 7.78 (dJ=8.0 Hz, 1H, ArH);m/z (%) (FAB)
328 (M', 36), 273 (14), 202 (13), 146 (100) and 131 (47).

4d. Colourless oil (66%). (HRMS found: 342.0118.
CisH1510, requires: 342.0117)6 1.97 (t, J=2.0 Hz, 1H,
C=CH), 2.49 (m, 2H, &CCH,), 3.60 (t,J=7.0 Hz, 2H,
CH,CH,0), 4.18 (s, 2H, OCKC=C), 4.60 (s, 2H,
ArOCH,), 5.32, 5.45 (s, 2H, €CH,), 6.72 (t,J=8.0 Hz,

in THF (40 ml) was stirred at 2C for 16 h. The solvent was
then removed in vacuo, the residue dissolved in ether
(50 ml) and washed successively with wateix4® ml)
and brine (40 ml) and dried (MgSP Filtration followed

by evaporation of the filtrate and column chromatography of
the residue eluting with mixtures of ether:petroleum ether
afforded the products.

4f. Colourless oil (45%). (Found: C, 56.9; H, 4.4; N, 3.2.
C,1HoINOs requires: C, 56.7; H, 4.5; N, 3.2%; (mixture

of rotomers) 2.26 (tJ=3.0 Hz, 1H, G=CH), 3.66, 4.02
(2xs, 2H, G=CCH,N), 4.21, 4.49 (s, 2H, C=CCH,N),
4.49 (m, 2H, ®G,0Ar), 4.66, 5.19 (Xbr s, 2H, NCGH,Ph),
5.19 (s, 1H, G=CH,), 5.45-5.53 (m, 1H, €&CH,), 6.72—
6.80 (m, 2H, ArH), 7.18-7.38 (m, 6H, ArH) and 7.74-7.79
(m, 1H, ArH); m/z (%) 445 (M', 1), 220 (11), 209 (41), 127
(64) and 91 (100).

4g. Colourless oil (41%). (Found: C, 57.7; H, 5.0; N, 3.1.
C,,H0INOs requires: C, 57.6; H, 4.8; N, 3.1 %9;(mixture

of rotomers) 1.94 (s, 1H, €©CH), 2.62 (m, 4H,
CH,CH,CO), 4.07, 4.20 (%s, 2H, G=CCH,N), 4.49 (m,
2H, CH,0Ar), 4.60 (m, 2H, NE1,Ph), 5.14, 5.17 (&s, 1H,
C=CHy,), 5.42,5.52 (&s, 1H, C=CH,) and 6.71-7.78 (m,
9H, ArH); Mz (%) 459 (M", 4), 368 (3), 240 (100), 186 (44)
and 91 (100).

General procedure for the synthesis of small polycycles
by cyclisation—anion capture of 4a—c and 4e

A mixture of palladium acetate (0.011g, 0.05 mmol),
triphenylphosphine (0.026 g, 0.1 mmol) and 4 (0.5 mmol)
in toluene (5 ml) was stirred at’C under nitrogen whilst
tributyltin hydride (0.160 g, 0.5 mmol, 0.148 ml) was added
dropwise over 5 min. The reaction was then allowed to
warm to room temperature over 1 h before being heated at
100°C for 16 h. After cooling to room temperature, a satu-
rated aqueous solution of potassium fluoride (5 ml) was
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added and the mixture stirred for 1 h, filtered, the organic in benzene (20 ml) at°C. The mixture was stirred at the

phase dried (N&Q,), filtered and the filtrate evaporated.
The residue was purified by column chromatography §5i0O
eluting with mixtures of ether:petroleum ether.

Spirocycle 7a.Colourless needles from petroleum ether/
ether (67%), mp 85-8€&. (HRMS found: 305.1368.
CoH1gNO, requires: 305.1371);6 2.49, 2.64 (Xd,
J=8.0 Hz, 2H, CHC=C), 3.58, 3.80 (&m, 2H, CHN),
421 (br s, 2H, ArOCH), 4.21, 4.61 (Xbr s, 2H,
C=CCH,N), 4.94, 5.20 (Xbr s, 2H, G=CH,) and 6.75-
7.77 (m, 9H, ArH);mVz (%) 305 (M", 37), 200 (31), 174
(61), 131 (42), 105 (100) and 77 (86).

Spirocycle 7b. Colourless needles from petroleum ether/
ether (70%), mp 104-106. (Found: C, 66.1; H, 5.7; N,
4.1. GgH1gNOsS requires: C, 66.5; H, 5.6; N, 4.1%;2.38

(s, 2H, CHC=C), 3.05, 3.68 (&d, J=12.0 Hz, 2H, CHN),
3.56, 4.15 (Xd, J=11.0 Hz, 2H, G=CCH;N), 4.22, 4.54
(2xd, J=8.0Hz, 2H, ArOQ,), 4.45, 5.10 (&s, 2H,
C—CH,), 6.85 (t,J=9.0 Hz, 2H, ArH), 7.01 (ddJ)=7 and
2.0 Hz, 1H, ArH), 7.18 (dt)=8 and 3.0 Hz, ArH) and 7.55—
7.80 (m, 5H, ArH);m/z (%) 341 (M", 11), 200 (100), 170
(32), 131 (59) and 77 (58).

Spirocycle 7c.Colourless oil (53%). (Found: C, 77.3; H,
7.1. G3H140, requires: C, 77.3; H, 7.0%)5 2.45, 2.66
(2xd, J=13.0Hz, 2H, CHC=C), 3.62, 3.77 (&d,
J=11.0 Hz, 2H, CCHO), 4.05, 4.19 (&d, J=12.0 Hz,
2H, C=CCH,0), 4.25, 4.54 (&d, J=9.0Hz, 2H,
ArOCH,), 4.88, 4.96 (&s, 2H, G=CH,), 6.81 (d,
J=8.0 Hz, 1H, ArH), 6.88 (t,J=7.0 Hz, 1H, ArH) and
7.14-7.20 (m, 2H, ArH);mwz (%) 202 (M", 100), 170
(63) and 131 (89).

Spirocycle 7e. Colourless oil (56%). (HRMS found:
305.1418. GgH;gNO, requires 305.1416)5 2.75, 2.99
(2xd, J=15.0Hz, 2H, CHC=C), 3.28, 3.55 (2d,
J=12.0 Hz, 2H, CHNCO), 4.19, 4.25 (&d, J=9.0 Hz,
2H, NCH,Ph), 4.50, 4.85 (2d, J=14.0 Hz, 2H, ArOC,),
5.44,6.45 (s, 2H, G=CH,), 6.78 (d,J=8.0 Hz, 1H, ArH),
7.07 (d,J=7.0 Hz, 1H, ArH), 7.17 (tJ=8.0 Hz, 1H, ArH)
and 7.28 (m, 5H, ArH)m/z (%) 305 (M", 98), 186 (100),
158 (51), 131 (49), 118 (85) and 91 (86).

Preparation of 8a—d

The diol (2 mmol) in DMF (15 ml) was added over 0.5 h to
a stirred suspension of NaH (0.08 g, 2 mmol, 60% in
mineral oil) in DMF (5 ml) under a nitrogen atmosphere
at 0°C. The mixture was allowed to warm to room tempera-
ture and stirred for 0.5 h, then cooled t&COfollowed by

addition of allyl chloride3 (0.61 g, 2 mmol) in DMF (15 ml)

dropwise over 0.5 h. The resulting mixture was stirred at

same temperature for 10 min and at room temperature for
24 h. The solvent was then removed and the residue purified
by column chromatography (SiPeluting with mixtures of
ether:petroleum ether to affoRh—d.

8a (n=2). Colourless viscous oil (40%). (Found: C, 51.5; H,
4.7; N, 2.6. G3H¢INO,S requires: C, 51.3; H, 4.8; N,
2.6%); 6 1.68 (m, 4H, XCH,), 1.97 (t,J=2.0Hz, 1H,
C=CH), 3.23 (t, J=6.0Hz, 2H, CHN), 3.48 ({t,
J=5.0 Hz, 2H, O®,CH,), 4.11 (s, 4H, E&CCH,0O and
NCH,C=C), 4.59 (s, 2H, ArO€El,), 5.29, 5.41 (&s, 2H,
C=CH,), 6.71 (t,J=8.0 Hz, 1H, ArH), 6.83 (dJ=8.0 Hz,
1H, ArH), 7.26 (m, 1H, ArH), 7.46-7.56 (m, 3H, ArH) and
7.76-7.85 (m, 3H, ArH)m/z (%) 539 (M", 1), 398 (95),
250 (55), 208 (67), 141 (89), 108 (95), 77 (100) and 55 (83).

8b (n=3). Colourless viscous oil (45%). (Found: C, 52.1; H,
5.1; N, 2.8. GHHgINO,S requires: C, 52.1; H, 5.1; N,
2.6%);6 1.39, 1.62 (&m, 6H, 3xXCH,), 1.97 (t,J=2.0 Hz,
1H, C=CH), 3.19 (t, J=7.0Hz, 2H, CHN), 3.46 (t,
J=6.0 Hz, 2H, O®1,CH,), 4.13 (m, 4H, G=CCH,O and
NCH,C=C), 4.60 (s, 2H, ArO€l,), 5.30, 5.43 (s, 2H,
C=CHyp), 6.71 (t,J=8.0 Hz, 1H, ArH), 6.84 (dJ=8.0 Hz,
1H, ArH), 7.28 (t,J=8.0 Hz, 1H, ArH), 7.46—-7.58 (m, 3H,
ArH), 7.77 (dd,J=7 and 1.0 Hz, 1H, ArH) and 7.84 (d,
J=8.0 Hz, 2H, ArH);m/z (%) 553 (M", 1), 412 (19), 208
(27), 141 (58) and 77 (100).

8c (n=4). Colourless viscous oil (47%). (Found: C, 52.9; H,
5.3; N, 2.3. GsH3INO4S requires: C, 52.9; H, 5.3; N,
2.5%);6 1.36, 1.55 (&m, 8H, 4XCH,), 1.97 (t,J=2.0 Hz,
1H, C=CH), 3.19 (t, J=7.0Hz, 2H, CHN), 3.45 {t,
J=6.0 Hz, 2H, OC®,CH,), 4.11 (s, 4H, EG=CCHO and
NCH,C=C), 4.60 (s, 2H, ArO€l,), 5.29, 5.43 (&s, 2H,
C=CHy,), 6.71 (t,J=7.0 Hz, 1H, ArH), 6.83 (dJ=8.0 Hz,
1H, ArH), 7.28 (m, 1H, ArH), 7.47-7.57 (m, 3H, ArH), 7.77
(dd,J=7 and 1.0 Hz, 1H, ArH) and 7.84 (d=7.0 Hz, 2H,
ArH); m'z (%) 567 (M', 4), 426 (43), 348 (56), 208 (86),
141 (91), 131 (50) and 77 (100).

8d (n=5). Colourless viscous oil (52%). (Found: C, 53.9; H,
5.6; N, 2.6. GgH3,INO,S requires: C, 53.8; H, 5.5; N,
2.4%); & 1.39, 1.61 (Xm, 10H, 5<CH,), 1.97 (t,
J=1.0 Hz, 1H, G=CH), 3.19 (t,J=7.0 Hz, 2H, CHN),
3.46 (t,J=6.0 Hz, 2H, O®1,CH,), 4.13 (m, 4H, G=CCH,O
and NCHC=C), 4.60 (s, 2H, ArO€El,), 5.30, 5.44 (&s,
2H, C=CH,), 6.71 (t, J=8.0Hz, 1H, ArH), 6.84 (d,
J=8.0 Hz, 1H, ArH), 7.27 (tJ=8.0 Hz, 1H, ArH), 7.47-
7.57 (m, 3H, ArH), 7.47-7.58 (m, 3H, ArH), 7.77 (d,
J=7.0Hz, 1H, ArH) and 7.84 (dJ=8.0 Hz, 2H, ArH);
m'z (%) 581 (M", 1), 362 (29), 208 (76), 141 (82), 77
(100) and 55 (65).

room temperature for 16 h before removal of the solvent General procedure for spiro-macrocycles 10b—d

in vacuo. The residue was dissolved in ether, washed with

water and brine, dried (MgS) filtered and the filtrate

evaporated. The residue was purified by column chromato-

graphy (SiQ) eluting with mixtures of ether:petroleum
ether to afford the intermediate alcohols which (1 mmol)
were added to a stirred solution of tributylphosphine
(0.30 g, 1.5 mal), 1,2(azodicarbonyl)dipiperidine (ADDP)
(0.374 g, 1.5 mmol) and propargylamine (0.08 g, 1.5 mmol)

Method A: A mixture of palladium acetate (0.011 g,
0.05 mmol), triphenylphosphine (0.028 g, 0.1 mmol) and
aryl iodide8 (0.5 mmol) in dry toluene (10 ml) was stirred
at C under nitrogen whilst tributyltin hydride (0.140 g,
0.5 mmol) was added over 5min. The reaction mixture
was allowed to warm to room temperature over 1 h before
being diluted with toluene (90 ml) to an aryl iodide
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concentration of 10 M and then heated at 180 for
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Bis-sulfonamide (12). Allylic chloride 11 (448 mg,

24 h. After cooling to room temperature, the solvent was 1 mmol), [readily available by reaction of sodiuh-(2-
removed under reduced pressure and, following workup asiodophenyl)phenylsulfonamide with  2-chloromethyl-3-

described for7, the residue was purified by column chro-
matography (Sig) eluting with mixtures of ether:petroleum
ether.

Method B: A mixture of palladium acetate (0.011 g,

0.05 mmol), triphenylphosphine (0.028 g, 0.1 mmol) and

aryl iodide 8 (0.5 mmol) in dry toluene (10 ml) was stirred
at OC under nitrogen whilst tributyltin hydride (0.140 g,

chloro-1-propene in DMF over 24 h], was stirred and
reacted with potassium phthalimide (222 mg, 1.2 mmol) in
dry DMF (8 ml) at 90C for 2h. The DMF was then
removed under reduced pressure and dichloromethane
(10 ml) added. The organic layer was separated and washed
with water (10 ml), dried (Ng8QOy), filtered and the filtrate
evaporated under reduced pressure. The residue was
dissolved in methanol (10 ml) and treated with hydrazine

0.5 mmol) was added over 5min. The reaction mixture monohydrate (15@l, 3 mmol). The resulting mixture was
was allowed to warm to room temperature over 1 h. The boiled under reflux for 1 h, cooled td© and filtered. The
mixture containingd was taken up into a syringe (10 ml) filtrate was evaporated, the crude amine dissolved in
and added, over 20 h via syringe pump, to a mixture of dichloromethane (10ml) and triethylamine (208
palladium acetate (0.011 g, 0.05mmol) and triphenyl- 1.5 mmol) and phenylsulfonyl chloride (0.212 g,
phosphine (0.028 g, 0.1 mmol) in toluene (90 ml) stirred 1.2 mmol) added and stirring continued at room temperature
and heated at 10G. The mixture was stirred at the same for 4 h. The solvent was then evaporated under reduced
temperature for a further 6 h before the solvent was removedpressure and the residue purified by column chromato-

in vacuo, followed by workup as described for Method A.

Spiro-macrocycle 10b 6=3). Obtained by Methods A and

B (39 and 59% vyield, respectively) as colourless prisms

from petroleum ether/ether, mp 140-2@2 (Found: C,
67.4; H, 6.9; N, 3.1. &H»sNO,S requires: C, 67.6; H,
6.6; N, 3.3%);6 1.43, 1.80 (m, 6H, 8CH,), 2.36, 2.92
(2xd, J=16.0 Hz, 2H, CHC=C), 3.04, 3.97 (&m, 2H,

CH,N), 3.32, 3.47 (&m, 2H, OCH), 3.47, 3.61 (Xd,

J=9.0 Hz, 2H, CCHO), 3.87, 4.08 (&d, J=16.0 Hz, 2H,
NCH,C=C), 4.41, 4.45 (2d, J=9.0 Hz, 2H, ArOG,),

4.79, 5.04 (Xs, 2H, CH=C), 6.79 (d,J=8.0 Hz, 1H,

ArH), 6.88 (td,J=7 and 1.0 Hz, 1H, ArH), 7.15 (td]=6

and 1.0 Hz, 1H, ArH), 7.24 (dd=6 and 1.0 Hz, 1H, ArH),
7.48-7.58 (m, 3H, ArH) and 7.80—7.83 (m, 2H, Arhi)yz

(%) 427 (M", 7), 286 (100), 131 (55) and 77 (36).

Spiro-macrocycle 10c (=4). Obtained by Method A in

44% vyield as colourless prisms from petroleum ether/

ether, mp 137-13€. (Found: C, 68.0; H, 7.0; N, 3.0.
CosH3:NO,S requires: C, 68.0; H, 7.0; N, 3.2%9; 1.43,
1.71 (m, 8H, &4CH,), 2.40, 2.95 (Xd, J=10.0 Hz, 2H,
CH,C=C), 2.99, 3.42 (&m, 2H, CHN), 3.42 (m, 2H,
OCH,), 3.42, 3.62 (&d, J=9.0 Hz, 2H, CCHO), 3.42,
3.87 (Xd, J=15.0Hz, 2H, NCHC=C), 4.42 (s, 2H,
ArOCHy), 4.77, 5.05 (&s, 2H, CH=C), 6.79 (d,
J=8.0 Hz, 1H, ArH), 6.86 (tJ=7.0 Hz, 1H, ArH), 7.15 (t,
J=8.0 Hz, 1H, ArH), 7.25 (dJ=8.0 Hz, 1H, ArH), 7.48-
7.57 (m, 3H, ArH) and 7.78-7.81 (m, 2H, ArH)z (%)
441 (M*, 12), 300 (100), 178 (8), 131 (16) and 77 (8).

Spiro-macrocycle 10d (=5). Obtained by Method A in

53% vyield as viscous colourless oil. (Found: C, 68.3; H,

7.3; N, 3.1. GgH33NO,S requires: C, 68.6; H, 7.3; N,
3.1%); 6 1.26—-1.66 (m, 10H, BCH,), 2.39, 2.89 (Xd,
J=17.0 Hz, 2H, CHC=C), 3.10, 3.45 (2m, 4H, CHN
and OCH), 3.44, 3.61 (Xd, J=8.0Hz, 2H, CCHO),
3.65, 3.75 (Xd, J=16.0 Hz, 2H, NCHC=C), 4.41, 4.47
(2xd, J=9.0Hz, 2H, ArOM®,), 4.74, 5.06 (Xs, 2H,
CH,=C), 6.78 (d,J=8.0 Hz, 1H, ArH), 6.86 (tJ=7.0 Hz,
1H, ArH), 7.15 (t,J=8.0 Hz, 1H, ArH), 7.22 (dJ=8.0 Hz,
1H, ArH), 7.47-7.56 (m, 3H, ArH) and 7.80 (d=7.0 Hz,
2H, ArH); miz (%) 455 (M', 7), 314 (100), 170 (29), 131
(48), 77 (8) and 55 (23).

graphy (SiQ) eluting with 1:1 (v/v)n-hexane:ether furnish-
ing bis-sulfonamidd 2 (0.454 g, 80%) as colourless needles
from n-hexane/ether, mp 99-1W0. (Found: C, 46.8; H,
3.6; N, 4.8; S, 11.3. &H»1IN,O,S, requires: C, 46.5; H,
3.7; N, 4.45; S, 11.3%)6 3.74-4.02 (m with d at 3.77,
J=14.3 Hz, 3H, ®G,NH and 1H of G4,NAr), 4.20 (d,
J=14.3 Hz, 1H, ®&,NAr), 4.68, 5.03 (Xs, 2H, CH—=C),
5.15 (m, 1H, NH), 6.81-8.00 (m, 14H, ArHyz (%) 568
(M*, 3), 285 (33), 159 (32), 141 (43), 130 (41) and 77 (86).

Alkyne 14 (n=8). Sodium hydride (0.288 g, 1.2 mmol, 60%
dispersion in mineral oil) was added to a stirred solution of
12(3.41 g, 6 mmol) in dry DMF (18 ml) cooled atO. The
mixture was stirred at room temperature for 30 min and then
added dropwise over 30 min to a solution of 1,8-dibromo-
octane (1.36 g, 5 mmol) in dry DMF (18 ml). The resulting
suspension was stirred at room temperature for 4 h, the
DMF evaporated under reduced pressure and dichloro-
methane (20 ml) added. The mixture was washed with
water (20 ml), dried (Ng5Q,), filtered and the filtrate
evaporated under reduced pressure. The residue was
purified by column chromatography eluting with mixtures
of n-hexane/ether affording the monobromide (79-83%). A
solution of this bromide (2 mmol) in DMF (3 ml) was added
to a solution of sodiumN-propargyl-phenylsulfonamide
(2mmol) in DMF (3ml) [previously prepared from
N-propargylphenylsulfonamide (2 mmol) and sodium
hydride (2 mmol)]. The resulting mixture was stirred for
1.5h at room temperature, DMF was removed under
reduced pressure and the residue dissolved in water
(10 ml) and extracted with dichloromethanex{@ ml).
The organic layer was dried (MNaQOy), filtered and the
filtrate evaporated under reduced pressure. The residue
was purified by column chromatography ($)Celuting
with mixtures of n-hexane/ether to afforgproduct 14
(77% vyield) as a pale yellow sticky oil. (Found: C, 54.0;
H, 4.8; N, 4.75; S, 11.0. £gH44N306S; requires: C, 53.75;

H, 4.85; N, 4.8; S, 11.05%% 1.14—-1.56 (m, 12H,%8CH,),

2.00 (t,J=2.0 Hz, 1H, G=CH), 3.05, 3.19 (&t, J=7.5 Hz,

4H, 2xCH,CH,N), 3.84, 3.91 (&d, J=16.5Hz, 2H,
C=CCH,NCH,), 4.05 (d,J=15.0 Hz, 1H, Gi,NAr), 4.13

(d, J=2.0 Hz, 2H, CHC=C), 4.30 (d,J=15.0Hz, 1H,
CH,NAr), 5.08, 5.14 (Xs, 2H, CH=C) and 7.00-7.89
(m, 19H, ArH); m/z (%) 873 (M, 0.3), 732 (36), 537
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928), 412 (26), 359 (88), 272 (81), 270 (34), 218 (34), 184
(24), 144 (49), 143 (32), 141 (53), 130 (34), 78 (28), 77
(100) and 32 (28).

Spiro-macrocycle 15.0btained according to Method A as
described previously in 15% yield as colourless prisms from
n-hexane/ether, mp 110-11% (Found: C, 62.5; H, 6.2; N,
5.65; S, 12.7. gH4sN306S; requires: C, 62.6; H, 6.05; N,
5.6; S, 12.85%);5 1.20-1.76 (m, 12H, ¥CH,), 2.41 (d,
J=13.5Hz, 1H, CCHC=C), 2.85-3.23 (m, 7H, 1H of
CCH,C=C and XCH;N), 3.50 (d, J=15.0Hz, 1H,
CH,N), 3.50 (d,J=14.0 Hz, 1H, CHN), 4.13, 4.33 (Xd,
J=11.0 Hz, 2H, G=CCH:N), 4.39, 4.72 (&s, 2H, CH=C)
and 7.02-7.97 (m, 19H, ArH)Vz (%) 747 (M*, 0.2), 606
(13), 361 (18), 359 (13), 146 (14), 87 (100), 79 (11), 77 (22),
57 (11), 43 (41) and 41 (18).

Allyl alcohol 16. A suspension of chloridd1 (0.224 g,
0.5mmol) and sodium acetate (0.164 g, 2.0 mmol) in
DMF (3 ml) was stirred at 8@ for 2d. The DMF was
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and 7.00-7.89 (m, 9H, ArH)Vz (%) 567 (M', 1), 427 (26),
426 (100), 288 (32), 286 (22), 285 (25), 284 (73), 270 (32),
230 (24), 144 (43), 143 (84), 142 (49), 141 (38), 139 (56),
130 (32), 111 (26), 77 (62), 55 (28) and 39 (71).

Diester 17b (=3). Sticky colourless oil (49%). (Found: C,
49.5; H, 4.15; N, 2.6; S, 5.5.4H,4NOgS requires: C, 49.6;
H, 4.15; N, 2.4; S, 5.5%)p 1.96 (m, 2H, G&,CH,CO),
2.36-2.46 (m, 4H, RCH,CO), 2.48 (t,J=2.2 Hz, 1H,
C=CH), 4.11, 4.34 (%d, J=14.4 Hz, 2H, CHN), 4.65 (d,
J=13.2 Hz, 1H, G=CCH,0), 4.68 (d, J=2.2 Hz, 2H,
CH,C=C), 4.75 (d,J=13.2 Hz, 1H, G=CCH,0), 4.91,
5.10 (s, 2H, CH=C) and 7.00-7.89 (m, 9H, ArH)y/z
(%) 581 (M', 0.5), 441 (30), 440 (81), 288 (41), 284 (83),
270 (42), 230 (33), 153 (61), 144 (71), 143 (100), 142 (72),
141 (56), 130 (51), 125 (54), 83 (47), 77 (91), 55 (63), 51
(37), 42 (32), 41 (36) and 39 (76).

Diester 17c (=4). Colourless prisms (58%) from
n-hexane/ether, mp 78—7®. (Found: C, 50.7; H, 4.6; N,

evaporated under reduced pressure, ethyl acetate (10 mIR.35; S, 5.4. GsH»6INOgS requires: C, 50.4; H, 4.4; N, 2.35;
and water (10 ml) were added, the organic layer decanted,S, 5.4%);6 1.67 (m, 4H, XCH,), 2.33-2.38 (m, 4H,

dried (NaSQy), filtered and the filtrate evaporated under

2XCH,CO), 2.49 (t,J=2.2 Hz, 1H, G=CH), 4.11, 4.34

reduced pressure. The residue was dissolved in an 8:3(2xd, J=14.4 Hz, 2H, CHN), 4.64 (d,J=13.5Hz, 1H,

(v/v) mixture of MeOH-3 M hydrochloric aci@ (5.5 ml)
and the solution stirred at room temperature for 1 d. After
the usual work-up the residue was purified by column
chromatography (Si¢) eluting with 7:3 (v/v),n-hexane—
ether affording alcoholl6 (0.168 g, 78%) as colourless
needles fromn-hexane/ether, mp 93-%94. (Found: C,
44.55; H, 3.8; N, 3.25; S, 7.5.16H:¢INOsS requires: C,
44.75; H, 3.75; N, 3.25; S, 7.5%, 2.76 (br s, 1H, OH),
4.04 (d,J=14.3 Hz, 1H, CHN), 4.28 (s, 2H, CHO), 4.36

(d, J=14.3 Hz, 1H, CHN), 4.71, 5.05 (&s, 2H, CH=C),
6.93-7.04, 7.28-7.31 and 7.48-7.8&1(3 9H, ArH); nVz
(%) 429 (M*, 11), 360 (46), 359 (44), 288 (54), 232 (35),
230 (55), 203 (42), 143 (55), 141 (29), 130 (83), 78 (24), 77
(100) and 51 (34).

General procedure for propargylic esters 17
A solution of alcohol 16 (0.644 g, 1.5 mmol), diacid

(4.5 mmol), DMAP (10 mg) and DCC (0.464 g, 2.3 mmol)
in DMF (15 ml) was stirred at room temperature for 12 h.

C=CCH,0), 4.67 (d,J=2.2 Hz, 2H, CHC=C), 4.73 (d,
J=13.5 Hz, 1H, G=CCH,0), 4.90, 5.10 (&s, 2H, CH=C)
and 7.00-7.89 (m, 9H, ArH)Vz (%) 595 (M", 0.5), 454
(90), 288 (46), 284 (77), 270 (30), 144 (54), 143 (100), 142
(59), 141 (40), 130 (37), 111 (67), 77 (76), 55 (74), 41 (25)
and 39 (55).

Diester 17d f=5). Viscous colourless oil (53%). (Found:
C, 51.6; H, 4.8; N, 2.4; S, 5.0. £H,3INOgS requires: C,
51.25; H,4.6; N, 2.3; S, 5.25%;1.31-1.41 (m, 2H, C}},
1.58-1.68 (m, 4H, RCH,CH,CO), 2.36 (m, 4H,
2XCH,CO), 2.50 (t,J=2.0 Hz, 1H, G=CH), 4.10, 4.35
(2xd, J=14.4 Hz, 2H, CHN), 4.65 (d, J=13.5Hz, 1H,
C=CCH,0), 4.68 (d,J=2.0 Hz, 2H, CHC=C), 4.74 (d,
J=13.5Hz, 1H, G=CCH;0), 4.90, 5.09 (&s, 2H, CH—C)
and 7.00-7.88 (m, 9H, ArH)/z (%) 609 (M*, 0.4), 469
(33), 468 (100), 288 (55), 286 (31), 284 (85), 144 (51), 143
(84), 142 (57), 141 (44), 125 (36), 77 (60), 69 (50), 55 (49)
and 39 (44).

The suspension was filtered and the DMF evaporated undeDiester 17e (=6). Colourless prisms (50%) from
reduced pressure. The residue was purified by column chro-n-hexane/ether, mp 49-%1. (Found: C, 52.25; H, 5.05;

matography (Si@) eluting with 3:2 (v/v) n-hexane—ethyl

N, 2.5; S, 5.0. GH3INOgS requires: C, 52.0; H, 4.85; N,

acetate giving the pure monoacid monoester. This material2.25; S, 5.15%)p 1.32-1.35 (m, 4H, 2CH,), 1.61-1.69

(2 mmol) was dissolved in THF (10 ml) and treated with
triphenylphosphine (0.393 g, 1.5 mmol), propargyl alcohol
(90 pl, 1.5 mmol) and ADDP (0.378 g, 1.5 mmol). The

resulting solution was stirred at room temperature for 1d

(M, 4H, 2<CH,CH,CO), 2.28—2.48 (m, 4H, 2CH,CO),
2.50 (t, J=2.0 Hz, 1H, G=CH), 4.10, 4.34 (&d, J=
14.4 Hz, 2H, CHN), 4.64 (d,J=13.5 Hz, 1H, G=CCH,0),
4.67 (d,J=2.0 Hz, 2H, CHC=C), 4.73 (dJ=13.5 Hz, 1H,

and then filtered. The filtrate was evaporated and the residueC=CCH,0), 4.90, 5.09 (&s, 2H, CH—C) and 7.00—7.89

purified by column chromatography (SiOeluting with
mixtures ofn-hexane/ether affording diestet® (48—53%).

Diester 17a 6=2). Sticky colourless oil (51%). (Found: C,
48.6; H, 4.25; N, 2.25; S, 5.5.6H,,INOgS requires: C,
48.7; H, 3.9; N, 2.5; S, 5.65%) 2.49 (t,J=2.0 Hz, 1H,
C=CH), 2.67-2.71 (m, 4H,2CH,CO), 4.09, 4.34 (2d,
J=145Hz, 2H, CHN), 4.67 (d, J=13.4Hz, 1H,
C=CCH,0), 4.69 (d,J=2.0 Hz, 2H, CHC=C), 4.77 (d,
J=13.4 Hz, 1H, G=CCH,0), 4.90, 5.10 (&s, 2H, CH=C)

(m, 9H, ArH); m/z (%) 623 (M', 0.3), 482 (79), 288 (43),
284 (67), 156 (65), 144 (41), 143 (66), 141 (90), 98 (38), 83
(55), 82 (39), 77 (50), 69 (52), 67 (45), 56 (78), 55 (100), 41
(71) and 39 (69).

Diester 17f (=7). Colourless needles (53%) from
n-hexane/ether, mp 55-88. (Found: C, 52.7; H, 5.35; N,
2.25; S, 4.9. GgH3,INOgS requires: C, 52.75; H, 5.05; N,
2.2; S, 5.05%)p 1.32 (m, 6H, XCH,), 1.56—1.78 (m, 4H,
2XCH,CH,CO), 2.26-2.37 (m, 4H, 2CH,CO), 2.50 (t,
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J=2.0 Hz, 1H, C=CH), 4.12, 4.34 (d, J=14.4 Hz, 2H,
CH,N), 4.64 (d, J=13.5Hz, 1H, G=CCH,0), 4.67 (d,
J=2.0Hz, 2H, CHC=C), 4.73 (d, J=13.5Hz, 1H,
C—=CCH,0), 4.91, 5.10 (&s, 2H, CH—=C) and 7.00—
7.89 (m, 9H, ArH);mz (%) 637 (M', 0.2), 495 (56), 284
(55), 170 (35), 144 (36), 143 (56), 142 (38), 141 (77), 98
(34), 97 (47), 77 (42), 69 (37), 67 (42), 56 (66), 55 (100), 43
(40), 41 (64) and 39 (57).

Diester 17g 6=8). Colourless needles (52%) from
n-hexane/ether, mp 64—8Z. (Found: C, 53.6; H, 5.2; N,
2.3; S, 4.8. GgH3INOgS requires: C, 53.45; H, 5.25; N,
2.15; S, 4.9%);6 1.30 (m, 8H, &XCH,), 1.56-1.78 (m,
4H, 2XCH,CH,CO), 2.27-2.37 (m, 4H,X2CH,CO), 2.49
(t, )=1.8 Hz, 1H, G=CH), 4.10, 4.33 (d, J=14.4 Hz,
2H, CHN), 4.64 (d,J=13.5Hz, 1H, G=CCH,0), 4.67
(d, J=1.8 Hz, 2H, CHC=C), 4.73 (d,J=13.5Hz, 1H,
C=CCH,0), 4.90, 5.09 (&s, 2H, CH=C) and 7.00-
7.88 (m, 9H, ArH);m/z (%) 651 (M", 0.5), 510 (97), 288
(64), 284 (89), 270 (33), 144 (56), 143 (100), 142 (55), 141
(37), 77 (61), 55 (55), 41 (31) and 39 (36).

General procedure for spiro-macrolides 19a—g

The diesterd 7a—g (0.25 mmol) were hydrostannylated and

7549

Macrolide 19d (n=>5). Colourless needles from-hexane/
ether, mp 61-6%. (Found: C, 64.7; H, 6.1; N, 2.85; S, 6.6.
CoeH2gNOgS requires: C, 64.6; H, 6.05; N, 2.9; S, 6.65%);
1.34-1.43 (m, 2H, C}, 1.73 (m, 4H, XCH,CH,CO),
2.36-2.46 (m, 6H, RCH,CO and CCHC=C), 3.67 (d,
J=11.0 Hz, 1H, CHN), 3.70-3.96 (m, 3H, CCyD and
1H of CHN), 4.09 (s, 1H, CH=C), 4.33, 4.48 (Xd,
J=12.5Hz, 2H, G=CCH,0), 4.76 (s, 1H, CKH=C) and
7.04-7.85 (m, 9H, ArH)z (%) 483 (M", 10), 271 (27),
270 (100), 168 (15), 167 (11), 141 (26), 130 (27), 129 (12),
77 (33), 55 (16) and 41 (10).

Macrolide 19e (=6). Colourless needles from-hexane/
ether, mp 31-34. (Found: C, 65.2; H, 6.3; N, 2.7; S, 6.5.
C,H3:NOgS requires: C, 65.15; H, 6.25; N, 2.8; S, 6.45%);
6 1.26-1.43 (m, 4H, 2CH,, 1.70-1.75 (m, 4H,
2XCH,CH,CO), 2.36-2.45 (m, 6H, »@CH,CO and
CCH,C=C), 3.73 (d,J=11.0 Hz, 1H, CHN), 3.88 (br s,
2H, CCH0), 3.97 (d,J=11.0 Hz, CHN), 4.11, 4.24 (Xd,
J=10.0 Hz, 2H, G=CCH,Q), 4.26 (s, 1H, CKH#=C), 4.65
(d, 3=2.8 Hz, 1H, CH=C) and 7.02-7.84 (m, 9H, ArH);
m'z (%) 497 (M*, 27), 272 (33), 271 (65), 270 (100), 168
(40), 167 (25), 141 (62), 130 (81), 129 (25), 78 (28), 77 (74),
55 (39) and 41 (25).

Macrolide 19f (n=7). Colourless sticky oil. (Found: C,

cyclised using the same procedure as that described for the55.45; H, 6.35; N, 2.5; S, 6.3. 6H33NOsS requires: C,

synthesis of10 but with a catalyst system comprising
Pddba (5 mol%) and tri(2-furyl)phosphine (20 mol%).
Product yields are collected in Table 3.

Macrolide 19a (h=2). Colourless needles fromhexane/
ether, mp 46—4%€. (Found: C, 62.7; H, 5.1; N, 3.1; S, 7.0.
Ca3H23NOgS requires: C, 62.55; H, 5.25; N, 3.15; S, 7.25%);
8 2.3 (d,J=15.3 Hz, 1H, CCHC=C), 2.53-2.66 (m, 5H,
2XCH,CO and 1H of CCHC=C), 3.60 (d J=10.7 Hz, 1H,
CCH,0), 3.80, 3.98 (2d, J=11.0 Hz, 2H, CHN), 4.01 (d,
J=10.7 Hz, 1H, CCHO), 4.35, 4.85 (&d, J=12.0 Hz, 2H,
C=CCH,0), 4.93, 5.31 (&s, 2H, CH=C) and 7.00-7.83
(m, 9H, ArH); m/z (%) 441 (M", 8), 441 (26), 271 (29), 270
(100), 167 (28), 149 (46) and 77 (22).

Macrolide 19b (n=3). Colourless needles from-hexane/
ether, mp 48-5. (Found: C, 63.6; H, 5.9; N, 2.7; S, 6.8.
C,4H25NOgS requires: C, 63.3; H, 5.55; N, 3.05; S, 7.05%);
6 1.65-1.78 (m, 2H, 6,CH,CO), 2.41-2.52 (m, 6H,
2XCH,CO and CCHC=C), 3.64 (d, J=11.0Hz, 1H,
CCH,:N), 3.80, 3.88 (&d, J=11.5 Hz, 2H, CCHO), 3.92
(d,J=11.0 Hz, 1H, CCHN), 4.60 (br s, 3H, &CCH,0 and
1H of C=CH,), 5.13 (s, 1H, CH=C) and 7.00-7.88 (m,
9H, ArH); m/z (%) 455 (M*, 7), 270 (100), 169 (38), 141
(25), 130 (27), 77 (35), 41 (15) and 39 (30).

Macrolide 19c (n=4). Colourless needles from-hexane/
ether, mp 134-13€. (Found: C, 64.0; H, 6.0; N, 2.8; S,
6.8. GsH,/NOgS requires: C, 63.95; H, 5.8; N, 3.0; S,
6.85%); 6 1.71-1.81 (m, 4H, RCH,CH,CO), 2.31-2.57
(m, 6H, 2XCH,CO and CCHC=C), 3.83-3.96 (m, 4H,
CCH,O and CHN), 4.26 (d,J=12.5 Hz, 1H, G=CCH,0),
432 (s, 1H, CH=C), 4.69 (d, J=12.5Hz, 1H,
C=CCH,0), 4.85 (s, 1H, CH=C) and 7.04-7.85 (m,
9H, ArH); m/z (%) 469 (M*, 21), 272 (10), 271 (25), 270
(100), 141 (14), 130 (12) and 77 (13).

65.75; H, 6.5; N, 2.75; S, 6.3%) 1.27-1.45 (m, 6H,
3XCH,), 1.66-1.73 (m, 4H, CH,CH,CO), 2.34-2.47
(m, 4H, 2XCH,CO), 2.47, 2.59 (&d, J=16.0 Hz, 2H,
CCH,C=C), 3.72 (d,J=11.0 Hz, 1H, CHN), 3.78-3.94
(m, 3H, CCHO and 1H of CHN), 4.02 (d,J=12.0 Hz,
1H, C=CCH)0), 4.26 (s, 1H, CH=C), 4.28 (d,
J=12.0 Hz, 1H, G=CCH,0), 4.80 (s, 1H, CKH=C) and
7.02—7.85 (m, 9H, ArH)m/z (%) 511 (M*, 7), 272 (17),
271 (33), 270 (100), 168 (19), 149 (21), 141 (29), 130 (35),
77 (43), 55 (29) and 41 (21).

Macrolide 19g (n=8). Colourless sticky oil. (Found: C,
66.0; H, 6.6; N, 2.5; S, 6.0. GH3sNOS requires: C,
66.25; H, 6.7; N, 2.65; S, 6.1%) 1.26—1.36 (m, 8H,
4xCH,), 1.67 (m, 4H, XCH,CH,CO), 2.19-2.37 (m, 4H,
2XCH,CO), 2.42, 2.56 (2d, J=15.0 Hz, 2H, CCHC=C),
3.72(d,J=11.0 Hz, 1H, CHN), 3.76—-3.94 (m, 3H, CC}D
and 1H of CHN), 4.02, 4.18 (Xd, J=11.5Hz, 2H,
C=CCH,0), 4.38, 4.81 (&s, 2H, CH=C) and 7.00-
7.83 (m, 9H, ArH);m'z (%) 525 (M', 24), 523 (17), 272
(36), 271 (61), 270 (100), 168 (26), 141 (40), 130 (50), 77
(47) and 55 (26).

General procedure for alkynes 21a—d

Methacryloyl chloride (2.4 g, 23 mmol) was added to a
stirred solution of 2-iodoaniline (5 g, 23 mmol) and triethyl-
amine (2.3 g, 23 mmol) in dichloromethane (50 ml) cooled
at 0°C. After 10 min the cooling bath was removed, the
mixture was stirred for 3 h at room temperature, then diluted
with CH,CI, (50 ml) and washed with water. The aqueous
layer was extracted twice with GBI, and the combined
organic layers dried (MgSp filtered and the filtrate
concentrated in vacuo. The residue was crystallised from
benzene to afford20 (74%) as colourless prisms, mp
49°C. Sodium hydride (0.351 g, 60% dispersion in mineral
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oil, 13.9 mmol) was added slowly to a solution 20 (4 g, spiro-macrocycles 10 (Method A) using a catalyst
13.9 mmol) in dry DMF (10 ml). After 2 h at room tempera- comprised of Pgiba (10 mol%) and tri(2-furyl)phosphine
ture the reaction mixture was added to a solution of the (80 mol%) together with the appropriate additive shown in
appropriatea,w-dibromide (41.7 mmol, 3 mol equiv.) in  Table 4. Yields are collected in Table 4.

DMF (10 ml) and stirred at room temperature for further

2 h. The mixture was then diluted with ether (100 ml) and 23a.Obtained as colourless prisms, mp i24(Found: C,
washed with water. The organic layer was separated, dried68.3; H, 6.9; N, 6.2; S, 7.3. £H3N,O3S requires: C, 68.5;
(MgSQ,), filtered and the filtrate concentrated in vacuo to H, 6.9; N, 6.4; S, 7.3%)5 1.00—1.20 (m, 8H,%CH,), 2.52

yield a pale yellow oil which was purified by column
chromatography (Si¢) eluting with 7:3 (v/v) petroleum
ether—ether to afford th&l-o-bromoalkyl derivatives of
20. Sodium hydride (0.200 g, 60% dispersion in mineral
oil, 5 mmol) was added slowly to a solution Wfpropargyl-
sulfonamide (0.98 g, 5 mmol) in dry DMF (5 ml). After 2 h
at room temperature a solution of the appropribke-

(d, J=13.8 Hz, 1H, CHC=C), 2.63 (m, 1H, CENSO,Ph),
2.69 (d,J=13.8 Hz, 1H, CHC=C), 3.20 (m, 1H, CENS),
3.30 (m, 1H, ArNGH), 3.41 (d, J=18.4Hz, 1H,
NCH,C=C), 3.83 (d,J=18.4 Hz, 1H, NCHC=C), 4.03
(m, 1H, ArNCH), 4.60, 4.80 (&s, 2H, G=CH,) and
6.81-7.74 (m, 9H, ArH)m/z (%) 438 (M", 1), 297 (100)
and 277 (9).

bromoalkyl compound (5 mmol) in DMF (5ml) was

added to the reaction mixture and stirring continued at 23b. Obtained as colourless prisms, mp 137(Found: C,
room temperature for a further 2 h. The mixture was then 68.8; H, 7.2; N, 5.9; S, 7.2. £8H3,N,05S requires: C, 69.0;
diluted with ether (50 ml) and washed with water. The H, 7.1; N, 6.2; S, 7.1%)§ 1.0-1.2 (m, 10H, 8CH,), 2.42
organic layer was separated, dried (Mggdiltered and (d, J=14.2 Hz, 1H, CHC=C), 2.69 (d,J=14.2 Hz, 1H,
the filtrate concentrated in vacuo. The residual oil was CH,C=C), 2.90, 3.00 (&m, 2H, CHNSO,SPh), 3.35 (m,

purified by column chromatography (SiOeluting with
2:3 (v/v) petroleum ether—ether to affoeda—d.

1H, ArNCH), 3.48 (d J=18.3 Hz, 1H, NCHC=C), 3.83 (d,
J=18.4 Hz, NCHC=C), 4.02 (m, 1H, ArNG1), 4.50, 4.90
(2xs, 2H, G=CH,) and 6.82—7.74 (m, 9H, ArH)n/z (%)

21a. Obtained (78%) as colourless prisms from ether, mp 452 (M, 3) and 311 (100).

78C. (Found: C, 53.2; H, 4.9; N, 5.0; S, 5.9; I, 22.2.
CosHooIN,OSS requires: C, 53.2; H, 5.2; N, 4.9; S, 5.7; |,
22.5%);6 1.30-1.80 (m, 8H, #CH,), 1.81 (s, 3H, CH),
2.00 (s, 1H, &=CH), 3.17 (t,J=7.0 Hz, 3H, CHNSO,Ph
and ArNH), 4.10 (br s, 3H, CHC=C and ArNH), 4.94,
5.00 (s, 2H, G=CH,) and 7.00-7.81(m, 9H, ArHyn/z
(%) 564 (M", 45), 437 (100) and 423 (60).

23c. Obtained as colourless prisms, mp 163(Found: C,
68.6; H, 7.4; N, 5.8. gH34N,05S requires: C, 69.5; H, 7.3;
N, 6.0%); 6 1.00-1.20 (m, 12H, ¥CH,), 2.90 (m, 1H,
CH,NSO,Ph), 2.47 (dJ=15 Hz, 1H, CHC=C), 2.72 (d,
J=15.0 Hz, 1H, CHC=C), 2.98 (m, 1H, CENSO,Ph),
3.50 (d,J=18 Hz, NCHC=C), 3.35 (m, 1H, ArNG),
3.56 (d,J=18 Hz, 1H, NCHG=C), 4.15 (m, 1H, ArN®),

21b. Obtained (79%) as colourless prisms from ether, mp 4.76, 5.14 (Xs, 2H, C=CH,) and 6.87—7.75 (m, 9H, ArH);

60°C. (Found: C, 54.1; H, 5.3; N, 4.9; S, 5.6; I, 21.9.
CoeH31IN,OsS requires: C, 54.0%; H, 5.4; N, 4.8; S, 5.5; |,
21.9%);6 1.30-1.70 (m, 10H,8CHy), 1.82 (s, 3H, CH);
2.00 (s, 1H, &CH), 3.19 (m, 3H, CENSO,Ph and
ArNCH), 4.12 (br s, 3H, CLC=C and ArN(H), 4.95 and
5.01 (s, 2H, G=CH,) 7.00-7.82 (m, 9H, ArH)m/z (%)
578 (M*, 0.3), 451 (100) and 437 (44).

21c.Obtained (75%) as a colourless oil. (Found: C, 54.4; H,
5.6; N, 4.8; S, 5.6; |, 21.3. £H33IN,OsS requires: C, 54.7;
H, 5.6; N, 4.7; S, 5.4; 1, 21.4%)$ 1.30-1.70 (m, 12H,
6xCH,), 1.81 (s, 3H, CH), 1.98 (s, 1H, &CH), 3.18 (t,
3H, J=7.2 Hz, CHNSO,Ph and ArN®), 4.11 (br s, 3H,
CH,C=C and ArNH), 4.94, 5.00 (&s, 2H, C=CH,),
7.00-7.84 (m, 9H, ArH):m/z (%) 592 (M", 0.1), 465
(64), 451 (212).

21d.Obtained (70%) as a colourless oil. (Found: C, 56.1; H,
5.8; N, 4.5; S, 5.4; |, 20.6. £8H37IN,OsS requires: C, 56.1;
H, 6.0; N, 4.5; S, 5.1; I, 20.4%)$ 1.05-1.60 (m, 16H,
8%CH,), 1.80 (s, 3H, CH), 2.00 (s, 1H, &CH), 3.18 (m,
3H, CH,NSG,Ph and ArN®), 4.17 (m, 3H, CHC=C and
ArNCH), 4.95, 5.02 (Xs, 2H, G=CH,) and 7.00-7.90 (m,
9H, ArH). m/z (%) 620 (M", 0.1), 493 (7) and 479 (1).

General procedure for bridged-macrocycles 23

m'z (%) 466 (M', 2) and 325 (100).

23d. Obtained as a pale yellow oil. (Found: C, 70.4; H, 7.9;
N, 5.6; S, 6.6. GgH3gN,O5S requires: C, 70.4; H, 7.7; N, 5.6;
S, 6.5%); § 1.00-1.20 (m, 16H, 8CH,), 2.38 (d,
J=15.0Hz, 1H, CHC=C), 2.77 (d, J=15.0Hz,
CH,C=C), 2.76, 3.25 (&m, 2H, CHNSO,Ph), 3.28 (d,
J=15.0 Hz, NCHC=C), 3.32 (m, 1H, ArN®), 3.75 (d,
J=15.0 Hz, 1H, NCHC=C), 4.11 (m, 1H, ArN), 4.49,
4.87 (s, 2H, C=CH,) and 6.86—-7.78 (m, 9H, ArH)vz
(%) 494 (M*, 1) and 353 (100).
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