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Palladium(0)-Catalyzed Allylation of Highly Acidic and
Non-nucleophilic Arenesulfonamides, Suifamide, and
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Abstract:

Arenesulfonamides 10, cyanamide 29, and sulfamide 32 react with allylic bis-carbonates 8 (Z and E) and 9
under Pd(0)- cataiysis to afford medium and iarge unsaturated heterocycies instead of three and/or five-membered
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8, with three rrans olefinic systems coordinated to the metal. NMR and MALDI-TOF MS experiments were used
for structure elucidations. Suitable hvdrnnenatmn conditions s to give the saturated macrncvcleq have been found.
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The palladium(0)-catalyzed allylation of nucleophiles (the Tsuji-Trost reaction) is a
synthetic method very useful due to its broad applicability and facile experimental procedure
[i-13]. The catalytic cycle gequires the formation of the cationic m3-ailyipailadium(ii)
complPx an intermediate which can be attacked by nucleophlles at both termini of the allylic
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n. The cationic intermediate is form of Pd(0), generally stabilized by
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and ethoxide anion [14]. This is basic enough to take a proton from certain pronucleophiles
nannrnﬁ;nn 521 K‘l‘f'l fl\n I\l\‘llﬂl ﬂlll‘lnf\ﬂh:'ll‘ (.‘“Dl";ﬂ[‘ ’RIII_\ Thnrnfr\rn an ﬂl"llﬂ'lf\ﬂ amociltaog f')l{l"ﬂ
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nlace formally in neutral medinm Mareover the reactions are nsuallv carried out in THF
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solvent. Acidities in THF parallel acidities in other aprotic solvents such as DMSO and the
order of acidities 1 MSO is different from that in water |15-17). Thus, in DMSO several

N-H compounds are more acidic than methanol, and we have described the Pd-catalyzed
allylation of acidic anilines, arenesulfonamides, sulfamide, and cyanamide using allylic
carbonates [18, 19]. The reactions are very efficient and take place with overall retention of
configuration, that is with consecutive inversions in both steps of the catalytic cycle.
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cyclic products (Scheme 1).

Scheme 1. Pd(0)- catalyzed reactions of butene-1,4-diol derivatives with dinucleophiles
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The initially formed m3-allylpalladium complex anti-2 or syn-2 can equilibrate before
being attacked by the nucleophile, rendering the result independent of the stereochemistry of
1. Nucleophilic attack affords Z-3 and E-3. Dinucleophiles of type 1,1 (doubly nucleophilic
reagents with a nucleophilic atom which may react twice, such as R-NH2, RCO-CH2-COR)
can react again in an intramolecular way, the anti-4 complex producing 3- or 5-membered
rings (compounds of type 5 and 6 respectively) depending on the active conformation arising
by rotation around a ¢ bond. On the other hand, complex syn-4 leads only to 3-membered
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rings 5.

Ibuka and coworkers have reported the Pd(0)-catalyzed isomerization of cis- and frans-N-
aikyi(or aryl)suifonyi-2-aikyi-3-vinyiaziridines {20, 2i], without formation of 5-membered
rmgs In contrast Oshima desenbed the 1somerlzatlo of N—tosyl -2- (l 3-butadienyl)aziridines
into N-tosyl-2-vi

_‘-
3 B
<
Q
!‘
L.
E
&
£
c
=
<
G
q
o Y

1.
(=)
&

3

<
)
-

")V}

HEAY =

(Scheme l) Thns includes hnghlv aCldlC arenesulfonamlde nucleonhlles [25 26 29] However
the reactions of type 1,5 and 1,6 dinucleophiles (TsNH(CHz)nNHTs (n = 3,4) with butene-
1.4-diol mixed bis-carbonate afford 8- and 9-membered rings rather than vinyl substituted 6-
and 7-membered rings [25].

The 4-membered ring of N-(trifluoromethanesulfonyl)-2-vinylazetidine opens under
Pd(0)-catalysis and dimerizes to the corresponding 12-membered ring rather than recyclising
to the 6-membered ring {32].

We wish to present here a new reactivity pattern in the Pd(0)-catalyzed interaction of
arenesulfonamides, sulfamide, and cyanamlae with auyhe bis-carbonates.
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T'he results of the reactions of arenesiilfonamides with 'or-car‘oonates, E-8and Z-8, are in
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in Table 1) afforded a preci pxtate (mp 131- 133°C) scarcely soluble in the usual solvents, and

. i role

Elemental analysis was also in agreement with 12a . However, the signals of the 1H NMR
spectrum were not sharp, and the MS-EI was unclear.

Similarly, the reaction of 4-methylbenzenesulfonamide 10b (entry 5 in Table 1) afforded a
precipitate (mp 109-111°C), again quite insoluble, featuring IR and 'H NMR spectra
compatible with dihydropyrrole 12b (57% yield). Moreover, the MS-EI presented a peak at
m/z 221(55) corresponding to the mass M - 2, which is reasonable considering that loss of
hydrogen leads to an aromatic structure; other peaks were at m/z 155(55, C7H;SO2*) and
91(100, C7H7t). Dihydropyrrole 12b had been prepared by a different method and reported
to have mp 117-119°C {33], not identical to ours but not far from it. Again the signals in the
1H NMR spectrum were broader than expected In the same reaction another impure product
was isolated (mp 212-217°C)and structure 13b Urans frans stereochemistry) was assigned to
it on the basns of MS-EI The 10- membered rmg 13b with cis,cis double bonds had been
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Then the reactlon of 10a wnth E 8 was studied (entry 2 in Ta a precipitate (34%
yield) was also formed exhibiting similar, but not exactly the same, meltmg point (mp 137-
138°C) and the same spectroscopic behaviour as the precipitate of entry 1. This solid was
studied by MALDI-TOF MS and presented peaks for molecular ions corresponding to a
mixture of linear oligomers 19a. The 10-membered ring compound 13a was isolated (11%
yield) from the filtrate.

The precipitate of entry 5 was shown by MALDI-TOF MS to be a mixture of cycles 17b
and 15b (Scheme 2).

in summary, compounds 11 or 1Z couid never be isolated. independent preparation of
compounds 12a- b was achleved by double allylation followed by metathesis [19] to confirm
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Scheme 2. Pd(0)-catalyzed reactions of arenesuifonamides 1 0 with bis-carbonates 8.
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Reactions performed in DMF were slower and heating was required in order to obtain the
macrocycles. "The reaction of 10a with Z-8 in DMF at room temperature (entry 3 in Table
1) led to partial recovery of arenesulfonamide and to the isolation of compound 18, an
intermediate in the formation of cycles 13-17. Reactions performed at 85°C (entry 4 in
Table 1) afforded 15-membered palladium complex 15a in 24% maximum yield and starting
sulfonamide 10a was partially recovered.

Two reactions were studied in DMF between 10b and both isomers Z-8 and
6 and 7 in Table 1), the resuits being similar. in both cases the 10-membered

120 was

E-8 (eniries
ring 13b w



isolated in 15-20% yield.
Similar results were obtained for arenesulfonamides 10c¢-d (entries 8 and 9 in Table 1).
The reaction of 10c with Z-8 afforded a mixture of macrocycles 17¢ in 70% yield

/R AT TWT FTVAAT LN

(MALDI-TOF MS analysis). Analogously the reaction of 10d with Z-8 yielded the mixture

of cycles 17d together with 10-membered ring 13d (69% overall yield).

The reactions of 1-naphthalenesulfonamide 10e with both isomers Z-8 and E-8 were also
independent of the stereochemistry of the bis-carbonate (entries 10 and 11 in Table 1). In
these cases a mixture of macrocycles 17e¢ was separated by filtration and from the filtrate
pure Z0-membered ring 16e could be isolated. These compounds were identified by MALDI-
TOF MS analysis.

Table 1.
Pd(0)-catalyzed reactions of arenesulfonamides 1 0 with bis-carbonates 8.2
Entry 10b Ar 8 o] Temp Time Products (%)
M C) (h)
1 10a 2-MeCgHg- Z 0.68 it 24 19a (54)
2 i0a 2-MeCgHy- 3 0.24 r 12 i3a(i1), 19a(34)
3¢ 10a 2-MeCgHy- z 0.24 n 12 18a (12)d
4¢ 10a 2-MeCgHy- z 0.24 85 12 15a (24)de
5 10b 4-MeCgHy- Z 0.20 60 24 13b (5), 17b + 15b(57)
6 10b 4-MeCgHy- Z 0.24 85 12 13b (154
“C 10b 4-MeCgHy- E 0.24 85 12 13b (20)d
8 10¢ 2NO,CgHy-  Z 0.50 r 15 17¢ (70)
9 10d 4MeOCgHy- 7 0.18 it 19 13d + 174 (69)
10 10e 1-Naphthyl z 0.24 r 12 13el, 16e(12). 17e 39)
11 10e 1-Naphthyl E 0.24 rnt 12 l3er7 16e (17), 17e (30)
2 All reactions were carried out using 5% of Pd(PPh3)4 in THF unless otherwise stated.
bjos =08
i Reaction was carried out in DMF.

Y Partial recovery of siariing arenesuifonamide 16 (12-20% yield).
€ Erratic yield,

f Traces detected by 'H NMR spectrum (< 5% yield).

¢
In summary, several macrocyclic compounds are formed in the aforementioned reactions,
independently of the stereochemistry of the starting bis-carbonate, indicating isomerization of
intermediate complexes. In a separate experiment we noticed that Z- 8 equilibrates with E-8

under Pd(PPh3)4 catalysis in THF at room temperature. No conciusions could be drawn with

respect to the factors favoring one or another type of macrocycle since insolubility prevented
a quantitative evaluation.

Coaaling fAar mara

hi { —
SCCKINE 107 MOIe SCi1UoIe COMpOoUNnas we mov O arcnesunonam (N = 2, -
triisopropyl) and we made a deeper study of the formation of compounds 13f-16f (Scheme
2. Table 2)
2, Table 2).

The three isopropyl groups conferred higher solubility on all reaction products which
were more easily separated by column chromatography. Under a broad variety of
experimental conditions (Table 2) some differences in the ratios of products 13f-16f were
observed. The higher isolated yield of 10-membered ring 13f was obtained by high dilution,
high temperature, and Pd(dba)y/dppf (bis(dibenzylideneacetone)palladium(0)/1,1'-
bis(diphenylphosphino)ferrocene) as a catalytic system (entry 7 in Table 2), whereas 20-



membered ring 16f seems to be favoured by high concentration and Pd(PPh3)4 as a catalyst
(entries 3 and 6 in Table 2). Low temperature (0°C) (entry 8 in Table 2) prevented the
formation of macrocycles and linear oligomers 19f and 20 were isolated instead.

oy By e,
l dUIL

Pd(O)—caLalyzed reactions of 2,4,6-triisopropylbenzenesulfonamide 1 0f with bis-carbonate Z- 8.2

Entry 10£/8 [10f] Catalyst (%) Temp Time Products (%)
M M (h)
ivs \ \1} \2ss
1b 1.00 0.22 Pd(PPha)4 (5) n 36 13f, 151, 16£(2:3:4)P
¢ 0.91 0.22 Pd(PPh3)4 (5) reflux 20 131 (21)C, 161 (29)€
3¢ 0.91 0.50 Pd(PPh3)4 (5) n 72 13£(11D)C, 16f (4N)°
4b 0.89 0.09 Pd(PPh3)4 (5) reflux 24 131, 141, 16 (3:3:1)P
5¢ 0.76 0.17 Pd(PPh3)4 (5) reflux 40 131 (15)C, 161 (12)C,
151 (17)¢, 141 (8)°
6b 0.76 0.64 Pd(PPh3)4 (5) reflux 70 14f, 151, 16f (1:4:5)b
7€ 0.76 0.12 Pd(dba); (5) reflux 60 13£(35C, 161(6)°
dppf (10)
8¢ 1.00 0.43 Pd(PPh3)4 (5) 0 24 13£(1.5°C, 161 (8)C, 141
(7S, 19f (15)C, 20 (16)¢
2 All reactions were carried oui in anhydrous THF.
b Ratio of compounds by Il NMR integration
€ Yields of isolated products.
dYield estimated by 1H NMR integration.
| P NEL I NS T alt 1 _ -~ PP Y PR S o A a1 1 . _ . oL e A
isolation of substantial amounts of the above products enabled us to perform the reactions
outlined in Scheme 3. A sample of the free ligand 14f was obtained after prolonged refluxing
of complex 15f in dioxane in the presence of stoichiometric amounts of dppf. After some
experimentation, suitable conditions could be found for the hydrogenation of macrocycles
13f 14f and 16f to afford the fully saturated 21f, 22f, and 23f.

trans,trans-Stereochemistry was assigned to compounds 13 by a detailed comparative study
of selective 1D TOCSY experiments with trans,cis-13f (Scheme 4). The trans,cis-10-
membered ring (E,Z)-13f was prepared in a similar manner as for the cis,cis-10-membered
ring (Z,Z)-13b reported in the literature [34]. Moreover, compound (E,E)-13f presented
in the TH NMR spectrum olefinic protons at & 5.49 and methylene protons as a multiplet at &
3.66 and a clean doublet at & 4.39 (J = 14.6 Hz, 4H) (spectrum D, Scheme 4). The reported
(Z,Z)-13b showed two muitipiets1 at & 3.88 and & 5.40 for the methyiene (8H) and oiefinic

proions (4H) respectively. The 'H NMR spectrum of (E,Z)-13f presented methylene
protons at 3.51 (m, 2H), 366 (dd, J =15.4 and 5.9 Hz, 2H), 3.95 (dd, J = 15.4 and 5.9 Hz,
2H) and 4.12 (m, 2H + 4H), and olefinic protons as a multiplets at  5.58 and & 5.64
(spectrum C, Scheme 4). From selective 1D TOCSY to the olefinic proton at 5.64 ppm
(spectrum A, Scheme 4) methylene protons of the same spin system were assigned (a
multiplet at d 3.51 and a doublet at 3 4.12 ppm). On the other hand irradiation of olefinic

protons at & 5.58 (spectrum B, Scheme 4) gave the methylene protons at & 3.66 and 3.95

belonging to the same spin system. Two symmetric and different olefinic systems could, thus,
be identified.



Scheme 3. Hydrogenation and decomplexation reactions performed with compounds 131, 15f, and 16f.
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By comparing the 1H NMR spectrum of compound 13f obtained in our Pd-cataiyzed
reactions (spectrum D, Scheme 4) with that of (E, Z) 13f (spectrum C, Scheme 4) and also

AAAAAAAAAAA AN £ . £7F 7F\ PPy Ity S

with that reporwa in the literature {34] for (Z,Z)-13b, irans,irans stereochemisiry for ten-
membered ring compounds could be assigned.

14885-14904 14891
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Selective 1D TOCSY experiments performed on 15f showed that this compound has an
averaged plane of symmetry or a C2 symmetry axis rather than a C3 symmetry axis, due to
the presence of one palladium atom. 1H and 13C chemical shifts were unambiguously assigned
by concerted use of 2D COSY, HSQC and HMBC experiments. Compound 15f presented two
magnetically equivalent olefinic systems with non magnetically equivalent protons at & 2.80
(apparent t, J = 12.4 Hz, 2H) and & 4.10 (dd, J = 12.4 Hz and 11.1 Hz, 2H) (spectrum B,
Scheme 5) plus a different olefinic system with equivaient protons at 6 3.85 (apparent d, J =
9.5 Hz, 2H) (spectrum C, Scheme 5). The strong upfield shift of olefinic signals as well as the
trans coupling constant value of ca. 12 Hz are normal for olefin-Pd(0) complexes such as

palladium bis(dibenzylidene)acetone [35]. A 2D NOESY experiment confirmed the trans-
stereochemistry assignment of the asymmetric olefinic part. Clearly the third olefinic system
in the ring is also coordinated to Pd but in a different way. The above data are compatible
with the cis stereochemlstry for this thlrd double bond as well as with a frans stereochemistry
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an averaged plane of symmetry to the molecule. However, compound 14f, the free ligand
obtaint-d from iSf presented only one olefinic signal at 8 5.79 for the six olefinic protons

Scheme 5. 'HNMR partial spectra of olefinic partof 151, 141 and 16 f and some selective 1D TOCSY experiments
on15t
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No defined results were obtained in the reactions of cyanamide 29 and sulfamide 32 with

O ¢
=

he other hand, the reaction of 4- methylbenzenesulfonamide 10b with dimethyl 2-

N 17N\ r~ s

methylene- 1,3-propanediol biscarbonate under Pd(0) catalysis had been reported [36] to
affrod ©Q cnnmabhinend wloncn PAL e d 1D el d o' oo AEL O] s 1 .1 P .
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diamines to afford mixtures of cyclic oligomers. Since the authors were more interested in
polymers than in monomers, we reinvestigated the first reactzo.. The results of the reaction
of arenesulfonamides 10 with bis-carbonate 9 are in Scheme 6 and Table 3. In all cases 8-

membered ring 24 was the major product. Minor quantities of other macrocycles were
isolated or detected.

Scheme 6. Pd(0)-catalyzed reactions of arenesulfonamides 1 0 with bis-carbonate 9.
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“ dppt ArSQO m—SO A +
- + » Ar -
Ar-SOaNH; | THE 2 2
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i
10 9
24
AI’S_Q‘ ruﬁ SOQN — |/u\‘)n
"N NC ArSO, rxln/f
A | -
Z
/\_’}"‘/\ 26 n=4
SO A 27 n=5
28 n=6
25
Table 3.
Pd(0)-catalyzed reactions of arenesuil’onanpdes 1 0 with bis-carbonate 9.2
Entry 10 Ar Temp Time Products (%)P
(h)
1 10b 4-MeCgHy- t 14 24b (51), 25b (13), 26b (8), 27b (3), 28b (1)
2 101 2,4,6-iPrCgHp- reflux ® 241 (51), 251C, 261, 27(C
3 10g 2,3,4,5,6-MeCeg- 1 14 24g(30), 25g(1D)

2 All reactions were carried out using Pd(dba)s (5% molar)/dppf (5% molar) in THF at [1 0] = 0.10 M.
b Yields of isolated products unless otherwise stated.
€Yield not determined. Identification of products by MALDI-TOF.

Similar results were obtained for cyanamide 29 using the same catalytic system as for
arenesulfonamides 10 {Q{‘hp 7) The reaction of 29 with bis-carbonate 9 gave the K-

& F L 1wVl JRUL VAN | WP wiiwi A3 SSi 4w - YV inaz AsTVGAR

0
membered ring 30 (47% yic!c_i) together with 12-membered ring 31 (17%). The reaction of
sulfan

famide 32 with bis-carbonate 9 afforded the bicyclic 33 as the major Droduct (68%) along
with traces (5% yield) of compound 34 (Scheme 7). All other catalytlc systems tested

(Pd(PPh3)s, Pd(dppe)s, PdCla(dppf), PdCla(dppf)/dppf/n-BuLi, PdCla(dppf)/DIBAL,

J)
|-—
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Scheme 7. Pd(0)-catalyzed reactions of cyanamide 2 9 and sulfamide 3 2 with bis-carbonate 9.
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In summary, medium and large unsaturated heterocycles are obtained by reaction of
arenesulfonamides 10, cyanamide 29 and sulfamide 32 with allylic bis-carbonates 8 (Z and
E) and 9 under Pd(0)- catalysis 3- or 5-membered ring compounds not 'being detected.

ATR FAN

MALDI-TOF MS (molecular weight, ring size) and NMR techniques (double bond
stercochemlstry) were used for structural assngnment of macrocycles From

IR I o s and Khic ~rashkhamats © cstabll, 18 ceenmmnaboacnd wian o Attt aa ndirrere rrara
arenesuifonamides and bis-carbonaie 8 stabie 15-membered rin £s Luumuuug pauaulum Ww<eic
alen ianlatad Fanturing ean 1 1
also isolated, featuring three frans olefinic systems coordinated to the metal. We continue to
search for more selective preparations of the more interesting heterocyclic compounds.

" .
Experimental

All reactions under Pd(0) catalysis were carried out under nitrogen atmosphere. The
solvents were distilled and stored under nitrogen. lH NMR (13C NMR) spectra were
recorded at 250 MHz (62.5 MHz) using Me4Si as internal standard. Chemical shifts are given
in & units. NMR experiments were performed at 400 MHz on a spectrometer equipped with
an inverse probehead and gradient capabllmes NMR assngnments were made by concerted
use ot gradlent based zu COSY (37}, 2D mumpucuy—ealtca HDQL [Jb j, 2D mviBC |'39i, 2D
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used as a matrix. Sampies were prcpared by mixing a solution of the matrix (THF) and the

studied COl’ﬂpOUﬂQ (l l"ll* CHC l3, lJMDU) The mixture was left to Cll'y at room lemperature.

2 NIDAN 2210000 120 ~ nae T OF RAQ oo o= 1 oL . _u_ __ 1 - S
(3-NBA) was used as LS] MS matrix and L'ﬁc standard C + gun was Opcralea at 30 kV. The
allylic carbonates were prepared using standard procedures

Reaction of 2-methylbenzenesulfonamide 10a with bis-carbonate Z-8 under
Pd(PPh3)a catalysis (entry 1, Table 1) (General Method).

- ALlaly2io =2 J =5 =2 £D9I% <= 2252 &2

A solution of bis-carbonate Z-8 (2.50 g, 10.80 mmol) in degassed anhydrous THF (3 mL)
was added to a mixture of 10a (1.50 g, 8.80 mmol), Pd( PPh3)ﬁ (0.50 g, 0.43 mmol) and

degassed anhydrous THF (10 mL) kept under nitrogen atmosphere. The mixture was stirred
at room temperature for 24 h (TLC monitoring). The precipitate was filtered and washed
with ethyl acetate and ethanol to afford a colorless solid (1.05 g, 54%) which was
characterized by MALDI-TOF MS as a mixture of linear oligomers 19a (n = 8 to 21); IR
(KBr): 1315, 1159 cm-1; ITH NMR (CDCI3): 2.52 (s, 3nH), 3.66 (broad s, 4nH), 5.38 (broad
s, 2nH), 7.25 (m, 2nH), 7.40 (m, 1nH), 7.87 (m, 1nH); 13C NMR (CDCI3): 20.3, 47.1, 126.1,
129.1, 129.8, 132.8, 132.9, 137.7, 137.8; MALDI-TOF MS (m/z, %): 4852.7 M+ + 1, n =
21, 10) 46307(M++2 n =20, 12), 4406.3 M+ + 1,n =19, 10), 41827 (M+ + 1, n = 18,
20). 3959.4 (M+ + 1, n = 17, 25), 3735.8 (M+ + 1, n = 16, 30), 3512.5 (M+, n = 15, 40),
3289.0 (M*, n = 14, 50), 3065.5 (M+, n = 13, 68), 2842.0 (M+, n = 12, 90), 2618.3 (M+, n =

11 1NN 1120 PO 1NN "N17IN 2 AA — N
i1, 100), 2394.4 M+, n = 10, 100), 2170.3 (M* - 1, n =9, 85), 1947.5 (M+ - 1, n = 8, 45).

IInder the conditione deccrihed i
S IENA Wi AW WVIIWVMIVMIVIIY WUwOowiilUwhws 111

were obtained:
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Entry 2, Table 1. The precipitate 19a (34% yield) was filtered from the crude mixture.
The solvent from the filtrate was evaporated and the residue was chromatographed through a
column of silica gel with hexanes-ethyl acetate (4:6) to give (E,E)-1,6-bis[(2-
methylphenyl)sulfonyl]-1,2,5,6,7,10-hexahydro-1,6-diazecine 13a (11% yield) as a
colorless solid; mp 165-167 °C (dichloromethane); IR (KBr): 1313, 1158 cm-!; 'H NMR
(CDCl3): 2.57 (s, 6H), 3.66 (m, 4H), 4.45 (d, J = 13.9 Hz, 4H), 5.45 (m, 4H), 7.29 (m, 4H),
7.44 (m, 2H), 7.88 (m, 2H); 13C NMR (CDCI3): 20.2, 52.8, 126.1, 129.6, 132.7, 132.8,
133.2, 133.8, 137.5; MALD[&’I‘OF MS (m/z): 469 (IM + Nal+), 446 (M+). Anal.: Calcd. for
Ca2HaeN204S2: C, 59.17; H, 5.87; N, 6.27. Found: C, 59.08 and 58.97; H, 6.15 and 6.19; N,
6.07 and 6.00.

Entry 3, Table 1. Purification of the crude reaction mixture by column chromatography
(hexanes-ethy! acetate (2:1)) gave 18 (12% yield) as a colorless oil; IR (film): 1744, 1257,
1158 ecm-l; THNMR (CDCl3): 1.25 (m, 6H), 2.56 (s, 3H), 3.81 (d,J = 5.1 Hz, 4H),4.18 (g, J
=7.3 Hz,4H),4.52 (d, ] =4.4 Hz, 4H), 5.63 (m, 4H), 7.30 (m, 2H), 7.40 (m, 1H), 7.91 (m,
1H); 13C NMR (CDCI3): 14.2, 20.3, 47.4, 64.1, 66.9, 126.1, 127.4, 128.5, 129.3, 130.0,
132.7. 132.8, 154.9; MS (m/z, %): 366 (M+ - OCOEL, 5), 276 (21), 155 (26), 143 (40), 120
(64), 91 (100)

AN B \ /

Entry 4, Table 1. Purification of the crude reaction mixture by column chromatography
(hexanes-ethyl acetate (1:1)) afforded (E,E,E)-1,6,11-tris[(2-methylphenyl)sulfonyl]-
1,6,11-triazacyclopentadeca-3,8,13- trlenepalladlum(()) 15a (24% yield) as a
colorless solid; mp 113-116 °C (methanol); IR (KBr): 1320, 1158 cm-1; 1H NMR (CDCI3):
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2.08 (m, 4H), 2.60 (s, 6H), 2.62 (s, 3H), 3.05-3.29 (m, 4H), 3.94 (m, 2H), 4.01-4.23 (m, 2H),
4.53-4.73 (m, 6H), 7.34 (m, 6H), 7.42 (m, 3H), 7.92 (m, 3H); 13C NMR (CDCli3): 20.3, 44.5,
47.4, 48.7, 79.4, 79.5, 83.5, 126.1, 126.2, 129.6, 129.8, 132.8, 137.5; MALDI-TOF MS
{ aae /Yo TIIE (AALY £O9 /TNA DA . N-1an Al . Mo1ad o M I A _ N DIC_ . M 1 NO, TX
Ut/ ). 170 (VLT ), OFL ([ivi - ©Q + INd]7 ). Alldl.. LadiCd. 10T U33rmoiN3ugrdni3: «, J1.U¥; ’
SN7-N 5 A9 Annde Y £178. 10 £ 20. N £ 72

IV, N, DL, TOUNGL U, 51.705 11, 1.0, IN, J.2D

Reaction of 4-methylbenzenesulfonamide 10b with bis-carbonate Z-8 under
Pd(PPh3)4 catalysis (entry 5, Table 1).

2 82 = L2 YOI A\ =2=2 L2 2

Pur ﬁcatmn of the crnde reaction mixture by column chromato

Q I'ed
(2:1)) gave an inseparable mixture of cycles 17b (n = 3 to 5) + 15b (57% yield);
1338, 1158 cml; H NMR (CDCl3): 2. 38 (s, 3nH), 3.60 (s, 4nH), 5.36 (m, 2nH), 7.
6.6 Hz, 2nH), 7.60 (d, J = 6.6 Hz, 2nH); 13C NMR (CDCI3): 21.5, 48.4, 49.1, 49.5, 787
78.9, 82.9, 127.2, 128.9, 129.8, 136.7, 143.5; MALDI-TOF MS (m/z): 1138 (M + Na}+, n =
5), 915 (IM + Nal+, n = 4), 775.0 (M+, 15b), 692 ([M + Na|+, n = 3).
(E,E)-1,6-Bis[(4-methylphenyl)sulfonyl]-1,2,5,6,7,10-hexahydro-1,6-diazecine
13b was eluted later (5% yield); mp 212-217 °C (THF-hexanes); IR (KBr): 1330, 1160 cm-1;
1H NMR (CDCI3): 2.45 (s, 6H), 3.37 (m, 4H), 4.55 (d, J = 13.2 Hz, 4H), 5.29 (m, 4H), 7.33
(d, J = 8.0 Hz, 4H), 7.65 (d, J = 8.0 Hz, 4H); 13C NMR (CDCl3): 21.5, 53.5, 127.0, 129.9,
133.4, 139.2, 146.9; MS (m/z, %): 446 (Mt, 1), 291 (40), 155 (49), 91 (100).

(SR
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Reaction of 2-nitrobenzenesulfonamide 10c with bis-carbonate Z-8 under
Pd(PPh3)4 catalysis (entry 8, Table 1).
The precipitate was fiitered to afford a pale yeliow solid (70% yieid) which was

characterized by MALDI TOF MS as a mixture of cycles 17¢ (n=3 to 6); IR (KBr): 1543,
12710 1240 11472 1LY NIRAD /MRAMCN A\, 2 £D fbconnd o A LTI £ 27 (3 Lo 0 § AN
15374, 1940, 1102 Cimt™ ‘, 1 INIVIIN A LJIVIOU-U6). O.0F \LILVAU 5, 1), 0.0/ \(DIVAU 5, 4Zlin),
TN O NN (e ALTIN, RAAT Y TN MMQ e /e 1A% (XA N1 o £\ 17907 /IRA . NI L .
/.7U-0.UuU (T, 41ir1); MALUI-1UE 1D (/1/72). 1547 (i1 + INa|™, 1 = 0), 1255 (M + Naj7, n =
SY IN2Q (INA 1+ Nal+ n — AY TQE (IMNM o Nal+ n — 2)

J)s LUJT \JiVL T iNa] , 1 = *j, /OJ \|IV1 T iINd] ' , 11 = J]).

Reaction of 4- methexybenzenesu!fv..am!de 10d with bis-carbonate Z-8 under
Pd(PPh3)4 catalysis (entry 9, Table 1).

The crude reaction mixture was chr 0gr n of

hexanes-ethyl acetate (1 1) to afford a l ess solld (69% yleld) Wthh was ldentlﬁed as an
inseparable mixture of 13d 4nd 17d (n = 3 to 10); 'H NMR (CDCl3): 3.30-3.45 (m, 4H,
13d), 3.63 (broad s, 4nH, 17d), 3.86 (broad s, 3nH, 17d), 3.89 (s, 6H, 13d), 4.55 (d, J =
13.2 Hz, 4H, 13d), 5.25-5.32 (m, 4H, 13d), 5.41 (broad s, 2nH, 17d), 6.99 (m, 4H of 13d,
2nH of 17d), 7.68 (m, 4H of 13d, 2nH of 17d).
(E,E)-1,6-Bis[(4-methoxyphenyl)sulfonyl]-1,2,5,6,7,10-hexahydro-1,
diazecine 13d was characterized by HPLC-MS (m/z, %): 478 (M+, 2), 307 (50
107 (63).

6-
), 1

The mixture of cycies 17d was characterized by MALDI-TOF MS (m/2): 2414 ({M + Naj*, n
=10), 2174 (]M + Na]+, n =9), 1935 ([M + Na]*, n = 8), 1696 ([M + Na]+, n = 7), 1457 ({M
Naoald w2 17210 /IRA o+ N 14 .._C Q770 (T\A + Naold v — AY TAN (IR & Nald+ n — 2)

+ INAJT, N =0}, 1210 \[M1 +INA|", I = J), Z/7 (M +1INa]" , i = &), /qu\ivi T~ 1Nay", ii = 5y

Reaction of 1l-nanhthalenesulfonamide 10e with bis.carbonate Z-8 under

AN &S W CAVS AR AEER S AR LEARGS AL AR TNA AR S EASS ARRANA S AW e YY 2 wan RN 2

Pd(PPh3)4 catalySIs (entry 10, Table 1).
The precipitate was filtered to afford a colorless solid (39% yield) which was characterized

by MALDI TOF MS as a mixture of cycles 17e (n=3 to 6); IR (KBr): 1309, 1158, 1130 cm-
1; 1H NMR (CeDs + TFA): 3.60 (broad s, 4nH), 5.30 (broad s, 2nH), 7.10-7.30 (m, 2nH),
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7.35-7.60 (m, 3nH), 8.12 (m, 1nH), 8.56 (m, 1nH); 13C NMR (CDCI3 + TFA): 47.2, 124.2,
127.3, 128.2, 128.6, 129.3, 130.6, 133.0, 134.5, 135.4; MALDI TOF MS (m/z): 1577 (M +
Naj+, n = 6), 1318 (M + Na}*, n = 5), 1059 (M + Na]*, n = 4), 800 ([M + Na]+, n = 3).

The solvent from the fiitrate was evaporateci and the residue chromatographed through a
column of silica gel with hexanes- emyl acetate (1:1) to give (E,E,E n) 1,6,11,16-

letramlb\l napnulau:nt:buuun_y'l}-1,0,11,10-l.cu'duﬂau.yLuuLuau 0,0,10,10 tetraene

16e (12% yield) as a colorless solid; mp 237-240 °C (hexane-ethyl acetate); IR (KBr): 1315,
1157 1127 nrn—l; 1IH NMR (Ph{“h 4+ TFA)Y: 3.74 (broad s. 16H). 541 (hrond < R!—l\ 7.40-

j , P gy wi AL 1NIVARAN LWL S W § D A R l, -7 L \U NJANS O, ANJA l v AN Dy i

7.78 (m, 12H), 7.95 (d, J = 7.3 Hz, 4H), 8.08 (d, ] = 8.0 Hz, 4H), 8.15 (d, ] = 7.3 Hz, 4H),
841 (d, ] = 8.0 Hz, 4H); 13C NMR (CDCl3 + TFA): 48.6, 124.1, 124.2, 127.4, 128.8, 129.4
129.9, 130.8, 132.3, 134.6, 135.7; MALDI-TOF MS (m/z): 1075 (IM + K]+), 1059 ([M +

Nal+). Anal.: (‘alc-d for b«H<7NAORSA 2H-0: C, 62.67; H, 5.26; N, 5.22; S, 11.95. Found:

e

C, 62. 75 and 62.74; H, 5.06 and 5.19; N, 5.19 and 5.19; S, 11.58 and 11.72.

Reaction of 2,4,6-triisopropylbenzenesulfonamide 10f with bis-carbonate Z-8
under Pd(PPh3)4 catalysis (Table 2).

An analogous procedure as for 10a was followed for 10f. For variations of experimental
conditions see Table 2. The crude reaction mixtures were purified by column
chromatography through silica gel using hexanes-ethyl acetate mixtures of increasing
polarity. The following compounds were obtained. (See Table 2 for products and yields).

(E,E)-1,6-Bis[(2,4,6-triisopropyiphenyl)suifonylij-1,2,5,6,7,10-hexahydro-1,6-
diazecine 13f. Mp 262-263 °C (pentane); IR (KBr): 1316, 1146 cm-1; 1H NMR (CDCl3):
1.13-1.40 (m, 36H), 2.87 (septet, J = 6.6 Hz, 2H), 3.66 (m, 4H), 4.03 (septet, J = 6.6 Hz, 4H),
4.39 (4, J = 14.6 Hz, 4H), 5.49 (m, 4H), 7.13 (s, 4H); 13C NMR (CDCl3): 23.5, 24.7, 29.2,
342, 51.8, 123.9, 130.8, 133.7, 151.3, 153.1; MS (m/z, %): 403 (M+ - SO2Ar, 8), 267 (15),
137 (100), 108 (43). Anal.: Calcd. for C3gHsgN204S83: C, 68.02; H, 8.71; N, 4.17. Found: C,
67.85; H, 8.41; N, 4.00.
(E,E,E)-1,6,11-Tris[(2,4,6-triisopropylphenyl)sulfonyl]}-1,6, 11 triazacyclopen-
tadeca-3,8,13-triene 14f. Mp >290 °C; IR (KBr): 1316, 1150 cm'l; 1H NMR (CDCI%)

1.17-1.25 (m, 54H), 2.86 (septet J = 6.6 Hz, 3H), 3.77 (broad s, 12H), 4 07 (septet, ] = 6.6
Hz, 6H), 5.79 (apparent s, 61¥), 7.13 (s, 6H); 13C NMR (CDCl3): 23.6, 24.8, 29.2, 31.2, 49.2,
123.9, 130.2, 131.0, 151.5, 153.2; MS (m/z, %): 739 (M+* - SO2Ar, 3), 472 (44), 267 (13),
204 (35), 91 (60), 43 (100).

(E,E,E)-1,6,11-Tris[(2,4,6-triisopropylphenyl)sulfonyl]}-1,6,11- trlazacyclopen-
tadeca-3,8,13-trienepalladium(0) 15f. Mp >280 °C; IR (KBr) 1316, 1151 cml; 1H
NMR (CDCI3): 1.55 (m, 54H), 2.10 (dd, J = 14.6 and 10.2 Hz, 4H), 2.88 (septet, J = 6. 6 Hz,

3H), 3.17 (m, 4H), 3.94 (m, 2H), 4.07-4.28 (m, 8H), 4.37-4.56 (m, 6H), 7.15 (s, 6H); 13C
NMR (CDCl3): 23.6, 24.8, 29.2, 34.1, 43.8, 46.5, 47.9, 78.9, 79.1, 83.7, 123.9, 131.3,
151.2, 153.2; MS (m/z, %): 739 (M+ - ArSO3 - Pd, 4), 472 (56), 267 (50), 187 (55), 91 (78),
43 (lUU), L.S1 MS (m/z, %): 1113 (M+, 50), 844 (51), 318 (43), 442 (36); MALDI-TOF MS
(m/z, %): 1113 (M+, 100), 1029 (M - Pd + Na]+, 36), 846 (27), 446 (16). Anal.: Caled. for

8: S, 8.64. Found: C, 61.74 and 61.88; H, 7.67

Cs7Hg7N306PdS3: C, 61.52; H, 7.88; N, 3.7
and 7.59: N, 3.76 and 3.76; S, 8.67 and 8.68.

w
o0 2
A :

o
=9
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(E,E,E,,E)-1,6,11,16-Tetrakis[(2,4,6- triisopropyiphenyi)sulfonyl] 1,6,11,16-

tetraazacycloicosa-3,8,13,18-tetraene 16f. Mp 233-236 °C; IR (K'Br) 1315, 1152

cmrl; TH NMR (CDCl3): 1 .08-1.35 (m, 72H), 2.89 (m, 4H), 3.77 (s, 16H), 4.07 (m, 8H), 5.67
H); 13 Cl i

[
b

(m, 8H), 7.14 (s, 8H); 13C NMR (CDCli3): 23.5, 24.8, 29.2, 34.2, 47.5, 123.9, 130.1, 130.9,
151.5, 153.2; MS (m/z, %): 807 (M+* - 2{SO2Ar], 15), 539 (20), 267 (75), 175 (85), 91
(100); MALDI-TOF MS (m/z, %): 1380 ({M + K]+, 10), 1364 ({M + Naj+, 46), 1341 (M+,
10), 1113 (10), 1097 (21), 1073 (100). Anal.: Calcd. for C7gHj16N4OgSa: C, 68.02; H, 8.71:
N, 4.17. Found: C, 67.56 and 67.54; H, 8.36 and 8.53; N, 4.08 and 4.10

Mixture of linear oligomers 19f. IR (KBr): 1748, 1601, 1316, 1153 cm-l; IH NMR
(CDCl3): 1.16-1.23 (m, 300H), 2.86 (m, 14H), 3.70 (broad s, 52H), 4.04 (m, 28H), 4.50 (d, J
= 5.8 Hz, 1H), 5.57 (m, 26H), 7.11 (broad s, 85H); 13C NMR (CDCl3): 23.5, 24.8, 29.2,
34.1,46.2, 123.8, 129.3, 131.2, 151.3, 153.1; MALDL-TOF MS (n/z, %): 5889.7 (IM + Na
+ ll"' n=17,15),5554.1 (IM + Na + 1]+, n = 16, 20), 52184 ([M + Na + 1]+, n = 15, 21),

4883. 5([M+ Na + 1]+, n = 14, 24), 45476([M+ Na + 11+, n =13, 27), 4212.0 (M + Na +
1]+, n =12, 29), 3876.0 (IM + Na]+, n = 11, 32), 3540.2 (I[M + Nal+, n = 10, 39), 3204.4 (M
+ Na]*, n =9, 44), 2868.4 (IM + Na]+, n = 8, 58), 2532.3 (IM + Na - 1]+, n = 7, 75), 2196.3
(IM + Na-2]+,n=6, 89), 1861.2 (IM + Na - 1]+, n =5, 100), 1524.9 (IM + Na - 2|+, n = 4,
80), 1189.3 (M + Na - 2]+, n = 3, 61).

1]
]
.

ixture of iinear oligomers 20. IR (KBr): 1748, 1601, 1316, 1152 cm-i; 1H NMR
(CDCl3): 1.10-1.24 (m, 71H), 2.85 (m, 4H), 3.70 (broad s, 12H), 4.00-4.20 (m, 8H), 4.50
(m, 1H), 5.56 (m, 6H), 7.10 (broad s, 6H); 13C NMR (CDCl3): 14.2, 23.5, 24.8, 29.2, 34.1,
46.3, 64.0, 66.9, 123.9, 129.3, 131.3, 151.4, 153.0; MALDI-TOF MS (m/z, %): 5291.9 ((M

N Al4+ o« — 1& &Y AQE"T "7 fIRA o+ ANl 3 S14 oo _ 1A "IN ALOAIN 1 (TRA N~ &+ 214 .. _ 12
+Na+ 4y, n=13,5),493/.7 (M + Na + S5j+r, n = 14, /), 402U.1 (M + Na + 31F, n = 13,
10). 42843 (IM + Na+ 31+ n=12 13) 304R 0 (IM + Na + 31+ n = 11 17 36127 (IM +
AU )y TTheFT.J ]IV 7T 1NQ T JJ s Il = L&y LJ)y, JITTO. \ll'l T ixa T JJ s I — 11,4 1 l}, UL e \ll'l T
Na + 2]+, n = 10, 23), 3276.5 (IM + Na + 2]+, n =9, 28), 2940.8 (M + Na + 1}+, n = 8, 32),
2604.9 (IM + Na + 1]+, n = 7, 36), 2268.8 ([M + NaJ*, n = 6, 35), 1933.0 (M + NaJ*, n = 5.
34), 1597.0 (]M + Nal*, n = 4, 35), 1260.7 (M + Na - 1]+, n = 3, 43), 925.3 (IM + Na - 1]+,

n=2, 52), 5900(|M+Nal+ n =1, 100).

1,6-Bis[(2,4,6- trusopropylphenyl)sulfonyl]perhydrodlazecme 21f (General

Method).

A thick-walled hydrogenahon bottle was charged with 13f (0.48 g, 0.72 mmol), PtO2.H20
(0.04 2), 10% Pd-C (0.015 g) and THF (15 mL). The mixture was hydrogenated (1 atm. Hp)
at room temperature for 2 h (TLC monitoring). The crude reaction mixture was filtered
through celite and then evaporated in vacuo to afford 21f (0.49 g 100%) as a colorless solid
which was wasned several times with pentane mp 188-189 °C (THF- pcntane), IR (KBr):

1317, 1151 cm-l; 1H NMR (CDCI3): 1.22 (apparent d, J = 6.6 Hz, 36H), 1.92 (broad s, 8H),
2.87 (septet, J = 6 6 Hz, 2H), 3.30 (broad s, 8H), 4.08 (septe J = 6.6 Hz, 4H), 7.13 (s, 4H);
4 1 1

7]

1Y RIRMAD 7Y M. W2 AA A NEN YD L 2N T A0 1 12% &£ g1 1 187 Q. NAC (eas/
SO INIVER (ULDUI3Z) 202D, £44.4, £0.U, £7.0, JU.1, 40.1, 11.'1.1, 151.0, 151.1, 1J32.0; IVID (/H/2,

N, £PIZ /AAL I AN 71NN NL™T /O 141 Q1N 1TAN /&0 120 70AN Q1 /9" "1 (L7TY TN (AQN
70): O/ {17, 1), 49U/ (1UU), £0/7 (0), 141 (O1), 194U JT7), 137 (OF), L \&/ ), /£ {0/}, IU\=0),
A2 (€8N T QI MCQ (/> O\« Q778 (NM+ KSR ANT (100N Anal - (Malad for (acH-ANAMNACA (7
I \Jd), 101 VLD UTiidy 70). U70 (VL' , JJJ, ovU 7 (1UVU). didi.. LaAllG. 1UL anii0ivIV 4057, .y
67.61: H, 9.26; N, 4.15: S, 9.50. Found: C, 67.80 and 67.77; H, 8.98 and 8.94; N, 4.47 an
441; S, 9.09 and 9.08. Caution: severe damage of the rubber cap of the
hydrogenation hottle was observed due to the THF solvent.
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1,‘:11 Tris[(2,4,6-triisopropylphenyl)sulfonyl}-1,6,11-triazacyclopentadecane
Z21.

it was obtained in 100% yield (coloriess solid) from 15f as for 2if. Mp 165-169 °C (THF-
pentane); IR (KBr): 1315, 1152 cm-!; IH NMR (CDCl3): 1.21 (m, 54H), 1.63 (broad s, 12H),
2.87 (septet, J = 6.6 Hz, 3H), 3.14 (broad s, 12H), 4.07 (septet, J = 6.6 Hz, 6H), 7.11 (s, 6H);
13C NMR (CDCl3): 23.5, 24.9, 26.5, 29.3, 34.1, 47.5, 124.0, 131.0, 151.4, 153.0: MS (m/z,
%y. 745 (M+ - ArSO3, 2), 478 (100), 267 (8), 43 (34); LSI MS (m/z, %): 1013 (M+, 25), 745
(30), 479 (100). Anal.: Calcd. for Cs7H93N306S3: C, 67.61; H, 9.26; N, 4.15: S, 9.50
Found; C, 67.58 and 67.51; H, 8.99 and 8.96; N, 4.12 and 4.04; S, 9.17 and 9.06

1.6 11 16-Tetrakisl(2. 4,
255 L 25 2F0 EERISINS

icosane 23f.
It was obtained in 100% yield (colorless solid) from 16f as for 21f. Mp 207- 208 °C (TH
), 1.5

"T1

e — 23T

pentane); IR (KBr): 1314, 1150 cm-1; IH NMR (CDCI3): 1.17-1.24 (m, 72H 4 (broad s,
16H), 2.87 (septet, J = 6.6 Hz, 4H), 3.15 (broad s, 16H), 4.03 (septet, J = 6.6 Hz, 8H), 7.11
(s, 8H); 13C NMR (CDCl3): 23.5, 24.8, 25.7, 29.2, 34.0, 45.8, 123.9, 131.3, 151.2, 153.0:
MS (m/z, %): 1083 (M+ - ArSO2, 1), 816 (21), 547 (4), 267 (25), 84 (100), 43 (60); LSI MS
(m/z, %): 1350 (M+, 15), 1082 (33), 816 (100), 548 (15). Anal.: Calcd. for C76H124N408S4:
C, 67.61; H, 9.26; N, 4.15; S, 9.50. Found: C, 67.69 and 67.48; H, 8.97 and 8.90; N, 4.33
and 4.12; S, 9.13 and 9.09.

Preparation of 14f from 15f.
i,i'- Bis(d'iphenyiphosphino)ferrocene (0.15 & 0.27 mmol) was added to a solution of 15f

(0.54 g, .05 mmol) in degassed anhydrous dioxane (10 mL). The mixture was refiuxed with
stirring under nitrogen atmosphere for 48 h (TLC monitoring). The solvent was evaporated

o mie a vacidina srrhinh wrrac ~homnentanenmbhod oo ) VR P PLL S DY IO A,
LU EIVEL a4 10SIUUC Wit wads CIHUHIAtVUEIApIItd LHiougit a COlUlllii l sicd gt:l WIL NICXAIICS-
cthyl acetate (6:1) to afford 14f (0.03 g, 61%) as a colorless solid. Recovered starting
material 15€(0.02 g, 33%) was eluted later

Preparation of (E;Z)-1,6-Bis[(2,4,6-triisopropylphen

a5 84 ) s PR NS = =

hexahvdro-l ,6-diazecine (F,Z)-13f.

(Z)- 1A4 Bls[(2,4,6 trusopropylphenyl)sulfon_ylj-1,4-diamine-2-butene. This
compound was prepared ins9% overall yield (not optimized) from (Z)-2-butene-1,4-diol
following a procedure reported in the literature for a similar compound [34]. Mp 162-164
°C; IR (KBr): 1321, 1154 cm-l; 1H NMR (CDCl3): 1.21 (d, J = 6.6 Hz, 36H), 2.88 (septet, J
= 6.6 Hz, 2H), 3.58 (apparent t, J = 5.8 Hz, 4H), 4.06 (septet, J = 6.6 Hz,4H), 4.37 (t,J = 5.8
Hz, 2H), 5.47 (t,J = 5.8 Hz, 2H), 7.13 (s, 4H).
(E,7)-1,6-Bis[(2,4,6-triisopropylphenyl)sulfonyl]-1,2,5,6,7,10-hexahydro-1,6-
diazecine. (Z)-1,4-Bis{(2.4,6-triisopropyiphenyi)suifonyij-1i,4-diamine-2-butene (0.i9 g,
.31 mmol) was added io a solution of NaOEit (0.04 g, .65 mmol) in ethanol (15 mL) at 60

O L fe_ 1T L e .o el o Tirnind cxrne mwrmsens ey e | P ik wsxrna Aicanlera
1N, 41T 1 11 at reriux lllC bUlVUIll wdd Cvapulaicu o glVC a [Cbluub WlllLll wds UlbbUlVCU

10 mL). To this solution prewarmed at 90 °C was added (E)-1,4-dibromo-2-butene

and the mixture was stirred for 12 h (TLC monitoring). The solvent was

oo
(FS]
3 B
5
1

A\
{
evaporated to give & residue which was chromatographed through a column of silica gel with

1yl acetate (9:1) to afford the 10-membered ring (0.13 g, 60%) as a colorles s solid,
mp 246 247 °C (pentane); IR (KBr): 1321, 1147 cm-1; 1H NMR (CDCI3): 1.23 (d, J = 6.6
Hz, 36H), 2.88 (septet, J = 6.6 Hz, 2H), 3.51 (m, 2H), 3.66 (dd, ] = 15.4 and 5.9 H 2H),

3.95 (dd, J=15.4and 5.9 Hz, 2H), 4.12 (m, 6H), 5.58 (t, J = 5.1 Hz, 2H), 5.64 (m, H) 7.14

e g
[¢']
w4
2
-
[y)
J)
@
-
s
mtr
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(s, 4H); 13C NMR (CDCi3): 23.5, 24.8, 29.3, 34.2, 41.7 (broad signal), 50.0 (broad signal),
124.0, 128.9-129.1 (broad signai), 130.5, 133.7, 151.5, 153.3; MALDI-TOF MS (m/z): 709
(IM + K]*), 693 (IM + Naj*), 670 (M+). Anal.: Calcd. for C3gHsgN204S2: C, 68.02; H, 8.71;

N A 177 TT_ A M L£O0 177 ___ 1 £ OHVT. 1Y ONO __10N1T. AT A 1N ___ 1 A 1N

N, 4.17. Founa: C, 08.17 ana 67.%7; 11, 8.98 and 8.91; N, 4.1Z ana 4.12

(L"\=1 zi_n“-\rnmn=’)=|'\ntnnn waa nronarsd 1in ASOL visld hy treatmant ~f (F\;’;l-\nfnnp;l /|=rl;r\‘
\14} 1, T AZ1UIVIIIVT LT UUWVLIIV YY QAo lJl\.llJal\Ju 11 U /o Jl\llu UJ LIWCGILEIINA I U \Ll} T UULV LIV 1,“' AVEAW ;Y
with PBr3. (E)-2-Butene-1,4-diol was obtained in 87% yield by reduction of 2-butyne-1,4-
diol with 1 iAIHA/THF

AN A AWAA A AL lllw A AAR

Reaction of 4-methvlbenzenesulfonamide 10b with bis-carbonate 9 under

ARER LAV ¥ Z IC¥ARA3888 A WFRY SREIRARE

Pd(dba)2/dppf catalysis (entry 1, Table 3) (General Method).
A solution of bis-carbonate 9 (0.58 g, 2.49 mmol) in degassed anhydrous THF (10 mL) was
added to a mixture of 10b (0.35 g, 2.00 mmol), Pd(dba); (0.05 g, 0.10 mmol), dppf (0.05 g,
0.10 mmol) and degassed anhydrous THF (10 mL). The stirred mixture was kept at room
temperature under nitrogen atmosphere for 14 h (GLC monitoring). The solvent was
evaporated and the residue chromatographed through a silica gel column, eluting with
mixtures of increasing polarity from hexanes-ethyl acetate, (9:1 to 65:35). The following
compounds were obtained in the order:

.
Ll
']
»
']

3,7-Dimeihyiene-1,5-bis{(4-methyiphenyi)suifonyijperhydro-1,5-diazocine 2Z4db
s 10y SV o o b1 11 mme NN ANT O /L _ab 1 a4 N\ T ta rANTY 1MHh A
\V.1¥¥ g, 3170) 45 4 COI0TIESS S014a, P £UU-ZLUL U (HICX4NIC-CLilYl acclalc) (LIt {942 mMp 1¥49-
107 ° ™. ID /DN 12277 11877 nsn-l 1LY NIMD 7/00OTYW LY. D A2 7o LI 209 /o QLIN & 1Q /o
1717 \.), EIN \I\Dl}. 1237, 11017 UILIY &, Il INIVIIN \\-u\,lj}. P N \b, un), J.04 \b, on}, Jd.17 \b,
4H), 7.31 (d, J = 8.8 Hz, 4H), 7.67 (d, J = 8.8 Hz, 4H); 13C NMR (CDCl3): 21.4, 53.0, 118.1,
12771 17907 12860 141 Q 1A2 8- MATI NDNI_TNLE MC (/=) AQKS /IN o« K14+ ATNO (INA o+ 1 &
14ty 14Tl y 197.7, 1°71.0y 1°70.0, IVIMYLA/LT L JL 1YL I (). YO0 \(J1V1 T IN] ' ), SF/U ({iVl T 1 T
al+t) 447 (M+ + 1) Anal - Caled. for CasHaaNAO4Sy C SO0 17-H SR7-N 627- S 1436
1‘u] }, T v/ \J.'l e ll‘ I AiECLae - CRIN AL, ANSE \./L L .I“\JL’\JL- N S Ao L T g Ry JalIJ7T g 1Ny Vel 4 2Ty LTIV
Found: C, 58.84 and 58.67; H, 5.92 and 5.95; N, 6.27 and 6.23; §, 13.92 and 13.98.
3,7,11-Trimethylene-1,5,9-tris[(4-methylphenyl)sulfonyl]-1,5,9-triazacyclodo-
decane 25b (0 086 g, 13%); 1H NMR (CDCl3): 2.43 (s, 9H), 3.75 (s, 12H), 5.03 (s, 6H)
7.31 (d,J = 8.0 Hz, 6H), 7.65 (d, J = 8.0 Hz, 6H); MALDI-TOF MS (m/2): 692 (IM + Nal*),

515(M++1- ArSOz)

3,7,11,15-Tetramethylené-1,5,9,13-tetrakis[(4-methylphenyl)sulfonyl]-1,5,9,13-
tetraazacyclohexadecane 26b (0.037 g, 8%); !H NMR (CDCI3): 2.43 (s, 12H), 3.75 (s,
16H), 5.03 (s, 8H), 7.31 (d, ] = 8.8 Hz, 8H), 7.65 (d, J = 8.8 Hz, 8H); MALDI-TOF MS
(m/2): 931 (IM + K]*), 915 ([M + Naj*).

3,7,11,15,19-Pentamethylene-1,5,9,13,17-pentakis[(4-methyiphenyl)suifonyli]-1,
5,9,13,17-pentaazacycloicosane 27b (0.012 g, 3%); |H NMR (CDCl3): 2.43 (s, 15H),
3.60 (s, 20H), 4.97 (s, 10H), 7.28-7.31 (m, 10H), 7.63 (d, J = 8.0 Hz, 10H); MALDI-TOF
MS (m/2): 1138 (M + Naj+).
3,7,11,15,19,23-Hexamethylene-1,5,9,13,17,21-hexakis|[(4-methylphenyl)sulfo-
ny!}-'!,5,9,13,1,,21-hexaa'lacvc!etetracosane 28b (0.006 g, 1%); 1H NMR (CDCl3)
2.41 (s, 18H), 3.62 (broad s, 24H), 4.97 (broad s, 12H), 7.28 (d, J =88 Hz, 12H), 7.64 (d, ]
= 8.8 Hz, 12H); MALDI-TOF MQ ( m/2): 1361 (IM + Nal+).
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Reaction of 2,4,6-triisopropylbenzenesulfonamide 10f with bis-carbonate 9
under Pd(dba)z/dppf catalysis (entry 2, Tabie 3)

The crude mixture was chromatographed through a column of silica gel eluting with
mixiures of increasing poiarity from hexanes-ethyl acetate (9:1 to 8:2). The following

COompounas were obtained in the order:
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_ (septet, J = 6.6 Hz, 4H), 5.10 (s,
(CDCl3): 23.5, 24.9, 29.3, 34.2. 52.2, 118.4, 124.0, 130.9, 1
TOF MS (m/z): 709 (IM + KJ%), 693 ([M + NaJ+), 671 (M* + 1), 669 (M+ - 1), 403 (M+ -

ArSO»). Anal.: Calcd. for C33H58N2,O4SQ_ C, 68. 02, H, 871: N, 4, 17, S, 9. 56 Found: C,
68.13 and 67.95; H, 8.58 and 8.59; N, 4.24 and 4.13; S, 9.35 and 9.36.

The following compounds could not be separated by chromatography. They were eluted
together and identified by MALDI-TOF MS:

1,5,9-Tris[(2,4,6-triisopropylphenyl)sulfonyl]-3,7,11-trimethylene-1,5,9-triaza-
cyclododecane 25f; |H NMR (CDCI3): 1.25 (apparent t, J = 6.5 Hz, 54H), 2.90 (septet, J =
6.6 Hz, 3H), 3.91 (s, 12H), 4.07 (septet J =6.6 Hz, 6H), 5.22 (s, 6H), 7.17 (s, 6H); MALDI-

m/\-—

TOF MS (m/z): 748 (M+ - ArSO»).

1,5,9,13-Tetrakis{(2,4,6-triisopropyiphenyi)suifonyij-3,7,1i,15-tetramethyiene-
1,5,9.13-tetraazacyclohexadecane 26f; IH NMR (CDC13) .25 (apparent t, J = 6.5 Hz,
Y I\ Lo 3N 6 1 4 WY Sy T £ £ T ¥ __ AT TN\ Iy O 7 1YTN A N 1  ___ai__a £ £ T _ OTT\ Z 17 r_ (o) B AY
72H), 2.90 (septet, J = 6.6 Hz, 4H), 3.82 (s, 16H), 4.07 (septet, J = 6.6 Hz, 8H), 5.17 (s, 8H),
T 17T /- OQLIN. RAAT I TNLE MMQ (22 /=) 14VTY (AAL A QM

.1/ \5, OIN}, IVMAALAJI-1 UL VIO /17 (). 1V 70 UVl - AAloU?)

1T E 0 12 1" Daoeed L2l A £ et nmmnmer Tl nsew INaselfrncee ;1T 2 7 11 158 10 svnsedoseen
L19yJD9 7y 1Ty 1 /=" CIHLARID| | Lyt U1 IIBUPI Ul-'y llJllClly pjd>uli lly L= D9 /911yl Oyd 7" Pclllu“lc-
thylene-1,5,9,13,17-pentaazacycloicosane f; 1H NMR (CDCI3): 1.25 (apparent t, J =
65y ONHN 7200 (cantet T— 66 Hr SHNY 206 (¢ 20U ANT (contet T =& & Uy 10 5 11
. 11, 7\]11,, e TN) \Dbylvl, o - V.U .IIL, Jll], T I \D, Le\J 1 ll, T/ \Dhyl\.«l, J — U.VU 114, lUll}, L1 1
(s, 10H), 7.17 (s, 10H); MALDI-TOF MS (m/z): 1408 (M* - ArSO»3).

Reaction of 2,3,4,5,6-pentamethylbenzenesulfonamide 10g with bis-carbonate 9
under Pd(dba)z/dppf catalysis (entry 3, Table 3).

The crude mixture was chfomatographed through a column of silica gel eluting with
mixtures of increasing polarity from hexanes-ethyl acetate (9:1 to 7:3). The following
compounds were obtained in the order:

3,7-Dimethylene-1,5-bis[(2,3,4,5,6-pentamethylphenyl)sulfonyl]perhydro-1,5-
diazocine 24g (30% yield) as a colorless solid; mp 218-220 °C (hexane-ethyl acetate); IR
(KBr): 1308, 1163 cm-!; 1H NMR (CDCI3): 2.24 (s, 12H), 2.29 (s, 6H), 2.53 (s, 12H), 3.88

(s, 8H), 5.07 (s, 4H); 13C NMR (CDCl3): 17.1, 17.9, 18.8, 51.9, 118.8, 134.1, 135.0, 135.6,
140.1, 142.1; MALDI-TOF MS (m/z): 597 (IM + K[+), 582 (IM + 1 + NaJ*), 559 (M* + I).

Anal.: Caicd. for C3gH42N204S7: C, 64.48; H, 7.58; N, 5.01; S, 11.47. Found: C, 64.39
64.31; H, 7.31 and 7.48; N, 5.03 and 5.06; S, 11.32 and 11.33.

2 11 Mot el B 1 B 4 D Q2 AL L amnmmtarmatholnbhangNonlfangll_ 1 £ 0

Dy /il 1= ATIMEINYICNIC- 1,0, 7 -IID| 4y Oy U-PCIIAINCLNYIPICIY IJDUIIVILYL |- 140,477
batamanmnlndadanana Yea (1104 viald) ac a ~rnlAarlace cenlids mn 722Q_741 o (hnvqnpgpfhvl
UMIALZALYLIVUUVURLAIILY 4o (11 /0 YIVIU) ad a VUIVIIVIS JSUIIU, TN Lo 776771 oALIvAQIIVTVUL Y &
acetate); IR (KBr): 1316, 1146 cm-1; IH NMR (CDCl3): 2.23 (s, 18H), 2.28 (s, 9H), 2.51 (s,
18H), 3.73 (s, 12H), 5.13 (s, 6H); 13C NMR (CDClz): 17.1, 17.9, 19.1, 49.4, 118.3, 134.3,
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138.4, 140.3; MALDI-TOF MS (m/z): 876 (M + |
{(M+ - ArSO»). Anal.: Caicd. for C45Hg

i\
.71 and 7.61; N,
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order:

1,5-Dicyano-3,7-dimethyleneperhydro-1,5-diazocine 30 (47% yield) as a colorless
solid; mp 96-98 °C (hexane-ethyl acetate); IR (KBr): 2206 cm-!; IH NMR (CDCl3): 3.83 (s,
8H), 5.32 (s, 4H); 13C NMR (CDCl3z): 55.4, 116.3, 121.1, 138.1; MS (m/z, %): 188 (M+,
100), 160 (59), 147 (79), 95 (78), 93 (67), 55 (97). Anal.: Calcd. for C1oHj2N4: C, 63.81; H,
6.43. Found: C, 63.74 and 63.77; H, 6.26 and 6.23. HRMS: Calcd. for CjgHi2Ng4:
188.105697. Found: 188.106197.

1,5,9-Tricyano-3,7,11-trimethylene-1,5,9-triazacyclododecane 31 (17% yield) as a
coloriess solid; mp 178-179 °C (ethyl acetate); IR (KBr): 2218 cm-i; iH NMR (CDCl3): 3.67
(s, 12H), 5.54 (s, 6H); 13C NMR (CDCI3): 52.4, 116.5, 122.7, 134.6: MALDI-TOF MS
(m/2): 321 (IM + K}*), 305 ([M + Na]+), 282 (M+). Anal.: Calcd. for C15H;i8Ng: C, 63.81; H,

6.43; N, 29.76. Found: C, 63.70 and 63.58; H, 6.20 and 6.18; N, 29.38 and 29.35.

Reaction of sulfamide 32 with bis-carbonate 9 under Pd(dba)2/dppf catalysis.
An analogous procedure as for 10b was followed for 32. The crude mixture was
rhenmatageanmhad theannah o Aaliisan AF ailina anl Alistica s wxritle hawawmang atle;l qanntass 701 TL
ViITVIHTIQAWVUEIAPIVU LHTUURL a VOLULLTT UL dlliva gcx cluuug Wil llCAdlle'Cl[lyl altliatC (7.1). 111
following compounds were obtained in the order:

3,7-Dimethylene-9,9-dioxo-1,5,9-diazathiabicyclo[3.3.1]nonane 33 (68% yield) as
a colorless solid; mp 180-182 °C (pentane); IR (KBr): 1362, 1171 cm-l; 1H NMR (CDCl3):

3.83 (d, J = 16 Hz, 4H), 4.75 (d, J = 16 Hz, 4H), 4.93 (s, 4H); 13C NMR (CDCl3): 58.9,
114.8. 133.0; MS (m/z, %): 200 (M+, 69), 108 (54), 95 (35), 68 (44), 42 (100). Anal.: Calcd.
for CgHi2N202S: C, 47.98; M, 6.04; N, 13.99; S, 16.01. Found: C, 47.90 and 47.91; H, 6.20

and 6.21; N, 13.65 and 13.71; S, 15.77 and 15.88.

Trimer 34 (5% yield) as a colorless solid; mp 248-249 °C (ethyl acetate); IR (KBr): 1340,
1164 cm-1; IH NMR (CDCI3): 3.63 (s, 12H), 3.78 (m, 12H), 5.12 (s, 6H), 5.33 (s, 6H); 13C
NMR (CDCl3): 48.7, 50.9, 52.4, 53.0, 54.7, 113.8, 115.4, 116.3, 117.9, 118.8, 120.4, 133.6,
137.5; MALDI-TOF MS (m/z): 639 ([M + K]*), 623 (|[M + Na]*), 600 (M+). Anal.: Calcd.
for CrqHzeNeO6S3: C, 47.98; H, 6.04; N, 13.99; S, 16.01. Found: C, 47.55; H, 6.15; N,
13.39; S, 15.61.
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