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Abstract

The total synthesis of cyclostellettamines A-F is reported. The synthetic cyclostellettamines were reduced to
the neutral bts-tetrahvdropvndme compounds, and exact mass measurements of these reduced products

Keywords: alkaloids; macrocycles; marine metabolites; sponges.

1. Introduction

In 1994, Fusetani er al. [1] isolated cyclostellettamines A-F (1-6) from the sponge Stellerta
maxima? (Table 1). They were discovered because of their ability to inhibit effectively the
binding of methyl quinuclidinyl benzylate to muscarinic acetylcholine receptors. Despite only
very small amounts (<1mg) of the natural material being isolated, their structures were

determined hv a combination of NMR spectroscopy and mass snectrometrv. The same group
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subsequently completed a synthesis of cyclostellettamine C adding credence to their proposed

structures LL]

Z Cyclosteliettamine o B Compound
1 o = = PN
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7 PAN B 5 6 )
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NN MBV ~ D 5 7 (4)
E 6 7 €))
Cyclostellettamines A-F F 7 7 (6)

Table 1.

1 Email: jack baldwin@chem.ox.ac.uk; Fax: +44 1865 275632,
2 It was reported recently [11] that the original Stelletta maxima sample was contaminated with Haliclona.
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more complex sponge metabolites, including the manzamine alkaloids [3-8]. Our continued
interest in the biomimetic synthesis of these sponge alkaloids [9,10] prompted us to investigate
the synthesis of the cyclostellettamines. Recently Wanner and Koomen [11] have reported the
synthesis of cyclostellettamines A-F (1-6). In this paper we report our complementary total
synthesis of the cyclostellettamines.

We envisaged that the cyclostellettamines could be assembled by two controlled
quaternisations of the pyridine rings from two 3-alkylipyridine subunits (Scheme 1). In order to
achieve this (i) one pyridine subunit needs to be in a protected form (e.g. as the N-oxide 7); (ii)
the protected pyridine subunit (7) must have a leaving group (X) at the terminal position on its
3-alkyl chain; (iii) the other ("unprotected") pyridine subunit should have a masked leaving
group (e.g. a hydroxyl group (8)) at the terminal position on its 3-alkyl chain. Once the first
quaternisation has been achieved, deprotection, activation and a second quaternisation would

ggu‘plggg the synL_gslg_ Thig strategy was first demonstrated hv Morimoto and Yokoe in the
cynthaocic nf halinlamina A 1121
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Scheme 1

For the Cy; alkylpyridine series (Scheme 2(a)), commercially available 11-bromoundecan-1-
ol (9) was converted into its tetrahydropyranyl (THP) ether 10 in 96% yield [13]. Treatment of
10 with lithiated 3-methylpyridine [14] gave alkylpyridine 11 (74%). The THP group was
removed with dilute hydrochloric acid in methanol to afford alcohol 12 (96%), the required
"unprotected/unactivated" subunit. Activation of alcohol 12 was effected with SOCI; in 1,4-
dioxane and the resultant chloroalkylpyridine 13 was isolated as its hydrochloride salt (99%).

We found this process to be extremely cenvcmem because the product was obtained as a
rructallinae enlid whisrh ~rnanld ha ctarad ndafinitaly Tha fraa haca nhtainad ram 12 hy
\.ax.yatcuuu\, DULLIU VWillivIiiI VUUIU UL oluivua l lu\alllu y 11liv 1lve UdAdohv, UDLdULIVUL 11VIIL i U]
partitioning between CHCl; and aqueous sodium carbonate, was oxidised with mCPBA to
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Scheme 2.
Reagents: (i) PPTS, 3,4-dihydro-2H-pyran, CH,Cly; (ii) LDA, DMPU, 3-methylpyridine; (iii) 3M aq. HCI, MeOH; (iv) SOCl;, 1,4
dioxane; (v) 2M agq. NaCOs, then mCPBA, CH,Cly; (vi) PhyP, MeCN; (vii) KHMDS then 3-pyridin-3-ylpropanal, THF; (viii) Pd/C,
Hj, EtOH.
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01 1€aCuons as aesCrio€a avove, 1o was converiea mito 1o (¥0%), 17 (o/70), 10 \J170), 17

(99%) and 20 (98%) (Scheme 2(b)).

Finally, the Cy4 alkylpyridine series was synthesised via a slightly different route (Scheme
2(c)), since tridecan-1,13-diol was not readily available. Triphenylphosphine and 10 were
coupled to give the Cj; phosphonium salt 21 (91%) which was used for Wittig olefination of 3-
pyridin-3-ylpropanal to furnish 22 in 71% yield [16-18]. The THP group in 22 was removed
with dilute hydrochloric acid in methanol to give alcohol 23 (98%). The double bond in 23 was
saturated, by hydrogenation over 10% Pd/C, to afford 24 (99%) which was converted to 25
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(100%) then 26 (100%) using the prev1ously descrlbed protocol
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PBr3 to effect a one-pot deoxygenation of the pyridine-N-oxide [19], and bromination of the
alcohol.! The hydrobromide salt isolated was treated with solid 2C03 to generate the free
base which was immediately used in the macrocyclisation step. The free base was added
slowly, using a syringe pump, to a refluxing solution of sodium iodide in butan-2-one, allowing
the macrocyclisation to be conducted at a relatively high concentration (final concentration
10mM).
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(14): x=10 (12): y=10 HOo B’

(2V): x=11 (18): y=11 T =i
(26): x=12 (24): y=12 X y X y
(27): 10 10 (28): 10 10
29): 11 10 30 11 10
Gn: 111 @2 111
(33: 10 12 (GB4: 10 12
(35): 11 12 (36): 11 12
(37): 12 12 (38): 12 12
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Cyclostellettamines A-F

o B Yied o B Yied
(39: 5 5 81% 1: 5 5 65%
40): 5 6 92% 2): 5 6 65%
@1 6 6 %% B 6 6 64%
42: 5 7 9% : 5 7 6%
“3): 6 7 9% Gy 6 71 6%
(4d4): 7 7 86% ®: 7 1 6%

Scheme 3.
Reagents: (i) Nal, butan-2-one, A; (ii) PBr3, CHCl3 then K>CO3; (iii) NaBH4, MeOH, CHxCl, -78°C to 0°C.

(=
N

n
yield. Reaction of 12 and 20 gave 29 which was converted to cyclostellettarm ne B (2) (65%)
via 30. Cyclostellettamine C (3) was obtained in 64% yield from 18 and 20 via 31 and 32.
Bromide 34, prepared from 14 and 24 via 33, was converted into cyclostellettamine D (4

(

(66%). Reaction of 20 and 24 afforded 35 which was converted into cyclostellettamine E ()

I NMR analysis showed that ca. 10% of the product was present as the primary iodide, resulting from displacement of a leaving

group by the 1od1de counter ion from the mono-quatcmxsed sta.rung material.
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diiodide salts and the yields quoted were calculated over the three steps.

The FAB mass spectra of the synthetic cyclostellettamines showed the [M-I] ion consistent
with literature observations [11]. However, unequivocal proof of the structures 1-6 was
obtained by conversion of the cyclostellettamines into uncharged compounds, which were then
subjected to mass spectrometry analysis. Thus 1, 2, 3, 4, 5 and 6 were reduced with NaBHy4 to
produce the corresponding bis-tetrahydropyridine compounds 39 (81%), 40 (92%), 41 (96%),
42 (95%), 43 (92%) and 44 (86%) respectively. HRMS confirmed the identities of 39-44 and
hence the structures of 1-6.

3. Conclusion

In summary, we have achieved the total synthesis of cyclostellettamines A-F. The
macrocyclisation strategy involving (i) the use of the pyridine-N-oxide as a protected form of
the pyridine; and (ii) subsequent one-pot deprotection and activation with PBr3 was found to be
extremely effective. The synthesis utilised butan-2-one as the solvent in quaternisation
reactions in place of the more toxic acetonitrile [11]. Moreover, the use of a erin_gc pump

S22 23 pRabAs

allowed the macrocychsatlon to be conducted at relatively high concentrations utilising much
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tetrahydropyridines from which mass spectrometry proved conclusively the structures of
compounds 1-6.

4. Experimental

.;:.

of 10.4%. Infrared spectra were recorded on a Perkin-Elmer Paragon ]000 Fourlcr Tramform
spectrometer with internal referencing. Absorption maxima (Vmax) are reported in wavenumbers
(cm1) and the following abbreviations are used: w, weak; m, medium; s, strong; br, broad.
Proton magnetic resonance spectra were recorded on Varian Gemini 200 (200MHz), Bruker
AC200 (200MHz) and Bruker DPX400 (400MHz) spectrometers. Chemical shifts (8y) are
quoted in ppm and are referenced to the appropriate residual solvent peak. Coupling constants

(J) are reported in hertz to the nearest 0.5Hz. Data are reported as follows: chemical shift,

integration, multiplicity [br, broad; s, singlet; d, doublet; t, frm]et a. guartet; gui, quintet; m
tegration, Mulitiplicity 1o ads §; giet; 4, L L G, 9 ; Qul, g s
multinlet: ar ac a comhination of thece (¢ o dd dt ot )1 counlino constant(<) and assionment
llluluyl\.«(—, N7 QAD G WV ALAV/AALGAVAN/LRE \JA LAANVONW \blél uu’ ut., D'Uh/-l’ vvuyullb vvlluswsv\u/ LA WUADI-A‘AV‘.‘U
T actarantamin mrntane ara accianad as ¥ and YV!' whavra tha ' indicratac the lawar fisld nratan
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on Varian Gemini 200 (50.3MHz), Bruker

Carbon magnetic resonance s
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the appropriate residual solvent peak. Low resolution mass spectra were recorded on Autospec
(FAB/CI), BIO-Q (ES) and Micromass platform (APCI) spectrometers. Only molecular ions,
fractions from molecular ions and other major peaks are reported. Reported exact mass values
are within the error limits of +10ppm mass units.

Column chromatography was carried out using Janssen silica 0.035-0.070mm or basic
Laporte Actal U.G. alumina. Analytical TLC was performed on glass plates pre-coated with

Merck silica gel 60 F’)u or on aluminium ‘:he,etc pre-coated with neutral aluminium oxide 60

% wiv bismuth subnitrate and 2% w/v KI in
quoted to 0.01. Kugelrohr distillations were performed usin
apparatus at the recorded pressure and oven temperature.

Anhydrous CH,Cl,, 1,4-dioxane and IPr,NH were obtained by heating at reflux over calcium
hydride followed by distillation under argon. Anhydrous CHCl; was obtained by heating at
reflux over P05 followed by distillation under argon. Anhydrous THF was obtained by
distillation from sodium/benzophenone ketyl under argon. PE 40-60 was distilled before use
and refers to the fraction of light petroleum ether boiling between 40 and 60°C.

nBuLi in hexane (Acros) and KHMDS in toluene (Aldrich) were ntrate
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dried over MgSOy, filtered and concentrated in vacuo, then
reagents were used as obtained from commercial sources.

For clarity the following numbering system has been consistently used for the pyridine
ring system. Where two different pyridine ring systems appear in the same molecule, primed
and unprimed locants have been used as shown below:

DP
.
H>

Synthesis of 1-bromo-11-tetrahydropyran-2-yloxyundecane (10)

A solution of 11-bromoundecan-1-ol (9) (25.0g, 99.5mmol), 3,4-dihydro-2H-pyran (13.6ml,
149mmol) and PPTS (250mg, 0. 995mmol) in anhvdrous CH,Cl; (250ml) was stlrred at room

Armod Avar Y, (‘ﬂ,. tarad and ~Aanrentratead 7n varun The rpmr‘nn] nnln vn"nw nﬂ wac
ULIVAU UYLl WU/ 4, LIIILILU GV vwlvidilraltviag iy e nu LIV 1LO0LUUGL palv ywaiv VY VAl VY Lo
Jiy SN T WS, N B 4 o 37 o 1 DI AN £N. TeNAne QLAY ¢4 wviald 1 hansirn 11 _sotsmabydensvran_?
COroMatogrdpiicd (vivz, re. 4U-vu. ClUAC, Z0.9) W YICIA 1-DUr0OMmo-11=iciraityur TUn-<-

7 y /4NN /A N OL O 1 M. N AN QM DT AN LN, TlaMN A . DL AN
yloxyundecane (10) (32.0g, 96%) as a colourless oil; R 0.40 (510,; PE 40-6U: EtUAC; 96:4);
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v_._ (thin filmYrm-12926c 27884¢ 113qm 112 107%m  1033m:* & (P00MHZ- CNC1a)
1 €21 QAN (DALY v MLI.NY 22N 2 &2 NI ovv NOLILIN 2 20 MLT ¢ i DALI Y 2 ££ 2 O1
1.053-1.7v \&4n, I,  12), 3.9v-3.53 (a1, i, UL gn j, 5.57 (2, {, v/nZ, oivglj, 3.00-3.51
MY ___ AT TIT TN A L 1YY 1.3 T A ATTY_ f‘" 72N KTY_ ral nval Y Ne X AL & NN NOD 1
(2H, m, OCHH"), 4.56 (1H, dd, J4, 3Hz, OCHO); &¢c (50MHz; CDCl3) 19.7, 25.5, 26.2, 28.1,
28.7, 29.4, 29.7, 30.7, 32.8, 34.0, 62.3 and 67.6 (12 x CH»), 98.8 (CH); m/z (CL, NH3) 337

(MH*, 81Br, 13%), 335 (MH*, Br, 27), 270 (27), 268 (29), 102 (DHPOH;*, 87), 85
(DHPHT, 100).

To a solution of !ProNH (22.6ml, 161mmol) in THF (100ml) at 0°C in a 500ml! two-necked
flask, equipped with a rnagneti stirrer, constant pressure addition funnel and a rubber septum,

e W e | 71 &nAX l 1LY e Lo mn asrvsriovs Ths wenas:l
was aaaca ’DULA \1.01vl, lU 1011111 l) 1u nexane wu a by mZEe., 1HO ICsuUl

solution was maintained at 0°C for 30 minutes, then treated with DMPU (19.5ml, 161 mmol).
The bright yellow solution was stirred at 0°C for 15 minutes, then treated over 10 minutes with
a solution of 3-methylpyridine (15.7ml, 161mmol) in THF (50ml). After 30 minutes at 0°C, the
mixture containing the lithiated 3-methylpyridine was cooled to -78°C and treated over 10
minutes with 1-bromo-11-tetrahydropyran-2-yloxyundecane (10) (18.0g, 53.8mmol) in THF
(50ml). The resulting solution was stirred for 18 hours, being allowed to gradually warm to
nched with sat. aq. N 1) and water (50ml). The two-phase
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4%) as a pale yellow oil; Ry 0.27 (base-
washed SiO;; PE 40-60: EtOAc: EsN; 95:5:3); vmax (thin film)/cm-1 2926s, 2854s, 1575m,
1466m, 1421m, 1352m, 1200m, 1121m, 1078m, 1033m, 714m; dy (200MHz; CDChL) 1.25
(18H, br s, CHy), 1.52-1.67 (8H, m, pyCH,CH,, CH>CH;0 and O,CHCH,CH;CH>), 2.58 (ZH,
t, J7.5Hz, pyCH»), 3.31-3.53 (2H, m, OCHH"), 3.66-3.89 (2H, m, OCHH), 4.56 (1H, pseudo t,
J3Hz, O’)_C_H__) 7.17 (1H, dd, J7.5, 5Hz, C(5)H), 7.46 (1H, br d, J7.5Hz, C(4)H), 8.40-8.43 (2H,

and C(6)H): SC(SOMHZ CDCly) 19.7, 25.5, 26.2, 29.1, 29.4, 29.5, 29.7, 30.7, 31.1,
T (R

Synthesis of 12-pyridin-3-yldodecan-1-o0l (12)

A solution of 3-(12-tetrahydropyran-2-yloxydodecyl)pyridine (11) (11.8g, 33.9mmol) and
3M aq. HCI (22.6ml, 67.8mmol) in MeOH (125ml) was stirred at room temperature for 15
hours. The mixture was concentrated in vacuo and basified with 2M ag. KOH (until pH=10).

solution was extracted with EtQAc (3 x 50ml) and the oreanic phases were ('nmhmed
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ver K»,COj, filtered and ¢ ncentrated in vacuo to afford a yellow oil which slowly
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pyridin-3-yldodecan-1-ol (12) (8.84g, 99%) as white crystals. The solid was recrystallised from
PE 40-60: EtOAc to give 12-pyridin-3-yldodecan-1-ol (12) (8.58g, 96%) as white crystals; m.p

l'I'J

51-52°C (lit. [11] m.p. 48-50°C); Rr0.23 (SiO2; PE 40-60: EtOAc: EiN; 70:20:10); (Found: C
71.7; H, 11.45; N, 5.2. Cy7H29NO requires C, 77.5; H, 11.1; N, 5.3%); Vmax (KBr disk)/cmr1
3332s br (OH), 2917s, 1578m, 1470m, 1423m, 1335m, 1070m, 1028m, 803m, 714s; 3y
(200MHz; CDCl3) 1.27 (16H, br s, CH>), 1.51-1.61 (5H, m, pyCH,CH> and CH,CH,;0OH), 2.61
(2H, t, J7.5Hz, pyCH>), 3.65 (2H, t, J6.5Hz, CH20H), 7.21 (1H, dd, J7.5, 5Hz, C(5)H), 7.50
(1H, br d, J7.5Hz, C(4)H), 8.41-8.45 (2H, m, C(2)H and C(6)H); 8¢ (50MHz; CDCls) 25.7,
29.0, 29.3, 29.5, 31.0, 32.8, 32.9 and 62.5 (8 x CH»), 123.5 and 136.2 (2 x CH), 138.3

saly W Ransy {Qaie V.o A Jpai )y 2.0 Qi L0V X 2R Y1)

(quaternary), 147.1 and 149.9 (2 x CH); m/z (APCI) 264 (MH+, 100%), 246 ((M-OH]*, 24);

ITDARAC £ NLA NIDL M Y NI I\l[l—l—\ ........ NLA NINTT
HRMS found 264.2336, C17H30NO (MH™) requires 264.2327.

Synthesis of 3-(12-chlorododecyl)pyridinium chloride (13)

A two-necked round-bottomed flask, equipped with a magnetic stirrer bar, reflux condenser
and a pressure equalised dropping funnel was charged with SOCl; (1.00ml, 13.7mmol) at 0°C.

12-Pyridin-3-yldodecan-1-ol (12) (3.00g, 11.4mmol) in 1,4-dioxane (10ml) was added over 10
minutes [CAUTION: SO; gas evolved]. Once the addition

Ul
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1.2
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A A el o _alo 1 ~ee & o 43
€I ulis uim

removed and the mixture stirred for 1 hour. A
mixture heated at reflux for 5 minutes. The solution was filtered while hot, allowed to coo
concentrated in vacuo to give white crystals, which were recrystallised from acetone: EtOH to
give 3-(12-chlorododecyl)pyridinium chloride (13) (3.59g, 99%) as white crystals; m.p. 111-
112°C; (Found: C, 64.2; H, 9.3; N, 4.3. C17H29CI,N requires C, 64.1; H, 9.2; N, 4.4%); R 0.58
(Si0;; CHCl3: EtOAc; 9:1); 8y (200MHz; CDCl3) 1.11 (16H, br s, CH»), 1.46-1.66 (4H, m,
CH,CH; and CH,CH,Cl), 2.71 (2H t, J7.5Hz, pyCHb»), 3.37 (2H, t, J6.5Hz, CH,Cl), 7.86
9 (1H, d, J8Hz, C(4)H), 8.53 (1H, s, C(2)H), 8.63 (1H, d, J6Hz,

Ly 2 0 128
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pyridinium chloride (13) was neutralised by being dissolved in CH,Cl
The aq. phase was extracted with CH,Cl; and the organic
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ver K2C03, filtered and concentrated in vacuo to afford 3-(12-
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Vmax (thin film)/cm-1 2926s, 2854s, 1, ;
(200MHz; CDCls) 1.28 (16H, br s, CH»), 1.56-1.77 (4H, m, pyCH,CH> and CH2CH2CD), 2.
(2H, t, J7.5Hz, pyCH>), 3.51 (2H, t, J6.5Hz, CH,Cl), 7.18 (1H, dd, J8, SHz, C(5)H), 7.47 (1H
d pseudo t, J8, 2Hz, C(4)H), 8.40-8.43 (2H, m, C(2)H and C(6)H); 3c (50MHz; CDCls) 26.8,

chlorododecyl)pyridine (quant.) as a colour
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Synthesis of 3-(12-chlorododecyl)pyridine-N-oxide (14)

To a stirred solution of 3-(12-chlorododecyl)pyridine (1.49g, 5.27mmol) in CH2Cl, (40ml) at
0°C was added mCPBA (89% active, 1,12g, 5.79mmol). The solution was stirred for 1 hour and
then enncantratad in vacuo veh:nd a safe{v corean at 18°CY Flach chramataoranhv (Ala)a.:
LRAWIAL WWVLMIWAWLLLL MALVWNS T H rueuw w AEARA J VWviviwii QL Aot N 4 2QlOD13 Uluvlllul«usluylll \l llz\lj’
OITI_MN1_. AMMaNLI. Q0. fAllAwern A AANnAantents An P anAd ataenan el :n ........
Il 12. 1IVIC\U/LL, 70.4) 1VIIUWCOU Uy concenumauon l-ﬂ vacuo ana btUldgC UuLci Bll vacuum
afforded 3-(12-chlorododecyl)pyridine-N-oxide (14) (1.55g, 99%) as a hygroscopic white solid;

PaS & A s Wa T £ 6 B4 et Pa]

KfU 63 (A12U3, LHlez MeOH; 98:2; UV); Vmax (LHL13)ICIII i Z9£4S, 1.255.58 1bU4m, 1458m
1468m, 1436m, 1269m, 1158m, 1015m; 8 (200MHz; CDCls) 1.28 (16H, br s, CH), 1.59-1.76
(4H, m, pyCH,CH; and CH,CH,Cl), 2.65 (2H, t, J7.5Hz, pyCHb), 3.52 (2H, t, J6.5Hz, CH,Cl),
7.45-7.47 (2H, m, C(4)H and C(5)H), 8.16-8.21 (2H, m, CQ)H and C(6)H); 8¢ (S0MHz;
CDCls) 26.5, 28.5, 28.6, 29.0, 29.2, 30.2, 32.0, 32.3 and 44.3 (9 x CHy), 126.1, 129.9, 136.4
and 138.4 (4 x CH), 142.8(quaternary); m/z (APCI) 300 (MH*, 37Cl, 33%), 298 (MH*+, 35C],
100); HRMS found 298.1947, C17H2CINO (MH+, 35Cl) requires 298.1938.

Synthesis of 1-bromo-12-tetrahydropyran-2-yloxydodecane (16)

The title compound was synthesised similarly to 10, using 12-bromododecan-1-ol (15)
(31.3g, 118mmol), 3,4-dihydro-2H-pyran (16.2ml, 177mmol) and PPTS (297mg, 1.18mmol) in
anhydrous CH;Cl, (300ml) to yield 1-bromo-12-tetrahydropyran-2-yloxydodecane (16) (39.6g,
96%) as a colourless oil; R0.42 (SiOy; PE 40-60: Et20; 9:1); Vpax (thin film)/cm-1 2927s,

2854s, 1465m, 1200m, 1135m, 1120m, 1078m, 1034m; oy (200MHz; CDCl3) 1.24 (18H, brs,
CIIY 1281 §8Q /AT »v (LI OLIN and NCHOWU.CUCHAY 1791 Q8 MO mm RAOIILMHLN
il ), 1.3J7-1.J0 \UI1, IIi, UL iV Al WIS LI TIN1T )y 1. 7471.00 \&8%, 1il, DINCTI 117 ),
2M7AQ 2 L1 /HLT . nr\rrrrv\ P NG J7Hz NAIT Y 2 L£A 200 7OLY . ACLITIIN A &A /1LY
3.£28-3.01 (Zn, m, , .37 (e, t,s/nz, brigs), 5.04-5.0Y (<01, I, UL j, 4.54 (111,
pseudo t, J3. 5HZ OCHO) 5(3 (50MHz; CDC13) 19.6, 25.5, 26.2, 28.1, 28.7, 29.5, 29.7, 30.7,
32.8, 33.9, 62.2 and 67.6 (12 x CHj»), 98.7 (CH); m/z (CI, NH3) 350 (MHT, 81Br, 13%), 348

(MH+, 7Br, 16), 102 (DHPOH,*, 72), 85 (DHPH, 100).

Cumthooro nAf 2_/ 12 _totrabudranvurnan.? vlnyuvesidosvIlnvesAdinas £ 17)
(%] LrcHsty UJ JT{Lo7iciruriyurs l_l)’l =L =yiLu. )’ll Lucl,)u; riunic (L7 )
Tha titla ~rAywIrAinA A0 oOx nfl\nn;oor‘ n;m:]nrltr tn 1 1 101N iDr.. Y (”Q 1m| ’)n7mmn \
1110 ULIU VULl yuuuu waos ay LILEI OO aluuuul_y LAV ¥ 8 uaxus TR RZANALR \&J 1111k &V TRV f
nBuLi (2.5M, 82.9ml, 207mmol) in hexane, DMPU (25.1ml, 207mmol), 3-methylpyridine
Y% ] 4y /A

(20.2mi, 207mmol) and 1-bromo-12-tetrahydropyran-2-yioxydodecane (16) (24.1g, 69.1mmol)
in THF (250ml) to yield 3-(13-tetrahydropyran-2-yloxytridecyl)pyridine (17) (21.7g, 87%) as a
pale yellow oil; Ry 0.28 (base-washed SiO2; PE 40-60: EtOAc: EN; 95:5:3); Vmax (thin
film)/cm-1 2925s, 2854s, 1574m, 1466m, 1422m, 1352m, 1200m, 1120m, 1078m, 1034m,
714m; 8y (200MHz; CDCl3) 1.24 (20H, br s, CH2), 1.51-1.68 (8H, m, pyCH,CH», CH2CH,0
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-8.42 (ZH, m, C(2)H and C(6)H); 6c (50MHz; CDCl3) 19.
291 294 29.6, 297 30.7, 31.1, 33.0, 62.3 and 67.6 (12 x CH»), 98.8, 123.1 and 1357(3x
CH), 137.9 (quaternary), 147.1 and 150.0 (2 x CH); m/z (APCI) 362 (MH*, 100%), 278
(IMH,-THP]+, 40); HRMS found 362.3069, C23H4NO, (MH*) requires 362.3059.

1uc uuc: LUlllpUUllU wdas byuUleleU blllllldfly W 14, U.Slllg J Up-wlrdnyuropyrdn-/.-
yloxytridecyl)pyridine (17) (21.5g, 59.6mmol) and 3M aq. HCI (40ml, 119mmol) in MeOH
(150ml) to yield 13-pyridin-3-yltridecan-1-ol (18) (15.0g, 91%) as white crystals. The solid
was recrystallised from PE 40-60: EtOAc; m.p. 48-50°C (lit. [2] m.p. 44-47°C); Ry 0.25 (SiOy;
PE 40-60: EtOAc: Et;3N; 60:40:5); (Found: C, 78.1; H, 11.6; N, 4.7. C13H3;NO requires C,
77.9; H, 11.3; N, 5.1%); Vmax (KBr disk)/cm-! 3271m br (OH), 2924s, 2852s, 1575m, 1467m,
1423m, 1074m, 1026m; &y (200MHz; CDCk) 1.14 (18H, br s, CH;), 1.45-1.58 (4H, m,

bt e = a7

pyCH2>CH> and CH,CH,OH), 2.47 (2H, t, J7.5Hz, py(H>), 3.51 (2H, t, J6.5Hz, CH,OH), 4.32

CHz and CH2CH,0F (2H, t, J1.5Hz, pyCHy), 3.51 (2H, t, J6.5Hz, CHOH),
(1H, s, OH), 7.08 (1H, dd, J7.5, SHz, C(S)H), 7.37 (1H, d, J7.5Hz, C(4)H), 8.26-8.33 (2H, m,
C(2)H and C(6)HD; 8¢ (SOMHz; CDC13) 257,289, 29.2, 29.4, 309, 32.7, 32.8 and 62.6 (8 x
CHy), 123.4 and 136.1 (2 x CH), 138.2 (quaternary), 147.1 and 149.9 (2 x CH); m/z (APCI) 278
(MH¥, 100%); HRMS found 278.2484, C13H3,NO (MH*) requires 278.2484
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. H, 9.4, N, 4.2%); oy (200M
CDC13) 1.01 (18H br S, Cﬂz), 1. 44-1 54 (4H, m, pyCH,CH; and C __2CH2C1) 2.64 (2H t
J1.5Hz, pyCH>5), 3.28 (2H, t, J6.5Hz, CH,Cl), 7.84 (1H, dd, J8, 6Hz, C(5)H), 8.14 (1H, d,
J8Hz, C(4)H), 8.47 (1H, s, C(2)H), 8.56 (1H, d, J6Hz, C(6)H); &c (50MHz; CDCl;) 26.6, 28.6,
28.7, 29.0, 29.2, 30.2, 32.4, 32.5 and 45.0 (9 x CH3), 126.9, 138.2 and 139.8 (3 x CH), 142.9
(quaternary), 145.7 (CH); m/z (APCI) 298 ([M-Cl]t, 37Cl, 44%), 296 (IM-Cl1]+, 35Cl, 100).

3-(13-Chlorotridecyl)pyridine

3-(13-Chlorotridecyl)pyridinium chloride (19) was neutralised, in the same way as 13, to
afford 3-(13-chlorotridecyl)pyridine (quant.) as a colourless oil; Ry 0.44 (SiO; PE 40-60: Et;0;
1:1); Vmax (thin film)/cm-1 2926s, 2854s, 1575m, 1478m, 1465m, 1422m, 1026m, 714m; &y
(200MHz; CDCl3) 1.24-1.43 (18H, br m, CH»), 1.52-1.57 (2H, m, pyCH2CH>), 1.70 (2H,
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(A1203, CH>Cl;: MeOH; 98.2), Vinax (CHC13)/cm1 2917s, 28503, 14725, 1421m, 1262s, 1152s,
1014m, 718s; 6y (200MHz; CDCl3) 1.16-1.35 (18H, br m, CH»), 1.47-1.54 (2H, m,
pyCH2CH>), 1.66 (2H, pseudo qui, J/7Hz, CH,CH,Cl), 2.47 (2H, t, J7.5Hz, py(H>), 3.42 (2H,
t, J6.5Hz, CH>Cl), 7.01-7.16 (2H, m, C(4)H and C(5)H), 7.95-7.99 (2H, m, C(2)H and C(6)H);
dc (SOMHz; CDCls) 26.7, 28.8, 29.2, 29.3, 29.4, 30.2, 32.5, 32.6 and 45.1 (9 x CH)), 125.4,

24

126.7, 136.6 and 138.9 (4 x CH), 141.7(quaternary); m/z (APCI) 314 (MH+, 37Cl, 34%), 312
(MH*, 35C], 100); HRMS found 312.2005, C;sH3;CINO (MH#, 35C1) requires 312.2094.

Synthesis of triphenyl-11-tetrahydropyran-2-yloxyundecylphosphonium bromide (21)

A solution of 1-bromo-11-tetrahydropyran-2-yloxyundecane (10) (15.0g, 44.7mmol) and
PhsP (11.7g, 44.7mmol) in MeCN (100ml) was heated at reflux for 48h under argon. The

solution was then concentrated in vacuo and chromatographed (SiO;; CH,Cly: MeOH 95:5) to
z

- wrd & J%

[-11-tetrah drnnvrnn 2-vioxvundecvinhosphonium bromide (21) (24 45 91%) as

nyl-11-tetrahydropyran-2-yloxyundecylphosphos nide (21) (24.4g, 91%)

LO"F enn 1TATO A 1420, 111 A, 10777 n 1{\’)’) oN.. S IIANNAALY . IV
587m, 1479s, 1438s, 1114s, 1077m, 1033s, 996m, 750m, 724s, 680s; oy (200MHz; CDCls)
.13-1.75 (24H, br m, CHj), 3.26-3.75 (6H, m, PCH, and CH,OCHOCH?>), 4.47 (1H, dd, J4,

. 0-
2.5Hz, OCHO), 7.58-7.78 (15H, m, phenyl CH); 8 (50MHz; CDCl3) 19.7 and 22.4 (2 x CH)),
22.6 (d, J50Hz, C1), 25.4, 25.6, 26.1, 28.9, 29.0, 29.3, 29.6, 30.5, 30.7, 62.3 and 67.6 (11 x
CH>), 98.8 (CH), 118.1 (d, J86Hz, quaternary), 130.3, 130.6, 133.4, 133.6 and 135.0 (5 x CH);
m/z (APCI) 517 ([M-Brlt, 63%), 373 (36), 263 (100).

Synthesis of (Z)-3-(14-tetrahydropyran-2-yloxytetradec-3-enyl)pyridine (22}

A solution of triphenyl-11-tetrahydropyran-2-yloxyundecylphosphonium bromide (21)
(21.7g, 36.4mmol) in THF (250ml) under argon was cooled to -78°C and a solution of 0.5M
KHMDS in toluene (72.7ml, 36.4mmol) was added dropwise. The mixture was allowed to
warm to room temperature over 1 hour to give a red solution. The mixture was cooled again to
-78°C and a solution of 3-pyridin-3-ylpropanal (4.10g, 30.3mmol) in THF (20ml) was added
via a cannula. The mixture was stirred at -78°C for 5 minutes and then allowed to warm to
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oom temperature over 2 hours. Water (100ml) was added to the bl
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yellow layers which formed were separated. The aq. layer was extracted with CH,Cl, (2 x
100ml), dried with NazSOy, filtered and concentrated in vacuo to give a yellow solid. Flash
chromatography (base-washed SiOz; PE 40-60: EtOAc: Et3N; 95:5:3) yielded (Z)-3-(14-
tetrahydropyran-2-yloxytetradec-3-enyl)pyridine (22) (8.04g, 71%, Z:E; 50:1 by proton NMR)
as a colourless oil; Ry 0.27 (base-washed SiO2; PE 40-60: EtOAc: EtsN; 95:5:3; ammonium
molybdate and UV); Vmax (thin film)/cm-1 2925s, 2853s, 1574m, 1478m, 1422m, 1352m,
1200m, 1121m, 1078m, 1022__ 714m; dy (400MHz; CgDg) 1.14-1.41 (16H, br m, CH>), 1.53-

1.64 (6H m, CH,CH-0 and ("T—T("I—L.("T—L.("I—L) 82-1.890 PH m. nviCH,,2CH= (‘l—l(“l-l..

\Vll AL wv&lév u&;u S \-/AL\-/MA\-/LA‘\/M‘ A T s L s \ l‘, l“ P‘J\\-/ 14\/ A" NrAd \-l
2.12-2.20 (2H, m, pyCH2CHy), 2.34 (2H, t, J7.5Hz, pyCHz), 3.28-3.41 (2H, m, OCHH)), 3.76.
3.82 (2H, m, OCHH), 4.57 (IH, pseudo t, J3.5Hz, O:CHD, 523-5.30 (1H, m,

py(CH2);CH=CH), 5.34-5.40 (1H, m, py(CH),CH=CH), 6.78 (iH, dd, /7.5, 4.5Hz, C(5)H),
7.04 (1H, d pseudo t, J7.5, 2Hz, C(4)H), 8.42 (1H, dd, J4.5, 1.5Hz, C(6)H), 8.47 (1H, d, J2Hz,
C(2)H); &¢c (50MHz; C¢Dg) 19.7, 26.1, 26.9, 27.6, 29.1, 29.7, 30.0, 30.4, 31.2, 33.2, 61.6 and
67.6 (12 x CHy), 98.6, 123.1, 128.3, 131.4 and 135.4 (5 x CH), 137.1 (quaternary), 147.9 and
150.7 (2 x CH); m/z (APCI) 374 (MH*, 24%), 290 ([MH,-THP]*, 100); HRMS found
374.3059, C24H4oNO, (MHT) requires 374.3059.

Synthesis of (Z)-14-pyridin-3-yltetradec-11-en-1-0l (23)

The title compound was synthesised similarly to 12, using (Z)-3-(14-tetrahydropyran-2-
yloxytetradec-3-enyl)pyridine (22) (7.38g, 19.8mmol) and 3M aq. HCI (13.2ml, 39.5mmol) in
MeOH (100ml)to yield (Z)-14-pyridin-3-yltetradec-11-en-1-0l (23) (5.62g, 98%) as a
colourless oil; Ry 0.22 (SiO2; PE 40-60: EtOAc: EtsN; 70:20:10); Vmax (thin film)/cm-1 3339m
br (OH), 3006m, 2925s, 2854s, 1579m, 1479m, 1424m, 1059m, 1030m, 714m; 8y (200MHz;

CeDg) 1.22-1.57 (14H, m, CH>), 1.60-1.71 (2H, m, CH,CH,OH), 1.88 (2H, br d, J6.5Hz,

Adiy B RS T FACAVAV e N " ARLNT ALY

py(CHy);CH=CHCH,), 2.14 (2H, pseudo q, J7Hz, pyCHzCﬂz) 2.31 (2H, t, JTHz, pyCHb),

o Be7aWis) & SY EYY_ MY MYIIN A NO 711 L_ . MNIIN £ 1 £ A” 7sAYLY ___ ANTIN £ 771€ £1YY 11
3.70 (2H, t, J6.5Hz, CH,OH), 4.08 (1H, br s, OH), 5.21-5.47 (2H, m, CH=CH), 6.75 (1H, dd,

J8, 5SHz, C(5)H), 7.02 (1H, d pseudo t, J8, 2Hz, C(4)H), 8.39 (1H, dd, J5, 1.5Hz, C(6)H), 8.44
(1H, d, J2Hz, C(2)H); &¢ (50MHz; C¢Dg) 26.5, 27.6, 29.1, 29.6, 30.0, 30.1, 30.2, 33.2, 33.6 and
62.5 (10 x CHy), 123.4, 128.2, 131.5 and 135.9 (4 x CH), 137.4 (quaternary), 147.6 and 150.4
(2 x CH); m/z (APCI) 290 (MH+, 100%), 272 (16); HRMS found 290.2489, C19H3,NO (MH+)

requires 290.2484.

Synthesis of 14-pyridin-3-yltetradecan-1-0l (24)

To a solution of (Z)-14-pyridin-3-yltetradec-11-en-1-ol 23) (4.30g, 14.9mmol) in EtOH
(50ml) was added 10% Pd-C (430mg, 10% w/w) and the mixture stirred under a hydrogen
atmosphere for 10 hours at room temperature. The reaction mixture was filtered through a pad
of Celite® and the filtrate was concentrated in vacuo to give 14-pyridin-3-yltetradecan-1-ol
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.65; N 4.7. C19H33NO requires C, 78.3; H 11.4, N 4. 8%) Vmax (CHClg)Ic:ml 3330m br
(OH), 29135s, 2848s, 1578m, 1463s, 1424s, 1070s, 755s, 715s, 668s; 8 (200MHz; CDCl3) 1.22
(20H, br s, CHo), 1.47-1.57 (4H, m, pyCH,CH; and CH>CH,0H), 2.56 (2H, t, J7.5Hz, pyCH>),
3.02 (1H, br s, OH), 3.60 (2H, t, J6.5Hz, CH,0H), 7.17 (1H, dd, J7.5, 5Hz, C(5)H), 7.46 (1H,
br d, /8Hz, C(4)H), 8.35-8.38 (2H, m, C(2)H and C(6)H); 8¢ (50M Hz CDCl3) 25.8, 29.1, 29.3,
29.5, 29.6, 31.1, 32.8,32.9 and 62.6 (9 x CH
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146 9 and 149 7 (2 x CH): m/z {AD(“T\ 2072 (MHU+ 1009\ 274 (1A\. HRRAC frnnd 202 264N

ATVUs QIS LTS d & D B R Jy TTW L \T3 Nd ] &d o \IVRRL g LUV /U Jy LI \(1VU)], L1NIVAD LVUINL LT 4,40V,
C19H34NO (MH) requires 292 2640.

Synthesis of 3-(14-chlorotetradecyl)pyridinium chloride (25)

The title compound was synthesised similarly to 13, using SOCl, (0.30ml, 4. 12mmol) and
14-pyridin-3-yltetradecan-1-ol (24) (1.00g, 3.43mmol) in 1,4-dioxane ( t

r‘hlnrnfpfrﬂdp(‘v’)nvru]n'n um chloride (25) (1.19¢, 100%) as white crvstalg:

radecyl)p)y ide (25) (1.19g, 100%) as white crystals; m.p. 116°C;

(Found: C 66. H 99; N, 4.

'alaTal! 1 L f
CDCl3) 1.16 (
) k 4

J8Hz, C(4)H), 8.58 (1H, s, C(2)I_'D, 8 67 (lH d J5. 5Hz C(6)_I;D bc (SOMHZ CDCl3) 26.7,
28.7, 29.0, 29.2, 29.3, 30.2, 32.4, 32.6 and 45.1 (9 x CH3), 127.0, 138.5 and 140.3 (3 x CH),
143.3 (quaternary), 145.8 (CH); m/z (APCI) 312 ([M-CI]+, 37Cl, 48%), 310 ([M-Cl]+, 35Cl,
100).

3-(14-Chlorotetradecyl)pyridine

3-(14-Chiorotetradecyl)pyridinium chioride (25) was neutralised, in the same way as 13, to
afford 3-(14-Chlorotetradecyl)pyridine (quant.) as a colourless oil; Ry 0.43 (SiO2; PE 40-60:
Et;0; 1:1); vnax (thin film)/cm-1 2927s, 2854s, 1574m, 1478m, 1464m, 1422m, 1026m, 714m;
du (200MHz; CDCl3) 1.25-1.44 (20H, br m, CH5), 1.57-1.64 (2H, m, pyCH,;CH>), 1.76 (2H,
pseudo qui, J6.5Hz, CH,CH,Cl), 2.59 (2H, t, J7.5Hz, pyCH>), 3.52 (2H, t, J6.5Hz, CH>Cl),
7.19 (1H, dd, J8, SHz, C(5)H), 7.48 (1H, d pseudo t, J8, 2Hz, C(4)H), 8.40-8.44 (2H, m, C(2)H

and C(6YH): 8~ (50MHz: CDCl) 26.9, 28.9. 29.1. 29.5. 29.6. 31.1. 32.6. 33.0 and 45.2 9x
allQC LA I3 ), OC (LUvinzZ, LD I3y 207, L8.7, £7.1, 47,0, £47.9, 21,1, 24.0, 22,
I‘U Y 172D and 1287 () v« OCH) 120 O {AnatarmmaryY 147 1 and 1400 () v OCH)
MWE1D ), 1£5.4 AllU 130.7 \& K 301, 130.V \JUawlllldly ), 19/.1 allQ 1597.7 \4 A 11

Synthesis of 3-(14-chlorotetradecyl)pyridine-N-oxide (26)

The title compound was synthesised similarly to 14, using 3-(14-chlorotetradecyl)pyridine
(390mg, 1.25mmol) and mCPBA (89% active, 243mg, 1.25mmol) in CH,Cl; (20ml)to afford
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(2H, m, pyCH,;CHy), 1.56 (2H, pseudo qui, J7Hz, CH2CH2CI) 238 (2H t, 17 5Hz, pyC]iz)

3.32 (2H, t, J6.5Hz, CH,Cl), 6.91-7.08 (2H, m, C(4)H and C(5)H), 7.87-7.91 (2H, m, C2)H
and C(6)H); dc (SOMHz; CDCl3) 26.6, 28.6, 29.0, 29.2, 29.3, 30.0, 32.4 and 44.9 (8 x CH>),
125.5, 126.6, 136.7 and 139.0 (4 x CH), 141.8 (quaternary); m/z (APCI) 328 (MH, 37Cl, 36%),

326 (MHT, 35Cl, 100), 310 (37); HRMS found 326.2252, C;9H33CINO (MH*, 35Cl) requires
326.2251

Synthesis of 3-(12-hydroxydodecyl)-1-[12-(N-oxidopyridin-3-yl)dodecyl]pyridinium iodide (27)

To a solution of 12-pyridin-3-yldodecan-1-ol (12) (970mg, 3.68mmol) and Nal (662mg,
4.42mmol) in butan-2-one (50ml) was added 3-(12-chlorododecyl)pyridine-N-oxide (14)
(1.15g, 3.85mmol). The orange solution was heated at reflux for 24 hours, cooled to room
temperature and then concentrated in vacuo to give an off-white solid. Flash chromatography
(Al—sna (‘Hq("la MeQOH: 9: 1\ afforded 3- II? _hwirnrwlnr]om:l) fl?-(N.nrulnnvn/lm 3-

TR YA Y N R AL S s AW NS Ay Birsvaawvs W VA e R Sl ey o

yl)dodecyl Jpyridinium iodide (27) (2.45g, quant.) as an off-white solid; m.p. 96-99 C RfO 63

ARA . NIT. 0.1 TIUZZ. D N A 7N AT T fﬂl\'l MIT M1 . NN
(Al203; CH;Cl: MeOH; S:1; UV); Ry U.45 (O1Uy/Nabr [ZU); Challp: MeOH; 9:1); Vimax (KBr

LA Ta B! -~

disk)/cm-t 3394m br (OH), 2919s, 2850s, 1467m, 1438m, 1267m, 1159m, 682m; &y (200MHz,
CDCl3) 1.09 (32H, br s, CH,), 1.32-1.67 (6H, m, CH,CH,;OH, C(3)YCH,CH> and
C(3)CH,CH>), 1.86-1.98 (2H, m, CH,CH>N), 2.43 (2H, t, J7.5Hz, C(3")CHb), 2.77 (2H, t,
J1.5Hz, C(3)CH>), 3.16 (1H, br s, OH), 3.45 (2H, t, J6.5Hz, CH,OH), 4.76 (2H, t, J7Hz,
CH)N), 7.03-7.17 (2H, m, C(4")H and C(5)H), 7.91-8.01 (3H, m, C(2"H, C(5)H and C(6")H),

8.20 (1H, d, J8Hz, C(4)H), 9.12 (1H, d, J6Hz, C(6)H), 8.22 (1H, s, C(2)H); 6¢c (50MHz;

CDCl3) 25.7, 25.9, 28.7, 28.9, 29.1 and 29.3 (6 x CHj), 30.2 and 30.3 (C(3")CH,CH; and
CINCHACHAY 21 R (CHACHANY 28 (C(ICHA and C(AOYCHL 327 (CH-CH-OHY 81§
AT SN LR N R R Jy TR \ N A RN AR AN Jy Thwead \No\oF JRgd R )] N N\ Mg R B [ )y Jhus ] \NgAR/ N RRAJNITRAJy T Rawt
FOLYT NN £ 72 OO _NLIN 108 77 710N 179D /AN 170 1 (R 124 K nand 120 £ 710 and AN
(120N ), OZ.0 \(L.I12VUIL ), 1£0.7 (LD ), 147.2 (%4 ), 1£0.1 \\J), 100.0 alild 1750.0 (Lo diild L v ),
141.8 (C3"), 142.2 (C6), 143.9 (C2), 144.1 (C3), 144.9 (C4); m/z (ES) 525.5 (M-1]+, 100%);
HRMS found 525.4417, C34Hs7N207 (IM-I1+) requires 525.4420

tnbrormde (1. 17m1 1 .5mmol) dropwise. The solution was stirred for 15 minutes at 0°C,
heated at reflux for 1 hour, cooled to room temperature and then poured into an ice: water
solution (50ml). The two-phase mixture was stirred, until the ice meited, then separated. The
aq. phase was extracted with CH,Cl, (3 x 50ml), and the organic phases were combined, dried

over MgSOQy, filtered and concentrated in vacuo to give 3-(12-bromododecyl)-1-[12-(pyridin-3-

[
[
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CH>), 1 58-1. ( H m, C(3' )CHZCH2, C(3)CHZCH2 and CHZCHzBr), 1. 88 1.95 (2H

CH,CH2N), 2.73-2.84 (4H, m, C(3")CH; and C(3)CH>), 3.28 (2H, t, J/THz, CH»Br), 4.83 (2H t,
J1.5Hz, CH2N), 7.98-8.09 (2H, m, C(5)H and C(5)H), 8.20 (1H, d, J8Hz, C(4)H), 8.38 (1H, d,
J8Hz, C(4")H), 8.53 (1H, s, C(2"H), 8.65 (1H, br d, J5Hz, C(6")H), 9.20 (1H, d, J6Hz, C(6)H),
9.24 (1H, s, C(2)H); 8¢ (50MHz; CDCls) 25.9, 28.0, 28.6, 28.9, 29.1 and 29.3 (6 x CH>), 30.1
and 30.3 (C(3")CH2CH> and C(3)CH,CH5), 31.9 (CH,CH;N), 32.6 (C(3"YCH,, C(3)CH; and
CH,CH;Br), 34.2 (CH2Br), 61.7 (CH2N), 127.5 (C5"), 128.1 (C5), 138.0 (C6"), 139.4 (C2",

N = = 7 Nl = = 4™ g

142.3 (C6), 143.3 (C3"), 143.9 (C2), 144.1 (C3), 144.9 (C4), 146.8 (C4").

3-(12-Bromododecyl)-1-( 12-pyridin-3-yldodecyl)pyridinium bromide (28)

3-(12-Bromododecyl)-1-[12-(pyridin-3-io)dodecyl]pyridinium bromide was neutralised by
being dissolved in CH»Cl; and dried over K,COs, filtered and concentrated in vacuo to afford
3-(12-bromododecyl)-1-(12-pyridin-3-yldodecyl)pyridinium bromide (28) (quant.) as a yellow
oil; &y (200MHz; CDCl3) 1.17-1.45 (32H, br m, CH>,), 1.54-1.91 (6H, m, C(3")\CH,CH,,

C(3YCH,CH» and CH,CH-»Bn), 1.97-2.10 2H, m, CH,CH;N),. 261 (2H. ¢ SH7z C(3I"YCH,)
\J,\JLLL\.’&A‘ CAAANA \415‘\4‘14“1}, Ao sl I dwe A NS \“ll, ll. cv ‘J. j Fra s 3 \‘.ﬂll.’ " ~ l;-.}ll..d’ \/\J l\/w,’
2N MU ¢+ IQLI~» (YNNCLIY 2 AN ML ¢+ MU, LD AQRS MU ¢+ 7 XX LI NN 779277 977
Z.7U (&anl, (, JONZ, U 12), .90 e, LV IinZ, D), .75 (L0, 4 J 1IN, LN, 1.L0-1 .41
I1"‘I' —a NrENTY. - L 71707 3 1L t"l’ raYd O N 711717 I I | ) (o] LYY . MHArenYI OMmMA 1YY 1

H, m, C(6"H), 7.56 (1H, d, J6.5Hz, C(4)H), 8.03 (1H, dd, J8, 6Hz, C(5)H), 8.24 (1H, d,

]8Hz C4)H), 8.45 (2H, br s, C(2)H and C(6")H), 9.16 (1H, s, C(2)H), 9.25 (1H, d, J6Hz,
C(6)H); m/z (FAB) 573.5 ((M-Brl+, 81Br, 95%), 571.5 ([M-Br]+, 7Br, 100), 328 (C17H2oNBrt,
81Br, 16), 326 (Ci;7HxoNBrt, 79Br, 18), 246 (Cy7HogN*, 50); HRMS found 573.3608,

CaHs6BrN; ([M-Brlt, 81Br) requires 573.3606.

Synthesis of cyclostellettamine A (1)

To a solution of Nal (1.01g, 6.75mmol) in butan-2-one (310ml) heated at reflux was added a
solution of 3-(12-bromododecyl)-1-(12-pyridin-3-yldodecyl)pyridinium bromide (28) (2.00g,
3.07mmol) in butan-2-one (9ml) and CHCl; (1ml) at a rate of 0.01ml/minute over 24 hours.
The orange solution was heated at reflux for 3 days, cooled to room temperature and then
concentrated in vacuo to give an off-white powder. The powder was triturated with Et;0 (2 x
40ml), to remove any unreacted iodide. Flash chromatography (Al,03; CH2Cl: MeOH; 9:1)
followed bv recrystallisation from acetone afforded cyclostellettamine A (1) (1.52¢g, 66%) as an

LA AR LT AR ORISR IRSLY SRR QLA QAR el LR N2 e YU

off-white powder; m.p. 218-220°C (lit. [11] m.p. 221-223°C); (Found: C, 54.6; H, 7.6; N, 3.7.
1 Q

. !J_,T,.RT- ra~niirac ' &A 7. 7 &%. RT 1 QW\ RP.N1AQ {A‘-n— f‘n- I'A Anu ‘\ AV}
3411561247 ACHUILLILD vy JT. T, 11, I.JJdy 1Ny QU 1\] V.17 \IMINUSy wdd) O X)), IVAWLRIX L, i)y ¥max
(VT Al N sl ANT1L . NONT A NOZN, 1L0L s 1ENA~ TALEsx L£ONVonn. R NNAATLT . T .
I AISK)/cIm* JUI0m, ZY¥.£18, £oOUS, 1020m, 15U48, 140058, OYZI, O (LUVUIVINZ; CLLI3!
CD30D; 9:1) 0.95-1.26 (32H, br m, CH»), 1.56 (4H, br s, C(3)CH,CH>), 1.86 (4H, br s,
NCH,CHy), 2.75 (4H, t, J7.5Hz, C(3)CH2) 4.62 (4H, t, JTHz, NCH>), 7.89 (2H, dd, J8, 6Hz,

C(5)H), 8.17 (2H, d, J8Hz, C(4)H), 8.82 (2H, d, J6Hz, C(6)H), 9.03 (2H, s, C(2)H); o
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(50MHz; CDCls: CD30OD; 9:1) 26.9, 29.7, 29.9, 30.1, 30.2 and 30.7 (6 x CHy), 31.6
(C(3)YCH,CHy), 33.0 (NCH2CH>), 33.8 (C(3)CH>), 63.2 (NCH»), 129.6 (C5), 143.4 (C6), 145.4
(C2), 145.8 (C3), 146.8 (C4); m/z (FAB) 619.5 ((M-I]*, 100%), 246 ([M-2I]2+, 28); HRM
found 619.3510, C34Hs6IN; (IM-I]1) requires 619.3488.

Cvclostellettamine A (1) (105me. 0 1AmmaD) was dissglved in MeOH 40m) and CH.OCL,

J WAUSLWAIVLLAUMEL I 43 \ A J (A VJUILEE, V. 1ITTHUIVI) WAd UIOSVIVULU 111 IVIUU/IL \FULLLL) allU 110U 1)
1NN than analad ¢ 700%™ NIAaDLY . /2% N QAcnin n 1Y i A At a3 ebo s 20 o et 1
L LUl ), WICIT COUICU WO -/ 0 L. INADII4 (J4111E, U.0411111101) wdaS aadcCd Q UIC IMiXi wds S 4

for 30 minutes, after which it was allowed to warm to 0°C over 1 hour. The mixture was
concentrated in vacuo and then partitioned between sat. aq. NaHCO3 (20ml) and CH,Cl;
(20ml). The two-phase solution was separated and the aq. phase extracted with CH,Cl; (3 x
20ml). The combined organic phases were washed with sat. ag. NaCl (20ml), dried over
MgSOQy, filtered and concentrated in vacuo to give a colourless oil. Flash chromatography
(base-washed SiO;; PE 40-60: EtOAc: Et3N; 97'3'2) afforded 1,18-
diazatricyclo[29.3.1.11418 hexatriaconta-14,31-diene (39) (57Tmg, 81%) (<4% of the

ter‘_rahvdronvndinp reosipisomer) ag a white solid: m.n. 83.90°C: R0 ’)Q ( aca_wached SiN~- PF
YJL A LA L\l&‘\llﬂ\lll ANK J LA W INJRINA, lll‘y SIS vy AN V.2 \Uuou VY (A01i1N S UIUL, a4 s

AN_EN: TR+ A~ TN QT-2:I\¢ s W HDe AiolV Aamal 7017 DNQKNA TATVemne K. OINNRALT .
GU-OU. BUUACT LU3iN, 77102}, Vmax \ADI QiSKj/CIiY* 27178, 203US8, 14&/1M; O (£ZUUIniz;
1 1 Y == MYIT N\ 1 £N 1 20N 7ATTY __ \Tﬂrt ANTT FNYY N 1 N FATTY o PITY . £YANSNITY L

s, CH2), 1.50-1.59 (4H, m, NCH,CH>CH»), 1.93 (4H, t, /7Hz, C(3)CH>),

C(5)H2), 2.35-2.43 (4H, m, NCH2(CH2),), 2.48 (4H, t, J6Hz, C(6)H>), 2.84 (4H,
s, (,(2)H2) 5. 42 (2H, brs, C(4)H) d¢c (50MHz; CDCl3) 25.7, 26.8, 27.3, 27.7, 29.0, 35.4, 50.6,
55.2 and 58.2 (9 x CHp), 118.9 (CH), 136.6 (quaternary); m/z (APCI) 499.5 (MH+, 100%);

HRMS found 499.4990, C34Hg3N, (MHT) requires 499.4991.

I1’\ 1’) 117 .1 Lage g 2 > ¥ nn\

Synthesis of 3-(12-hydroxydodecyl)-1-[ 13-(N-oxidopyridin-3-yljtridecyl[pyridinium iodide (29)

The title compound was synthesised similarly to 27, using 12-pyridin-3-yldodecan-1-ol (12)
(498mg, 1.89mmol), 3-(13-chlorotridecyl)pyridine-N-oxide (20) (590mg, 1.89mmol) and Nal
(340mg, 2.27mmol) in butan-2-one (10ml) to afford 3-(12-hydroxydodecyl)-1-[{13-(N-
oxidopyridin-3-yl)tridecylJpyridinium iodide (29) (1.23g, 97%) as an off-white powder; m.p.
100-103°C, Rr 0.65 (Al,O3; CH2Clz: MeOH; 9:1; UV); Ry 0.24 (SiO2/NaBr [20]; CHClx:
MeOH; 9:1); vmax (KBr disk)/cm-! 3370m br (OH), 2924s, 2853s, 1464m, 1436m, 1267m,
1159m, 734m, 684m; 8y (200MHz; CDCl;3) 1.15 (34H, br s, CH»), 1.38-1.69 (6H, m,

CH,CH,0H, C(3"CH,CH; and C(3)CH,;CH,), 1.89-2.03 (2H, m, CH;CH;N), 249 (2H, ¢
N AALINTA Ry N\ WA R AA S AL V\J’vll‘vw,’ AN S T eSS \bwh Ry Raay By vy
I'7 SUa ((NYCH.Y 2Q2 OH ¢ FT s (Y2AVMH.Y 218 (1TH he e NOHIY 281 MW + TR
JI.IOKE, \AD ALY ), £.04 \&Xk, U J71.ID0MZ, \NAJJ12), J.1J \i11, UT §, ULl ), J.J1 \4I1, 1, yOUI1Z,
LT AT A QL /ALY « J£ YT AIT_ N ns 17 OTY rvu\tt am A OCENLTY 7 0Q Q nz /011
anun), 4.00 (20, t, 0.0z, CHpNj, 7.UG-7.17 (20, m, U(4 O ana U ')), /.96-0.U0 (30, mi

.5Hz, C(4)H), 9.27 (2H, br s, C(2)H an C(6)H) &:
(5()MHZ CDCl3) 25.6, !,5 9, 28.7, 28.8, 28.9, 29.0 and 29.2 (7 x CH>), 30.1 and 30.3
(C(3"YCH2CH> and C(3)CH2CH3), 31.8 (CH,CH,N), 32.5 (C(3)CH2 and C(3)CH»), 32.7

(CH,CH20H), 61.7 (CH2N), 62.4 (CH,0OH), 125.8 (C5'), 127.3 (C4), 128.2 (C5), 136.7 and
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120 /1) and CEN 1AYN O 1A T (OLN 1TAAD 0O\ 1TAA D (AN TAAQ (AN o /o (TADN
130.7 \Le dllU LV ), 1794 VA\LD J, 194,71 \LU), 189.L\(UL), 184.0 \LI), 144.7 (L4a), m/Z (FAD)
E20 & /TR A Tld 1INANIN £AN £ /TRE TMATA 17\, TTDR IO O 1 £N ALMN M Y nY £ sra & Wil
27,0 (livi-1} ", 1VU0), 243.0 ([IVI-1U] 7, 1/7), AIRIVIO TOUNA J53Y.40 /Y, Uisk59IN2L72 ([IM1-1]7)
requires 539.4577
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3-io)tridecyl]pyridinium bromide (1. 29g, 99%) as a pale yellow 0il; Vmax (thm film)/cm-1
2925s, 2853s, 1631m, 1552m, 1504m, 1467m, 752m, 687m; &y (200MHz; CDCl3) 1.13-1.21
(34H, br m, CH5), 1.61-1.82 (6H, m, C(3"YCH,CH,, C(3)CH,CH; and CH,CH>Br), 1.94-2.05
(2H, m, CH,CH>N), 2.76-2.87 (4H, m, C(3")CH» and C(3)CH»), 3.31 (2H, t, J7Hz, CH»Br),
4.87 (2H, t, J7.5Hz, CH,N), 8.01-8.10 (2H, m, C(5"H and C(5)H), 8.23 (1H, d, J8Hz, C(4)H),
8.39 (1H, d, J8Hz, C(4)H), 8.56 (1H, s, C(2"H), 8.68 (1H, d, J5.5Hz, C(6)H), 9.25 (1H, d,
J6Hz, C(6)H), 9.28 (1H, s, C(2)H); 8¢ (50MHz; CDCl3) 25.9, 28.0, 28.6, 28.9, 29.1 and 29.3 (6
2 and 30.4 (C(3"CH,CH; and C(3)CH,CH,), 31.9 (CH,CH;N
’7

)
A2 73
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(C39, 143.
(C4') 3-(12- Bromododecyl) 1 [13- (pyndm -3-io)tridecyl]pyridinium bromide was neutrahsed
to afford 3-(12-bromododecyi)-1-(13-pyridin-3-yitridecyl)pyridinium bromide (30) (quant.) as a
pale yellow oil; 8y (200MHz; CDCl3) 1.13-1.46 (34H, br m, CH»), 1.57-1.88 (6H, m,
C(3)CH,CH>, C(3)CH;CH2 and CH,CH;Br), 2.00-2.08 (2H, m, CH>,CH>,N), 2.62 (2H, ¢,
J1.5Hz, C(3")CH2), 2.90 (2H, t, J8Hz, C(3)CH2), 3.40 (2H, t, J7THz, CH,Br), 4.96 (2H, t,
J1.5Hz, CHsN), 7.26 (1H, dd, J7.5, SHz, C(5")H), 7.55 (1H, d, J7.5Hz, C(4")H), 8.02 (1H, dd,
J8, 6Hz, C(5)H), 8.24 (1H, d, J8Hz, C(4)H), 8.42-8.45 (2H, m, C(2"H and C(6)H), 9.12 (1H,

s, C(2)H), 9.26 (1H, d, J6Hz, C(6)H); m/z (FAB) 587.5 ([M-Br]*, 81Br, 97%), 585.5 ((M-Br]*,

NN 246N (CLHI N+ 21 LIRNMO fannd S8 272 L T o (TNA_ Dr1+ TR ronnireg
UV ), £0U (U 18M30IN T, Z£1, Hinivi) I0UNA J0J.5785, LU 351158 \LiVi- DI Iy TCQUIICs
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(Found: C, 55.2; H, 7.85; N, 3.7. C3sHsgl2N, requires C, 55. ; H,
(Al,03; CH,Cly: MeOH; 9:1); vpax (KBr disk)/cm-t 3017m, 2921is,
1464s, 691s; 6y (200MHz; CDCl3: CD;0D; 9:1) 1.04-1.23 (34H, br m, Lﬂ_z) .55 (4H, br s,

C(3)CH2CHa), 1.85 (4H, br s, NCH,CH»), 2.75 (4H, t, JTHz, C(3)CH>), 462( H, t, J7THz,

>\’m
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NCH32), 7.91 (2H, dd, J8, 6Hz, C(5)H), 8.18 (2H, d, J8Hz, C(4)H), 8.84 (2H, d, J5.5Hz,
C(6)H), 8.94 (2H, s, C(2)H); 8¢ (50MHz; CDCI3: CD;OD; 9:1) 25.3, 25.5, 28.0, 28.1, 28.2,

28.3, 28.4, 28.7* and 28.9 (10 x CHj3), 29.9 and 30.0 (C(3)CH,CH>), 31.2 and 31.3
(NCH>CH3), 32.1 and 32.2 (C(3)CH>), 61.7 (NCH>), 128.3 (C5), 142.1 (C6), 143.9 (C2), 144.4
(C3), 145.5 (C4); *at this resonance two signals can be resolved; m/z (FAB) 633.5 ((M-I]*,
100%); HRMS found 633.3641, C3s5Hs3IN, ([M-I]11) requires 633.3645.

Synthesis of 1,18-diazatricyclo[30 114, 18] heptatriaconta-14,32-diene (40)

The title compound was synthesised similarly to 39, using cyclostellettamine B (2) (95mg,
0.13mmol) and NaBH4 (28mg, 0.75mmol) in MeOH (40ml!) and CH,Cl; (10ml), to afford 1, 18-
diazatricyclo[30.3.1.114, 18 heptatriaconta-14,32-diene (40) (59mg, 92%) (<7% of the
tetrahydropyridine regioisomer) as a white solid; m.p. 52-55°C; Ry 0.29 (base-washed SiO»; PE
40-60: EtOAc: EtsN; 97:3:2); Vmax (KBr disk)/cmr! 2917s, 2850s, 1471m; 8y (200MHz;

CDCls) 1.26 (38H, br s, CHa), 1.54 (4H, br s, NCH,CH,CHy), 1.93 (4H, t, J7Hz, C(3)CHa),
214 (AH hr ¢ C(SYHL 2 37.9 (4 m NCHA((C'H5),) 2 50 (4 t J§S SHz C(6YH,) 2 kS8

CATT \TFARy WAL Og N\ JAR/ Sy 4aewd 1 T4s™F X \"FARy 20hy ANNCERINNARRT [/ Jy dussd\ T \"WAhEg Ly FFeudBRduy NAN\NTJRRA) ]y &ealTs
(AT e o CY/NLTI Y § A4 (DT he o AN K (EONLT. CTYMNDK7T D47 72 DT & 977
\F#r1, O §, L\ZL)f12), J.94 (LK1, OT §, L4 11), OC (DUIVIIIZ, 1/ I3) LI.1, 4O [, L] .0y &l.Jy &l.1,
290 29 3, 35 4, 35.6, 505 507 55 0, 55.1, 58.7 and 58 9 (15 X QH;), 119.0 and 119.1 2 x

Tha titla ramnnnnd wae eunthoacicad cimilarly tn 27 1cing
4 11C uliv Vil HUU L¥ 3 WCIO DJUUI\/OAD\/U Blllulﬂll] W sy u:uus

1
(218mg, 0.79mmol), 3-(13-chlorotridecyl)pyridine-N-oxide (20 45mg, 0. 79mmol and Nal
(141mg, 0.94mmol) in butan-2-one (10ml) to afford 3-(I13-hydroxytridecyl)-1-[13-(N-
oxidopyridin-3-yl)tridecylJpyridinium iodide (31) (524mg, 98%) as an off-white solid; m.p.
108-110°C, Ry 0.54 (A1;03; CHClz: MeOH; 9:1; UV); Ry 0.31 (SiO2/NaBr [20]; CHCly:
MeOH; 9:1; UV); Vimax (KBr disk)/cm-! 3396m br (OH), 2922s, 2850s, 1455m, 1436m, 1158m,
681m; &y (200MHz; CDCIl3) 1.20 (36H, br s, CHj), 1.44-1.74 (6H, m, CH,CH,;0H,
C(3")CH,CH; and C(3)CH,CH>), 1.96-2.04 (2H, m, CH,CH;,N), 2.53 (3H, t with a broad

shoulder, J7.5Hz, C(3'YCHz and OH), 2.89 (2H, t, J6Hz, C(3)CHb>), 3.56 (2H, t, J6Hz, CH2OH),

[\

—~ -c":
Hﬂ
[
-
E
’:

4.86 (2H, t, J7.5Hz, CH,N), 7.11-7.25 (2H, m, C(4"H and C(5"H), 8.03-8.10 (3H, m, C(2"H,
= \&hly Ly J7.J88Ly NRRJIN]y T 41 chuet \duK iy 3Ry NV JaQ Qi JhA}y VeV ITUL AN (VA iy yz et
ARNLT and CYENLIY Q 37 /1LY A TQLT» (YYAVIY Q1£.0921 MM m YNH and O(AYHY &
UV allU AU Jil), O.4/ (111, U, JOI1L, \AFJLl)y 7.1VU~T7. &) \ &1L, 111, A\ L)%d I AV (O
AR LYY AT L TN AT, N1 NS S AL AQ L NAQMT NC D and NON L - MNITI N\ 2N 1%
(QUIVIHZ, CDUI3. L3V, Y1) 20,0, £J.7, £0.0, 4LO./, 40.7 dllU 4Y.4 (U X Ln2), JU.1

(C(3")CH2CH; and C(3)CH,CH>), 31.5 (CH,CH:N), 32.3 (C(3")CH2 and C(3)CH>), 3

(CH,CH,0H), 61.8 (CH;N), 62.1 (CH,0H), 126.0 (C5"), 128.2 (C4'), 129.0 (CS5), 136.5 and
138.7 (C2' and C6'), 142.2 (C6), 142.5 (C3"), 143.7 (C2), 144.5 (C3), 145.2 (C4); *at this
resonance two signals can be resolved; m/z (FAB) 553.5 ([M-I]t+, 100%), 537.5 ((M-IO]+, 12);
HRMS found 553.4719, C3sHg1N20, ([M-111) requires 553.4733.



Synthesis of 3-(13-bromotridecyl)-1-(13-pyridin-3-yltridecyl)pyridinium bromide (32)

The title compound was synthesised similarly to 28, using 3-(13-hydroxytridecyl)-1-[13-(N-
oxidopyridin-3-ytridecyl]pyridinium iodide (31) (503mg, 0.74mmol) and phosphorus
tribromide (0.28ml, 2.96mmol) in CHCl3 (10ml) to give 3-(13-bromotridecyl)-1-[13-(pyridin-
3-io)tridecylpyridinium bromide (584mg, quant.) as a yellow 0il; Vyay (thin film)/cm-1 2924s,
2854s, 1630m, 1552m, 1468m, 1242m, 752m; 8y (200MHz; CDCl3) 1.15-1.36 (36H, br m,
(6 C(3)CH,CH;, C(3)CH;CH; and CH,CH,Br), 1.93-2.06
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C(6 )_) 9.27 (2H, br s, C(Z)H and C(6)_)
d¢c (50MHz; CDCls) 25. 9 28.0, 28 6 28 9 29 0, 29.1 and 29.4 (7 x CH3), 30.2 and 30.4
(C(3")YCH2CH» and C(3)CH2CH?), 31.9 (CH,CH;N), 32.7 (C(3"CH2, C(3)CH, and
CH>CH;Br), 34.1 (CH2Br), 61.7 (CH,N), 127.4 (C5"), 128.1 (CS), 138.1 (C6"), 139.6 (C2"),
142.4 (C6), 143.3 (C3'), 143.9 (C2), 144.1 (C3), 144.8 (C4), 146.6 (C4"). 3-(13-Bromotridecyl)-
1-[13-(pyridin-3-io)tridecyl]pyridinium bromide was neutralised as before to afford 3-(13-
hrnmntr!dprvl) ’ (’? nvrldm- -\)’trl/]Pr'\!”nvri/]innlm hrnmr/]p (12\ (auant ) ag a nale vp"nw

L Laaa A 4 fretas \Muisiivey QO & plav yvaaviy

oil; 8y (200MHz; CDC13) 1.25 (36H, brs, Cﬂz) 1.57-1.88 (6H, m, C(3")CH,CH,, C(3)CH,CH>

and CIO_MNIT D 1 Q2 D 12 MNDLY wan LI _ANY D 7T7A ODLY & JOLY. /NI D ON /NLT

QU LR\ A2 D1 ), 1.70-4.10 \&rl, 1, CHOA\2IN ), L. /4 (LI, |, JOI1Z, LD JLI1)), £.TJU \i51, l.,
TOYYX_ fMV/ANMTIT A\ N AN 7NATT ”™IYY_ TY Ty .\ A NO 7YY . ey oYY FITT R ~ N YY ™y
JOI1Z, LA\JS)_I12), 5.40 4, |, J/nZ, \ ?2Dr1), 4.95 (411, [, J/.0NZ, CH2IN), /.00 (1K1, aaq, J/7.,
5.5Hz, C(5)H), 7.81 (iH, d, J8Hz, C(4)H), 8.04 (1H, dd, J8, 6Hz, C(5)H), 8.24 (1H, d, J8Hz,

Cé4)H), 8.48-8.59 (2H, m, C(2")H and C(6"H), 9.24 (1H, s, C(2)H), 9.33 (1H, d, J5.5Hz,
C6)H); m/z (FAB) 601.5 (IM-Br]+, 81Br, 99%), 599.5 ((M-Br]+, Br, 100), 342 (Ci1gH3; BN+,
81Br, 41), 340 (CigH3BrN+, 79Br, 33), 260 (CigH3oN+, 16); HRMS found 601.3921,
CisHeoBrN2 ([M-Br]+, 81Br) requires 601.3919.

Synthesis of cyclostellettamine C (3)

The title compound was synthesised similarly to 1, using 3-(13-bromotridecyl)-1-(13-
pyridin-3-yltridecyl)pyridinium bromide (32) (485mg, 0.71mmol) in butan-2-one (9ml) and
CHCl3 (1ml), and Nal (235mg, 1.57mmol) in butan-2-one (80ml) to afford cyclostellettamine C
(3) (357mg, 65%) as an off-white powder; m.p. 231-233°C (lit. [11] m.p. 233-236°C); (Found:
C, 55.9; H, 8.05; N, 3.6. C3gHgl2N requires C, 55.8; H, 7.8; N, 3.6%); Ry 0.27 (Al,03;
KBr disk)cm-1 3016m, 2921s, 2851s, 1627m, 1504m, 1465m,

~——

CHy), 31. 5 (C(3)CH2CH2), 32.8 (NCHQQHz) 33 9 (C(3)QH2) 63.3 (NQH;) 129 7 (C5
(C6), 145.3 (C2), 145.7 (C3), 146.8 (C4); m/z (FAB) 647.5 ([M-I]*, 39%), 520.5 (
([M-21]2*, 100); HRMS found 647.3781, C3sHeoIN2 ([M-I]*) requires 647.3801.
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Synthesis of 1,19-diazatricyclo[31.3.1.1151%]octatriaconta-15,33-diene (41)

The title compound was synthesised similarly to 39, using cyclostellettamine C (3) (59mg,
76pumol) and NaBH4 (17mg, 450pumol) in MeOH (40ml) and CH,Cl; (10ml), to afford 1,19-
diazatricyclo[31.3.1.115,1%]octatriaconta-15,33-diene (41) (38mg, 96%) (<5% of the
tetrahydropyridine regioisomer) as a white solid; m.p. 60-62°C; Rr0.31 (base-washed SiO»; PE

40-60: EtOAc: Et3N; 97:3:2); Vimax (KBr disk)/cmr! 2917s, 2850s, 1471m; 8y (200MHz;

CDC1.Y 126 (A0H hr ¢ H,5), 1.47-1.56 (4H. m. NCH,CH,CH,). 1.04 ¢4 t TR S
NrASN R ) A \TWARAy UK Oy Noald)g, AT L./ \TTRLy ikMy NNCRRYNALATINA AL Jy L 77T \TTL1, 4y VU.JL1L,
NI Y D 1A (ALY he o £O/RNLT. Y D28 DAY (ALY o NMOLE /AOLI NN N AQ ALY o JTE ELX-
NAJJNLLT Jy &5 (0L, UL D, N\UELD ), L.00-4.90 \11, 11, INCUID(LT12)2 ), £.40 (4N, {, JO.OI1Z,
LANTT N MO FTAYY 1L . MONTIT N £ AN 7NTY L, £ ANTTIN, © JENALTIY . OIS\ AE O N ™ A oA
o)), £.03 {40, O §, Ui4)Hp), 2.44 (401, OI §, L{4)H); Oc (DUMHZ; CDUI3) £1.8, £0./, 2/.4,
27.6, 29.0, 29.1, 35.5, 50.6, 55.2 and 58.9 (10 x CH>), 119.0 (CH), 136.6 (quaternary); m/z

. . . . 9
(APCI) 527.5 (MH, 100%); HRMS found 527.5307, C36He7N2 (MHT) requires 527.5304.
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24) (75mg, 0. 26mm01) 3-(12- chlorododecyl)pyndme N—ox:de 14) (76mg, 0. 26mmol) and
Nal (47mg, 0.312mmol) in butan-2-one (5mil) to afford 3-(14-hydroxytetradecyl)-1-{12-(N-
oxidopyridin-3-yl)dodecyl]pyridinium iodide (33) (162mg, 93%) as a pale yellow solid; m.p.
94-98°C, Rr0.61 (Al,03; CH,Cly: MeOH; 9:1; UV); Rf0.20 (SiO2/NaBr [20]; CH2Cl,: MeOH;
9:1); vmax (KBr disk)/cm-1 3388m br (OH), 2921s, 2852s, 1466m, 1264m, 1159m, 683m; oy
(200MHz; CDCl3) 1.30 (36H, br s, CH»), 1.50-1.68 (7H, m, CH,CH,OH, C(3"YCH,CH> and
C(3)CH,CH>), 1 98 2.11 2H, m, C,ILCHoN\. 2.59 (2H, t, J7.5Hz, C(3")CH»), 2.92 (2H, t,

ST T b it 7 = sy \ ==y

?
m ALY and CY/SNYHY Q NAN_Q 1N IQLI - f‘."‘)'\ {G\LT A E&NLY Q 1K 7Q (U—.
Ly, AT J11 alllu CAJ 1), O.UU-0.1VU J1, 111, A& i1, LA\J )11 all \V Ji1), O.4J 1, U, yO.JIilL,
M7ANTITIN O 1A 711 . YNNI ONA 711 3 TLYY_ M/ LATIN, © SENNATY . /AT N\ AT NE O NO 1T
wi&4)n), Y.14 (in, §, Uign), ¥.24 (1, a, Jornz, Lo ); O¢ (QUIVIIMZ, ULA13) 2J./, £D.0, LO.I,
28.9, 29.3 and 29.4 (6 x CH3), 30.1 and 30.3 (C(3)CH,CH; and C(3)CH,CH>), 3

(CH,CH)N), 32.5 (C(3)CH; and C(3)CHy), 32.7 (CH,CH,OH), 61.7 (CH,N), 62.5 (_HZOH),
125.8 (CS"), 127.4 (C4"), 128.3 (C5), 136.8 and 139.0 (C2' and C6'), 142.1 (C3"), 142.5 (C6),
144.1 (C2), 144.5 (C3), 145.2 (C4); m/z (FAB) 553.5 ([M-I]*, 100%), 537.5 ((M-IO]*, 22);
HRMS found 553.4716, C3gHg1N202 ([M-I]*) requires 553.4733.

Synthesis of 3-(14-bromotetradecyi)-1-(12-pyridin-3-yldodecyl)pyridinium bromide (34)

The title compound was synthesised similarly to 28, using 3-(14-hydroxytetradecyl)-1-[12-
(N-oxidopyridin-3-yl)dodecyl]pyridinium iodide (33) (126mg, 0.19mmol) and phosphorus
tribromide (70ul, 0.74mmol) in CHCl3 (10ml) to give 3-(14-bromotetradecyl)-1-[12-(pyridin-
3-io)dodecyl]pyridinium bromide (135mg, 96%) as a pale yellow 0il; vpax (thin film)/cnr!
2925s, 2853s, 1631m, 1552m, 1504m, 1467m, 727m, 687m; oy (200MHz; CDCl3) 1.19 (36H,
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CH>CHN), 2.74-2.90 (4H, m, C(3'YCH> and C(3)CHby), 3.35 (ZH, t, J7Hz, anBr), 4.92 (2H t,
J1.5Hz, CHoN), 8.00-8.10 (2H, m, C(59H and C(5)H), 8.23 (1H, d, J8Hz, C(4)H), 8.33 (1H, d,
J8Hz, C(4)H), 8.58 (1H, s, C(2)H), 8.68 (1H, br d, J5Hz, C(6"H), 9.32 (2H, br s, C(2)H and
C(6)H); 8¢ (5S0MHz; CDCl3) 25.9, 28.0, 28.6, 28.9, 29.0, 29.1, 29.3 and 29.5 (8 x CH>), 30.2
and 30.4 (C(3")CH,CH; and C(3)CH,CH>), 32.0 (CH,CH,N), 32.7 (C(3"CH,, C(3)CH; and

CH>CH2Br), 34.1 (CH»Br), 61.7 (CH2N), 127.1 (C5"), 128.0 (CS), 138.8 (C6"), 140.4 (C2"),

1425 (C6), 142.8 (C3), 144.0 (C2), 144.1 (C3), 144.7 (C4), 145.7 (C4').3-(14-
anmnh‘-\frqupnvl\ 1 F1o_ fn\mrhn= anMdndarvylInuridininm hrnmida wae nantralicad ac hafara tn
STOM GCHQalllY 1= 1-11 4-\PYTiUIN-3-10,000CCY 1 p YTIGINIUIT OTCMIGT wWas NICUd adiisCa as 101C WO
nffamd 2 F 1A Lonsisntoabos Ao Y T 71D anssad Al D il dn Aol Vonsesas Ao L..,.._. o FIA\ S im0
attord 3-(14-oromotetradecyl)-1-(12-pyridin-3-yldodecyl )pyridinium bromide (34) (quant.) as a
pale yellow oil; 8y (200MHz; CDCl3) 1.18 (36H, br s, CH»), 1.55-1.81 (6H, m, C(3")CH,CH>,

C(3)CH,CH> and CH,CH3Br), 1.99-2.08 (2H, m, CH,CH,N), 2.70 (2H, t, J7.5Hz, C(3")CH>),
2.84 (2H, t, J8Hz, C(3)CHb»), 3.33 (2H, t, JTHz, CH,Br), 4.90 (2H, t, J7.5Hz, CH>N), 7.70 (1H,
dd, J8, 5.5Hz, C(5"H), 7.88 (1H, d, J8Hz, C(4)H), 7.99-8.08 (1H, m, C(5)H), 8.20 (1H, d,
J8Hz, C(4)H), 8.47-8.56 (2H, m, C(2)H and C(6")H), 8.99 (1H, s, C(2)H), 9.29 (1H, br s,
C(6)H); m/z (FAB) 601.5 ([M-Br]*, 81Br, 98%), 599.5 (IM-Br]*, 79Br, 100), 356 (C19H33BrNt,
81Br, 65), 354 (C1gH33BrN+, 79Br, 50), 246 (C;7HgN*t, 16); HRMS found 599.3937,
CssHegoBrN2 ([M-Br]t, 79Br) requires 599.3940.

Synthesis of cyclostellettamine D (4)

The title compound was synthesised similarly to 1, using 3-(14-bromotetradecyl)-1-(12-
pyridin-3-yldodecyl)pyridinium bromide (34) (89mg, 0.13mmol) in butan-2-one (9ml) and
CHCI3 (1ml), and Nal (43mg, 0.29mmol) in butan-2-one (30ml) to afford cyclostellettamine D
(4) (75mg, 74%) as an off-white powder; m.p. 188-190°C (lit. [11] m.p. 188-192°C); (Found:

557 R0:-N 35 Ci:.H. -I,N, reqguires C. 55.8: RN 3868%) R-024 (Al,O.: CH,(ClH»-
Ny SJT, BE, O \J 1Ny Jode N300 R0URLL N 1v\1u1l\.ro Ny S0, Kdy 1.0y ANy LUV AN VLLT NSRS )y R RNl
ARA~MLY. AT Y] (D Aol el 2N1702 A01Qc NQ&Ne 1474+ 1&8NAc 1AKSs AQ1o. R
1v. CUH, 1J, Vmax \IWDI UWIdR)J/CILIL * OUL 7111, £710d, LOJVUd, 1VLULL, 1JUSD, 1T7VUJDd, UZ1d, VH
Il\l\l\‘l AYY AT AT 1N 1M 1 AL rALYY 1 LT N 1 £ A rAYY 1__ ANLINSTTY TY N\
(200MHz; CDCl3: CD30D; 9:1) 1.10-1.26 (36H, br m, CHy), 1.64 (4H, br s, C(3)CH.CH>),

1.90 (4H, br s, NCH,CHb»), 2.79 (4H, t, J7.5Hz, C(3)CH>), 4.62 (4H, t, J7THz, NCH2), 7.91 (2H,
dd, J7.5, 6.5Hz, C(5)H), 8.19 (2H, d, J7.5Hz, C(4)H), 8.76 (1H, d, J6Hz, C(6)H), 8.79 (1H, d,
J6Hz, C(6)H), 8.97 (2H, s, C(2)H); d¢c (100MHz; CDCl3: CD;0D; 9:1) 25.40, 28.09, 28.16,
28.24, 28.45, 28.63 and 28.72 (7 x CH3), 29.86 and 29.97 (C(3)CH2CH3), 31.23 and 31.32
(NCH,CH3), 32.20 (C(3)CH>), 61.69 (NCH>), 127.88 (C5), 141.57 and 141.69 (C6), 143.65
and 143.73 (C2), 144.22 and 144.27 (C3), 145.04 (C4); m/z (FAB) 647.5 ([M-I1t+, 81%), 520.5

LL Al \ = s

(&), 274 (C, ,\I-IMN+ 100), 260 (fM-')I12+ 81), 246 (Cyy 2N+ 31); HRMS found 647.3785,

\UV jy &0 T \\JI‘ILA‘) LIS \pivaT L 9 Uiy &N )] A 3 i g 2AENAY

C3sHgoIN7 ([M-I]1) requires 647.3801.
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Synihesis of 1,18-diazatricyclo[31.3.1.11% 18]octatriaconta-14,33-diene (42)

The title compound was synthesised similarly to 39, using cyclostellettamine D (4) (40mg,
51pumol) and NaBH4 (12mg, 310pmol) in MeOH (20ml) and CH,Cl; (10ml), to afford 1,18-
diazatricyclo[31.3.1.114.18]octatriaconta-14,33-diene (42) (26mg, 95%) (<10% of the
tetrahydropyridine regioisomer) as a colourless oil; Ry 0.28 (base-washed SiO,; PE 40-60:
EtOAc: Et3N; 97:3:2); Vinax (thin film)/cm-! 2917s, 2850s, 1472m; 8y (200MHz; CDCl3) 1.26-
1.46 (40H, br m, CH>), 1.47-1.64 (4H, m, NCH,CH,CHj,), 1.95 (4H, br s, C(3)CH5), 2.15 (4H,

br s, C(S)Hy), 2.35-2.57 (8H, m, NCH,(CHy), and C(6)Hy), 2.84 (4H, br s, C(2)Hy), 5.43 (2H,
br s, C(4)H); & (S0MHz; CDCl3) 25.9, 26.9, 27.1, 27.4, 27.7, 27.8, 29.2, 29.6, 35.3, 35.5, 50.1,
50.6, 55.3, 55.9 and 58.8 (15 x CHy), 118.5 and 118.8 (2 x CH), 136.4 (quaternary); m/z
(APCD) 527.5 (MH*, 100%); HRMS found 527.5299, CsHezN, (MH*) requires 527.5304

Synthesis of 3-(14-hydroxytetradecyl)-1-[13-(N-oxidopyridin-3-yl)tridecyl]pyridinium iodide
(35)

(24) {953mg, 3 27mm01) 3-(13-chlorom"ecyl)pyr‘d ne-N-oxide (20) (L. 02g 3. 2711‘“101, and
AT T 7800 .. DI ON______ 1\ 2 | S, e~ If 1\ " £ 2 /7141 7\ £12 727
INai (Oooo1mg, J3.¥4IMmol) in butan-2-one umii) 10 afford I-(14~ nyaroxyterraaecyt}- =1 13-(IV-

oxidopyridin-3-yljtridecyiJpyridinium iodide (35) (2.25g, 99%) as a white powder; m.p. 122-
125°C, R 0.67 (Al203; CH,Clp: MeOH,; 9:1; UV); Rr0.24 (SiO2/NaBr [20]; CH2Cl;: MeOH;
9:1); Vmax (KBr disk)/em-! 3400m br (OH), 2920s, 2851s, 1468m, 1159m, 683m; 8y (400MHz;
CDCl3) 1.09-1.30 (38H, br m, CH»), 1.39-1.50 (4H, m, CH>CH,0OH and C(3'YCH,CH>), 1.61
(2H, pseudo qui, J7Hz, C(3)CH,CHb»), 1.93 (2H, pseudo qui, JTHz, CH,CH,N), 2.46 (2H, t,
J1.5Hz, C(3")CH»), 2.80 (2H, t, J7.5Hz, C(3)CH>), 2.93 (1H, br s, OH), 3.48 (2H, t, J6.5Hz,
CH,OH), 4.80 (2H, t J7.5Hz, FHnN\ 7.06 (1 , d, J8BHz, C(4"H), 7

(2R YASEERY TN \&a Ry v’ W L2 8 V2 NS

C(5"YH). 7.94-796 (2H. m

NN JEL]y T T \Ld 1y

, 29.23, 29.26, 0 x CHj3), 30.18 and 30.36
(L(j )LHzLH and L(.S)L ,CH»), 31.86 (L‘HzLHQN), 32.51 and 32.56 (C(3")CH, and
C(3)CH>), 32.75 (CH,CH,0H), 61.63 (CH»N), 62.41 (CH,OH), 125.63 (C5", 127.09 (C4"),
128.08 (C5), 136.51 and 138.70 (C2' and C6"), 141.82 (C3"), 142.28 (C6), 143.89 (C2), 144.14
(C3), 144.87 (C4); m/z (ES) 567.5 (IM-111, 100%); HRMS found 567.4894, C37Hs3N20; ([M-

[11+) requires 567.4890.
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Synthesis of 3-(14-bromotetradecyi)-1-(13-pyridin-3-yitridecyl)pyridinium bromide (36)

The title compound was synthesised similarly to 28, using 3-(14-hydroxytetradecyl)-1-[13-
(N-oxidopyridin-3-yDtridecyl]pyridinium iodide (35) (1.33g, 1.91mmol) and phosphorus
tribromide (0.72ml, 7.64mmol) in CHCl; to give 3-(14-bromotetradecy!)-1-[13-(pyridin-3-
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inWridorvlTnveridinsn m hramsds (1 AlRe QQOL) ac o nala valls Y] (thin fleaal/Am.1 20QVYLL
BUSMUCL Yo YTl UTusnac \1.57Ug, 77/0) ad a paiv youliuw Ull, vmax \uu 1 LML CIL = LT LDD,
NOED, 1LAN.. 181 . TENA.. 1ALL_ rn'-r N IMNN AT 1M 1 A7 770X 1

400235, 100Vl 1001, 1ou4m, 14001, DO/, OH (LUl ll'lZ, LUL13) .17-1.40 (B8N, DI "

- T m
CH>), 1.70-1.90 (6H, m, C(3"Y)CH,CH, C(3)CH;CH> and CH,CH;Br), 1.94-2.12 (2H, m,
CH2CH2N), 2.83-2.93 (4H, m, C(3'YCH> and C(3)CH>), 3.39 (2H, t, J7Hz, CH;Br), 4.95 2H, t,
J1.5Hz, CHoN), 8.04-8.10 (2H, m, C(5")H and C(5)H), 8.25 (1H, d, J8Hz, C(4)H), 8.40 (1H, d,
J8Hz, C(4)H), 8.64 (1H, s, C(2HHD, 8.73 (1H, d, J5.5Hz, C(6"H), 9.24 (1H, s, C(2)H), 9.31
(1H, d, J6Hz, C(6)H); 8¢ (100MHz; CDCl3) 25.91, 28.01, 28.60, 28.63, 28.89, 28.93, 29.05,
29.16, 29.21, 29.27, 29.37 and 29.44 (12 x CH>), 30.20 and 30.36 (C(3")CHCH; and
C(3)CH,;CH>), 31.90 (CH,CH;N), 32.54 and 32.68 (C(3'YCH,, C(3)CH, and CH,CH,Br),

wdmens v RaaNe JLU AN S YrR) Y4

34.16 (CH»Br), 61.66 (CH;N), 127.40 (C5"), 128.10 (C5), 138.37 (C6'), 139.75 (C2"), 142.40

(LN 142 11 rd aale 1Y 142 ON ' aale AY 144 11 ra ale 2N AA YA AD YA Y 1 A
(C6), 143.11 (C3"), 143.90 (C2), 144.11 (C3), 144.81 (C4), 146.43 (C4').3-(14-

Bromotetradecyl)-1-[13-(pyridin-3-io)tridecyljpyridinium bromide was neutralised as before to
afford 3-(14- 'bromotetradecyl )-1-(1 j-pyrzdm-j -yltrldecyl )pyrzdmzum bromide (36) (quant Jasa
pale yellow oil; 8y (200MHz; CDCl;) 1.16-1.43 (38H, br m, CHz), 1.57-1.88 (6H, m,
C(3")YCH,CH», C(3)CH;CH, and CH,CH3Br), 1.99-2.05 (2H, m, CH>CHN), 2.59 (2H, t,
J1.5Hz, C(3")CH>), 2.89 (2H, t, J8Hz, C(3)CH,), 3.40 (2H, t, J7Hz, CH;Br), 4.96 (2H, t,
J1.5Hz, CHoN), 7.20 (1H, dd, J8, 5Hz, C(5")H), 7.49 (1H, d, J8Hz, C(4)H), 8.02 (1H, dd, J8,
6Hz, C(5)H), 8.23 (1H, d, J8Hz, C(4)H), 8.40-8.43 (2H, m, C(2"H and C(6")H), 9.15 (1H, s,

Q. L0 233 JOR2L, \&+ 35 ..- W \& —\\V Jas’s

(‘(')\I—l\ Q28 (1H d, J6Hz C(6)H): m/z (F‘AR\ 6155 {I'M Rr'H' 81Rr 100%)Y. 613.5 {M_Rr}-l*’

N\ JRAAJy el \ LRAy By VUL Rdy NAN\VVJRL)S SRS ] VL Jed \|[4VATAIL ANV IV Jyg T Auda AVATAFR

9Br, 98); HRMS found 613.4089, C37HgBrN, ([M- Br]+, T9Br) requires 613.4096.

Synthesis of cyclostellettamine E (5)

The title compound was synthesised similarly to 1, using 3-(14-bromotetradecyl)-1-(13-

pyridin-3-yltridecyl)pyridinium bromide (36) (1.31g, 1.89mmol) in butan-2-one (9ml) and
CHCl3 (1ml), and Nal (622mg, 4.15mmol) in butan-2-one (200ml) to afford cyclostellettamine
(5) (934mg, 63%) as an off-white powder m.p. 222-224°C (lit. [11] m.p. 222-224°C);
M A M &£ N LY O 1.0 2 M L ALY TO- N 2 L0N.D _ NOIKTAL_MN_.
(Founa: ©, 50.U; n, 0.1, I\, 3, S. \,37r162121‘|2 chuuca L, 00.4; 11, 1.7 IN, 5.070); RfU.LD (A12V3,
CH,Cl;: MeOH; 9:1 (KB 1 30171 s, 2850s, 1627m, 1504m, 1464

691m; 8y (200MHz; CDCl;: CD3OD; 9:1) 1.14-1. ;s 8H, br m, CHs), 1.67 (4H, |
C(3)CH,CH»), 1.97 (4H, br s, NCH,CH»), 2.86 (4H, t, J7.5Hz, C(3)CH»), 4.75 (4H, t, J7Hz,
NCH,), 8.01 (2H, dd, J8, 6Hz, C(5)H), 8.24 (2H, d, J8Hz, C(4)H), 8.93-8.98 (2H, br m,
C(6)H), 9.04 (2H, s, C(2)H); & (S0MHz; CDCl3: CD;0D; 9:1) 25.3, 25.5, 28.0, 28.2, 28.5 and
28.8 (6 x CH>), 29.9 and 30.1 (C(3)CH2CH3), 31.2 and 31.6 (NCH2CH3>), 32.1 and 32.2
"H»), 61.6 (NCH>), 128.3 (C5), 142.2 (C6), 143.9 (C2), 144.2 (C3), 145.4 (C4); m/z
(FAB) 661.5 (IM-TI+, 87%), 534.5 (99), 267 ([M-21]2+, 100); HRMS found 661.3963,

AVAT ALY o U Ja Sl Waas N7~ )y s AN 7y aadwaYIWS AUNRR

C37H521N2 ([M I] ) equ1re s 661.3958.

]

N _ n Anf\f\
); Vmax (KBr disk)/cm-t 3017m, 2922s,
3
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Synthesis of 1,19-diazatricyclo{32.3.1.115 % [nonatriaconta-15,34-diene (43)

The title compound was synthesised similarly to 39, using cyclostellettamine E (5) (36mg,
46umol) and NaBH,4 (10mg, 270umol) in MeOH (20ml) and CH,Cl, (10ml), to afford 1,19-
diazatricyclo[32.3.1.115 1% ]nonatriaconta-15,34-diene (43) (23mg, 92%) (<8% of the
tetrahydropyridine regioisomer) as a white solid; m.p. 41-44°C; Rf0.29 (base-washed SiOz; PE
40-60: EtOAc: EsN; 97:3:2); viax (KBr disk)/cm-! 2917s, 2850s, 1470m, 1176m, 1134m,
944m; oy (200MHz; CDCl3) 1.26 (42H, br s, CH>), 1.45-1.56 (4H, m, NCH,CH,CH,), 1.93
(4H, br s, C(3)CH»), 2.15 (AH brg ("(R\Hn\ 2.33.2. 532 (RH. m. NCH,(CH,)

ARy VR Oy N\ SRR Ty e Ao va Sy JARLJY dmirni ot dmons bw \\JA Ay ARRy & ¥ w\v&nzz dC AR) Jy detaliot
(4H, br s, C(2)H»), 5.42 (2H, br s, C(4)H); ¢ (50MHz; CDCls3) 25.7, 25.8, 26.8, 27.0, 27.5,
N7 £ 01 N2 NOE AL &N 1 EN & &£ &L N .1 EO0O O 71L& . MNIT N\ 110 77 -1 110 1 1 _
21.0, 29.1, £9.5, £29.3, 33.3, JU.1, 3U.5, 33.3, 30.U and 8.6 (10 X Lniy), 118.7 ang 119.1 {Z X
CH), 136.6 (quaternary); m/z (APCI) 541.5 (MHT, 100%); HRMS found 541.5467, C37HgoN,

(MH*¥) requires 541.5461.

al 213mg, 1 42mm01) in butan 2-one (lOml) to afford 3-(14- hydroxytetradecyl) 1-f 14-
(N-oxtdopyrzdm 3-yl)tetradecyl [pyridinium iodide (37) (837mg, 100%) as a white solid; m.p.
100-103°C, R; 0.63 (Al;03; CH2Cla: MeOH; 9:1; UV); Ry 0.25 (SiO2/NaBr [20]; CHCl,:
MeOH; 9:1); Vimax (KBr disk)/cm-! 3402m br (OH), 2920s, 2851s, 1468m, 1436m, 1265m,
1159m, 683m; 3y (200MHz; CDCl3) 1.21 (40H, br s, CHy), 1.49-1.74 (6H, m, CH,CH,OH and
C(3"YCH,CH; and C(3)CH,CH»), 1.94-2.08 (2H, m, CH,CH;N), 2.23 (1H, br s, OH), 2.55 (2H,

LAY S Y. 11 I L4 1 1L —~d 17 Lo

t, J7.5Hz, C(3"YCH»), 2.88 (2H, t, J71.5Hz, C(3)CH»), 3.59 (2H, t, J6.5Hz, CH,OH), 4.89 (2H, t,

L2y \~ S wrB 2/ Jy & aay s, v i \ sy vy -~ A Ay Noaa NS

3]
z

J1.5Hz, CH2N), 7.14-7.24 (2H, m, C(4)H and C(5")H), 8.03-8.09 (3H, m, C(2")H, C(5)H and
MNENTIN ONL 11T A JOIY. /ANLIY ON1T OLT Lo 7o OYY/NLY e A M ALY QL ARNRALYI . TN
wid)njy, 0.20 (1M, Q, yonz, Ui4)i1j, 7.21 (24501, OF §, LUiZ)O ana ©

(6)H); oc (S0MHz; CDCly)
25.7, 25.9, 28.8, 29.0, 29.2 and 29.4 (6 x CHjy), 30.2 and 30.4 (C(3")CH2CH: and
C(3)CH2CH3), 31.9 (CH,CH2N), 32.6 (C(3)CH2 and C(3)CH>), 32.7 (CH2,CH,0H), 61.8
(CH,N), 62.7 (CH,0H), 125.5 (C5"), 126.9 (C4'), 128.0 (C5), 136.6 and 138.8 (C2' and C6'),
141.8 (C3"), 142.3 (C6), 143.8 (C2), 144.2 (C3), 144.9 (C4); m/z (FAB) 581.5 ([M-I]*, 100%),
565.5 ([M-10]+, 28); HRMS found 581.5054, C33HesN202 ([M-1]1) requires 581.5046.

'UJ

ecyl)pyridinium bromide (38)
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V.

(pyridin-3-io)tetradecyl]pyridinium bromide (851mg, quant.) as a pale y o :
solidified on standing; Vmax (thin film)/cm-1 2924s, 2853s, 1630m, 1552m, 1468m, 1258m,
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C(3')CH2 and C(3)CH>), 3.37 (2H, t, J7Hz CHzBr) 4.93 (2H, t, J7.5Hz, Ci:hN) 8. 05 8.12

(2H, m, C(5)H and C(5)H), 8.26 (1H, d, /8Hz, C(4)H), 8.41 (1H, d, J8Hz, C(4)H), 8.61 (1H, s,
C(2)H), 8.72 (1H, d, J5.5Hz, C(6")H), 9.30 (2H, s, C(2)H and C(6)H); 8¢ (50MHz; CDCls)
25.9, 28.0, 28.6, 28.9, 29.2, 29.4 and 29.5 (7 x CH3), 30.2 and 30.4 (C(3")CH,CH; and
C(3)CH2CH»), 31.9 (CH2CH32N), 32.6 and 32.7 (C(3"XCH32, C(3)CH, and CH,CH;Br), 34.1
(CH»,Br), 61.7 (CH;N), 127.4 (C5"), 128.1 (CS), 138.1 (C6"), 139.6 (C2", 142.5 (C6), 143.3
(C3), 143.9 (C2), 144.2 (C3), 144.8 (C4), 146.5 (C4". 3- (14-Bromotetradecyl)-1-[14-(pyridin-

422 V23V A QRN AALRA2N

3-io)tetradecyl]lpyridinium bromide was neutralised as before to afford 3-(1 4-bromotetradecyl )-

1_/ ld_n\‘v:/’:m 2_\"fn§1nn/l Yarvurmes A5 e henwsds (RQY (ravant ) ac a mala valla n:1- -
L={LTFTpyricinc-coTyieirua V) )’ uuuulu vromiue \Jo quwl} ad a Palc y CLIOW 1, UH

1N AYT_. £V N\ 1 Ny 1T A
(200MHz; CDCl3) 1.23-1.4

ny 1 &M MYY MY ANSANSTTY AT T

J
{(40H, br m, CH»), 1.57-1.85 (6H, m, C(3"YCH,CH>, C(3)CH,CHz
and CH,CH,Br), 1.98-2.10 (2H, m, CHoCH»N), 2.62 (2H, t, J7.5Hz, C(3)CH>), 2.90 (ZH, t
J8Hz, C(3)CH>), 3.41 (2H, t, J7THz, CH»Br), 4.97 (2H, t, J7.5Hz, CH,N), 7.27 (1H, dd, JS,
5.5Hz, C(5")H), 7.56 (1H, d, J8Hz, C(4)H), 8.02 (1H, dd, J8, 6Hz, C(5)H), 8.22 (1H, d, J8Hz,
C(4)H), 8.43-8.46 (2H, m, C(2"H and C(6"H), 9.15 (1H, s, C(2)H), 9.27 (1H, d, J6Hz, C(6)H);
m/z (FAB) 629.5 ([M-Br]t, 81Br, 96%), 627.5 ([M-Br]*, 79Br, 100), 274 (C19H33N+t, 24);
HRMS found 629.4250, CagHgsBrN; ([M-Brl+, 81Br) requires 629.4232.

=G IRt
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VSRS 222 VAT LT

knf n.).ona f1nnm|\ tn affard
O =0 OfG

9493 \Luuxxu] L\ aix

S an o f-Whlte powder m.p. 225-227°C (lit. [11] m.p. 227-231°C);

0 mE ar &Zr N 'I' O N AT

U*Olmﬂ L, 56.7 , 0.3 3 5. L38k164121\l2 requlres L J0.Y, , 8.UD; IN, 3.0%); Kf U.L4
(Al,0s5; (,quz MeOH 9:1); Vinax (KBr disk)/cm-1 3017m, 2921s, 2850s, 1627m, 1504m,
1465m, 691m; 8y (200MHz; CDCl;: CD;0D; 9:1) 1.05-1.28 (40H, br m, CHy), 1.65 (4H, br s,
C(3)CH,CH>), 1.95 (4H, br s, NCH,CH»), 2.83 (4H, t, J7.5Hz, C(3)CH,), 4.68 (4H, t, J7Hz,
NCH»), 7.96 (2H, dd, J8, 6Hz, C(5)H), 8.23 (2H, d, J8Hz, C(4)H), 8.86 (2H, d, J6Hz, C(6)H),
8.96 (2H, s, C(2)H); 8¢ (50MHz; CDCl3: CD;0D; 9:1) 25.4, 28.1, 28.5 and 28.8 (4 x CHy),

30.0 (C(B)CHQQHQ) 31 2 (NCHy_QHz) 32.2 (C(3)CH2), 61.7 (NQHZ) 128.3 (C5), 142.2 (C6),
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110pmol) and NaBH4 (25mg, 660jimol )
diazatricyclo{33.3.1.116, 20]tetmconta 16,35-diene (44) (53mg, 86% (<6% of the
tetrahydropyridine regioisomer) as a white solid; m.p. 87-89°C; 27 (1

3
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40-60: EtOAc: EtN; 97:3:2); Vmax (KBr disk)/cm! 29173, 2850s, 1471m, 1176m, 1134m,
nAA_... < Ve Taval \ ltr,_ ral nTal JY AL r4AY v ¥ 1 ‘, 1 =~ s ' \vnvr ~ww e~
944m; oy (200MHz; CDCl3) 1.26 (44H, br s, CHa), 1 1.50 (4H, m, NCH,CH,CH,), 1.94

(4H, br t, JTHz, C(3)CH>), 2.15 (4H, br s, C(5)H), 2. 35 2.43 (4H, m, NCH2(CH2),), 2.49 (4H,
t, J5.5Hz, C(6)H>), 2.83 (4H, br s, C(2)H»), 5.43 (2H, br s, C(4)H); 8¢ (50MHz; CDCl3) 25.8,
26.9, 27.3, 27.7, 29.1, 29.2, 35.4, 50.6, 55.4 and 58.9 (10 x CH>), 119.0 (CH), 136.6
(quaternary); m/z (APCI) 555.5 (MH*, 100%); HRMS found 555.5612, C3gH7;N, (MH1)
requires 555.5617.
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