ZUSCHRIFTEN

reaction with 5.3 equivalents of Bu,NBrCl, at —55°C under
an argon atmosphere gave halomon (1: 25%; 42 % based on
recovery of 8) and the diastereomer (9: 8% ) together with
recovered 8 (40%). The racemic halomon ((+)-1) was
separated by reversed-phase HPLC (Cosmosil SPYE;
CH,CN/water 60/40); its 'H and *C NMR spectral® are
identical with those of natural halomon.[' Furthermore, pure
natural enantiomer (+)-1 was isolated by HPLC using
DAICEL CHIRALPAK AD-RH (CH;CN/water 54/46) as
colorless needles (from EtOH): m.p. 56.0-572°C; [a]} =
+42.6 (c=1.0, CH,CL); ref m.p. 49-50°C; [a]p +206
(¢c=1.08, CH,Cl,). The structure of synthetic (+)-1 was
unambiguously confirmed by X-ray crystallographic analysis.
Optically pure synthetic (—)-1, which was also isolated,
exhibited [a]f =—40.2 (¢=0.75, CH,Cl,). Therefore, the
reported large value of [a]p for natural halomon!?! appears to
arise from some impurity.

Thus, we have achieved the total synthesis of halomon (1) in
only three steps from myrcene. This synthesis indicates the
possible biosynthesis pathway of 1.0l Further research direct-
ed towards a stereocontrolled and enantioselective total
synthesis of halomon and its congeners is currently under
way in our laboratory.

Experimental Section

5,6,7: BuyNBrCl, (0.94 g, 2.4 mmol) was added to a solution of 3 (0.17 mL,
1.0 mmol) in CH,Cl, (10mL) and the mixture was stirred at room
temperature for 15 min. The reaction mixture was diluted with diethyl
ether (10 mL), washed with water and brine, dried over Na,SO,, and
concentrated in vacuo. The residue was subjected to chromatography on
silica gel (hexane) to yield an approximate 1:2 mixture of 5 and 6 (0.23 g,
0.63 mmol, 63 %) together with 7 (34 mg, 0.090 mmol, 8% ).

8: DBU (75 uL, 0.50 mmol) was added to a solution of a 0.6:1 mixture of 5
and 6 (0.59 g, 1.6 mmol) in DMF (15 mL), and the mixture was stirred at
room temperature for 1.2h. The reaction mixture was poured into a
vigorously stirred mixture of ice —water (30 mL) and hexane (30 mL). The
aqueous layer was extracted with diethyl ether. The combined organic
layers were washed with water and brine, dried over Na,SO,, and
concentrated in vacuo. Flash column chromatography (SiO,, hexane) of
the products gave 8 (0.11 g, 0.39 mmol, 78 % from 5) and the recovered 6
(0.36 g, 97 % recovery).

1: BuNBrCl, (14 g, 36 mmol) was added to a solution of 8 (1.95¢g,
6.8 mmol) in CH,Cl, (60 mL) under an argon atmosphere at —55°C, and
the solution was allowed to stir at —55°C for five days. 2-Methyl-2-butene
(7.8 mL, 74 mmol) was added to the reaction mixture at —55°C until the
yellow color faded. The reaction mixture was diluted with hexane (60 mL),
washed with water and brine, dried over Na,SO,, and the solvent was
removed in vacuo. The product was purified by flash column chromatog-
raphy (SiO,, hexane) to yield a 3:1 mixture of 1 and 9 (0.93 g, 2.3 mmol,
33%) and the recovered 8 (0.79 g, 2.8 mmol, 40%). Compound 1 was
separated from 9 by HPLC (Cosmosil SPYE; CH;CN/water 60/40); 9
eluted as a shoulder on the front-side of the peak of 1. HPLC of (4)-1 using
DAICEL CHIRALPAK AD-RH (CH;CN/water 54/46) gave the enan-
tiomers; (—)-1 was eluted prior to natural (+)-1.
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Synthesis of a Triazatriangulenium Salt
Bo W. Laursen* and Frederik C. Krebs

Stabilized carbenium ions such as the triarylmethyl, xanth-
yl, and acridinium cations are organic compounds of great
scientific and commercial importance. Many of them are used
as textile and laser dyes, as well as in various fluorescent
probes and cellular stains for biological and diagnostic
purposes.'3 Consequently, their thermodynamic and photo-
physical properties have been extensively studied, and great
effort has been put into clarifying the relationship between
structure and stability* > as well as into synthesizing new
carbenium ions with very high stability.> 7 Aromatic nucleo-
philic substitution (SyAr) with amines on para-methoxy- or
para-chloro-substituted carbenium ions has proven a power-
ful tool in the preparation of a variety of new triaryl
carbenium ions.*'% Until now no substitution of ortho groups
in these ions has been described. Herein we report the
synthesis of a novel and extremely stable trimethyl triaza-
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triangulenium salt formed from the known carbenium salt 1
(see Scheme 1) through three consecutive ortho SyAr reac-
tions in a one-pot procedure.

The tetrafluoroborate salt of carbenium ion 1 was obtained
in excellent yield (97 %) from the corresponding carbinol,['!
by treatment with HBF,. This carbenium ion has the
necessary structural features to serve as a precursor to a
variety of novel heterocyclic carbenium ions. Hence, the six
ortho methoxy groups may serve as leaving groups in one, two,
or three double SyAr reactions with primary amines which
would lead to the formation of nitrogen bridges (Scheme 1).

3a,b 4a,b

Scheme 1. SyAr reaction of 1-BF, with excess of primary amines; a: R=
methyl, X~ =PF;~; b: R=n-propyl, X~ = BF,".

At the same time the steric bulk of the methoxy groups
protects the central carbon atom in cation 1 from nucleophilic
addition, which otherwise would lead to the unreactive leuco
adduct. Thus, we expected 1 to be an ideal starting material
for exploring the ortho SyAr reactions of triaryl carbenium
ions. We found that the ortho methoxy groups in carbenium
ion 1 do undergo substitution upon treatment with primary
amines, as outlined in Scheme 1.

The reaction proceeds in a stepwise manner, thus we could
isolate the partially substituted compounds 2a-PF, and 3b-
BF, (in good yields) when the reaction was performed
overnight at room temperature and at 100°C for 45 min,
respectively. The hexafluorophosphate salt of the 4,8,12-
trimethyl-4,8,12-triazatriangulenium ion 4a was obtained in
59 % yield after heating a solution 1 with excess methylamine
to reflux in N-methylpyrrolidine (NMP) for 10 h; benzoic acid
was added to raise the reflux temperature of the reaction
mixture.

Several attempts were made to collect X-ray diffraction
data on the very thin needlelike orange-red crystals of 4a-PF;
unfortunately the crystals scattered the X-rays very poorly
and no true Bragg peaks were observed. However, on
Weissenberg-oscillation films!'?! scattered intensity was ob-
served in bands which correspond to a direct lattice trans-
lation of 3.5 A, and could result from a stacked formation of
4a. Whereas our structural studies of the pure oxygen
analogues (trioxatriangulenium salts, TOTA) showed that
these cations never stack in the solid state, there is one
example of an amino-substituted triangulene that forms
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cationic stacks.’! Thus, it is likely that 4a, because of its
pronounced charge delocalization, has the ability to form
cationic stacks in the crystalline state. We showed that the
disc-shaped cations in TOTA might rotate in the solid state at
elevated temperature.['” In 4a the methyl substituents make
the structure more disclike than for TOTA (see Figure 1), thus
molecular rotation (dynamic or static) in the solid state may
explain the disorder in the crystals of 4a.

Figure 1. Space-filling models of the cations 4a (top) and TOTA (below).
The models were generated by AMI calculations, the structure of the
TOTA cation is in good agreement with the X-ray structure.

As a measure of the thermodynamic stability of the
triazatriangulenium system, the pKg- value of compound 4a
was determined by use of the C_ acidity function;'*l measure-
ments were made by UV/Vis spectroscopy in a DMSO/water/
tetramethylammonium hydroxide solvent system. Although
the titration displayed nonideal behavior, the pKg. value was
estimated at 23.7(40.2).[1 This result indicates that the
introduction of three nitrogen bridges into the triangulenium
skeleton raises the stability by 14 orders of magnitude relative
to the known oxygen analogue TOTA (pKg.=9.1),'Yl and
underlines the unique stabilizing power of nitrogen bridges in
heterocyclic carbenium salts. The extremely high stability of
4a places this triazatriangulenium cation among the most
stable carbenium ions.[”)

Significant changes in the electronic absorption spectra of
the cationic chromophores follows each substitution. The
absorption spectra of the three new nitrogen-bridged hetero-
cycles 2a, 3b, and 4a are shown in Figure 2. The first ring
closure converts a triaryl methane dye 10! into an acridinium
system 2 (Scheme 1) which has a broad and structured low-
intensity absorption in the visible region of the UV/Vis
spectrum. Formation of the second nitrogen bridge causes a
red shift of this band by almost 100 nm and a threefold
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Figure 2. Absorption spectra of 2a-PF, (black), 3b-BF, (blue), and 4a-PF;
(red) in acetonitrile.

increase in the extinction coefficient. These effects can be
attributed to the enlargement and twisting!!”! of the chromo-
phoric system.['8] The formation of the last nitrogen bridge
gives the triazatriangulenium system 4; the increased sym-
metry and planarity of this system results in a significant blue
shift and narrowing of the low-energy absorption band.

In conclusion, the synthetic strategy based on the SyAr
reaction of 1-BF, with primary amines provides a facile tool
for the construction of new extended heterocyclic carbenium
ions.

Experimental Section

2a-PF: Methylamine (5 mmol) in NMP (1 mL) was added to compound
1-BF, (1.0 g, 2 mmol) dissolved in NMP (20 mL). After 20 h at room
temperature the reaction mixture was poured into an aqueous KPFg
solution (100 mL, 0.2 M), acidified with HPF (60%, 1 g, 4 mmol), the
precipitate was collected by filtration and washed thoroughly with water.
Recrystallization from methanol gave 2a-PF, as dark red needles (0.82 g,
78% ). 'HNMR ([D3]MeCN): 6 =8.23 (dd,J=8.1,9.1 Hz, 2H), 7.96 (d,J =
9.1 Hz, 2H), 747 (t, J=8.4Hz, 1H), 712 (d, J=8.0Hz, 2H), 6.81 (d, /=
8.4 Hz,2H),4.64 (s,3H), 3.58 (s, 6 H), 3.57 (s, 6 H); *C NMR ([D3]MeCN):
0=160.80, 157.52, 156.17, 142.92, 140.05, 129.83, 120.15, 119.90, 109.98,
106.87, 104.11, 57.17, 56.04, 40.82; MS (MALDI-TOF): m/z: 390 [M*]; UV/
Vis (MeCN), A,.x(nm, (Ige))=525sh (3.56), 497 (3.65), 395 (3.75), 358
(3.37), 340 (3.06), 285 (4.86); elemental analysis calcd for C,,H,,NO,PF,
(%): C 53.83, H 4.48, N 2.61; found: C 53.83, H 4.33, N 2.59.

3b-BF,: n-Propylamine (5.0 g, 85 mmol) was added to a solution of
compound 1-BF, (1.75 g, 3.4 mmol) in NMP (30 mL). The reaction mixture
was heated to reflux (100-110°C) for 45 min. The crude product
precipitated on addition of water. Recrystallization from acetonitrile/
ethanol gave 3b-BF, as dark blue crystals (1.31g, 77%). 'H NMR
([Ds]MeCN): 6 =820 (t, J=8.6 Hz, 1H), 7.93 (t, /=8.5 Hz, 2H), 7.57 (d,
J=8.6 Hz, 2H), 752 (d, J=8.9 Hz, 2H), 6.95 (d, /=8.0 Hz, 2H), 4.66 (m,
2H), 4.42 (m, 2H), 3.76 (s, 6H), 2.10 (m, 4H), 123 (t, J=74 Hz, 6H);
BC NMR ([D;]MeCN): 6 =159.51, 142.39, 141.91, 138.76, 136.82, 136.27,
119.21, 112.79, 107.40, 104.81, 102.81, 55.37, 51.12, 19.34, 10.07; MS
(MALDI-TOF): m/z: 413 [M*]; UV/Vis (MeCN), 4, (nm, (lge)) =616,
(4.14), 582sh (4.02), 429 (3.74), 350sh (3.44), 334 (3.71), 310 (4.65);
elemental analysis calcd for C,;H,N,0,BF, (%): C 64.82, H 5.80, N 5.60;
found: C 64.83, H 5.77, N 5.55.

4a-PF,: Benzoic acid (6.2 g, 51 mmol) and methylamine (50 mmol) in NMP
(10 mL) were added to a solution of compound 1-BF, (1.0 g, 2.0 mmol) in
NMP (12 mL). The reaction flask was fitted with a dry ice condenser and
heated to reflux under argon for 10 h. Twice during the reaction extra
methylamine (2 x 5 mmol) was added. Workup as for 2-PF, followed by
recrystallization from acetonitrile and pyridine gave 4a-PF; as red needles
(0.56 g, 59%). 'H NMR ([D;]MeCN): 6 =774 (t, J=8.6 Hz, 3H), 6.75
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(d,J =8.6 Hz, 6H), 321 (s, 9H); *C NMR ([D5]MeCN): 6 = 139.61, 138.02,
137.27, 108.32, 104.96, 34.67; MS (MALDI-TOF): m/z: 324 [M*]; UV/Vis
(MeCN), Ao (nm, (Ig€)) =519 (4.17), 498sh (4.10), 487sh (4.07), 350 (3.80),
290sh (4.32), 272 (5.05); elemental analysis caled for C,H gN;PF, (%): C
56.29, H 3.84, N 8.95; found: C 56.56, H 3.91, N 8.97.
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