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The synthesis of 1,8-diazacyclotetradeca-4,11-diyne (4) was
accomplished by reaction of 1,6-dibromo-3-hexyne (11) with
ammonia. Similarly, the preparation of 1-azacyclotetradeca-
4,11-diyne (5) was achieved from 1,13-dibromotrideca-3,11-
diyne (10) and ammonia. The reaction of o,o-diamines of
linear hydrocarbons of the chain length C, to Cyy with 11
yielded the corresponding bicyclic diynes 23-29. The
reaction of 4 with 11 yielded 1,8-diazabicyclo[6.6.6]icosa-
4,11,16-triyne (14). Similarly, the reaction of 4 with 1,4-
dibromo-2-butyne yielded 1,8-diazabicyclo[6.6.4]octadeca-
4,11,16-triyne (31). The molecular structures of 1,8-

diisopropyl-1,8-diazacyclotetradeca-4,11-diyne (13a), as well
as of 14, 24, 27 and 31 were studied by means of the X-ray
technique. It was found that 13a adopts a chair-like
conformation (C,,) with an equatorial orientation of the
isopropyl groups. In 14, 24, 27, and 31 the 14-membered
rings adopt a twist-boat conformation. The distance between
the nitrogen atoms varies between 4.662(2) and 5.189(2) A.
In the case of 14, 24 and 27 the nitrogen atoms are
pyramidalized and point inside the cage while in 31 the
substituents at each nitrogen atom and the nitrogen atoms
are situated in one plane.

The formal insertion of one alkyne unit each into the
ethano bridges of piperazine (1) leads to 1,6-diazacyclo-
deca-3,8-diyne (2). This elongation of the C,C skeleton has
two main consequences for 2: The torsional strain between
the CH, groups and the transannular interactions between
the axial substituents at the nitrogen atoms are reduced to
zero. These differences between 1 and 2 imply for the six-
membered ring of 1 the well-known preferences for the
chair conformation and for the axial conformation of the
substituents at the nitrogen atoms.[MPl In the case of 2, an
equilibrium between boat and chair conformations as well
as axial and equatorial conformations of the substituents
at the nitrogen atoms are preferred.® This was shown by
spectroscopic studies on 2 and several 1,6-dialkyl- and di-
aryl-substituted products.®! As a consequence of the boat-
chair equilibrium of 2 at room temperature it was possible
to prepare 1,6-diazabicyclo[4.4.4]tetradeca-3,8,12-triyne (3)
by treating 2 with 1,4-dibromobut-2-yne.[ Unfortunately,
3 is rather unstable; therefore we focused on higher homo-
logues. To derive these we investigated the preparation of
1,8-diazacyclotetradeca-4,11-diyne (4) and 1-azacyclotetra-
deca-4,11-diyne (5) and explored possibilities to bridge the
1,8-positions of 4 by a 3-hexyne and a 2-butyne unit.

Synthesis of 1,8-Diazacyclotetradeca-4,11-diyne (4) and
1-Azacyclotetradeca-4,11-diyne (5)

The synthesis of 5 was achieved in a straightforward way
(Scheme 1). Starting point was the lithium salt of 1,8-nona-
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diyne (6)® which was treated with a surplus of ethylene
oxide to yield the diol 7. As side product the monoalcohol
8 was isolated. The transformation of 7 into the dibromide
10 was achieved by reaction of the diol with methylsulfonyl
chloride to yield the dimesylate which was treated with lith-
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Scheme 1. a) Li/NH3, —50°C; b) C,H,0; ¢) CH3SO,CI/Et;N, 0°C; d) LiBr/(CH3),CO; ) NH3;, —70°C
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ium bromide to yield 10. This path proved to be more ef-
ficient than the direct reaction of 7 with hydrogen bromide.
The dibromide 10 was treated with ammonia in acetonitrile
at —70°C to afford 5 in 9—11% vyield.

Encouraged by the fact that this simple procedure
worked we tried the reaction of 1,6-dibromohex-3-yne
(11)81 with ammonia in acetonitrile. This protocol yielded
4071 and the elimination product of 11, 12, in 30% yield
each, and in traces (1%) the triyne 14 (see below, Scheme 2).

When the reaction of 11 was carried out with isopro-
pylamine in the presence of potassium carbonate, 1,8-diiso-
propyl-1,8-diazacyclotetradeca-8,11-diyne (13a) resulted.
Similarly, 1,8-diallyl-1,8-diazacyclotetradeca-8,11-diyne
(13b) could be obtained from allylamine and 11. The reac-
tion of the diamine 4 with 11 in the presence of potassium
carbonate as base afforded 1,8-diazabicyclo[6.6.6]icosa-
4,11,17-triyne (14) in 30% yield.["

In contrast to 3, its homologue 14 proved to be thermally
stable up to 100°C. The hydrogenation of 14 with Lindlar’s
catalystl®l  afforded 1,8-diazabicyclo[6.6.6]icosa-4,11,17-
triene (15, Scheme 5) in 90% vyield.

We rationalized the occurrence of 14 (1%) in the products
of the reaction of 11 with NH; by assuming 1,6-diami-
nohex-3-yne as intermediate. In following this assumption
we treated o,w-diamines of linear alkanes of chain lengths
C, to Cqq with 11 (Scheme 4). This yielded the anticipated
1,8-bridged 1,8-diazacyclotetradeca-4,11-diynes 23—29.
The reaction of 1,4-diamino-2-butyne (30) with 11 yielded
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Scheme 2. a) NH3/CH5CN, —70°C; b) iPrNH,/K,CO3/CH,CN,
room temperature; c) 4, K,CO3, 80°C
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1,8-diazabicyclo[6.6.4]octadeca-4,11,16-triyne (31)[ in 18%
yield as a waxy solid.
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Scheme 3. a ) Hy/Lindlar catalyst/room temperature/16 h/90%
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Scheme 4. a) a,o-diaminoalkane [H,N(CH,),NH,, 16—22] with
n = 4-10; b) 1,4-diamino-2-butyne (30)
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Structural Investigations

We were able to grow single crystals of 13a, 14,1 24 | 27,
and 311! which allowed the study of their molecular struc-
ture in the solid state.

In the solid state the diyne 13a adopts a chair-like confor-
mation belonging to point group C,,. The chains, con-
sisting of the four sp3-carbon atoms and the nitrogen atom,
adopt not a zig-zag conformation as anticipated from 1,8-
dioxacyclodeca-4,11-diyne*® (Scheme 5) but an envelope
conformation. The principle of minimization of the gauche
interaction™!! does not seem to be followed in this case.
Model calculations carried out on 4 suggest only small en-
ergy differences between both conformers shown in
Scheme 5.

Scheme 5

zig-zag-chair envelope-chair

The strongest difference between the two conformers
shown in Scheme 5 is encountered in the distance between
the triple bonds. The transannular, distance of the triple
bonds in 13a amounts to 3.853(2) A which is considerably
longer than in 1,6-diisopropyl-1,6-diazacyclodeca-3,8-diyne
(3) [2.952(2) A].B! The distance between the triple bonds in
13a is, however, sizeably shorter than in cyclotetradeca-1,8-
diyne [4.641(2), Al' or in 1,8-dioxacyclotetradeca-4,11-di-
yne [4.707(3) A].1*% The isopropyl groups in 13a are ori-
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ented equatorially with respect of the C3/C2/N1/C7/C6
fragment (Figure 1).

Figure 1. Molecular structure of 13a; selected bond lengths [A] and

angles [°]: N1-C2 1.457(2), N1-C8 1.474(2), C2—C3 1.529(2),

C3—-C4 1.468(2), N1.--C4 3.160(2), N1--C5 3.977(2), C4-C5

1.187(2), C8—C9 1.515(2); C2—N1—C7 113.5(1), C2—N1-C8

112.4(1), C7T—N1-C8 114.5(1), N1(—)CZ—C3 114.5(1), C3—C4-C5
176.4(2

The conformation of 14 can be derived by bridging the
boat conformer of 4 by a 3-hexyne unit. This leads in a first
step to a cage compound with Cg, symmetry, in which all
triple bonds are oriented parallel to each other (Scheme 6).
By rotation of one N(CH,); unit along the N---N axis as
shown schematically in Scheme 6, the symmetry is reduced
to C; and the originally parallel triple bonds are inclined
towards each other. The boat conformation of each 14-
membered ring in 14 is now relaxed into a boat-twist con-
formation. This reduces the strain energy by about 20 kJ/
mol (MMX). [22]

Scheme 6
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In the crystal 14 adopts C; symmetry, the inclination an-
gle between two triple bonds amounts to 47.8°.%1 The nitro-
gen atoms at the bridgehead positions are pyramidalized
(sum of the C—N—C angles is 344.4°) and point towards
the inside of the cage, the distance between the two nitrogen
atoms amounts to 5.049(3) A. The bond angles at the sp
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centers deviate only slightly (3.6°) from the linear arrange-
ment. The activation energy for the transformation of 14
(C5) into its mirror image was calculated (MMX[?)) to be
20 kJ/mol. In line with this result is the finding that in the
IH-NMR spectrum of 14 there are two triplets at § = 2.22
and 2.41 which are not resolved even at 190 K. This points
towards a fast interconversion of the axial and equatorial
protons of the CH, groups.

Analogous to 14 we can derive the conformation of 31 by
starting with 1,8-diazacyclotetradeca-4,11-diyne in a boat
conformation (C,,) which is bridged by a 2-butyne unit. In
the resulting triyne all three triple bonds are oriented paral-
lel to each other (C,, symmetry). The relaxation of the 14-
membered ring into a twist-boat conformation reduces the
symmetry to C,. As a result the two triple bonds in the 14-
membered unit are inclined by 48.6°.17 The most important
change between 14 and 31 is the increase of the C—N—-C
bond angles which makes the bridgeheads almost flat (sum

Figure 2. Molecular structures of 24 and 27; selected bond lengths
[A] and angles [°]: 24: C4—-C5 1.186(2), C11-C12 1.191(3),
N1--N8 4.662(2), [C4—-C5]-[C11-C12] 4.185; C7—N8-C9
111.9(2), C7—-N8-C19 114.2(2), C9—N8-C19 115.2(2),
C2—N1-C14 112.6(1), C2—N1-C15 114.7(1), C14—N1-C15
113.7(2); 27: C4—C5 1.184(2), C11-C12 1.183(2), N1.-N8
5.189(2), [C4-C5]--[C11-C12] 3.774; C7—N8-C9 112.6(1),
C7—-N8-C22 112.0(1), C9—N8-C22 113.8(1), C2—N1-Ci4
113.8(1), C2—N1-C15 113.2(1), C14—N1-C15 113.2(1)

27
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of the C—N—C angles is 358.71 and 358.85°, respectively).
The distance between the two nitrogen atoms is 4.99 A.

The molecular structures of 24 and 27 both show a 14-
membered ring in a twist-boat conformation in which the
two triple bonds are inclined to each other by 30.7° (24)
and 53.4° (27). The distances between the nitrogen atoms
are 4.662(2) A in the case of 24 and 5.189(2) A in 27. In
both cases the nitrogen atoms are pyramidalized and the
lone pairs point towards the inside of the cage. The sum of
the C—N—C angles was found to be 341.0(1)/341.3(2)° for
24 and 338.4(1)/339.2(1)° for 27.

Conclusion

The molecular structure of 13a deviates considerably
from all other 14-membered diynes investigated so far. [0
The chains between the triple bonds adopt an envelope con-
formation instead of a zig-zag arrangement. The bicyclic
species 14, 24—27 and 31 provide a series of medium-ring
bicyclic systems™3! in which the 1,8-diazacyclotetradeca-
4,11-diyne system adopts a twist-boat conformation. The
X-ray investigations reveal for 14, 23 and 29 that the sub-
stituents at the nitrogen atoms are pyramidalized and the
lone pair points towards the inside of the cage. In the case
of 31 the carbon atoms at the nitrogen atoms are situated
in a plane with the nitrogen atom, providing a planar sur-
rounding at the bridgehead positions.

We are grateful to the Deutsche Forschungsgemeinschaft (SFB
247), the Fonds der Chemischen Industrie and the BASF Aktienge-
sellschaft, Ludwigshafen, for financial support.

Experimental Section

General Methods: Moisture-sensitive reactions were conducted in
oven-dried (150°C) glassware under argon. Solvents were distilled
and dried under argon before use. Melting points: Dr. Tottoli ap-
paratus (Buchi); uncorrected values. — Material used for column
chromatography: Silica gel 60 (Merck, Macherey-Nagel). GLC: HP
5810 A instrument connected to a Shimadzu C-R 3A integrator. A
capillary column Ultra 2 (PhMe Silicone, 25 m X 0.32 mm X 0.52
nm) was used with nitrogen as a carrier gas and a flame-ionization
detector (FID). — 'H NMR and *C NMR: Bruker WH 300 by
using the solvent as internal standard. — IR: Perkin—EImer 580B,
Bruker, IFS 66 and Bruker IFS 88. — UV: Hewlett Packard HP
8452A. — High-resolution MS: ZAB high-resolution mass spec-
trometer (Fa. Vacuum Generators). — Elemental analyses were car-
ried out by the Mikroanalytisches Laboratorium der Universitéat
Heidelberg.

Trideca-3,10-diyne-1,13-diol (7) and Undeca-1,3-diyn-1-ol (8): To
a suspension of 200 mg of iron(l11) nitrate in 1000 ml of liquid
ammonia, 6.2 g (893 mmol) of lithium wire was added at —50°C
within 30 min. The resulting lithium amide suspension was stirred
for another 30 min. Subsequently, 50 g of 1,8-nonadiyne (420
mmol) was added dropwise within 30 min and stirring commenced
for 2 h, after which 95 g (2.16 mol) of crude ethylene oxide (pre-
cooled to —40°C) was added in portions at 5-min intervals. The
mixture was stirred for another 50 h. The ammonia was removed
by evaporation using a water bath and the residue dissolved in a
mixture of 750 ml of water and 80 g of ammonium chloride. The
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aqueous layer was extracted several times with diethyl ether. The
combined organic layers were dried with pottassium carbonate, fil-
tered and the solvent was evaporated. Purification by column chro-
matography (silica gel, cyclohexane/ethyl acetate 2:1) yielded 35 g
(40%) of 7 (Rf = 0.12) and 13 g (19%) of 8 (Rf = 0.44). — 7: White
solid, mp 54.5°C. — *H NMR (CDCl,): § = 3.61(q, 4 H, 3 = 5.8
Hz, CH,0), 2.63 (s, 2 H, OH), 2.36 (m, 4 H, CH,) 2.15 (g, 2 H,
3) = 2.3 Hz, CH,CH,CH,), 142 (t, 8 H, 3 = 9.9 Hz
CH,C=CCH,). — 3C NMR (CDCls): § = 18.6 (CH,C=C), 23.1
(CH,C=C), 28.0 (CH,), 28.4 (CH,), 61.3 (CH,0), 76.7 (C=C),
82.1 (C=C). — IR (KBr): V = 2941 cm™1, 2888, 2862, 2245, 1046.
— UV/Vis (CHCIz): Amax (I €) = 242 nm (2.35). — HRMS (El, 70
eV): Cy3H,00,: caled. 208.1463; found 208.1441. — 8: Colourless
oil. — 'H NMR (CDClg): § = 3.61 (dt, 2 H, 3J; = 1.3 Hz, 3J; =
5.0 Hz, CH,0), 2.33—2.44 (m, 3 H, CH,C=C, OH), 2.12 (m, 4 H,
CH,-C=C), 1.90 (s, 1 H, C=CH), 1.45 (m, 6 H, CH;). — *C NMR
(CDCl3): & = 18.0 (CHy), 18.4 (CH,), 22.9 (CH,), 27.6 (CHy,),
27.7(CH,), 28.2 (CHy,), 61.1(CH,0), 68.1(C=CH), 76.4 (C=CH),
82.0 (C=C), 84.2 (C=C). — UV/NVis (CH,Cl,): Amax (Ig €) = 230
nm (1.62). — HRMS (El, 70 eV): Cy;;H;60: calcd. 164.1201;
found 164.1243.

Trideca-3,10-diyne-1,13-diyl Bis(methanesulfonate) (9): To a
solution of 10 g (48 mmol) of 7 in 200 ml of dry diethyl ether and
100 ml of dry tetrahydrofuran, 9.7 g (96 mmol) of triethylamine
was added with cooling to 0°C by means of a salt/ice bath. 12.5 g
(96 mmol) of methanesulfonyl chloride was added at such a rate
that the temperature could be maintained at 0°C. After 45 min, the
addition was complete and the suspension was stirred for 2 h. For
workup, 100 ml of water was added and the organic layer was ex-
tracted with 5% sulfuric acid, saturated sodium hydrogen carbonate
solution and water. The organic layer was dried with sodium sulfate
and the solvent evaporated. Purification by column chromatogra-
phy (silica gel; cyclohexane/ethyl acetate, 2:1) afforded 11.6 g (61%)
of 9 as a yellow oil. — 'H NMR (CDCl,): § = 1.45 (m, 6 H,
CHy), 2.20 (m, 4 H, CH,C=C), 2.59 (m, C=CCH,), 3.02 (s, 6 H,
CH3S0,), 4.23 (t, CH,0). — C NMR (CDCly): 8 = 185
(C=CCH,), 20.1 (C=CCH,), 28.0 (CH,), 28.2 (CH,), 37.6
(CH3S0,), 68.9 (CH,0), 74.3 (C=C), 82.8 (C=C). — IR (KBr):
v = 3559 cm 1, 2938, 1734, 1356, 1175, 963. — UV/Vis (CHCly):
Amax (19 €) = 242 nm (1.25). — HRMS (EI, 70 eV): C15H2,0¢S,:
calcd. 364.1014; found 364.1056.

1,13-Dibromotrideca-3,11-diyne (10): 40 g (465 mmol) of anhy-
drous lithium bromide was slowly added to 250 ml of dry acetone
and stirred until a clear solution was obtained. A solution of 9 g
(22.7 mmol) of 9 in 200 ml of dry acetone was added dropwise over
a few minutes. The mixture was heated at reflux for 2—3 h and
then 100 ml of water was added. The acetone was removed by
evaporation and the residual aqueous layer was extracted inten-
sively with ethyl acetate and the combined organic layers were con-
centrated. The oily residue was purified by column chromatography
(silica gel; cyclohexane/ethyl acetate, 2:1 to yield 7.5 (97%) of 10 as
a colourless oil. — *H NMR (CDCl,): § = 1.45 (m, 6 H, CH,),
2.12 (m, 4 H, CH,C=C), 2.67 (m, 4 H, C=CCH,), 3.38 (t, 4 H,
CH,Br). — ¥C NMR (CDCls): § = 18.4 (C=CCH,), 231
(C=CCH,), 27.8 (CH,), 28.1 (CH,), 30.1 (CH,Br), 76.8 (C=C),
82.2 (C=C). — IR (KBr): ¥ = 2937 cm™%, 2859, 2022, 1432, 1212,
641. — UV/Vis (CH,Cly): Amax (Ig €) = 232 nm (3.6). — HRMS
(El, 70 eV): Cy3H1gBr,: caled. 333.9775; found 333.9787.

1-Azacyclotetradeca-4,11-diyne (5): 150 mL of liquid ammonia at
—70°C was mixed with 150 ml of distilled acetonitrile. As soon as
the first crystals of solidified acetonitrile appeared, 3 g (9.0 mmol)
of 10 in 50 ml of acetonitrile was added quickly. The reaction vessel
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was put into a dry ice/methanol bath and kept at —70°C for 1 h.
Without adding new dry ice the stirring was continued for 2 d. The
mixture was neutralized with concd. hydrochloric acid and ex-
tracted several times with 1 N hydrochloric acid/saturated sodium
chloride solution. The acidic layers were combined and added to
220 ml of dichloromethane. To the stirred mixture of both solutions
a5 N KOH solution was added at 0°C until pH = 12 was achieved.
The extraction of the aqueous layer with dichloromethane and the
evaporation of the solvents yielded a yellow-brown oil that was
purified by column chromatography (aluminium oxide; ethyl acet-
ate): Ry = 0.57. Yield: 180 mg (11%) of 5 as colourless plates, mp.
106°C. — 'H NMR (CDCls): = 1.37 (m, 4 H, CH,), 1.61 (m, 2
H, CH,), 1.91 (s, 1 H, NH), 2.13 (t, 4 H, C=CCHy,), 2.31 (t, 4 H,
C=CCH,), 2.62 (t, 4 H, CH,N). — 3C NMR (CDCl,): § = 18.2
(CH,C=C), 19.9 (CH,C=C), 26.3 (CH,), 27.1 (CH,), 47.9
(CH,N), 78.7 (C=C), 81.5 (C=C). — IR (KBr): ¥ = 3446 cm~,
2928, 2815, 2737, 1635, 1455, 1330, 1138, 1116, 770. — UV/Vis
(CH.CL,): Amax (Ig €) = 232 nm (2.41). — HRMS (EI, 70 eV):
Cy3H1gN: caled. 189.1596; found 189.1466.

1,8-Diazacyclotetradeca-4,11-diyne (4) and 1,8-Diazabicyclo-
[6.6.6]icosa-4,11,17-triyne (14): A mixture of 1 and 14 was ob-
tained when 2 g (8.33 mmol) of 1,6-dibromohexyne (11) in 50 ml
of freshly distilled acetonitrile was mixed with 150 ml of liquid
ammonia according to the procedure given for the preparation of
5. Application of the described workup and subsequent chromatog-
raphy [4: aluminium oxide; ethyl acetate; R¢(4) = 0.3; 1: aluminium
oxide; chloroform/methanol, 10:1; R¢(1) = 0.2] yielded 4 and 14 in
a ratio of 17:1. — 4: (250 mg, 32%), yellow crystals, mp. 117°C. —
!H NMR (CDCly): § = 2.30 (t, 8 H, CH,C=C), 2.57 (t, 8 H,
CH,N), 3.24 (s, 2 H, NH). — ¥C NMR (CDCl): § = 19.1
(CH,C=C), 46.8 (CH,N), 79.5 (C=C). — UV/Vis (CH,Cl): Amax
(Ig €) = 232 nm (3.08). — IR (KBr): ¥ = 3418 cm %, 3281, 2933,
2818, 1685, 1636, 1457, 1111, 771. — HRMS (EI, 70 eV): C;,H 5N,
calcd. 190.1469; found 190.1434. — 14: 21.5 mg (2%), yellow crys-
tals, mp. 216°C. — 'H NMR (CDCl3): § = 2.22 (t, 12 H,
CH,C=C), 2.41 (t, 12 H, CH;N). — 3C NMR (CDCly): § = 19.7
(CH,C=C), 53.4 (CHyN), 79.7 (C=C). — HRMS (El, 70 eV):
CigH24N,: calcd. 268.1940; found 268.1942. — CigH»4N, (268.19):
calcd. C 80.55, H 9.01, N 10.44; found C 80.36, H. 9.10, N 10.40.

1,8-Diisopropyl-1,8-diazacyclotetradeca-4,11-diyne (13a): To a
suspension of 10 g of potassium carbonate in 1000 ml of aceto-
nitrile was added dropwise at room temperature within 16 h simul-
taneously 1.12 g (0.02 mmol) of isopropylamine and 5 g (20.8)
mmol) of 1,6-dibromo-3-hexyne in 250 ml of anhydrous THF. After
the addition was completed, the mixture was heated at 50°C for 20
h followed by refluxing for 24 h. To workup, a mixture of 400 ml
of water, 20 ml of concd. H3PO,, and 20 ml of acetic acid was
added quickly. After filtering, NaCl was added until two phases
had formed. The organic phase was separated and extracted twice
with a solution of 100 ml of H,0/15 ml of H;PO,. Addition of 5
N KOH solution until pH = 12, repeated extraction with chloro-
form and removal of the solvent yielded a brown oil which was
purified by column chromatography on aluminium oxide (neutral,
6% water) and petroleum ether/diethyl ether, 5:1. Yield: 70 mg
(2.6%) of 13a as colourless crystals, mp. 52°C. — 'H NMR
(CDClg): & = 2.75(m, 2 H, CH), 2.71 (t, 8 H, 3J = 7.5 Hz, CH,N),
2.42 (t, 8 H, 3] = 7.4 Hz, CH,C=C), 0.96 (d, 12 H, 3J = 7.5 Hz,
CH3). — 3C NMR (CDCly): 8 = 80.9 (C=C), 52.3 (CHN), 49.5
(CH3N), 20.8 (CH,C=C), 18.6 (CH3). — UV/Vis (CH.Cl,): Amax
(Ig €) = 232 nm (3.37). — IR (KBr) ¥ = 2962 cm~1, 2902, 2809,
1173. — HRMS (El, 70 eV): CigH3N,: caled. 274.2409; found
274.2388. — CygH3oN, (274.24): calcd. C 78.83, H 10.95, N 10.22;
found C 78.61, H 11.02, N 10.11.
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1,8-Diallyl-1,8-diazacyclotetradeca-4,11-diyne (13b): The com-
pound was prepared according to 13a by using 5 g (20 mmol) of
1,6-dibromo-3-hexyne and 1.2 g (21 mmol) of allylamine. The
workup was done in the same manner. Chromatography on alu-
minium oxide with ethyl acetate yielded 725 mg (27%) of 13b as a
colourless oil which solidified in the refrigerator at about 4°C. —
IH NMR (CDClg): & = 5.82 (tt, 2 H, CH,=CHCH,N, 3J ;s = 10.1
Hz, 3Jyans = 16.1 Hz), 5.18 (t, 2 H, 2Jger, = 2.5 Hz, C=CH)), 5.10
(tt, 2 H, C=CHy, Xgem = 2.5 Hz, 335 = 10.1 Hz), 3.07 (d, 4 H,
3J = 6.4 Hz, CH,N), 2.75 (t, 8 H, 3J = 6.0 Hz, CH,N), 2.30 (t, 8
H, 3J = 6.0 Hz, CH,C=C). — 3C NMR (CDCl): § = 136.7 (C=
C), 117.4 (C=CHy,), 79.8 (C=C), 57.2 (CHN), 51.8 (CH,N), 17.5
(CH,C=C). — UV/Vis (CH,Cly) : Amax (Ig €) = 322 nm (1.76). —
IR (KBr): ¥ = 3075 cm™1, 3003, 2975, 2810, 1641, 1454, 1420,
1380, 1357, 1333, 1282, 1145, 1112, 1031, 1011, 995, 915. — HRMS
(El, 70 eV): CygH,N,: caled. 270.2096; found 270.2043.

1,8-Diazabicyclo[6.6.6]icosa-4,11,16-triyne (14) from 1,8-Diaza-
cyclotetradeca-4,11-diyne (4): Solutions of 400 mg (2.1 mmol) of 4
and 500 mg (2.1 mmol) of 1,6-dibromo-3-hexyne (11) each in 250
ml of dry acetonitrile were added dropwise to the stirred slurry of
1 g (7.1 mmol) of potassium carbonate in 1 | of acetonitrile at a
rate of approx. 2 drops/s at reflux temperature. After 24 h, one half
of the solvent was removed within 5 h by distillation. The total
reaction time was 120 h. Application of the above workup (see 5)
and subsequent chromatography led to 200 mg (35%) of 14 as yel-
low crystals. — Analytical data of 14 see above.

1,8-Diazabicyclo[6.6.6]icosa-4,11,17-triene (15): 45 mg (0.17
mmol) of 1,8-diazabicyclo[6.6.6]icosa-4,11,17-triyne (14) in 70 ml
of distilled methanol and 5 mg of Lindlar’s catalyst!® were stirred
under hydrogen (0.05 bar) for 16 h at room temperature. The mix-
ture was filtered through aluminium oxide (neutral, 6% H,O) in a
glovebox and the solvent removed in vacuo. It resulted in 45 mg
(95%) of 15 as a colourless, very labile oil that rapidly absorbed
carbon dioxide and water and decomposed fast on air exposure. —
IH NMR (300 MHz, CDCly): § = 5.42—5.62 (m, 8 H, HC=CH),
2.71 (s, 12 H, CH,N), 2.26—2.30 (m, 12 H, CH,C=C). — 3C
NMR (75.47 MHz, CDCl,): § = 25.4 (CH,C=C), 58.9 (CH,N),
129.2 (C=C). — HRMS (El, 70 eV): Ci1gH3oN,: calcd. 274.2409;
found 274.2484; [M — 1]: calcd. 273.2331; found 273.2335.

General Procedure for the Cyclization of «,w-Diamines with 1,6-
Dibromo-3-hexyne 12 to the Bicyclic Diynes 23—29: 4 g (16.7 mmol)
of dibromo-3-hexyne (11) and 5 mmol of the diamine 16—22 were
added at once to a suspension of 10 g (72.5 mmol) of finely pow-
dered potassium carbonate in 300 ml of dry acetonitrile at room
temperature. The mixture was stirred intensively and refluxed for
16—72 h until all starting material was consumed. Subsequently,
the mixture was cooled, filtered and extracted with 1 N HCI in
brine. The combined aqueous layers were stirred with 200 ml of
CHCI; and alkalized with 5 N KOH solution. The phases were
separated and the aqueous phase was extracted twice with CHCl;.
The solvent was removed in vacuo and the residue was purified by
chromatography on aluminium oxide.

23: 221 mg (15%), R; = 0.05; cyclohexane/ethyl acetate, 5:1: mp.
58°C. —'H NMR (CDCly): 8 = 2.44—2.66 (m, 8 H, CH,N), 2.45
(t, 4 H, CH,N), 2.13—2.35 (m, 8 H, CH,C=C), 1.65 (tt, 4 H, CH,).
— 13C NMR (CDClg): 8 = 20.0 (CH,C=C), 28.1 (CH,), 54.8
(CH3N), 55.3 (CH;N), 81.5 (C=C). — UV/Vis (CH.Cl,): Amax (Ig
€) = 226 nm (3.99). — IR (KBr): ¥ = 2946 cm™1, 2900, 2804, 2230,
1456, 1354, 1283, 1131, 1014, 725. — HRMS (El, 70 eV):
Ci6H24N,: caled. 244.1940; found 244.1942.

24: 220 mg (16%), Ry = 0.36; cyclohexane/ethyl acetate, 5:1; mp.
85°C. — 'H NMR (CDCL,): = 1.32—1.41 (m, 4 H, CHy,), 2.07
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(9, 2 H, CHy), 2.17-2.31 (m, 8 H, CH,C=C), 2.32—2.40 (m, 4 H,
CH;,N), 2.41-2.56 (m, 8 H, CH,N). — 3C NMR (CDCLy): § =
19.2 (CH,C=C), 22.9 (CH,), 29.4 (CH,), 53.8 (CH,N), 54.3
(CH3N), 80.0 (C=C). — UV/Vis (CH,Cl,): Amax (Ig €) = 226 nm
(3.94). — IR (KBr): ¥ = 3441 cm™1, 2899, 2792, 2228, 1631, 1457,
1373, 1335, 1134, 1039, 717. — HRMS (El, 70 eV): Ci;HNy:
calcd. 258.2096; found 258.2117.

25: 143 mg (18%), Ry = 0.45; cyclohexane/ethyl acetate, 5:1; mp.
120°C. — H NMR (CDCly): § = 1.38 (t, 8 H, CH,C=C), 1.63
(m, 8 H, CH,), 2.25 (m, 12 H, CH,N). — 3C NMR (CDCl,): § =
18.0 (CH,C=C), 27.3 (CH,), 27.4 (CH,), 52.1 (CH,N), 52.5
(CH,N), 79.5 (C=C). — UV/Vis (CH,Cl,): Amax (Ig €) = 232 nm
(3.54). — IR (KBr): ¥ = 2905 cm™1, 2785, 1632, 1456, 1379, 1274,
1134, 1032, 718. — HRMS (EI, 70 eV): C1gH,gN,: calcd. 272.2253;
found 272.2234.

26: 199 mg (17%), Rs = 0.72; cyclohexane/ethyl acetate, 1:2; mp.
102°C. — *H NMR (CDCl,): § = 1.36—1.57 (m, 10 H, CHy),
2.14-2.25 (m, 12 H, CH,C=C, CH;,N), 2.27-2.41 (m, 8 H,
CH,N). — 3C NMR (CDCls): § = 18.7 (CH,C=C), 26.5 (CHy,),
27.0 (CH,), 28.0 (CHy), 53.6 (CH,N), 53.9 (CH,N), 79.3 (C=C).
— UV/Vis (CH,Cly): Anax (I9 €) = 232 (3.98). — IR (KBr): v =
3436 cm™1, 2903, 2798, 2235, 1631, 1459, 1331, 1281, 1152,1129,
1020, 746. — HRMS (El, 70 eV): CygH3oN,: calcd. 285.2331;
found 285.2332.

27: 370 mg (23%), Ry = 0.71; cyclohexane/ethyl acetate, 1:2; mp.
73°C. — H NMR (CDCly): & = 1.24—1.30 (m, 4 H, CH)),
1.33-1.41 (m, 4 H, CH,), 1.62 (tt, 4 H, CH,), 2.15—-2.45 (m, 20
H, CH,C=C, CH,N). — 3C NMR (CDCl;): § = 19.0 (CH,C=C),
24.2 (CHy), 27.1 (CHy), 27.1 (CH,), 53.4 (CH,N), 53.7 (CH,N),
79.4 (C=C). — UV/Vis (CH,Cly): Amax (Ig €) = 224 nm (3.92). —
IR (KBr): ¥ = 3439 cm™1, 2898, 2801, 2229, 1632, 1458, 1373,
1330, 1273, 1127, 1031, 709. — HRMS (El, 70 eV): CyoH3N,:
calcd. 300.2566; found 300.25.68.

28: 300 mg (23%), Ry = 0.78; cyclohexane/ethyl acetate, 1:1; mp.
80°C. — 'H NMR (CDCl3): § = 1.34—1.48 (m, 10 H, CHy),
1.5—-1.63 (m, 4 H, CH,), 2.15—-2.40 (m, 16 H, CH,C=C, CH,N),
2.41-252 (m, 4 H, CH,N). — 3C NMR (CDCl,): § = 19.4
(CH,C=C), 25.0 (CH,), 27.1 (CHy,), 28.3 (CHy,), 29.5 (CH,), 54.0
(CH3N), 54.4 (CH;,N), 79.5 (C=C). — UV/Vis (CH.Cl,): Anax (Ig
€) = 224 nm (3.98). — IR (KBr): ¥ = 3444 cm™1, 2930, 2804, 2229,
1632, 1457, 1371, 1331, 1282, 1123, 1021, 728, 547. — HRMS (El,
70 eV): C,1H34N,: caled. 314.2722; found 314.2684.

29: 239 mg (13%), Ry = 0.43; cyclohexane/ethyl acetate, 10:1; mp.
93°C. — 'H NMR (CDCl,): § = 1.31 (m, 8 H, CH,), 1.40 (m, 8
H, CH,), 2.18—2.28 (m, 16 H, CH,C=C, CH,N), 2.44 (t, 4 H,
CH,N). — 3C NMR (CDCly): = 19.2 (CH,C=C), 25.7 (CH,),
26.9 (CH,), 27.5 (CH,), 27.7 (CH,), 53.9 (CH,N), 54.9 (CH,N),
79.7 (C=C). — UV/Vis (CH,Cly): Amax (Ig €) = 234 nm (3.69). —
IR (KBr): ¥ = 3441 cm™?, 2922, 2801, 1632, 1459, 1371, 1336,
1123, 1031, 718. — HRMS (El, 70 eV): C,;H3,N,: caled. 328.2879;
found 328.2828.

X-ray Diffraction Analyses: The reflections were collected with a
Nonius CAD4 diffractometer (Mo-K, radiation, graphite mono-
chromator, ©-2@ scan). Intensities were corrected for Lorentz and
polarization effects. All structures were solved by direct methods
(24: SHELXS-97;14 13a and 27: SIR-92[3]). The structural param-
eters of the non-hydrogen atoms were refined anisotropically ac-
cording to a full-matrix least-squares technique (F?). The param-
eters of the hydrogen atoms were refined isotropically. Refinement
was carried out with SHELXLM S (24 and 27) and LSFM
MOLENLD7 (13a). Table 1 contains the crystallographic data and
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Table 1. Crystallographic data of 13a, 24 and 27

Compound 13a 24 27
Empirical formula CigH3oN, Ci7H6N, CyoH3N,
Molecular mass [g/mol]  274.45 258.4 300.5
Crystal size [mm] 03X03X 04X04X 044x0.44
0.15 0.25 X 0.44
Crystal colour colourless  colourless  yellow
Crystal shape plates plates prism
Space group Pbca P2,/c P1
alA] 12.092(3) 11.482(2) 7.748(1)
b [A] 8.158(3) 14.735(2) 9.834(1)
c[A] 17.139(6) 9.066(1) 12.588(2)
al] 90 90 91.53(1)
B[ 90 90.67(1) 91.58(1)
v[°] 90 90 105.29(1)
V [A?] 1691(1) 1533.7(4) 924.3(2)
Deaica. [Mg/mq] 1.08 1.12 1.08
Z 4 4 2
F(000) 608 568 332
TIK] 294 223 293
Nmin/Nmax 0/14 0/15 0/10
Kmin/Kmax 0/9 0/19 —12/12
Inindlmax . 0/20 -11/11 —16/16
(sin (9/?»){nax [ATY 0.62 0.66 0.66
pu[mm1 0.06 0.07 0.06
Refl. collected 1563 3852 4765
Refl. unique 1563 3682 4439
Refl. observed [I > 2o (1)] 1216 2390 2864
Variables 151 276 327
(A/S6)max <0.01 <0.01 <0.01
R 0.039 0.054 0.050
Ry 0.042 0.136 0.130
S(Gof) 1.90 1.07 1.18
(Ap)max [ A7) 0.12 0.46 0.15
(Ap)min [6 A7 —0.14 -0.18 -0.21

details of the refinement procedure. Crystallographic data (exclud-
ing structure factors) for the structures reported in this paper have
been deposited with the Cambridge Crystallographic Data Centre
as supplementary publication no. CCDC-101209. Copies of the
data can be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK [Fax: int. code + 44-1223/
336-033, E-mail: deposit@ccdc.cam.ac.uk].
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