3,7-Diazabicyclo[3.3.1]Jnonane-2,6-diones: building of homo- and heterochiral
crystals
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A strategy in the synthesis of 1,5- or 3,7-unsubstituted derivatives of the title dilactams has been developed, and the parent
3,7-diazabicyclo[3.3.1]nonane-2,6-dione 4 was synthesised; the hydrogen bonding generated self-assembly as a heterochiral
infinite diagonal zigzag tape was found in the crystal of 2 (space group P2,/c) whereas a homochiral helical architecture was
observed in 4 (space group P2,2,2,).

In order to design molecules which are capable of the homo- All of the compounds were characterised by spectroscopic
chiral self-assembly to form crystalline conglomerates, bicyclicdata (Figure 1). The structures @ and4 were confirmed by
dilactams of the 3,7-diazabicylo[3.3.1]Jnonane-2,6-dione serieX-ray diffraction analysis(Figures 2 and 3).

were examined. It is anticipateal priori that the hydrogen- Experimental values of the vicinal spin—spin coupling constants
bonded self-assembly will occur either in helical suprastrucfor 4 (cf. the data for bicyclo[3.3.1]Jnonane-2,6-dio%)esre in
tures, as in the case of chiral glycodrigr in heterochiral agreement with those calculated by the general Karplus equation
diagonal zigzag tapes, as in dilact@mof the bicyclo[3.3.0]-

; " T Characteristics and spectroscopic datdMR spectra were recorded
octane serigs(cf. ref. 3). Both of these opportunities can be | 220" STSIES S0 sppectromeger ot 400.15{)(and 100,62 MH>
realised. . . (23C)], *H NMR spectrum of4 was recorded on a Bruker AM-300

_The only examples reported earlier are derivatives of 3,7z,6ctrometer (at 300.13 MHz) and calculated by the CALM program
dialkyl-3,7-diazabicyclo[3.3.1Jnonane-2,6-dione-1,5-dicarboxy- (Resonance, Moscow, 1993).
lic acids*5 To synthesise the target compounds, we have used1: yield 55%, mp 131-132 °C (f—petroleum ether}H NMR (CDCL)
a recently developed strategy for preparing similar dilactams: 1.24 (t, 6H, 2Me3J 7.5 Hz), 2.69 (t, 2H, 9-Ck4J,,. 1.2 Hz), 3.63
A andB of the 3,7-diazabicyclo[3.3.0]octane-2,6-dione séries (dt, 2H, 4,8-CH, 2J —-12.8 Hz,4), 1.2 Hz), 3.77 (s, 6H, 2MeO), 3.80
(Scheme 1). (d, 2H, 4,8-CH, 2] -12.8 Hz), 4.20 (m, 4H, 2C)®, ABX, spectrum),

Dilactam1 was synthesised on the basis of tetraethyl propane-52 (m, 4H, 3,7-NCh| AB spectrum/Av 26.0,2) —14.6 Hz), 6.86 and

1,1,3,3-tetracarboxylateising the method proposed by Knowles 7-13 (d and d, 8H, 2@, J 9.0 Hz).13C NMR (CDCl) 0: 13.72 (qt,
and co-authofswith the new aminomethylating reagent 1,3,5- Me, *J 127.2 Hz,2J 2.9 Hz), 33.31 (br.t, 9-Cj{J 136.6 Hz), 49.73

: : : (s, 1,5-C), 49.90 (t, 3,7-NCH1) 138.8 Hz), 52.63 (br. tt, 4,8-GHJ
tris(4-methoxybenzyl)hexahydro-1,3,5-triazihéN-Deprotection 1453 Hz30 4.4 Hz). 54.96 (0, MeO.) 143.8 Hz), 68.80 (tq, CI, 1)
of 1 with cerium ammonium nitrate (CARgives dilactam 1485 1725 44 Hz), 113.9 (dd,'aC, 1] 159.0 Hz2) 4.4 Hz), 127.6 (m,
diester, and its subsequent deesterification leads to dilactaiic) 129 05 (dm, 2c, 13 157.6 Hz), 158.95 (br. s/-€), 166.2 (br. s
diacid 3. The latter was thermally decarboxylated to formco,Et) 168.6 (br. s, 2,6-CO). ' e '
parent dilactam4. The opposite sequence of transformations 2: yield 49%, mp 203-205 °C (EtOHIH NMR (CDCly) 6: 1.29 (t,
has also been performed; it includes deesterificatioh iafo 6H, 2Me,3] 7.0 Hz), 2.70 (t, 2H, 9-C}4J,,s 1.2 Hz), 3.73 (ddt, 2H,
3,7-disubstituted dilactam diaci@ and its decarboxylation 4,8-H,2J-12.5Hz3J, 4.3 szAdegd obs 12 Hz), 3.84 (d, 2H, 4,8-H
into 3,7-disubstituted dilactarf. The latter was a matter of 2J,,—-12.5Hz), 4.25 (g, 4H, 2C8, 3J 7.0 Hz).13C NMR (CD,0D) ¢:
particular interest because its analogue of the bicyclo[2.2.2]713-90 (at, Meld 127.2 Hz.2J 2.9 Hz), 32.50 (it, 9-CH 1J 137.0 Hz2J

octane series forms a conglomeratégowever, producé was -0 Hz), 47.35 (it, 4,8-Cli 1J 147.0 Hz,3) 5.2 Hz), 50.10 (s, 1,5-C),
not found to be crystalline. 62.75 (tq, CHO, 1] 148.2 Hz,2] 4.4 Hz), 170.0 and 170.2 (s and s,

2,6-CO and Cg).
3: yield 86%, mp 250-252 °C (decomp., from®). 1H NMR (CD;0D)
@ 8: 2.70 (s, 2H, 9-CH), 3.65 (m, 4H, 4,8-CH AB spectrumAv 68.0,
2J-13.0 Hz).
4: yield 67.4%, mp 350 °C (MeOH}H NMR (CD,0D) 6: 2.30 (m,

2H, dd, 2] —13.0 Hz8Jy, = 33y, = 3.72 Hz,3),, = 3¢ = 2.57 Hz A0y, =

= 4], = 2.02 HzAJyy = 4y, = —0.33 Hz), 2.97 (M, 2H, 66J,3= 305 =

=5.02 Hz, 3], = 3, = 1.45 Hz, 4. —1.50 Hz), 3.52 (m, 2H, bb
23y = 23y = —13.04 Hz), 3.72 (m, 2H, 3al3C NMR (D,0) &: 22.0 (t,
9-CH,), 33.0 (d, 1,5-CH), 43.9 (t, 4,8-GH 173.6 (s, 2,6-CO).

5: yield 73%, mp 220 °CH NMR (CD,0D) é: 2.70 (s, 2H, 9-Ch),
(b) 3.70 (m, 4H, 4,8-Ch| AB spectrumAv 60.0,21 -12.7 Hz), 3.78 (s, 6H,

2MeO0), 4.50 (m, 4H, 3,7-NCH AB spectrumAv 76.0,2J —14.3 Hz),
6.87 and 7.12 (d and d, 8H, &&,, 31 8.5 Hz), 7.9 (s, 2H, 2Cl).

6: yield 16%, viscous oitH NMR (CDCL) 6: 2.09 (t, 2H, 9-CH, 3J

W 3.0Hz), 2.91 (dtd, 2H, 1,5-CHJ,. 4.7 Hz,3] 4 3.0 Hz,3J,, 1.0 HZ),
L 3.40 (dd, 2H, 4,8-tH,, 23, —12.1 Hz 3], 4.7 Hz), 3.48 (dd, 2H, 4,8-
HHy, 235, —12.1 Hz,3],,. 1.0 Hz), 3.80 (s, 6H, 2MeO), 4.50 (m, 4H,

L 1 L 1 1 L 1 L 1
7 36 35 31 30 29

L I 3,7-NCH,, AB spectrumfv 120.0,2] -14.1 Hz), 6.82 and 7.11 (d and d,
38 3 24 23 8H, 2GH,, 33 8.7 Hz).13C NMR (CDCl) d: 25.44 (t, 9-C1J 133.7 Hz),
o/ppm 36.90 (d, 1,5-C1J 137.5 Hz), 49.10 (tt, 3,7-NCH1J 138.6 Hz3J 4.0 Hz),
51.10 (t, 4,8-CH, 1J 141.3 Hz), 55.10 (q, MeQJ)) 143.7 Hz), 113.9 (dd,
Figure 1 H NMR spectra o#: (a) an experimental spectrum in gDD 3-C, 1J 160.2 Hz,2J 5.0 Hz), 128.16 (s,'X), 129.0 (ddt, 2C, 1

and ) a spectrum calculated by CALM. 158.0 Hz2J 7.0 Hz,3J 3.5 Hz), 158.9 (s,'4C), 169.8 (s, 2,6-CO).
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Table 1 Vicinal spin—spin coupling constants and dihedral angles in the X o0 X o0 H

investigated molecules. HN/i%NH . N/i%NM HN [e)
3J/Hz for4 (and2, 6, C Dihedral angles (° e €

Protons and ( ) gee O — }_J o NH

carbons NMR Calculated éﬁd‘% ford  Mmz2 for 4 o x O  Cogkt

ac 502(@4P 393 517 50.0 A X=H C X=COFt

bc 1.45(1.0) 1.79 68.2 68.0 B X = COEt D X=CQy Na"

cd 257 (3.0 206 64.8 67.0

cd 3.72 4.23 50.3 51.0 EtQC o

ae (0.05(0.0f ~1.0 76.0 (71.3) 728 . —

be (4.3y(2.2¢ ~4.0 422 (48.4) 427 [(EtO,C),CH],CH, ! =~ RN NR

C(9)a (0.05 (0.0 1.2 70.1 (71.0) 69.0 ./

C(9)b (7.0y(7.0p 93 171.1 (171.1) 172.7

C(4)d [C(8)d] (5.2F (4.4¢ 9.2 172.6 (170.6) 171.0 O  COfEt

C(4)d [C(8)d] 4.1 52.5 (52.7) 51.9 1

aBy the general Karplus equation from the MM2 geomeidy;,, by the / \

general Karplus equation3]., by the Karplus curve for norbornake.

bFor 6. °For 2. 433, for carbon of MeN with a and b protons in compound

C5eForCs EtOC O HO,C O

(3J4)° and by an equation for norbornanés.()® from a4 N VA R

the MM2 geometry, which is similar to the experimental one Y |

(Table 1). Similar values of the dihedral angles HH and HC

and the corresponding spin—spin coupling constahterere O Cokt O coH

found for 2, 4 and other examined compounds. The virtual 2 5

spin—spin coupling constants of the carbons C(4) and C(8) with li” lVi

protons at C(9) are approximately equal to the half-sum of the

constants3J,-4 and 3J,-4 The long-range virtual spin—spin HO,C o H o

coupling constantJ .= 1.2 Hz, of protons f H, at C(4) — —

and C(8) with protons | Hy at C(9) is observed fat, 2, 4 HN NH RN NR

and C (at {MeN})> (cf. ref. 8). It was shown earlferthat )__/ L/

desymmetrisation of the system (for example, in going fébm O CoH O w

to D) resulted in the disappearance of virtual coupling, and the 3 5

real coupling constantd,,, = 2.2 Hz) for each link appeared;
they are about two times as large and correspond to those fo liv
propane calculated using the dihedral angles C(9)-b and C(4)—c
close to 180° (Table ZL

The bond lengths and bond angles in the crystal structures o
2 and4 are very similar to those in the previously investigated
derivativesA and B of dilactams of the bicyclo[3.3.0]octane
series? The angles between five-membered rings in the struc-
tures of2 and 4 are 72.3° and 71.8°, respectively, and are
significantly smaller in comparison with the corresponding
values in theA andB structures (110.39.Both structure - (A
and 4 are twisted; the pseudotorsion angles c(3)-c(4)—c(1)%55‘;["1?3%ﬁﬁ;‘%ﬁgﬁ:ﬁ&é‘g@ﬂf‘;’ﬂi ;{Bigoti'f% thﬁ‘,oéﬁ?ﬁg(ﬂg‘i
C(2) and C(5)-C(4)-C(1)-C(6) are equal to 14.6°, 13.8° an¢CAN) in MeCN-H0, then NaHCQ iii, KOH in MeOH, then HCI; i\
15.8°, 14.9°, respectively. 20 min at 240-270 °C and 25 min at 290-300iACvacuo (20 Torr); v
KOH in EtOH, 12 h at 20 °C, separation of the precipitated K sditawfc
+ Crystallographic data fo2 and4 at 25 °C: crystals of GHiN,00 2 5t 360,300 -G wacho 30 Torry vt sablimationieb - = o 29"
are monoclinic, space gro2,/c, a=11.119(2) A ,b=11.013(2) A,
c=11.974(3) A, =98.82(2)°, V = 1448.9(5) &, Z=4, M =298.29, It was found that molecules dfare capable of self-assembling
g = 1.367 g cm®, u(MoKa) =1.09 cmit, F(000) = 632; crystals of a5 a heterochiral H-bonded infinite diagonal zigzag?tdjvected
CHiN,O, 4 are orthorhombic, space gro#,2,2,, a=6.603(4) A, gong the crystallographic axis (Figure 4). The H-bond
b=9.841(4) A, c=10.7043) A, V=695.5(5) R, Z=4, M=154.17,  paracteristics are N(1)—H(IN)---O2(x, 1/2 -y, 1/2 +2);
d.qc=1.472 g cmd, u(MoKa) =1.10 cm?, F(000) = 328. Intensities N(1)---O(2), 2.886(3) A: N(1)=H(IN)-O(d, 167° N(2)—

of 3525 reflections foR and 951 reflections fot were measured on a . .
Siemens P3 diffractometer at 25 °€ KloKa radiation, 6/26-scan H@2N)--O(Y), (x, 1/2 -y, ~1/2+2); N(2)---O(D), 2.868(3) A;

technique, &, 56°) and 3698 (for2) or 951 (for4) independent N(2)-H(2N)-O(1), 171°. . .
reflections were used in further calculations and refinement. The structures NOte that as a result of the packing effects ethyl groups in
were solved by the direct method and refined by a full-matrix leastthe CQEt moiety are characterised by different conformations
squares again§ in the anisotropic—isotropic approximation. Hydrogen with the torsion angles C(10)-C(9)-0O(4)-C(8) and C(13)-—
atoms were located from the difference Fourier synthesis and refined i8(12)-O(6)-C(11) equal to 87.4° and 175.6°, respectively.
the isotropic approximation. The refinement convergedRp=0.1081  Taking into account that the steric effect of the bulky,EXO
and COF = 0.885 for all independent reflectidRs$ 0.0385 is calculated  groups can play a significant role in the formation of the crystal
againstF for the 2212 observed reflections with» 2o(l)]_ for the structure (as it was observed earlyAimndB), we expected the
structure o2 and towR, = 0.0783 and COF = 1.077 for all independent jagjraple helical-type structure in parent dilactarmdeed, as
reflections [R =0.0294 is calculated againBtfor the 907 observed we found by X-ray diffraction analysis, dilactadnforms a

reflections withl > 2¢(1)] for the structure o#. All calculations were . T
performed on an lBM( ),]DC,AT using the SHELXTL PLUS 5.0 IDrogralm'crystalllne conglomerateSimilarly to the crystal structure of

Atomic coordinates, thermal parameters, bond lengths and bond anglésand in contrast to that & each molecule in the structure of
have been deposited at the Cambridge Crystallographic Data Centfeforms H-bonds with four neighbouring molecules. As a resullt,
(CCDC). For details, see ‘Notice to Authord/lendeleev Commun. the molecules of dilactam are assembled by two H-bonded
1999, Issue 1. Any request to the CCDC for data should quote the fulirthogonal helices [NOEH(IN)---O(1), (1/2 &, 3/2 —K, 1-2),
literature citation and the reference number 1135/44. N(1)---O(1), 2.863(3) A; N(E-H(1IN)-O(1), 172 A; N(2)-
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Figure 2 Molecular structure o2. Selected bond lengths (A): O(1)-C(3)
1.234(2), O(2)-C(6) 1.236(2), N(1)-C(2) 1.457(2), N(1)-C(3) 1.336(2),

N(2)-C(6) 1.335(2), N(2)-C(5) 1.459(2); selected bond angles (°): C(3)—
N(1)-C(2) 127.2(1), C(6)-N(2)—-C(5) 128.2(1), C(7)-C(1)-C(6) 112.0(1),

C(7)-C(1)-C(2) 108.3(1), C(6)-C(1)-C(2) 109.0(1), N(1)-C(2)-C(1)

111.2(1), O(1)-C(3)-N(1) 122.4(1), O(1)-C(3)-C(4) 119.3(1), N(1)-C(3)-
C(4) 118.2(1), C(7)-C(4)-C(5) 108.9(1), C(7)-C(4)-C(3) 112.2(1), C(5)-
C(4)-C(3) 108.2(1), N(2)-C(5)-C(4) 110.6(1), O(2)—C(6)-N(2) 122.9(1),

0O(2)-C(6)-C(1) 119.2(1), N(2)-C(6)-C(1) 117.9(1), C(4)-C(7)-C(1)

107.3(1).

H(2N)---0(2, (1/2 +x, 3/2 -y, 2 -2); N(2)---O(2, 2.879(2) A;
N(2)-H(2N)-0(2), 158°] into homochiral ‘corrugated’ layers
parallel to the crystallographax plane (Figure 5). The crystal
packing observed id is very similar to the crystal structure o ) o
of (7 Thus, sarting ffom an incorrect assumption (el & Seheneds, dggrer, B Jorochie v brmelon |
possibility of formation of a helical type structfyeas well orthogonal helices were selected,

as Lehn and co-workers (who expected the formation of a

six-membered ring architecture Er), we, nevertheless, have

achieved our main goal to obtain the desirable conglomeraigqaterences

crystals of4. It should be noted thaboglomerates were also )

found in the cases of 3,3,7,7-tetrabromobicyclo[3.3.1]nonane-l R.G. Kostyanovsky, K. A. Lyssenko, G. K. Kadorkina, O. V. Lebedev,
2,6-dione (space group2,2,2,)8 and 4-hydroxy-5-ethyl-6- A. N. Kravchenko, I. I. Chervin and V. R. Kostyanovskylendeleev

. : : Commun,. 1998, 231.
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1.231(2), O(2)-C(6) 1.236(2), N(1)-C(3) 1.335(2), N(1)-C(2) 1.454(2),12 0, E. Nasakin, V. V. Paviov, A. N. Lyschikov, P. M. Lukin, V. N. Khrustalev

N(2)-C(6) 1.338(2), N(2)-C(5) 1.460(2); selected bond angles (°): C(3)-  ang M. Yu. Antipin, Khim. Geterotsikl. Soedin1996, 1326 Chem.

N(1)-C(2) 126.3(1), C(6)-N(2)-C(5) 126.9(1), C(7)-C(1)-C(6) 112.4(1), Heterocycl. CompdEngl. Transl), 1996, 1136].

C(7)-C(1)-C(2) 107.9(1), C(6)-C(1)-C(2) 109.5(1), N(1)-C(2)-C(1) ' ' ’ '

111.4(1), O(1)—C(3)-N(1) 122.1(2), O(1)-C(3)-C(4) 119.7(2), N(1)-C(3)—

C(4) 118.2(1), C(3)-C(4)-C(7) 113.5(1), C(3)-C(4)-C(5) 108.6(1), C(7)—

C(4)-C(5) 108.1(1), N(2)-C(5)-C(4) 110.5(1), O(2)—C(6)-N(2) 121.9(1),

0(2)-C(6)-C(1) 120.2(1), N(2)-C(6)-C(1) 117.9(1), C(4)-C(7)-C(1)

106.8(1).
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