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ABSTRACT — Crystallization of 1-deaza-2'-deoxyadenosine (c' A4, 1) from propanol-2 gives two forms of
crystals: type A formed firstly as plates, then, on the surface of the plates, type B appeared as needles. Single crystal
X-ray analyses shows that the crystals A and B differ mainly in the sugar ring conformation: A adopts the S-type
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= 152.3° across the exocyclic C(4')-C(5') bond; B shows N-type (P = 21.2; C-3'-endo; *E) conformation accompanied
by a somewhat different anti base orientation (¥ = -116.5°) an eclipsed orientation of the exocyclic C(4")-C(5") bond

(y = 84.5°). No intramolecular hydrogen bonds in both types of crystals can be detected. Unlike c' Ay, the ribonucleoside
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hydrogen bond. The compounds 1 and 2 display very similar conformation in D,0 solution with a strong preference for
the S-type conformation of the furanose ring accompanied by the intramolecular (5"YCH,OH---N(3) hydrogen bond. © 1999
Published by Elsevier Science Ltd. All rights reserved.
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The nucleosides of 1-deazaadenine (imidazo|4,5-b|pyridine) are strong inhibitors of adenosine deaminase

[1,2] and display a broad spectrum of affinity for adenosine receptors [3,4]. Oligonucieotides containing
1-deaza-2'-deoxyadenosine (c'Ag, 1) or 1-deaza-adenosine (c¢'A, 2) show unusual structures with a preference

for Hoogsteen base pairing [5-8] and were

e

sed as a structural probes for the hammerhead ribozyme [9].
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The structural and conformational properties of 1-deazaadenine nucleosides are expected to be closely
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related to tneir biocnemical nonsirated for 3'-G-methyl-1-deazaadenosine that

forms the syn-conformer in the solid state is stabilized by a hydrogen bond between the 5'-hydroxyl group and

the nitrogen-3 [10]. It was also shown that the N-glycosylic bond conformation of 1-deazapurine nucleosides

the Gpara Hammett constants for the 6-substituents were established [11]. This can be considered to be the result

of the increased n-electron density of the pyridine system compared to the pyrimidine moiety of purine
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compared to that of 1-deazaadenosine. A conformational analysis is also performed in solution by "H NMR

spectroscopy.
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RESULTS AND DISCUSSION
Conformation in the solid state

The structures of ¢'Aq, (1) and c'A, (2) as observed in the case of singie crystal X-ray diffraction are
shown in the Figures 1 and 2, respectively. Surprisingly, slow crystallization of the 2'-deoxyribonucleoside gave
. The c’Aq¢
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first in compact plates and then in thin, needle-shaped crystals. The crystal parameters are summarized in the
Experimental. Bond lengths and angles for the two forms of crystals of ¢ 'Aq4 (A,B) and for c'A are listed in the

Tables 1 and 2, selected torsion angles in Table 3. Both crystal structures do not contain any solvent molecules.
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In the compaci crystals of ¢’ A4 (A) both hydrogen

hydrogen bonds to the hydroxyl group oxygens of two neighbouring molecules: one of them binds to O(3")

[d(H--0) =2.199 A, angle (N-H--O) = 171.04°], the other binds to O(5') in a second symmetry equivalent
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0)=2.268 A, angle (N-H---0) = 140.46°].
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molecule [d(H---O The hydrogen atoms of these hydroxyl groups are



A, angle (O-H--0) = 142,
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molecule [d(H--N) = 1.955 A, angle (O-H---N) = 168.63°].
In the needle-shaped crystals of ¢' 4, (B) only one of the two hydrogen atoms of the N(6) amino function

is involved in hydrogen bonding with the O(3') atom in a neighbouring molecule [d(H---0) = 2.101 A, angle (N-
H--0) = 160.58°]. The hydroxyl groups do not form hydrogen bonds to other hydroxyl groups but to nitrogen
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Figure 1. Perspective view (thermal eliipsoids at 50% probability level) of two forms A and B of ¢'Aq (1).
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The ribonucleoside c' A (2) crystallizes from water as a monohydrate. The crystal structure is stabilized by
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hydrogen bonds. The solvent molecule acts as a donor and a receptor of two hydr gen bonds. In the donor case,

the hydrogen atoms of H,O are bonded to the N(6) nitrogen atom a O(3") hydroxyl hydrogen atom in two
neighbouring molecules. The H---O distances are 2.336 A for H(61) and 2.068 A for H(3'0), respectively; the
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144.25°. The hydrogen atoms of the water molecuie are
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coordinated to an oxygen atom ((4") in the sugar unit and to N(7), a nitrogen atom of the base of two more
nucleoside molecules. The H---O distance is 1.981 A [H(102)], the H---N distance is 2.068 A [H(101)]. The
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O-H---O an O-H--N angles of these hydrogen bonds are 161.31° 165.87°, respectively.

and
The remaining hydrogen atom of the amino function forms a hydrogen bond to the O(2") oxygen atom of a

hvd; Qxyl_ oroun in a neighbgl__ing molecule [d(H-- 0)=2.196 A an e (N-H--0) = 149, 74°1 This O )
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hydroxyl group itseif is bonded vig H(2'O) to an O(5’) hydroxyi oxygen atom in a neighboring moiecuie

[d(H--0) = 2.030 A, angle (O-H---0) = 152.44°].
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Figure 2. Perspective view (thermal ellipsoids at 50% probability level) of 1-deazaadenosine (2).
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Table 1. Bond lengths (A) of the 1-deaza-2'-deoxyadenosine (1, two forms of
crystals: plates and needles) and 1-deazaadenosine (2) *.
Bond c'Aq (A, plates) c'Aq (B, needles)  ¢'A-H,0(2)
C(1)C(2) 1.375(6) 1.388(5) 1.388(4)
C(1)-C{6) 1.466(5) 1.407(5) 1.392{(4)
C(2)-N(3) 1.346(5) 1.343(4) 1.344(4)
N(3)-C(4) 1.336(4) 1.338(4) 1.330(3)
C(4)-N(%) 1.382(4) 1.385(4) 1.390(3)
C4)-C(5) 1.387(5) 1.387{4) 1.396(3)
C(5y-N( 1.395(4) 1.390(4) 1.388(3)
C(5)-C(6) 1.398(3) 1.406(4) 1.405(4)
C(6)-N(6) 1.349(4) 1.357(4) 1.368(3)
N(7)-C(8) 1.304(5) 1.307(4) 1.309(3)
C(8)-N(9) 1.374(4) 1.371(4) 1.364(3)
N(9)-C(1") 1.441(4) 1.465(4) 1.453(3)
C(11-0(4") 1.427(4) 1.412(4) 1.414(3)
C(1)-C(2") 1.519(4) 1.534(4) 1.534(3)
C(2)-0(2") - - 1.406(3)
C(2)-C(3") 1.511(5) 1.524(4) 1.530(4)
C(31-0(3") 1.431(4) 1.418(4) 1.421(4)
C(3")-C(4") 1.523(4) 1.526(4) 1.526(4)
C(4')-0(4") 1.437(4) 1.447(4) 1.460(3)
C(4)-C(5H 1.503(5) 1.497(5) 1.511(4)
C(5'-0(5) 1.421(4) 1.422(4) 1.418(4)

* Purine numbering.
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different N-glycosylic bond conformations (A, x =-90.7°; B, y = -116.5°). They display no intramolecular
hydrogen bonds and differ mainly in the sugar ring conformation (Table 3). In the compact crystals the sugar

S oar puckering (P = 179.8°; C-2'-endo-C-3"-exo; 2T3) with a puckerin
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dm = 36.4°, whereas the N-type sugar puckering (P = 21.2%; C-3'-endo; *E; & = 33.6°) characterizes the needle-
shaped crystals. Both crystal structures, A and B, display different conformations about the C(4')-C(5") bond,
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structure B of ¢' A4 display a close similarity in the orientation about the C(4')-C(5') bond albeit the latter

structure is not stabilized by an intramolecular hydrogen bond.

plates), and +0.006 / -0.006 A (clAd, needles).

Table 2. Bond angles (°) of 1-deaza-2'-deoxyadenosine (1) and 1-deazaadenosine (2)°.

Bond angle ¢'Aq (A, plates) ¢'Ay (B, needles)  c'A-H;0 (2)
C(2)-C(1)-C(6) 120.8(3) 120.6(3) 121.7(2)
N(3)-C(2)-C(1) 126.3(3) 126.2(3) 124.7(2)
C(4)-N(3)-C(2) 111.6(3) 111.8(3) 112.8(2)
N(3)-C(4)-N(9) 126.5(3) 126.9(3) 127.4Q2)
N(3)-C(4)-C(5) 127.5(3) 127.9(3) 127.6(2)
N(9)-C(4)-C(5) 106.0(3) 105.2(2) 105.1(2)
N(7)-C(5)-C(4) 110.4(3) 110.4(2) 110.6(2)
N(7)-C(5)-C(6) 130.2(3) 130.4(3) 130.8(2)
C(4)-C(5)-C(6) 119.4(3) 119.2(3) 118.6(2)
N(6)-C(6)-C(1) 123.2(3) 123.4(3) 123.1(3)
N(6)-C(6)-C(5) 122.4(3) 122.3(3) 122.3(2)
C(1)-C(6)-C(5) 114.4(3) 114.3(3) 114.5(2)
C(8)-N(7)-C(5) 103.7(3) 104.8(2) 104.1(2)
N(7)-C(8)-N(9) 114.6(3) 113.2(3) 114.3(2)
C(8)-N(9)-C(4) 105.2(3) 106.3(2) 106.02)
C(8)-N(9)-C1" 128.9(3) 126.7(2) 126.6(2)
C(4)-N(9)-C(1") 125.4(2) 126.3(2) 127.3(2)
O(4)-C(1-N(9) 108.6(2) 107.7(3) 108.2(2)

O(4)-C(1H-C(2) 105.9(2) 107.5(2) 105.4(2)
N(©)-C(1H-C(2) 116.73) 114.403) 115.4(2)
O(2H-C(2Y-C(3YH - - 115.2(2)
0O2)-C(2)-C(1) - - 113.4(2)
C(H-C(2H-C(1) 102.2(2) 103.0(2) 101.2(2)
O(3)-C(3")-C(4) 107.0(2) 109.1(2) 109.5(2)
0(3)-C(3')-C(2") 111.3(3) 114.2(2) 107.8(2)
C(4)-C(3)-C(2") 102.6(2) 102.8(2) 102.8(2)
O4)-C(4)-C(5) 109.8(3) 109.6(3) 109.0(2)
O(4)-C(4)-C(3") 105.2(2) 104.6(2) 105.4(2)
C(5")-C(4)-C(3") 114.5(3) 116.1(3) 116.1(2)
C(1-0()-C(a)  11060) 110.5(2) 110.52)
O(5)-C(5)-C(4)  109.0(3) 110.5(3) 113.8(2)
* Purine numbering.



1-deaza-2'-deoxyad;1osim; (1, two forms: plates and needlf:s) and l-deazaaden:sine 2).
Torsion angle * c'Ag(A) c'Aq(B) cA2)
C(4)-0(4"-C(1)-C(2") Vo -11.9(3) -1.6(3) -19.9(3)
O{4"H-C(1)-C(2)-C(3Y) vy 30.3(3) -19.2(3) 35.3(2)
C(1)-C(2)-C(3)-C({4") Vs -36.4(3) 31.3(3) -36.7(3)
C(2)-C(3)-C(4H-0(4H V3 30.2(3) -33.0(3) 26.1(3)
C(3)-C(4")-04H)-C(1H Vs -11.6(3) 21.9(3) -4.0(3)
O(5)-C(5)-C@H-C(3Y) Y 177.9(3) 46.8(4) 46.6(4)
O(5H-C(5)-C(4)-0(4") 59.9(4) -71.4(3) -72.2(3)
C(5)-C(4)-C3H-03YH d 152.3¢3) 84.5(3) 151.0(2)
0(4Y)-C(1")-N(9)-C(4) x 90.7(4) -116.5(3) 56.1(3)
O4)-C(I)-N)-C(®) 79.4(4) 52.7(4) -119.0(3)
Phase angle P 179.8 CTy; S) 21.2 CE; N) 167.5 (’E; S)
Puckering amplitude Om 36.4 336 37.6
* Purine numbering.

Conformation in solution

Both compounds, ¢'A (1) and ¢' A4 (2), display very similar conformation in D;0 and DMSO solutions

with a strong preference for the S-type conformation of the furanose ring accompanied by the intramolecular

(5"YCH,OH---N(3) hydrogen bond (Fig. 3).

Figure 3. The most populated conformation of ¢'Aq (1) in aqueous solution.

The factors affecting the conformation of the pentafuranose rings of nucleosides in solut

extensively been investigated during the last years by Chattopadhyaya and co-workers [12,13].
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2'-deoxy-B-D-ribonucleosides is mainly influenced by the gauche eftect of the O(4")-C(4")-C(3")-O(3") fragment.
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S-type conformations [12,13]. In the case of purine -D-ribonucleosides the situation is more complicated

because the N<>S equilibrium is additionally controlled by the gauche effects of the O(4')-C(1')-C(2")-0O(2") and

anomeric effect and by electronic peculiarities of the base [14-16].

. 1 . . .
The conformation of ¢' A4 (1) in D,0 and DMSO solutions was studied by 'H and *C NMR spectroscopy
(see Experimental, Tables S and 6). An analysis of the conformational behaviour of the furanose ring of ¢'A4 in

both solvents was performed by the PSEUROT (version 6.2) program [17-19] which calculates best fits of

n o.
experimenta] J(H,H) values ( Jr2, 3, 1,2% sz,g,v, J2.._3. and J3 ) to the five conformational parameters (P and ¢y,

the substituents on H-C-C-H fragments of the furanose rings were taken from the user's manual of the program
for D,O and DMSO solutions. The conformational analysis was evaluated by the PSEUROT analysis of
3J(H,H) values, thereby the ¢, values for N and S type rotamers have first been fixed to identical values from
29° to 40° in 1° steps. Further optimization was performed by changing the P value of the minor conformer by
1° constraining then its P and ¢y, while P and ¢, of the major conformer were calculated. Final optimization
was performed in a similar way, by changing the ¢,, value of the minor conformer by 1° constraining its P and
¢m. The PSEUROT optimizations gave low rms error and small individual deviations between experimental and
calculated 3'.)'(H,H) coupling constants. The resulting optimized geometries of N and S pseudorotamers for c'Aq
are presented in Table 4. Data for ¢'A are included in Table 4 for comparison.

The populations of the staggered rotamers across the C(4')-C(5") bond (torsion angle y) were calculated
from 3J(H(4'),I~I(5')) and *J(H(4"),H(5")) according to Haasnoot et al. [20]. The data are presented in Table 4.
The pseudorotational parameters P and ¢, as well as relative populations of the S- and N-type pseudorotamers
of ¢! A4 are very similar for both solutions. An analogous conformational behaviour of a furanose ring
independent from the solvent's nature was previously documented [21-24]. Moreover, the distribution of the N-
and S-type rotamers is practically the same as it was previously found for 1-deazaadenosine and its 2'- and 3'-O-

methyl derivatives [10,11].

Comp PN Py Dms Py rms | A | %S +s¢ ap —sc
1° 40.0 -10.0 31.9 159.2 0.022 0.03 78 80 20 <1
1t 44.0 -4.0 30.7 165.4 0.096 0.13 81 41.5 22.5 36

2* 38.0 1.0 30.0 163.9 0.000 0.02 82 79 21 <1

0.
D,0.° ® d,-DMSO. The values of Py and ..~ for the minor N-conformer were fixed during the final calculations.
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nucleosides, the formation of this intramolecul

The conformation of the base about the glycosyl bond was also investigated by means of '*C NMR
spectroscopy. The vicinal 3J(C(4),H(1") and *J(C(8),H(1")) couplings unambiguously prove the predominant
syn-conformation about the glycosyl bond (Table 6) [27,28] which is in agreement with the NOE data {10,11].
Again, these conformational peculiarities of ¢! A4 correspond well with the spatiai arrangements of 1-deaza-
adenosine and its 2'- and 3'-O-methyl derivatives in the solution [10,11]. It should be mentioned that the results
of quantum-mechanical calculations predict a stability zone in the syn-region of the C-3'-exo purine B-D-ribo-

nucleosides in which an intramoiecular hydrogen bond between the sugar and the base can be formed {29].

Table 5. °C NMR Chemical shifts (81ums, ppm) of the 1-deaza-2'-deoxyadenosine (1) and
1-deazaadenosine (2) *.

Camn oy b 05y Ci1a) C(7a) N N
UL P. b\u} \I\J, wA\Jay A raj \4\'} \/\I—’
C(1Y ¢ (2 C(4) C(5) C(6) ()
1 102.3 144.2 146.4 123.6 147.2 1394
21111 102 4 14472 146.5 1218 147 .4 140.0
2[11} 1024 1442 146.5 1238 1474 140.0
orn N N AN SN
AL AL S “Aa LAS)
1 A4 L TRACH 71 A Q0 1 £ 1
1 o%.J LIIVIONT 1.9 00.1 UL,
2(11} 88.7 72.9 71.1 86.2 62.1

* Temp., 303 K; soivent, d,-DMSO; 125 MHz. ° Sy
Apart from the very special conformational properties of the monomeric 1-deazaadenine nucleosides the
base shows an unusual behavior when incorporated in oligonucleotides. Due to the absence of nitrogen-1 the
1-deazaaden iety decreases the stability of a Watson-Crick base pair and increases Hoogsteen base pair
stability. This was substantiated by the finding that the replacement of only one dA-residue by ¢ A4 (A*) within
the duplex 5’-d(TAGGTA*AATACT) - 3-d(ATCCATTTATGA) decreased the Tp-value from 41°C to 26°C.

Contrary to this, the ration of three 1-deazaadenine bases into the oligonucleotide 5'-[dG-A-G-A*-G-A-
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Figure 4. Hoogsteen-Hoogsteen base pair of two c' A4 residues.

Table 6. C,H-Coupling constants (J, Hz) of 1-deaza-2'-deoxyadenosine (1)
and 1-deazaadenosine (2) °.

C,H-Coupling constant c'Ag (D) c'A(2)
LHC(1),H(1)) 1604 160.7
ZHC(H,HQY) 8.9 14.1
*AC(1),NH,) 5.5 42
'A(C(2),H(2)) 174.9 174.6
ZHC(2),H(1) 2.4 2.1
SHC(4),H(2)) 14.1 14.7
SH(C(4),H(8)) 4.0 4.6
SHC(4),H(1Y) 4.0 4.6
*HC(5),H(1)) 11.2 11.3
3J(C(5),NH;) 5.6 5.4

3 J(C(5),H(8)) 5.6 5.4
2HC(6),H(1)) 8.6 83
LAC(8),H(8)) 210.4 211.0
*KC(®),H(Y) 3.7 2.8
PAC1),H(1Y) 163.8 162.9
J(C@)H2Y) - 147.1
'XC(3),H(3Y) 150.8 148.8
J(C(47),H(4Y)) 147.4 150.0
HC(5),H(5"Y) 140.2 128.0

* Temp., 303 K; solvent, dg-DMSO; 125 MHz.



EXPERIMENTAL

'H NMR Spectra: AC 250 and AMX 500 Spectrometer (Bruker, Germany). *C NMR Spectra: AMX 500

Spectrometer (Bruker, Germany). 3-Values in ppm and J-values in Hz. The 3J(H,H) coupling constants of the
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The c¢'Ay (1) was prepared according to [8]. "HNMR {d6-DMSO; 500 MHz): 2.23 (ddd, Ju.» 13.07, Jy.i*
H-2' 8, Jua 1

5.99, Ju.3 2.41, H-2"), 2.79 (ddd, Ju-+ 13.31, Ju. 8.02, Ju3 5.50, H-2"), 3.56 (ddd, Jy.s 11.7 +3.91, Jous
777 U.8M 266 (ddd L e 1192 12 0307 T ..2307 H8N 202(ddd w261 L w2 A1 LD 07 AN
f . IJ’ R AT }, OV AV \uuu, lIH-D IL-/L:’IIH.A‘ P II,\IU D -t /l, A14" J], 2/l \uuu II“-D J.\)l, IHJ P N Ul |_I j L-LI’ 1L -l'}’

4.44 (m, H-3"), 5.21 (d, Ju.3 3.91, OH-3"), 5.61 (dd, Ju.s 7.47, Ju.s» 4.21, OH-5"), 6.43 (s, NH;), 6.40 (dd, .Jy-»
7.68, Ji12 6.32, H-1"), 6.41 (d, Ju.s 5.58, H-5), 7.81 (d, Ju.s 5.54, H-6), 8.25 (s, H-2).

ll—I NMR (TL(') 250 k/ﬂ—!v\ 3 =2726/(d4d L 14 05 J:+ 6 17, I. 2 2 84

A LNLIVAIN \Hu, v Uy VH JH-3'

Ji.r 8.00, Ji.3 5.94, H-2"), 3.54 (dd, Ju-s 12.69, Juy4 4.04, H-5"), 3.59 (dd, Jy-s 12.69, Jy4 2.98, H-5", 3.95
(ddd, Ju.s 2.98, Ju.s» 4.04, Ju.3 2.54, H-4'), 4.40 (ddd, Jus 2.54, Ju.2 5.94, Ju 2.84, H-3"), 6.21 (dd, Ju.» 8.00,
Jua 6.17, H-1".

The c'A (2) was prepared according to Mizuno ef al. [32]: 'H NMR (de-DMSO; 250 MHz): & = 8.23 (s, 1
H, H-2),7.77 (d, J4.61, 1 H, H-5), 6.48 (s, 2 H, NH3), 6.38 (d, .7 4.12, 1 H, H-6), 6.08 (m, 1 H, OH-5"), 5.86 (d,
J5.91,1H,H-1", 5.36 (m, 1 H, OH-2"), 5.14 (m, 1 H, OH-3"), 4.70 (m, 1 H, H-2"), 4.12 (m, 1 H, H-3"), 3.97 (m,
i H, H-4"), 3.57 (m, 2 H, H-5").

"H NMR (D,0; 250 MHz): & = 3.76 (dd, Ji.s 12.84, Jya 3.25, H-5"), 3.83 (dd, Jis.s+ 12.84, Jy4 2.49,
H-5", 4.23 (ddd, Ji.5» 3.25, Ji.s 2.49, Ju-3 2.38, H-4"), 4.34 (dd, Jia 2.38, J2 5.21, H-3"), 4.78 (dd, Ju.3 5.21,

Ju-r 6.78, H-2"), 6.00 (d, Ju» 6.78, H-1").

X-Ray crystal structure
P TP fima na,«,.n-v\”n1n_--_-._|;\ V2V S PRV n’)n..n1n..n1 I Y PO | RN
OINngic Cl'y ( ZE€IUL4 X UL X U.i14Min C Ay (A, PIALCS ), V.OU X U 1U X U1V ITHIL C Ad ‘D neeaics)

and 0.76 x 0.33 x 0.31 mm c'A (2)), were prepared as described and fixed at the top of a Lindemann capillary
with epoxy resin.
Crystal data

The c¢'Aq (C1; His N4 Oj, plates, A): orthorhombic; space group P212;2; (No. 19), a=6.720(2), b=
10.299(3), ¢ = 17.024(9) A, V = 1178.2(8) A?,Z =4,Dx = 1.411 Mg m>, Mo-Ka radiation (A = 0.71073 A),



c=MTIUNA V=1244 (N A3 7=4 Do =1517 Mo m> Mna.Ker radiation 2 =0 71071 X\ o =0 191
(¥ Ldeo I IT\LJ L2y ¥V LLRF NI ) oy o 4 T, LY L.Jd 7 Ivig i, IVIU=-INNK TakslauUil (A V./1VIiJ ), K V.14l
-1 — _

mm ', F(000) = 600, T =293(2) K.
Data collection and processing

Dafn 'Ar all throe camnmimdce wera enllected an a Qiemene P4 I\lIf=f‘;fI‘lD diffractamator with NAA_K

LA UL G UMHVE VWUTHPUWIIUS Wkl b V7w URL G OIS § 77 AV SVLIVIV VLT GVIVLIIU UL WIELLL IVIU-DN W
radiation and graphite monochromator.
I . - . .

c Ay, plates (A): a total of 2523 reflections were collected in a range of 2.31° <0 < 24.05°, giving 1816
indenendent reflectione MR(int) = 0 03811 The data were not corrected for ahearmntion affacte
lllu\./tl\.rll\-l\-llt IwilivwwiLliviio Ll\\lllll AVEAVIOLS lj A lilw WLl VYYwiw 11IVUL Vwllwwibad IV U JU LIVIIE VAR LD.

c'Aqg, needles (B): a total of 2356 reflections were collected in a range of 4.27° < 6 < 26.99°, giving 2203

independent reflections [R(int) = 0.0319]. An absorption correction was carried out using psi-scans (Tpmin =

02417 T = (2699

0.2417, Tmax = 0.2699).
c¢'A (2): a total of 2523 reflections were collected in a range of 1.79° < 6 < 24.98°, giving 2132
independent reflections [R(int) = 0.0279]. An absorption correction was carried out using psi-scans (T, =
0.8533, Tmax = 0.9281).
Solution and refinement
All structures were solved by standard direct methods. Full-matrix least-squares refinements based on F,’
were performed with non-hydrogen atoms assigned anisotropic thermal parameters.
All hydrogen atoms were found in Difference Fourier syntheses, but were constructed in geometrically
reasonable positions (bond lengths, bond angles). Especially, the planar geometry of the amino groups and their
orientation relative to the ring atoms was confirmed from Difference Fourier synthesis. For all hydrogen atoms
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Programs from the Siemens SHELXTL program package [33,34] were used for the solution, refinement

and graphical representation of the structures.

~ lntac fA): o tatal AF 171 maramatare wyrag rafimad cn that o Aatn / maramaatas in AF 1N £ vacniléta Tha
v Ny, PIGICD \t‘l) alwviai vl 171 pcucuuutcxa waon 1wlliitil, b5y Uiat a uawa / lJall:llllCLUl FAUU UL LU U 100U, 11
final Ry~ and wR; - values for data with I > 26(I) were 0.0479 and 0.1377. Corresponding values for all data
2
were 0.0519 and 0.1423. The goodness-of-fit based on F,” was 1.087. The absolute structure could not be
Aataraninad ralinhly fram tha Yioray dAata Ana tn tha lasnlk Af hoavy atama Tha final Aiffaranca Tanrtar mam had o
UUCICLI LIS lDllaUlJ’ 1iU1LLl wuiv ATiLa uala uuv W ouIv 1avi vl 1ieay ALUILID. 1IN RIIAL ULLINIGLIIVG L UULIVL ulap nHau a

peak maxima and a minima at 0.151 and -0.201 ¢ A, without any stereochemical relevance.

c¢'Aq, needles (B): a total of 171 parameters were refined, so that a data / parameter ratio of 12.9 results.

Tha final R._ and wR. . valn
LT Liflal INj= alill Wiy = val

data were 0.0692 and 0.1191. The goodness-of-fit based on F,2 was 1.028. The absolute structure could not be

determined reliably from the X-ray data due to the lack of heavy atoms. The final difference Fourier map had

ealk maxima and minima at 0.142 and -0.147 e A™ _ without anv stereochemical relevance
eak maxima and minima at 0.142 ana -0.147 ¢ A~ , without any sterecochemical reievance.
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¢ A (2): a total of 190 parameters was refined, so that a data / parameter ratio of 11.2 results. The final R;-
and wl raliiag far Aata with TS V4T woara N NIRRT and N NANA Carracnanding vahivas fae all dadn 1rraea N NATQ
Allul VY IR GQLULVD 1UL Uaia vviul 1 -~ LU\J} ¥YYulw V.UJ0 /7 aliu V.U Ut \_/UllUDPUllull YaliuLo 1uUl all Uata wolo U .U/ 7

7=V
and 0.0959. The goodness-of-fit based on F,” was 1.074. The absolute structure could not be determined

Further details of the structural investigations (excluding structure factors) have been deposited at the

Cambridge Crystallographic Data Centre (CCDC) (35).
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