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Abstract—The molecular structure of two adducts derived from 1,3,10-trimethyl-alloxazinium cation with methanol
and glycol respectively has been determined by X-ray analysis. The first compound was identified as a 1H-
imidazo[4,5-b])-quinoxaline ring system indicating a transformation of the original alloxazine ring system and
reactivity at the C4 site in the 1,3,10-trimethylalloxazinium cation on formation of the intermediate dimethoxy
adduct. The final R-index is 5.3% using 2658 non-zero reflexions.

The structure of the second compound implies that the original alloxazine framework is retained and that only
one ethylenedioxy-ion is involved in the reaction. The final R-index is 4.8% using 1406 non-zero reflexions.

In course of an investigation on activation and transfer
of oxygen the structures and rearrangements of adducts
derived from 1,3,10-trimethylalloxazinium cation and
mono- and di-hydric alcohols were studied.'

During this study the question arose whether mono-
hydric alcohol adduct formation of 1 (Scheme 1; R = Me)
would finally lead to structure 2b or 3 (5a or 5S¢ in
Mager's paper).

From spectroscopic measurements it was impossible to
determine the correct frame work conclusively. X-ray
analysis of the reaction product (hereafter called:
MONO) revealed the correct structural formula 2b.

In continuation it was questioned whether the same
type of ringcontraction takes place in adducts of 1 and
dihydric alcohols.

This rearrangement of the alloxazine frame work
during the reaction with glycol might proceed via 2a—
2b-2d, or after the attack of a second hydroxyethy-
leneoxide ion in 2a at C4 (Scheme 2). The last pathway
was rejected on basis of elemental analysis.

From spectroscopic measurements it was impossible
to decide whether product 2¢ or 2d (6¢c or 6d in Mager's
paper) was formed. Therefore this X-ray analysis of the
reaction product (hereafter called: Di) was started.

EXPERIMENTAL

Samples of the compounds, C,sH,oN,Os (MONQ) and
CsHsN4O4 (Di), were kindly provided by H. 1. X. Mager from
the Biochemical and Biophysical Laboratory of the Delft
University of Technology.

Crystals of MONQO were grown from methanol solution at
room temp. The crystals are monoclinic, space group P2,/c with
a=7.908 (2), b=11.940 (4), c=17.490 (6). B =105.27 (3) and
Z =4. Three dimensional intensity data were collected with the
CAD?3-Nonius diffractometer using CuK, radiation and the 8/26-
scan mode with a maximum #-value of 68.10°.

Rhombic crystals of Di, space group Pbca with a = 24 174 (9),
b=7.189 (3). ¢=16.837 (5) A and Z=8, were obtained by
recrystallization from methanol at 5°C. Intensities were collected
up to 4=26.00° with the CAD3-Nonius diffractometer using
MoK, radiation. In reduction of the intensities to F and E values
no absorption correction was made.

Structure determination. The structures were solved using
direct methods. The E-maps did reveal all heavy atoms. After
blocked full-matrix refinement the positions of the hydrogen
atoms were obtained from difference synthesis. The last cycle of
blocked full-matrix anisotropic least-squares refinement, with
fixed isotropic thermal parameters for the H atoms. converged to
the conventional R=35.3% using 2658 observed (non-zero)
reflexions (MONO) and to R = 4.8% using 1406 non-zero reflex-
ions (Di) with omission of 4 very strong low-order reflexions. The
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Table 1. Final parameters in MONO with e.s. d s in parentheses. The fractional atomic coordinates are multiplied
by 10* for the non hydrogen atoms and by 10° for the hydrogen atoms. The expression for the anisotropic thermal

parameters (A x 10%) is:

exp [-2°(07a*?U ), + K*6*¥2Cyy + 120*¥2U 5, + 2*b*khU , + b*c*kIUp + c*a*thUs))

The isotropic factors (U) are in A?x 10°.

Atom x/a y/b z/c Uy /U Uy, Uay (2P Uis Los
c1 6586(3)  3600(2; 176812)  30(1) 30(1) 3S(1) 1013 4¢1) -4(1)
c2 6073(4)  3935(2) 1004(2)  48(2) 44(2) 40(2) -2(1) 2(1) ol
c3 4934(5)  3275(3) 442(2)  6C(2) 71(2) 39(2) -6(2) -3(2) -8(2)
ca 4322(5)  2283(3) 667(2) 55(2) 66(2) 54(2) -17(2) -2(2) -24:2)
985} 4856(4}) 1340(2) 1453(2) 44(2) 41(2) 63(2) -14(1) 11(2) =430z
c6 5975(3)  2593(2)  2028{2) 27(1) 2310(1) 4a5(1) i1 701 -5(1)
cz7 5757(4) 1273(3) 3081(2) 43(2% 44.2) 75(2) 12014 1902° 11(2)
cs 7947(3) 2773(2) 3388:{2) 3zy: 2701} at(1) a4 e) 2(1)
cs eez1(3; 3658(2) 2332(1) 27(1)  27(1) 3404 2(1) Ay ae1)
c12 10565(4)  2n54(2)  3234(2)  38(1) 32(1) 45(2) 301) 65(1) -6
Cc114 11366(4)  342¢(3)  2342(2)  44(2) B65(2) 63(2) -6(2) 2 202)
C12 S601(5) 1202(3)  4327(2) B4(2) 47(2) 56(2) 12(2) 21(2)
€13 5975(5)  3805{3)  3973(2) 66(2) S6(2) 73(2) 25(2) £02)
C14 9853(4) 44CE(2) 3629(2) 38(1) 34(1) 386(1) -201) <
€15 10253(5) 6281(3) 4157(2) 90(3) 44(2) 57(2) -502) -14021
N1 7655(2) 4259(2) 2384(1) 3804) 0 z24(1) 38(1) -4(1) 301)
N2 8411"] 2328102) 2834 (1) 35015 3101 aac) -7 301
N2 2347(2!) 2726(1: 30013 35(1) 4101 2015 o
N4 1546{2. 364G(1) 36(1)  31(1) 53(1) 1243) 1201)
01 11841¢ 3] 1543[2] 330201} 43(1) 4501) 7504} 19(1) 13[1] -501
az 756013) 154(2) 4084(1) 44(1)  4401) 41013 a1y 1601} 1)
a3 11301(3) 41Q/[4) 4081(1) 31(1) 5601} E1(1) (1) =201 S50
(o3 9217’3] 3536(1) 63(1) 32(1) 46(1) 4(1) -301) =420
H1 502) 223(1)  3i
¥ i4) 874) 44
H3"7 1043 -1102; 57
141 27242) 57
H51 445043 162(2) 48
471 457 (4] 4175(2) 233(2) 55
H72 501(4) 12602) 373(2) 55
H73 6332(4) 26(2) 784(2) 55
H111 1076(4) 374(7) 59
F112 1238(4) 4011023 <9
Hi43 4214(4) 5S¢
121 88€E(4; a7 1’2- 56
H12?7 107604 463(7) 58
H123 9:6(4) 45(2) A16(23 54
H131 431(4) 330(3) 392(2) 54

132 585(4) 432(3) 350(2) 54

1133 R14(4) 429(3) £43(7) B4
H151 1033(4) J3[i] L56102) 583
1152 3:004) ¢ 406125 54
E253 1141(4) 43:3; 40102? £4
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Fig. 1. Bond lengths (;\) and bond angles (%) in MONO. The estimated standard deviations (e.s.d.’s) are 0.004 A for
distances between non-hydrogen atoms and 0.03 A for distances to hydrogen atoms. The e.s.d.’s of the angles given
are around 0.2°.

Fig. 2. ORTEP drawing of the molecule MONO.
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Table 2. Final parameters in Di with e.s.d.’s in parentheses. The fractional atomic coordinates are multiplied by 10

for the non-l_l

y

drogen atoms and by 10° for the hydrogen atoms. The expression for the anisotropic thermal

parameters (AZx 10%) is:

exp [-2(h%a**U |, + K%6*? Uy + 1%0*2U ;3 + a*b*khU , + b*c*k1Uss + c*a* 1hUsy

The isotropic factors (U) are in A?x 10°.

Atom x/a y/b z/c U /v Uszg U3, Uy2 Uys Uz
c1 1130(2) 3719(6) 4559(2) 27(2) 38(2) 34(2) 3{2) -1(2) 2(2)
c2 900(2) 4314(7) 5371(3) 38(2) 57(3) 45(3) 5(2) 11(2) -3(3)
c3 1176(2) 5558(8) 5855(3) 56(3) 684(3) 45(3) 12(3) 6(2) -22(3)
c4 1689(2) 6186(7) 5651(3) 59(3) 43(3) 56(3]) 2(3) -6(3) -16(3)
cs 4930(2) 5630(6) 4844(3) 43(2) 33(2) 328(2) -3(2) -5(2) 0(2)
Ceé 1647(2) 4397(6) 4447(2) 30(2) 35(2) 28(2) -1(2) -3(2) 3(2)
c7 1048(1) 2230(5) 3357(2} 23(2) 32(2) 36(2) -3(2) -3(2) 3(2)
cs 1683(1) 2292(6) 3314(2) 21(2) 36(2) 3102} -1(2) -3(2) 0{2)
cs 4080(2) -1083(7) 3357(4) 42(3) 34(3) 75(4) -5(2} -2(3) 5(3)
c10 1684(2) -1023(7) 3284(4) 43(3) 37(3) 79(4) 10(2) 2(3) 42(3)
c11 1889(2) 2469(6) 2461(2) 30(2) 31(2) 37(2) -7(2) 1{2) -6(2)
c12 1041(2) 4184(6) 2143(3) 36(2) 44(3) 45(3) 4023 -4(2) 6(2)
c13 1793(2) 3899(8) 1163(3) 52(3) 52(3) 35(3) -12(3) 6(2) -1(2)
Cc14 261(2) 4358(8) 3032(4) 30(2) 56(3) 68(4) 7(2) 1{2) 6(3)
c1s 350(2) 1566(8) 4443(3) 36(3} 66(4) 53(3} -20(3) 15(2) 0(3)
N1 875(1) 2399(5) 4172(2) 27(2) 44(2) 35(2) -12(2) 6(1) -1(2)
N2 18739(1) 3872(5) 3724(2) 28(2) c4(2) 38(2) -17(2) 5(1) -4(2)
N3 1€61(1) 3445(5) 1958(2) 39(2) 34(2) 30(2) -1(2) 2(2) 4(2)
N4 828(1) 3724(5) 2863(2) 25(2) 36(2) 41(2) 4(2) -3(2) 5{2)
01 1502(1) 642(4) 3663(2) 28(1) 44(2) 52(2) 101 -6(4) 17(2)
02 847(1) 573(4) 3018(2) 28(1) 35(2) 48(2) -8(1) -4(1) -2(1)
03 803(1) 5190(5) 1679(2) 62(2) 73(2) 65(2) 18(2) -3(2) 30(2)
24 2340(1) 1877(4) 2268(2) 33(2) 53(2) 47(2) 31 3(1) -6(2)
H2 218(2) 422(86) 363(2) 36
H21 55(2) 385(6) 553(2) 43
H31 104(2) £94(6) 637(3) 52
H41 187(2) 731(6) 5397{(3) 52
H51 232(2) ECI(5) 476(2) 39
H31 G8(2) -114(6) 392(3) 51
H32 92(2) -214(6) 306(2) 51
H101 180(2) -110(6) 268(3) 52
H102 185(2) -202(8) 357(3) 52
H131 191(2) 267(86) 92(2} 46
H132 214(2) 459(86) 123(2) 48
H133 148(2] 440(8) 79(2) 45
H141 0(2) 335:6) 307(3) 51
H142 16(2) 524(6}) 262(3) 51
H143 25(2) 4398(86) 359(3) 51
H151 20(2) 78(6) 401(3) 558
H152 6(2]) 255(7) 457(2) 55
H153 40(2) 87(6) 434(3) 55
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Fig. 3. Bond lengths (A) and bond angles () in Di. The estimated standard deviations (e.s.d.’s) are 0.005 A for

distances between non-hydrogen atoms and 0.004
given are around 0.3°.

for distances to hydrogen atoms. The e.s.d.’s of the angles
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Fig. 4. ORTEP drawing of the molecule Di.

final difference maps did not show any special feature. The final
atomic coordinates, the temperature factors and their standard
deviations (e.s.d.’s) as calculated from the refinement are given in
Tables 1 and 2. A list of Fy and final F, values is available from
the laboratory.

All calculations were done using the “X-ray-system".z

RESULTS

Figure 1 shows the bond distances and bond angles in MONO.
For the sake of clarity the bond angles involving H atoms are not
included. An impression of the molecule is given in Fig. 2.

The X-ray analysis clearly indicates the transformation of the
original alloxazine ring system into a fused imidazoquinoxaline
ring system. The substituents on the bridge-C atoms are a OMe-
and a methoxycarbonyl group respectively. Therefore, the reac-
tion product investigated has the structural formula 2b (R = Me).

It is likely that the dimethoxy adduct 2a is rearranged as indi-
cated in Scheme 1 implying reactivity at the C4-site in 1.

Figure 3 shows the bond distances and bond angles in Di. For
the sake of clarity bond angles involving H atoms are not
included.

An impression of the molecule is given in Fig. 4. The X-ray
analysis shows that the original alloxazine ring system is not
changed suggesting no reactivity at the C4 site in 1. Only one
molecule glycol is involved in the reaction; the bridge-C atoms
C4° and C10° together with the ethylenedioxy moiety, form a
chairlike 6-membered ring. The reaction product investigated has
the structural formula 2°.
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