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SYSTEMATIC TABLES OF MONO- AND POLY-N-METHYLATED
ADENINES: ACID DISSOCIATION CONSTANTS AND UV AND

NMR SPECTRAL DATA

Tozo Fujii* and Taisuke Itaya

Faculty of Pharmaceutical Sciences, Kanazawa University, Takara-
machi, Kanazawa 920-0934, Japan

Abstract —— Available data regarding acid dissociation constants
and UV, 1H NMR, and 13C NMR spectra of all the five positional iso-
mers (2—6) of N*-methyladenine, 10 known isomers (7—-16) of N*,N”-
dimethyladenine, nine known isomers (17-25) of N*, N N®-trimeth-
yladenine, and five known isomers (26-30) of tetra-N-methylated
adenine are tabulated for convenience of ready comparison, with 117

reference citations.

Because of its unique chemical structure of bearing one exocyclic and four endocyclic
nitrogen atoms, adenine (1) permits a variety of N-substitution patterns in principle:
five kinds of mono-N-substitution, 11 kinds of di-N-substitution, 15 kinds of tri-N-sub-
stitution, 15 kinds of tetra-N-substitution, 11 kinds of penta-N-substitution, five kinds
of hexa-N-substitution, and cne kind of hepta-N-substitution. Indeed, all kinds of mono-
and di-N-substitution patterns (with the exception that genuine 1,3-disubstituted ade-
nines still remain unknown), most of the tri-N-substitution patterns, and several of the
tetra-N-substitution patterns have been shown to occur in nature as well as by chem-
ical synthesis.1-8

QOur recent review articles have treated the chemistry, physicochemical properties, and
biological activities of N*-methyladenines,® N*, N¥-dimethyladenines,” N*, N¥,N*-tri-
methyladenines,8 more highly N-methylated adenines® (all of them are the prototypes of
known N-substituted adenines), and N*-oxygenated adenines.® Among physicochemical
properties, the acid dissociation constants and UV absorption spectra are important
criteria of identity and homogeneity, frequently the most useful, for purines, as Lister
pointed out in his monographl©a and quoted earlier examples of use of these techniques
for structural assignments.10b.¢ Later on, the rapid development of NMR spectroscopy
has revolutionized the approach to structural and kinetic problems in this field.10d It is
the intention of the present review to tabulate available data concerning acid dissocia-
tion constants and UV, 1H NMR, and 13C NMR spectra of all the five positional isomers
(2-6) of N*-methyladenine, 10 known isomers (7-16) of N*,N?-dimethyladenine, nine
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known isomers (17-25) of N* N, N*-trimethyladenine, and five known isomers (26-30)
of tetra-N-methylated adenine for convenience of ready comparison (Tables I-VIII).
Such tabulation of physicochemical data stands as supplements to that appeared in
earlier reviewsl~3,11 and to our recent reviews.6-8

TABLE L. pK, Values of Mono- and Poly-N-methylated Adenines

Compound (Neo.) Solvent?)  Method?) Pha Literature
basic acidic {ref. No.}
N6-Methyladenine (2) H,09 (T} <1, 4.18 + 0.02 9.99 + 0.05 (12, 27)
H,0 () 4.1 10.0 (13)
H,O? 19)) 42 10.0 (14, 15)
D0 (N) 4.1 10 (13)
1-Methyladenine (3) A (T) 6.95 11.9 (16)
H,0¢) () 7.11 £ 0.05 an
H,09 ) 7.35 £ 0.03 an
H,0 15 7.2 11.0 (14, 18)
3-Methyladenine (4) A (T 5.3 (16)
H,0 () 5.7 (19)
H,0 ) 6.1 (20, 21)
7-Methyladenine (5) A (T) 3.6 (16)
A (T) 35 (22)
H,O (U) 3.6 2D
H0 (U) 4.2 (20)
B () 14.7 (23)
9-Methyladenine (6) A (T) 3.25 (16)
H,08) (T} 3.88 + 0.01 (24)
H,0 '18)) 3.9 (20, 21)
H,09 (U) 3.92 (15)
C (T) 4.45 + 0.03 (25)
DMSO8) () 3.69 + 0.02 (24)
B (U) 16.7 (23)
B® (U) 17.0 " (26)
N6 NO-Dimethyladenine (7) H0 (T) 3.87 10.5 (12, 15, 27, 28)
H,0 L)) 3.9 10.0 (14)
H,0¢ (N) 4.3 10 (13)

(continues)
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TABLE I (continued)

pKa
Compound (No.) Solvent?) Method?) Literature
basic acidic (ref. No.)

H,0 (U) 4.4 10.1 (19)

H,0 (U) 4.45 9.95 (13)

D0 (T) 4.10M (29)

D (T) 10.54 (30)

DMSO (T) 13.0 (31)

E (T) 14.7 (32)

N6.9-Dimethyladenine (11)  H,0O (U) 4.02 +0.03 (33)

H,O? () 4.12 +0.03 (34)

F (U) 3.8+ 0.05 (35)

1,7-Dimethyladenine (12)  HpO° (U) 6.50 + 0.10 (17)

12-HClOy4 H,07 (U) 7.86 + 0.03 (36

1,9-Dimethyladenine (13)  Hp0 (U) 9.03 + 0.05 (17)

F () 9.1 +0.05 (35)

13-HCIO4 H,0° 1)) 9.08 + 0.07 (33)

H,0” (U) 8.94 % 0.05 (33)

H,0k (U) .96 + 0.06 (37

H,0% (U) 8.97 + 0.03 (38)

N6,N® Nb.Trimethylade-  H,0% (U) 6.46 (15)

nine [17 (X = CD)] H,0O (T 6.8 (39)

H,0°) (U) 6.85 (40)

N6, N6 3-Trimethylade- H>O L)) 5.8 (19)

nine (19)

N6 N69-Trimethylade- H,0¢ (U) 4,04 (15)

nine (21) H,08) (L) -0.75 £ 0.20, 4.15 £ 0.05 4

NS,1,9-Trimethylade- H,O (T) 10.00 £ 0.01 (42)
nine hydriodide (22-HI)

N6,3 7-Trimethylade- H20 (T) 11.60 (42)

nine hydriodide (23-HI)

{continues)
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TABLE I (continued)

pKa
Compound (No.) Solvent?)  Method?) Literature
basic acidic (ref. No.)
N6.3.9-Trimethylade- H,0 (T) 11.00 £ 0.04 (42)

nine hydriodide (24-HI)

a) A = 50% aqueous DMF; B = aqueous DMSO containing tetramethylammonium hydroxide; C = 0.1 M
aqueous NaClQy at 298.2 K; D = 59% (v/v) aqueous EtOH; E = MeOCH;CH;0H; F = 0.1 M aqueous
NaCl. &) The letter in parentheses refers to the determination method with N, H NMR spectroscopy; T,
titrimetry; U, UV spectrophotometry, ¢) At 20°C.  d) At 25°C and ionic strength 0.10. ¢) At ca. 40°C.
AAL12°C.  g) At25°C.  h) For the N(1)-deuterated species. i) At 20°C and ionic strength 0.01, ;) At
40°C and ionic strength 0.5. k) At 40°C and ionic strength 1.0,

TABLE II. UV Spectral Data of N-Methyladenines (2-6)@

Literature
Compound (No.) Solvent pH Amax (nm) ex 1073 (ref. No.)
N6-Methyladenine (2) 95% EY) 266 15.8 (43)
95% EP) 267 15.7 (44)
MeOH 267 17.6 (45)
H,0 266 16.4 (46)
H>O acidic 267 14.9 (16)
H20 -8.4—-11.1 264 17.2 13
—4.4 263, 270 13.6, 13.1 (13
-0.3-1.0 264, 269 14.6, 14.6 (I3
1 266 15.8 (46)
1 266 14.9 (43)
1 267 14.9 (44, 47, 48)

1 267 15.2 (14)
1 267 16.3 (45)

2.02 267 (log € 4.18) (27a)
6.8 267 16.0 {13)
7 266 15.8 (43)
7 267 15.8 (44)

7.12 266 (log € 4.21) (27a)
basic 272 15.2 (16)

11 272 153 (47, 48)

11 272 17.2 (45)

12.00 273 (log £ 4.20) (27a)

(continues)
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TABLE Il {continued)
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Literature
Compound (No.) Solvent pH Amax (nm) ex 1073 {ref. No.)

H,0 12.9 278 15.6 (13)
13 272 16.3 (46)

13 273 15.6 (43, 44)
13 273 15.8 (14)
I-Methyladenine (3) H,O acidic 259 11.7 (16)
1 257.5 11.8 (49)
1 259 11.6 (14)

4 259 11.7 (18, 50)
8 270 11.9 (51)
basic 270 14.4 (16)
11 268.5 12.1 (49)

13 270 14.4 (14, 18, 50
3-Methyladenine (4) H,O acidic 274 17.0 (16)
acidic 2749 15.9 (50)
1 274 17.0 (48)
1 274 179 (52)

1 2749 15.9 (51, 53)
2 274 15.9 (18)
7 274 (log £ 4.01) (54)
basic 2720 13.6 (50)
basic 273 13.3 (16)
11 273 13.3 (48)
11 273 13.1 (52)
11 2724) 13.6 (53)
13 273 12.8 (18)
7-Methyladenine (5) EtOH 269, 283¢) 11.6, 6.9 (55)
EtOH 272 9.5 (56)
A 271 (log £ 4.01) (23)
H,0O 269, 280¢) 11.9, 7.3 (55)
H,0 acidic 272 15.05 (16)
1 273 14.0 (48)
1 272 15.05 (57
1 272 15.4 (55)
1 2728) 13.8 (53)
1.20 273,5h) 16.3 (50)

{continues)
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Literature

Compound (No.) Solvent pH Amax (nm) gx 1073 (ref. No.)
BY 269 14.6 (58)
H,0 basic 270 10.5 (16)
o) 300 (log £ 4.06) (23)
Dk 269 11.4 (58)
H,0 11 270 10.55 (57)
11 268 10.6 (48)
11.95 270.5% 12.5 (50)
12 2708) 10.5 (53)
13 270 11.1 (55)
9-Methyladenine (6) EtOH 262 12.5 (56)
A 262 (log € 4.18) (23)
BY 260 15.5 (50)
260 14.2 (58)
H,0 acidic 260 14.2 (16)
1 261 14.6 (59)
i 260 13.7 (48)
6 261 13.1 (60)
7 263.0 (log € 4.09) (54)
o) 286 (log £ 3.99) (23)
H;0 basic 260 14.7 (16)
ph 260 14.7 (58)
260 15.5 (50)
H,0 11 262 11.9 (59)
11 261 14.0 (48)

@) Selected from the literature recording Amayx values together with molar absorptivities for N

methyladenines.
b) 95% aqueous EtOH.

¢) All other spectra at different pH's cross at the isosbestic points at 240 and 281 nm.
d) All other spectra at different pH’s go through the isosbestic points at 240 and 281 nm.

e) Shoulder.

f} 30-55 mol% aqueous DMSO.
£ All other spectra at different pH's cross at the isosbestic points at 221, 232, and 251 nm.
h) All other spectra at different pH’s cross at the isosbestic points at 222, 236, and 250 nm.

i) 0.05 N aqueous HCL.

J) 86-96 mol% aqueous DMSO containing tetramethylammonium hydroxide.

k) 0.05 N aqueous NaOH.
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TABLE III. UV Spectral Data of N*,A’-Dimethyladenines®

Literature
Compound (No.) Solvent pH Amax (nm) ex 1073 (ref. No.)
N6 Nb-Dimethyladenine (7) H20 ~11 269.5 18.3 (13}
-34--44 237 14.4 (13
1 277 15.6 (14, 17)

1.0-2.0 276 16.0 (13

1.70 276 (log £ 4.19) (27a)
6.0 275 19.0 (13)

6.98 275 {log £ 4.25) (27a)
neutral 275 17.3 (61)
basic 281 17.6 61)
11 281 17.0 4N
12.8-13.7 281, 289 19.0, 154 {13)
13 281 17.8 (14

13.0 221, 281 (log e 4.21,4.25) (27a)
7-HCl H;0 1 277 156 {62y
N 1-Dimethyladenine (8)  MeOH 276 12.2 {45
Hz0 1 262.5 10.4 {63)
1 261 12.9 (45)
7 269 9.6 (63)
11 274 12.7 (45)
13 275 10.8 (63)
N®,3-Dimethyladenine (9) 95% Eb) 291 13.6 43
H,O 1 282 18.6 (43}
1 281 19.62 (52)
7 285 14.5 (43)
11 287 14.50 (52)
13 286 14.1 (43)
NO,7-Dimethyladenine (10) EtOH 276 18.6 (57)
272,278 (loge4.ll,4.12) (65)
95% E» 2739278 13.8, 14.1 (66}
H»O 1 280 16.0 (57)
1 279 16.8 (66)
1 278 (log £ 4.24) (65)

(continues)
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Literature
Compound (No.) Solvent pH Amax (nm) ex 1073 (ref. No.)
H,0 7 276 15.1 (66)
11 275 14.3 (57)
13 276 15.0 (66)
N6,9-Dimethyladenine (11)  95% E? 268 14.7 (33)
H,0 1 265 16.0 (33)
1 265 15.3 (59)
1.9 209,264  (log € 4.25, 4.23) (34)
6.5 209, 267 (log € 4.27, 4.20) (34)
7 268 (log € 4.10) (54)
7 268 15.1 (33)
13 268 15.1 (33)
13 268 14.0 (59)
N6.9-Dimethyladenine-2-d ~ H;0 1 263 16.7 (67)
7 267 15.7 (67)
13 267 15.9 (67)
1,7-Dimethyladenine (12) EtOH 264.5 (log € 3.93) (65)
H,0 1 270 (log € 3.86) (65)
12-3/5H,0 H,0 1 269, 282¢) 9.50, 5.30 (68)
7 269, 282¢) 9.50, 5.30 (68)
13 264.5 11.1 (68)
12-HCIO4-1/5H20  H,0 1 270, 282¢) 9.42, 5.40 (69)
7 270, 283¢) 10.1, 5.80 (69)
13 265 12.1 69)
1,9-Dimethyladenine (13) H>O acidic 259 13.0 {an
13.-TsOH H,0 1 259 10.6 (45)
11 259 10.4 45)
13-HCIO4 95% Eb) 261 13.5 (33)
H,0 1 261 13.6 (33
7 261 133 (33)
13 261 14.1 (33)

(continues)
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Literature
Compound (No.) Solvent pH Amax (nm) ex 1073 (ref. No.)
| 9-Dimethyladenine-2-d hy- 95% E?) 259 11.6 (67)
driodide (13-2-d-HI) H,O 1 260 12.3 o7
7 259 123 (67)
13 260 13.2 (67)
3,7-Dimethyladenine (14)
14-HI 95% Eb) 276 16.2 (70}
MeOH 278 16.9 (45)
H,0 1 276 16.3 (45)
1 225,277 24.2, 16.3 (70)
7 225,277 244, 16.6 (70)
13 225, 282 19.5, 14.7 (70)
14 225, 281 17.8, 14.0 (43)
14-HCI0, 95% EP) 225, 279 9.50, 14.7 (71)
Hy0 1 223,277 11.4, 16.7 (71)
7 223,277 11.4, 16.7 (71}
13 282 14.8 (71)
3,9-Dimethyladenine (15)
15-HC1-0.4H,0 95% EP) 272 15.5 (72)
H,0 1 270 157 72)
7 270 15.6 (72)
13 unstable (72)
15-HCIO4 95% EP) 272 15.4 (72)
Hy0 1 270 15.6 (72)
7 270 154 (72)
13 unstable {72)
3,9-Dimethyladenine-2-d hy- 95% ED 272 15.5 {73)
drochloride (15-2-d-HCl) H»>0O 1 271 15.5 (73)
7 271 15.5 (73)
13 unstable (73)
15-2-d-HIC1O4 95% EP 272 12.6 (73)
H,0 1 271 15.7 (73)
7 271 15.7 {73)

{continues)
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TABLE III (continued)

Literature
Compound (No.) Solvent pH Amax (nm) £x 1073 (ref. No.)
H-0 13 unstable (T
7,9-Dimethyladenine (16)
16 (X =T1) 95% EP) 273.5 11.6 (74)
MeOH 270 11.9 (75)
H,0 1 269 12.0 (74)
7 270 12.0 (74)
13 unstable (74)
16 (X = ClO4) 95% EY 273 11.5 (71
H,0 1 268 1.9 (71)
7 269 12.1 (71)
13 unstable (7hH)
7,9-Dimethyladenine-2-d (16-2-d)
16-2-d (X =1) 95% EP) 272 11.8 (66)
H,0 1 268 12.1 (66)
7 269 12.3 (66)
13 _ unstable (66)

a) Selected from the literature recording Amax values together with molar absorptivities for N, N”-dimethyl-
adenines. b) 95% aqueous EtOH, ¢) Shoulder, ) With a shoulder at 271 nm (log £ 4.17).

TABLE IV. UV Spectral Data of Tri- and Tetra-N-methyladenines®

Literature
Compound (No.) Solvent pH Amax (NIM) £x 107 (ref. No.)
N6, N6, N6-Trimethyladenine (17)
17 (X =CDh H,0 1 265.7 8.27 (76}
4.0 265 (log £ 3.95) (40)
5 267 10.0 (51
9.0 209, 272 (log £ 4.32, 3.839) 40)
A 1:1 mixture of 17 (X = H,0 1 266 7.90 {17
Ch and 17 (X = MeO) 7 268 6.75 (7N
13 273.5 6.71 (7N

(continues)
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TABLE IV (continued)

Literature
Compound (No.) Solvent pH Amax (nm) ex 1073 (ref. No.)

zwitterionic form (6-tri- H>O 1 265 (log £ 3.94) 39
methylammoniopurinide) 10 274 (log £ 3.86) (39)
NO6,N6,1-Trimethylade- H,0 | 221, 293 13.5, 12.2 (78)
nine (18) 1 293 12.2 (64)
7 215, 298 14.0, 12.6 (78)
7 298 12.6 (64)
12 232, 30 13.4, 13.6 (78)
12 301 13.6 (64)
N6, N6 3-Trimethylade- EtOH 277.9) 297 9.8, 18.0 (79)
nine (19) 959% E°) 299 15.6 (80)
H,O 1 291 204 (80)
1 290 20.4 (78)
5 291 16.6 (51)
7 294 16.8 {8y
7 222, 292 11.3, 16.6 (78)
12 293 16.4 (78)
13 295 16.3 (80)
N9, N6 7-Trimethylade- H,O 1 223, 293 9.0, 18.1 (78)
nine {20) 1 293 18.7 (64)
7 222, 291 13.0, 14.4 (78)
7 291 14.4 (64)

12 291 14.4 (64, 78)
N®, N®9-Trimethylade- 95% E° 277 17.6 (80)
nine (21) H,O 1 270 19.5 8D
1 270 17.6 (80)
1 269 15.6 (78)
1 269 14.4 (59)
AD acidic 269.5 17.6 (82)
H,0 7 278 18.3 (80)
7 276 18.1 (81)
7 214, 276 15.5, 16.0 (78)
11 277 16.8 (59)
12 276 16.3 (78)

(continues)
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TABLE IV (continued)
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Literature
Compound (No.) Solvent pH Amax (nm) gx 1073 (ref. No.)
H;0O 13 278 18.3 {(80)
14 277 18.1 (81)
B®) basic 276 18.5 (82)
N6,1,9-Trimethyladenine (22)
22.HI H,0O 262-264 (loge 4.10) (42)
22.-HClIOy4 95% E¢) 263 13.5 (43)
H>O 1 263 13.7 (43)
7 263 13.7 (43)
13 263/ 14.9 (43)
N6,3,7-Trimethyladenine (23)
23-HI HO 284-286 {log € 4.25) (42)
23.HCIO4 95% E) 286 18.5 (43)
H>O 1 284 18.5 (43)
7 284 18.5 (43}
13 285 10.9 {43}
N6,3,9-Trimethyladenine (24)
24-HI H,0O 280-282 (log € 4.16) (42)
24.HCIO4 95% E¢) 282 15.3 @3
H,O 1 221, 281 23.3, 159 43
7 221, 280 23.1, 158 (43)
13 unstable (43)
N©,7,9-Trimethyladenine (25)
WX =D H,0 278-280  (loge 4.16) (42)
N6, N6, N6 9-Tetramethyladenine (26)
26 (X=CDH H>O 4.0 267 (log € 3.89) (40)
26:2.5H,0 (X =Cl) H;0 1 267.5 7.80 (83)
7 268 7.80 (83)
N6 NB.1.9-Tetramethyladenine (27)
27 (X=1 H)O 292 (loge 4.12) (84)

(continues)
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TABLE 1V (continued)

Literature
Compound {No.) Solvent pH Amax (nmm) ex 1073 (ref. No.)
N6, N6 3,7-Tetramethyladenine (28)
28 (X = 1) HaO 298 (log € 4.29) (84)
28 (X = ClOy) Ho0O 298 (log € 4.29) (84)
N€ N© 3 09-Tetramethyladenine (29)
20(X =1 95% E°) 290 18.1 {85)
H»O 286 (log £ 4.31) (84
H50 1 223, 288 24.0, 18.1 (85)
7 223, 288 242, 18.2 (85)
13 unstable {85)
N6 N® 7.9-Tetramethyladenine (30)
WX=D H,0 296 (loge 4.18) (84)

a) Selected from the literature recording Amax values together with molar absorptivities for tri- and tetra-N-
methyladenines. &) Shoulder. ¢} 95% aqueous EtOH. d) 0.1 N aqueous HC1 + 10% EtOH. &) 0.1
N agueous NaOH + 10% EtOH. /) With shoulders at 270 (g 12800) and 295 nm (g 3400).

TABLE V. |H NMR Spectral Data of N*-Methyladenines (2-6)

Chemical shift (§)%

Compound (No.)  Solvent? Literature
Me C(2-H C@B-H C®)-NHor NH (ref. No.)
-NH,

N6-Methyladenine (2) A 3.01 8.22 8.07 7.26-7.66°) 12.30-13.409) (46)
A 2.97 8.10 8.22 (64)

A 2.96 8.07¢) 8.199 7.56 12.88 (44)

B 3.28 8.39 8.49 (13)

C 2.97 7.94 7.94 (13)

D 3.12 7.95 8.19 (13)

1-Methyladenine (3) A 3.76 8.16 8.40 (64)
A 3.70 8.15 7.84 21

3-Methyladenine (4) A 3.91 7.77 8.29 7.83 (86)
A 3.89 8.29 7.76 7.76 (87)

(continues)
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TABLE V (continued)

Chemical shift (8)?)
Compound (No.) Solvent?) Literature
Me C(2H C(8-H C(6)-NHor NH (ref. No.)
-NH»
A 7.8 (88)
A 3.90 8.30 7.77 7.83 2n
A 3.91 8.27 7.77 (89)
E 3.97 8.65 8.72 9.17, 9.20 (90)
F 3.99 7.79 8.22 (90)
4.-HCl A 4.00 8.73 8.61 (89)
7-Methyladenine () A 3.99 8.12 8.12 6.78 (86)
A 6.8 (88)
A 3.91 8.16 8.16 6.90 (21)
5.HCIO4 G 4.21 8.67¢) 8.779) 8.91 9.78 (55)
9-Methyladenine (6) A 3.71 8.08 8.14 7.17 (26)
A 3.71 8.14 8.08 7.19 1)
A 3.73 8.07 8.01 7.10 92)
A 3.71 8.06°) 8.13¢) 7.17 (93)
A 3.70 8.07) 8.13¢) 7.18 (94)
A 3.72 8.16 8.08 7.18 (95)
A 3.69 8.13 8.06 7.13 (96)
A 3,72 8.15 8.09 7.12 (21)
H 8.229 8.069 (97)
H 3.78 8.07 8.03 ) (98)
I 8.31 8.17 99)
A 3.72 8.15 8.08 7.16 (100)
9-Methyladenine-2-d A 3.72 S 8.08 7.16 (100)

a) In ppm, relative to Me4Si.

b) The letter refers to the solvent with A, DMSO-dg; B, D20 at pH 1-2.8; C, D;0 at pH 5.5; D, D20
at pH 12.3; E, DMSO-dg + 1% CF3CO2D:; F, acetone-dg; G, DMSO; H, D20; I, CD3C0O2D.

c¢) Not particularly assigned in the literature quoted.

d) Relative to 4,4-dimethyl-4-silapentanesulfonic acid.
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TABLE VI. 'H NMR Spectral Data of ¥, N-Dimethyladenines

HETEROCYCLES, Vol. 51, No. 9, 1999

Chemical shift (§)®

Compound (No.) Solvent?) Literature
N-Me NMe C2-H C@8-H NH; NH (ref No.)
N6, N6-Dimethyl- A 8.19 8.07 (101)
adenine (7) A 8.19¢  8.079 (102)
B 82090  R.O74 (103)
B 3.44¢} 8.18 8.09 (104}
B 3.87¢) 8.32 8.20 (105)
C 3.58¢) 8.39 7.96 (106)
D 3.459) 8.21 8.11 (107)
E 3.65¢) 8.35 8.43 (13)
F 2919 7.63 7.53 (13)
G 3.37¢) 7.92 8.08 (13)
NS, 1-Dimethyl- D 2939 316D 7649 7749 (63)
adenine (8)
N6, 7-Dimethyl- C 8.55 7.81 (108)
adenine (10}
N6 9-Dimethyl- ch 3.158) 376" 8.38 7.65 ca. 649 (109)
adenine (11) C 3.228) 3830 844 7.71 5.829 (67)
C 3.238) 3820 843 7.71 5.809 (110}
H 3.208) 3797 8.19 7.49 (a1
B 2.988) 3720 822 8.07 7.619 (67)
P 3.44,3518 4230 8730 9259 (42)
D) 31380 381" 829 8.00 (107)
N6.9-Dimethylade- C 32280 3830 7.71 5.849 (67)
nine-2-d (11-2-d) B 298¢  372B) 8.07 7.619 (67)
1,7-Dimethyladenine (12)
12-3/5H;0 B 3370 4000 788D 790D 6.84 (68)
12-HClO4 1/5H;0 B 3.800 4,12 8549 8619 8.82 (69)
1,9-Dimethyladenine-2-d hydrio-
dide (13-2-4-HI) B 3.800 383 8.47 9.1,9.7  (67)

3,7-Dimethyladenine (14)

{continues)
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TABLE VI (continued)

Chemical shift (§)®
Coempound (No.) Solvent?) Literature
N-Me N-Me C(2-H CB8-H NH; NH (ref. No)

14-HI B 3.95m 4110 8609 8739 n o (70)
3,9-Dimethyladenine (15)
15-HC1-0.4H0 B 421" 4117 8.61 8.34 9.10, 9.16  (73)
15-HCIO4 B 4.19™  4.10P  8.58 8.32 9.10,9.17 (72
3,9-Dimethyladenine-2-d (15-2-4)
15-2-d-HCI B 421" 4100 8.34 9.10, 9.17  (73)
15-2-d-HClO4 B 419" 4100 8.31 9.10, 9.17  (73)
7,9-Dimethyladenine (16)
16(X=1) B 4,190 389" .44 9.57 7.93 (74)
B 8.44 9.65 (75)
16 (X = ClOg) B 4140 385" 8.40 9.50 7.89 (71)
16-2-d (X = 1) B 4.180 388" 9.56 7.95 (66)

@) In ppm, relative to Me4Si.

b) The letter refers to the solvent with A, DMSO; B, DMSO-dg; C, CDCl3; D, D20; E, HyO at pH
2.6; F, HpO at pH 3.5; G, H20 at pH 12.3; H, CCly; I, CF3CO2H.

¢) Relative to sodium 3-trimethylsilyl-1-propanesulfonate.

d) Not particularly assigned in the literature quoted.

€) N6-Me; proton signal.

) Hexamethyldisiloxane was used as an internal reference.

g) N6-Me proton signal.

k) N(9)-Me proton signal,

iy C(6)-NHMe signal.

/) -BuOH was used as an internal reference.

k) N(1)-Me proton signal.

1) N(7)-Me proton signal.

m) N(3)-Me proton signal.

n) Two broad one-proton signals at & 8.25-8.65 and 9.0-9.35.
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TABLE VII. 1H NMR Spectral Data of Tri- and Tetra-N-methyladenines

Chemical shift (§)2

Compound (No.) Solvent?) Literature
NS-Me N-Me N-Me C2)-H C(B-H NH (ref. No)
N6 N6 NO_Trimethyladenine
17 (X =CD A’} 3.95 8.95 8.70 (40)
B4 3.83 8.93 8.67 (83)
ce 9.28 9.03 (102)
zwitterionic form ~ BY  3.87 .97 8.75 (83)
N6_N6 3-Trimethylade- D¢} 3.64,3.77  4.200 8.628)  8.998) (84)
nine (19) E 3.40, 3.888) 4.009 7.928)  8.028) (80)
F 3.40 3.90) 8.25 8.35 51
N6 NS 0-Trimethylade- D? 3.75 4.14M 8.708)  9.178) (84)
nine (21) G 3.518) 3.768) 7.508) 8128 (80)
E 3.54 3.8170 8.37 7.70 (67)
E 3.53 3.78M) 8.35 7.69 (92)
F 3.44 3.72M 8.19 8.05 (112)
F 3.45 3.720 8.22 8.10 (67)

N6,1,9-Trimethyladenine (22)
22.HI e 3.72,3.80  4.11) 418" 8782 9468 8.28-8.58 (42)

N©.3,7-Trimethyladenine (23)
23.HI Do 3.30, 3.40 423" 4380 8788 9088 778 (42)

N6,3.9-Trimethyladenine (24)
24-HI Do) 3.37, 3.44 4460 451" 8768 9518 943 (42)

N©,7 9-Trimethyladenine (25)
25(X=0D D?) 3.53 4617 4230 8938 9638 838-8.63 (42)

N© N6, N6 O.Tetramethyladeninium chloride
[26 (X = CD)] A9 395 4.08% 915  8.81 (40)

N6, NC 1,9-Tetramethyladeninium jodide
27 (X = D) Do 3.76 41690 4230 8838 9588 (84)

N6, N6 3 7-Tetramethyladeninium iodide
[28 (X = 1)) D¢ 3.58 4130 4310 8488  9.088 (84)

(continues)
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TABLE VII (continued)
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Chemical shift (8)
Compound (No.) Solvent?) Literature
N6_-Me N-Me N-Me C(@2)-H C@B)-H NH (ref No)
N6, N6,3,9-Tetramethyladeninium iodide
29 (X =1)] D 3.55, 375 4358 4438 8418 9208 (84)
F 3.39,3.86 4118 42280 8320 8.608 (85)
N6 N9.7.9-Tetramethyladeninium iodide
[30 (X =D D9 3.68 4420 4,147 8758  9.548) (84)

a) In ppm, relative to Me4Si.

b) The letter refers to the solvent with A, 1.2 M DCI; B, D;0; C, DMSO; D, CF3CO2H; E, CDClj;

F, DMSO-dg; G, CCls.

¢) Sodium 3-trimethylsilyl-1-propanesulfonate was used as an internal reference.

d) Acetonitrile was used as an internal reference,
¢) Hexamethyldisiloxane was used as an internal reference.

J N(3)-Me proton signal.

£) Not particularly assigned in the literature quoted.

h) N(9)-Me proton signal.
i) N(1)-Me proton signal.
J) N(7)-Me proton signal.

TABLE VIII. !13C NMR Spectral Data of Mono- and Poly-N-methylated Adenines

Chemical shift (§)
Compound (No.) Solvent?) Literature
C(2) C4) C(5) C(6) C(8) N-Me (ref. No.)
Nb-Methyladenine (2) A 15242 150.0 118.2 154.72 13876 27.22 (113)
1-Methyladenine (3) B 146.7 157.4 1213 1517 155.2 39.7 21
3-Methyladenine (4) A 143.6 150.2 1202  154.8 152.3 35.7 2n
C 152.9 151.1 1268 156.8 146.0 36.9 (90)
7-Methyladenine (5) D 152.3 155.8 111.7 1519 145.9 33.7 (114)
A 152.1 159.5 111.6 151.7 145.8 33.6 2D
9-Methyladenine (6) D 152.5 149.9 118.7 1559 141.4 29.3 (114)
A 152.3 149.8 118.6 1558 141.3 29.2 {92)
A 152.23 14977 11857 15574 14122 29.17 91)

(continues)
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TABLE VIII (continued)

Chemical shift (§)%
Compound (No.) Solvent?) Literature
C(2) C(4) C(s) C(6) C(8) N-Me  (ref. No.)
A 152,70 150.23 1203  156.13 141.89 29.74 93)
A 1524 1498 1183 155.8 141.3 29.3 (96)
A 152.3 1498 118.5 155.8 141.3 292 2D
N6, N6_Dimethyl- A 151.76  151.23 11897 15429 137.74 37.84 (113)
adenine (7) A 151.76  151.23 11895 15429 137,74 37.84 (104)
A 151.67 15097 11888 154.11 137.62 37.74 (105)

€ 1517 151.7 1194  158.4 140.3 36.5, 39.1 (106)

N6, N6 N6_Trimethyladeninium chlo-
ride [17 (X=Cl)] A 150339 151.629 137.74 156.599 147.329) 54.24 (113)

N6 N® 9_Trimethyl-
adenine (21) A 1524 1510 120.1 1550 1387 38592960 (92)

a) In ppm, relative to MesSi.

b) The letter refers to the solvent with A, DMSO-ds; B, D>0; C, CD31OD; D, DMSO.
c) Measured in a solid state using hexamethylbenzene as an external reference.

d) This assignment is uncertain.

) N6-Me; signal,

5 N(9)-Me signal.
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