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Abstract _ In order to study an intranol ecul ar hydrogen bond
between the adenine and thymne rings of 9-[12-(thymn-1-
yl )dodecyl Jadenine  and  N-nethyl-9-[12- (thynin-1-yl)-
dodecyl ] adeni ne, their NWR chem cal shifts of NH of thym ne
ring at 3-position were conpared wth those of
N°, NP- di et hyl - 9-[ 12- (t hym n- 1- yl ) dodecyl ] adeni ne i nvari ous
sol vents. The t her nodynam c paranet ers of theintranol ecul ar
hydr ogen bond i n chl orof ormand benzene were estimated. The

hydr ogen bond was confirned by the IR spectroscopy.

Nucl eobase- pai ri ng, whi ch i s a hydrogen-bonded assenbl y[lpl ays an i nportant rol e
in the structure formation of DNA 1 The intramol ecul ar nucl eobase- pai ri ng nmay
be of interest in connection with the fornmation of the hairpin | oop of not only
RNA but also DNA 2 The intranol ecul ar base- pairing of adenine and thym ne
connected with sone |inkers has been reported by several groups of vor ker s. 3
Al though t he sol vent effect on hydrogen bond i s of i nportance in connection wth
t he bi ol ogical functi on,* little attention has been paid to the sol vent effect
on the base-pairing. O the other hand, NP- substi t ut ed adeni nes such as ki netin

(I\P-f ur furyl adeni ne), N°- et hyl adeni ne, > and N°, NP-di et hyl adeni ne® are widel y



found in natural products. It is known that the hydrogen bond between
9- et hyl adeni ne and 1-cycl ohexyl uracil is affected by the NP- et hyl group on the
adenine ring in chl oroform’ This work was undertaken to determne the effect
of the NP-net hyl group on the adenine ring on the i ntranol ecul ar base-pairing in

vari ous sol vents.

RESULTS AND DI SCUSSI ON

Previously we reported that the treatnment of adenine with 1-(12-bronododecyl) -
thymne (4) gave 9-[12-(thym n-1-yl)dodecyl]adenine (1). 3 Under simlar
condi tions the reaction of N-net hyl adeni ne and of N, NP- di et hyl adenine with 4
gave N°- et hyl - 9-[ 12- (t hym n- 1- yl ) dodecyl ] adeni ne (2) and N°, NP- di et hyl - 9-[ 12-
(thym n- 1-yl ) dodecyl ] adeni ne (3), respectively (Schene 1).
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Since the chemcal shifts of Thy-NH (NH of thymne ring at 3-position) are
remarkably to | ower fields when the hydrogen bond i s fornmned, 13 t he NVR cheni cal
shifts of Thy-NH of 1 and 2 were conpared with those of 3 in various sol vents.
The concentration dependence on the chemcal shifts of Thy-NHof 1, 2, and 3in
CDd 3 is shown in Figure 1. Furthernore, the concentrati on dependence on the

chemcal shift of Thy-NH of 4 was simlar to that of 3. The chemcal shifts of



Thy-NH of 1, 2, 3, and 4 were to lower fields along with an increase in the
concentrations because of aninternol ecul ar i nteraction, but werelittle shifted
in lower concentrations than 1 nM This suggests that the internol ecul ar
i nteractionwere al nost negligi bl e whenthe measurenents were carriedout at | ower
concentrations than 1 nM As can be seen fromFigure 1, the chemcal shifts of
1 and 2 were largely different fromthose of 3. The differences are expl ai ned
interns of the formation of the intranol ecul ar hydrogen bond between adeni ne
and thymnerings of 1 and 2. It is conceivable that the intranol ecul ar hydrogen
bond of 1 and 2 is built basing on the Watson-Qick or Hoogst een base-pairing. !
O t he ot her hand, 3 can not exi st innot only the Wat son- i ck but al so Hoogst een
base- pai ri ng because of the presence of the N°, N°- di et hyl am no group, although
the thymne ring of 3 resulted in the thymne-thymne aggregation along with an

I ncrease of the concentration (Figure 1).
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Figure 1. Concentration Dependence on the Chem cal Shift of Thy-NH of 1, 2,
and 3 in CDd 3 at 27 °C.

Tabl e 1 shows t he val ues of the chem cal shifts of Thy-NHof 1, 2, and 3in various
solvents at | ower concentrations than 0.5 nMexcept for those i n nethanol . & 1t
i s concei vabl e t hat t he adeni ne and thym nerings of 1 and 2 exi st i nanequilibrium

bet ween an open f or m( no hydr ogen bond) and a cl osed f or m(i ntranol ecul ar hydr ogen



bond) (Schene 2), because the internol ecul ar interaction was al nost negligi bl e
at lower concentrations than 0.5 nM Therefore, the chemcal shifts (&pserved)
of 1 and 2 originated fromthe equilibriumbetween the open formand the cl osed
form while the chemcal shifts of 3 cane fromthose of only the open form The
chemcal shifts of 1 and 2 in tol uene-dg, benzene-dgs, and CDA 3 wer e renar kabl y
tolower field, conpared with those of 3. The difference of the chemcal shifts
between 1 (or 2) and 3 can be regarded as an i ncrease of the closed form On the
other hand, it can be seen fromTable 1 that the chemcal shifts of 1 and 2 in

DVBO dg, pyridine-ds, and methanol were simlar to those of 3. These results
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Table 1. NWR Chenical Shift of Thy-NH of 1, 2, and 3 at 27 °C?®

1 2 3

sol vent chemcal shift / d

t ol uene- dg 13. 54 13.50 8.31
benzene- dg 13. 50 13. 45 8. 29
pyri di ne-ds 13. 14 13. 14 13.11
DVBO dg 11.16 11. 16 11. 16
cd 3 11. 07 10. 56 8. 08
MeCH) 11.12 11.13 11. 07
acet one- dg 10. 49 10. 34 9. 88
1, 4- di oxane- dg 10. 18 10. 18 9. 96

a) The concentrations were less than 0.5 nMexcept in MeCH
b) Gonditions: 1 (3.1 MV, 2 (5.6 MV, or 3 (6.0nMV) in MeCH contai ni ng ;M (12%.



suggest that the adenineandthymnerings of 1and2 hardlyresult inthe formation
of the intranol ecul ar hydrogen bond in DMBOQ pyridine, and net hanol .

Tabl e 2 shows t he tenperature dependence on the chemcal shifts of 1, 2, and 3.

The chem cal shift differences of 1 between 27 °Cand 80 °Cin t ol uene-dg and CDBr 3
were 2.31 and 1. 71 ppm respectively, and the differences of 2 were 2.29 and 1. 57
ppm respectively. However, the chemcal shift differences of 1 and 2 in
1, 4- di oxane-dg and DVBO dg were snaller, conpared with those in tol uene-dg and
CDBr3. Furthernore, the chemcal shift difference of 3 in toluene-dg (0.53 ppm

was snal | er, conparedwiththedifferences of 1and2intoluene-dg. Theseresults
are consistent with the results of Table 1.

The t her modynami ¢ paraneters of the i ntranol ecul ar base-pairingof 1in Cbd 3 (AH
=-21+2Kinol "} AS=-69+7JK?!nol '1) was previ ously reported. 3 |naneffort
to determine the effect of N-net hyl group on the intranol ecul ar hydrogen bond,

it was felt that a conparison of the thernodynamc paraneters of 1 and 2 was of
i nportance. The chem cal shifts (dypen) Of the open formof 1 and 2 were esti mated

fromthe chemcal shifts of 3. To determine the chemcal shifts (&jgseq) Of the

Tabl e 2. Tenperature Dependence on the Chemcal Shift of Thy-NHof 1, 2, and 3

Tenp 1/ chemcal shift: o 21 0 3/ 9
°C Csby CDBrz3 GO DVBO CGD3 Brzg DO DVBSO CD3 GDsO DVBO

27 13.54 10.95 10.18 11.16 13.50 10.29 10.18 11.16 8.31 9.96 11.16
35 13.27 10.70 10.12 11.11 13.27 9.98 10.13 11.12 8.24 9.93 11.11
40 13.07 10.48 10.08 11.08 13.10 9.73 10.10 11.09 8.19 9.91 11.08
50 12.66 10.17 10.01 11.02 12.72 9.46 10.03 11.03 8.08 9.86 11.03
60 12.20 9.8 9.94 10.96 12.24 9.17 9.97 10.97 7.99 9.80 10.98
70 11.72 9.57 9.88 10.91 11.78 8.94 9.90 10.91 7.87 9.74 10.92
80 11.23 9.34 9.83 10.86 11.21 8.72 9.83 10.85 7.78 9.69 10.86
JA%e) 231 171 035 030 229 157 036 031 053 0.27 0.30

GDs = tol uene-dg; GDs0 = 1, 4-di oxane-dg ; DVBO = di net hyl sul f oxi de-dg
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Figure 2. Titration Qurves of 2w th 5: the Chemcal Shift of Thy-NHvs the Rate
of 5(nmol) to 2 (mol). (A 2 (1.2mM) in A3 (B 2 (0.6 MV in benzene-ds

Table 3. The Chemcal Shift of Thy-NH for the Thernmodynam c Paraneters

Sol vent Terrp/ °C 6opena) 60bserved 6cl osedb)
1 benzene- dg 27 8.29 13. 50 14. 28
35 8.21 13. 19 14. 17
40 8. 16 12. 99 14. 11
50 8. 05 12. 62 14. 00
cDd 5 27 8. 07 11. 079 13. 719
40 8. 02 10. 429 13. 509
45 8. 00 10. 209 13. 419
2 benzene- dg 27 8. 29 13. 45 14. 26
35 8.21 13. 15 14. 16
40 8. 16 12. 95 14. 10
50 8. 05 12. 59 14. 00
CDd 5 27 8. 07 10. 68 13. 69
35 8. 04 10. 35 13. 59
40 8. 02 10. 18 13. 51
45 8. 00 9. 96 13. 43

a) The val ues of Qgpen Were estimated fromthe chemcal shifts of 3.
b) The val ues of & gseq Were determned fromthe titration of 1 and 2 with 5.
c) The val ues of &pserved and &joseq Of 1 in CDA 3 were reported in the previous
3b
paper .



closed formof 1 and 2, the titration of 1 and 2 with 9-(10-bronodecyl ) adeni ne
(5) was studied. Figure 2 shows titration curves of Thy-NHof 2 in CDd 3 at 27 °C
35 °C, 40 °C, and 45 °C and in benzene-d g at 27 °C, 35 °C, 40 °C, and 50 °C
The val ues of &joseq Of 1 in benzene-dg were simlar to those of 2. The val ues
of the chem cal shifts of Thy-NHfor thernmodynam c paraneters are sunmari zed in
Tabl e 3.
The equilibriumconstant K was cal cul ated as fol |l ows:
K =[closed fornj/[open fornj

= (Oobserved - Qopen)/ (Ociosed - Oobserved)
The ent hal py and entropy change val ues of the intranol ecul ar base-pairing of 1
and 2 were determned by plotting | og K against (1/T) using
log K= (-MH2.3R (1/T) + (AY 2.3R
The thernodynam c paraneters of 1 and 2 determned in the present experinents

were as foll ows:

1in GDs: AH=-25+3K nol™!, AS=-66+10J K* nol ™!
1in DA g AH=-22+2K nmlt aAs=-72+7J3K!mol?!
2 in GDs: AH=-24+ 3K nol™!, AS=-64+10J K nol ™!
2 in CDd 3 AH=-19 + 2 KI nol '}, AS=-65+7JK?!nol?

For ref erencethe val ue of AHreportedfor theinternol ecul ar hydr ogen bond bet ween
9- et hyl adeni ne and 1- cycl ohexyl uraci | i nchl or of ormwas - 6. 2+£0. 6 kcal nol '1(- 25.9

+2.5K mol 1. °

The val ue of AHof 2 determined i n the present experinments was
smal | erdconpared with that of 1 in CDA 3 because of the effect of the I\F-rrethyl
group on the adenine ring on the intranolecular base-pairi ng.7 However ,
interestingly the val ues of AH and AS of 2 in benzene-dg were simlar to those
of 1. This suggests that the intranol ecul ar hydrogen bond was little affected
by the N°- et hyl group on the adenine ring in benzene.

In order to confirmthe hydrogen bond in CDd 3 and i n benzene, |R spectroscopy
of 2 was studied at roomtenperature (Figure 3). In a benzene-dg sol ution of 2,
al nost onl y one band was observed at 3317 cm? (hydr ogen bonded Ade- NH and Thy- NH)
in the range of 3100- 3600 cm?®, while 2 di spl ayed three najor bands at 3449

(non-bonded Ade-NH), 3395 (non-bonded Thy-NH), and 3320 cm? (hydr ogen bonded



Ade-NH and Thy-NH) in CDA 3. Furthernore, two carbonyl stretching bands were
observed at 1703 (non-bonded carbonyl) and 1672 cm? (hydr ogen bonded car bonyl )
i nthe benzene-dg sol uti onof 2. Theseresults suggest t hat t he adeni ne and t hym ne

rings of 2 nostly exist in the closed formin benzene at roomtenperature.
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Figure 3. IR Spectra of 2 in Benzene-dg and CDA 3.

(A 2 (4 nmV) in benzene-dg: 3317, 1703, 1672, 1623 cm’.

(B 2 (7 mM) in CDA 3 3449, 3395, 3320, 1700 (shoul der),
1685, 1625 cm.

EXPER MENTAL

The nel ti ng poi nts were determ ned on a Yanagi not o m cro nel ti ng- poi nt appar at us
and are uncorrected. The el enental anal yses were perforned in the Anal yti cal
Center of Kyoto University. The n NMVR spect ra (400 M) and 3G NWR spect ra ( 100
MHz) wer e obt ai nedw t ha JEQ. GSX400 spectroneter. Thechem cal shifts (& val ues)
were neasured in parts per mllion (ppm) down-field fromtetramnethyl silane as
an internal reference. The deuteriumsol vents were obtai ned coonmercially. The
| Rspectra were recorded on a JASCOFT/ | R 420 spectrometer. The neasurenents in
DA 3 (Merck, >99.8% HO <0.01% and in benzene-dg (Merck, >99.6% HO <0.02%
were nade at room tenperature with a 0.1 mm KBr cell. The preparation of
9-[12- (thym n-1-yl ) dodecy] adeni ne (1) was previously reported. 3d

N°- Met hyl - 9- [ 12- (t hyni n- 1- yI ) dodecy] adeni ne (2).

Into a sol ution of N-net hyl adeni ne (6-net hyl am nopurine) (150 ng, 1 mmol ) in



in N N-dinet hyl formam de (DMF) (30 nL), 1-(12-bronododecyl)thym ne (4)3d (373 ny,
1 mol ) and KyQO; (138 ng, 1 mmol ) were added. The mxture was stirred at rt for
15h. The reacti on m xt ur e was evapor at ed t o gi ve a r esi due, whi ch wassubmitted

to chronat ography over silica gel. HEution of a mxture of ethyl acetateand
net hanol (4:1) gave 2 01154 ny, 34%]: np 80-81 °C (MeH); TH NWVR (CDd 3) & 11.22
(br s, 1H Thy-NH), 8.42 (s, 1H Ade-2 or Ade-8), 7.90 (s, 1H Ade-8 or Ade-2),
6.99 (s, 1H Thy-6), 6.90 (br s, 1H Ade-NH), 4.19 (t, 2H J=7 Hz), 3.71(t2H,
J=7 Hz), 3.21 (br s, 3H Ade-Nw), 1.94 (s, 3H Thy-M), 1.89 (br quintet, 2H,
J=7 H), 1.68 (br quintet, 2H J=7 H), 1.35-1.2 (br, 16H; 3G NWR (CDA §)

155. 50, 153.29, 151.41, 148.83, 140.35, 139.79, 119.43, 110.60, 47.97, 43.79,
29. 80, 29. 26, 29. 22, 29. 21, 29.16, 29.02, 28.80, 28. 79, 27.53, 26. 38, 26. 12, 12.35.
IR (see Figure 3). Anal. Calcd for CysHgsN/Ge 1/ 2H,Q C 61.31; H 8.05; N,21.76.
Found: C 61.65; H 8.05;, N 21.75.

N°, N°- D met hyl - 9- [ 12- (t hyni n- 1- yl ) dodecy! | adeni ne (3).

Into asol ution of N°, N°-di met hyl adeni ne ( 6- di net hyl am nopuri ne) (163 ng, 1 mmol)
in DWW (30 nL), 1-(12-bronododecyl)thymne (4) (374 ng, 1 mmol) and K,QOO; (140
ng, 1 mol ) were added. The m xturewas stirredat rt for 15h. The reacti on

m xt ure was evaporated to gi ve a resi due, which was submtted to chronat ogr aphy
over silicagel. BHutionof a mxture of ethyl acetate and nethanol (5:1) gave
3 (163 ny, 35%: np 103-104 °C (M) ; 1 NVR(CDd 3) 68.36 (s, 1H Ade-2 or Ade-8),
8.15 (br s, 1H Thy-NH), 7.72 (s, 1H Ade-8 or Ade-2), 6.96 (s, 1H Thy-6), 4.17
(t, 2H J=7 Hz), 3.67(t, 2H, J=7 Hz), 3.54 (br s, 6H Ade- NVey), 1.92(s, 3H Thy- M),
1.87 (br quintet, 2H J=7 Hz), 1.66 (br quintet, 2H J=7 Hz), 1.35-1.2 (br, 16H;
B NWR (DA 5) 8 164. 76, 154.97, 152.29, 151.16, 150.46, 140.50, 138.41, 120.11,
110. 49, 48.54, 43.76, 38.58, 30.01, 29.38, 29.37, 29.34, 29.33, 29.13, 29.06,
29. 02, 26.63, 26.40, 12.31. IR (CDA 3) 3394 (non-bonded Thy-NH), 2929, 2856, ca.
1700 (shoul der), 1684 cm!  Anal. Calcd for GuHNOe 1/ 2HQ C, 62.04; H 8. 24;
N, 21.10. Found: C 62.24; H 8.23; N 21.10.
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