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Abstract - APllnoaethvlated derivatives of adenlne. cytosine and gusnine have 
been Isolated and chkacterlted for the flrst time. -These results we fm- 
Dortant because of the potential for slnllar adducts belng fomed trmslent- 
ly between nucleosides bnd nucleotides, and endogenous aldehydes and mines 
in vlvo, and of tne potential use of slallar abducts for drug delivery. 
Mono-alkvlated oroducts obtalned were from the reaction of adenlne with one 
equivalent of a&ometnylatlng agent derived fm anlnes exhibiting lower 
basicitv (e.a.. ,nwpholine and N-rrthylplperarlne); bis-alkylated products 
wre obiained &tn bgents derived from nore basic smins regardless of the 
stoichiaietry. On the other hand, only his-all;ylated products wre obtained 
from the reaction of cvtosine or quanine with the amlnoex?thylating agent re- 
gardless of the basicity of the s&onbsry amine used or the stolchlartry of 
the reaction. The mono-alkylrted adenine products wwe alkylated on R-9 
while the bls-alkylrted cytbslne products were alkylated on N- ant$,c 
the his-alkylated &nine products were alkylated on N-9 and 3. - 
nine rnd cytosine amlnouethyl adducts hydrolyzed rapldly in dllute Bqucous 
solutlon. 

The reaction of fonnaldenyde with the primary exocyclic amino groups in purlnes and pyrimldines or 

in tnelr corresponding nucleosides and nucleic acids MS falled to yield any isolable and caaplete- 

ly characterizable productsls2 because the products are unstable and revert to the parent compounds 

in tne absence of excess fornolkhyde. However, a nutwr of reports have appeared recently wnere 

tne initial reaction products of fomaldehyde with these primwy exocyclic amino groups have been 

trapped by nucleophillc agents such as ethanol,3 thfols4*5 or blsulffte6 to give stable products. 

On the otner band, no report on the isol.stlon of aminomethyl adducts (trrpplng the fomaldehyde 

adduct witn secondary amlnes) has been published. 

There are two reasons my the isolation and characterization of the amlrwmethyl adducts are of 

interest. First, althougn the existence of these adducts had been suggested prevlously,7 they had 

resisted isolation because, like the formaldehyde adducts. they were unstable in aqueous solution 

in tne absence of excess alkylating agent--forfmldehyde and amine. Hence, their isolation wuld 

provide additional Information about the regioselectlvity of tne reactlons of alder\ydes with pur- 

ines and pyrialdines. Second, labile aminomethyl adducts of drugs containing amide and ialde 

groups, i.e., 5-fluorouracll and tneopnylline.* nwe been snow to enhance the delivery of their 

parent drugs tnrougn skin. Thus, it was of Interest to see whether similar adducts of drugs con- 

taining exocycllc amino groups (I.e.. drugs based on adenlne, cytosine or gurnln) could be Iso- 

lated, and wnetner the adducts would exnlbit delivery enhancing properties slnllar to the amlno- 

methyl adducts of amides and Inides. In this paper the results obtained from the trapping of tne 

formaldehyde addwts with adenlne. cytosine. and guanine by seconddry amines. and the stability of 
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tne aminonetnyl adducts will be described. 
Tetranydrofuran (THF) was used as the solvent in all of the reactions. The miscibility of THF 

with water, its polar, yet aprotic nature, and its ease of evaporation appear to nave made THF a 

unique solvent for these reactions because no other solvent (acetone, DMF, ether. cnlorofonn, metn- 

snol) worked nearly as well if at all. In tne case of the reactions of adenine with amine5 ex- 

nibiting low basicity sucn as morpnoline (pKa 8.3S)g and N-metnylpiperarine (by analogy to piper- 

arine pKas 5.68, 9.82),g if only one equivalent of secondary amine-formaldehyde1o was used, a mono- 

adduct was isolated. If one equivalent of formaldenyde and tne more basic amines sucn as piper- 

idine (pKa 11.22),' and dietnylamine (pKa 10.98)' was used, no mono-adducts were Isolated from tne 

reactions; only mixtures of adenine and bis-adducts were observed. In the case of tne less basic 

&mines tne use of tnree to four equivalents of amine-fomaldenyde were necessary to drive tne re- 

actions cwpletely to bis-adducts, wnile in tne case of the mOre basic amines, only two equivalents 

of the amine-forrmlknyde mixture were needed. 
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he )(IR spectra of ttw bis-abducts of adenine showed two different N-Cll4 absorptions. The up- 

field absorptions were doublets whicn collapsed to singlets on D20 exchange. At ttw sane time, 

triplets in each spectrtm that integrated for one proton disappeared. Thus. tne upfield N-C_lfN ab- 

sorption was coupled to an NH absorption. The only possibility was that tne upfield absorption was 

due to the product of tne aminometnylation of tne exocyclic amino group in adenine. The dormfield 

absorption could tnen be due to alkylation at a nther of different sites: 1. 3, 7, or 9. Houever. 

the IJV spectru of fi was mre simi1ar to tne N6,9-dibenzyladenine isomer and to adenine itselftnan 

to the otfw diknryl iscnners (a bathochromic shift of Uv IXOX in going from neutral to either basic 

solution or acidic solution)." In addition, the posltions of ttw carbon absorptions in the'% KMR 

spectrvl of the bis-adduct &were identical wltn the positions of the ring carbon absorptions in 

the 13C NCR spectra of the g-substituted adenines reported by Chenon, et al.12 This clearly ex- 

cluded tne T-position as an alternate alkylation site to account for the substitution pattern in l_$ 

kcause of the dependence of tne position of the ring carbon absorptions on substitution patternsI 

'Thus, the adenine adducts nave been asslgned the N6,9-substituted structure on the basis of the 

structure of & 

The structures of tne two mono-adducts tnat were isolated from the reaction of one equivalent of 

lower basicity amine-fonnaldenyde with adenine were derived from tneir MWt spectra. In each case 

the N-IY2-N absorption was at trw same position as the dcunfleld N-Cc,-N absorption in We bis-ad- 

duct. In addition, ty2 IJV spectra of the mono-adducts were essentially identical witnadenineunicn 

MS an 9-H structure. Tnus, tne rono-abducts nave been assigned a 9-alkylated structure. 

Tnere was no cnangc in tne type of product isolated from tne reaction of umlne-fomaldenyde witn 

cytosine tnat resulted fran a mange in either the basicity of the amine used or the r&her ofequiv- 

alents used; no g or% were observed under any conditions from tne reaction of cytOSine witn 

fomldenyde, and norpholine or dietnylamine. If only one equivalent was used, mixtures of bis-ad- 

duct and unreacted cytosine were isolated. Usually the use of four equivalents of aminonetnylating 

agent was necessary to drive tne reactions completely to his-adducts. 
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Tne Mt spectra of tne bis-adducts of cytoslne were very similar to tnat of the his-adducts of 

adenine. 1~ upfleld absorptions due to N-Cli,-N were again doublets in mst cases. Tha doublets 

collapsed to singlets on 020 exchange in all cases , and uare coupled to an excnangcable absorption 

unlcn integrated for one proton. Thus, the upfield N-Ctl2-N absorptions were duet0 aninofnetnylatiOn 

of the exocyclic amino group. The renaining dounfield N-Ci2-N absorptions In the spectra oftnebis 

adducts could be due to alkylatlon on either the 1- or the 3-positions. Houever, the UV SpeCtra 

of tne bls-adducts were similar to tne Uf spectra of 1-. N4,N4-, or l,N4-substituted cytosines or 

cytosine Itself; they exhibited batnocnromlc snifts of tneir W NIX on going from neutral to acid 

or basic solution whereas 3-substituted cytosines without al-substituentexhlblted a large nypso- 

chromic shift of thelr UV mx on going from neutral to acid solution.13*14 In addition, the 13C NCR 

spectruv of tne bls-adduct $$ was essentially identical witn that reported for cytidine. l5 Tnus,tne 

cytosine bls-adducts nave been assigned N4,1-substituted structures. 

In the case of tne reaction of guanine witn formaldehyde-amine the products from the reactions 

were solids wnlcn exniblted nigh melting points (>270"). and nnlch were insoluble in solvents used 

for M spectroscopy. In one case the reaction product was sutmitted for elemental analysis. The 

elemental analyses of 3J were consistent witn a bis-adduct. Analogy to previous *ark witn fomal- 

dehyde adducts of guanosine and the tniophenol-formaldehyde adducts' of guanosin, suggested tnat 

tne exocyclic amine was alklated, and analogy to the remainder of the present work suggested tnat 

the 9-position was alkylated. Tnus. tfte bis-alkylated guanlne derlvatlve 3& has been tentatively 

assigned tne N2,9-substituted structure. 

lne fomation of the aminowtnyl adducts rltn cytosine and adenine was reversible in dilute 

aqueous solution. Altnougn W spectroscopy was not capable of deteminlng rnether both minometnyl 

groups were being lost in the hydrolyses. 1~ NMt spectroscopy definitely showed that they wCre, be- 

cause new equilIkla between N-amlnometnylated product and parent purine or pyrlnidine were estab- 

lished witn eacn addition of 020 to Weir MS&d6 solutions until all of the N-C12-N absorptions 

were gone. Hwever, it was also clear on the basis of tna integration of the absorptions dueto tne 

two types of N-CH2-N tnat the aainoPtny1 adduct with the exocyclic amino group uas more easily re- 

versible because the absorption due to NH-C~2-N decreased In Intensity faster. 

absorptions7 were observed by NW! spectroscopy during the hydrolyses. 

Ro N-Cy,-OH type 

It was possible to use UV spectroscopy to deteneine the rates at which tne exocycllc adduts hy- 

drolyred.16 It *ds found tnat the basicity of the secondary amine influenced the rate significantly 

as mignt be expected from tne similarity of the chemistry of aminomethyl adducts to Cbnnicn 

base chcalstry.17 The mrpnoline adduct !d_was much slower (t+-30 min) tnan tne piperidine addut 

lA(t)=about 5 min). The cytosine adduct was much slower yet;2 exhibited a ti of about 30 nr. 

The order of these rates of hydrolyses for the aainoraetnylated adducts were conparable to the rates 

of hydrolyses observed by Bridson et al.,3 for the ethoxyvetnyl adducts of theprotectednucleosides 

i.e., the cytidine adduct nydrolyzed mre slowly than the adenoslne adduct. 

EXPERIIIENTAL 

The UV spectra were obtained using a Beckmen lode1 25 spectmphotater; the low pH spectra ware 
obtained by adding 1 drop of 12 
101 NaOH to tne Ci+3OH 

HCl. and tne hign pH spectra were obtained by adding 1 drop of 
solutions. !l TLC were run on Brinbn Polygram Sil G/lJV 254. W (cor- 

rected) were taken with a Ttwmas-Hoover Capillary apparatus. 1H iM spectra were recorded on 
a Varian l-60 spectranter; IR spectra on a Beciww Accu Lab 1 spectrophotmeter. Uicroanalyses 
were obtained from Atlantic Mcrolab Inc., Atlanta, GA. Adenine, guanine, and cytosine were ob- 
tained from Siw, wnlle the mines and fomldehyde were obtained frw Aldricn, and the bulk 
solvents were obtained froll Fisher. 13C WI spectra uere run on a Nicolet MB-300 spectrooeter. 
Tne Reaction of Adenine with One Equivalent of Secondary Aalne and Fowldenyde. To a THF (4ml) 
solution of 0.299 (0.0633 mle) of mrpholine and 0.279 (D 0033 1 ) f 37 x li2C =G in water was 
added 0.459 (0.0033 mle) of adenine. The suspension was ;tlrre?af rk tapcrature for 4 days; 
then it uas filtered to give O.SGg [foapd at 99-104". > 24W (d)] of the 9-(4'srpholinyl)- 

67X yield; IR (KBr) 3520. 3400, 3270 and 3080 cm-1 (rr) (N H nd OH) 
; 'H lolR (OCW)-d6) 6 8.07 (1.1, C2-H), 7.97 (s.1. C8li),-7.f-6.8 

. and 

(a, 2. N-H. exchangeable witn Ofi), 4.97 (s.2, I-CH -N). 3.8-3.3 11.4. C-CH -0 

% 
2.7-2.35 (m.4. C-Cl&+N); UV (CH3OH) max 261 nm 
l/mole) and HO 264 m (E - 1.27 x 104 l/mle). 

2 
c = 1.29 x 1 

& 
l/nole)~b 271 m (c = T.19 x 

A. 3.33 (1.2, H2D) 

Cl Hl4N60 H 
f 

: C, 47.61; ii, 6.39; N, 33.32). 
(Found: C. 47.60; ii. 6.42; N, 33.34. Calc. for 

g- 4'-ktny -l'-PiPerazinyl)metnyladenlne (1~) was prepared in a similar manner: 68% yield, fom 
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132-146", decorposed 226-248"; 
cm-l (5); 

IR(kBr) 3450 and 3100 cm-l (M) (N-ii and OH), 1640 and 1660 
1H NUR (m-d,) 68.13 (5.1, C2-ij), 8.08 (s.1, 

(5.2, N-CHrN), 3.6-3.0 (m.2, OH), 2.7-2.0 (m.8, CH?1I) and ?! 
-ii), 7.4-6.9 (m.2, N-H), 5.0 
.& (s.3. CH N). 

spectral aata were consistent wfth a mno-hydrate of the mono-adduct, COT ect elemental analyses 3 
Although the 

could not be obtained for the Product. 
The Reaction of A&nine with tko or mre Equivalents of Secondary &nines and Formaldehyde. Qn- 
erally 3 to 4 equivalents of a 1:l mixture of the secondary amine and 371 aqwous formaldehyde in 
tetrahydrofuran-(10 ml for 0.01 mle scale) were allowed to react with adenine at ram tee&r- 
ature overnight in order to drive the reaction to comletfon. The solutions that resulted were 
concentrated and those concentrates were trfturated with ether for 2-5 hr. then filtered. The 
residues were usually analytically pure. However, in those cases where the secondary amine 
was diethylamine or other amines where there were mre degrees of vibrational freedom available 
to the alkyl substituents, the concentrates were oils and the excess alkylating agent could not 
be easily separated from the product. Then, only 2 equivalents of secondary amine and formlde- 
hyde were used. Any unreacted adenfne was filtered fror the reactton mixture at the trftu- 

nd the oils were characterized us such. Thus, the followin 
8 
bis-adducts were ob- 

(ld : alp 142-144". 91% yie d; IR (K8r) 1630 
(s.1, C2-H). 7.8 (s.1. C8-H), 
4.55 (d.2, J - 6 Hr. NH-C 
and 2.8-2.4s (1x.8, NC-&-C P 

N, 
; 

(C6) and 141.56 (C8)' UY 
x lti l/mle) and d 270 n 

Calc. for CI5ii73N702: C. 54.04; 

68% yield; IR fK8r) 1620 cm-l(S), 
and3248 ful31 l(W)(_) 1 Nm 

(~~1, N-y: 020 e~~geablefl,"5.\ (Hs.2, 
13) $8.33 fs.1, C2-H), 7.77 fs.1, C8-ii), 6.3-6-O 

let on 0 
267 m ( e 

exchange), 2.75-2.4 (m.8. C-C&$ 
) 4.55 (d.2, J = <HZ MiCi&-N collapses to a sfng- 

and 1.85-1.0 (iii, 12. &-CH -CH'); 
1 1.65 x 104 l/mole), OH0 274 run (E - 

W (CH 
1.54 x lo4 l/mole) and H 27 nm (~31.44~1 --H aa" 

) mx 

(found: C, 61.89; H, 8.38; N. 29.72. 
l/mole). 

Bis-N6,9-(diethylamino)mthyladenine (If * 
C Hf 6 2 5 ( 1 N-H QO'exchangea~le) 5 07 is 2 N-CH2-N) 4 7; (d 2' i= fiiz: 

Calc. :~‘oF~7H~~7~fEi~l~~~~.(~~~~~N~2~7~~.1 c H) 

'co la&'to a"si~~l& oi;'O$I exchange), 2.8'(q:4, J='7*Hz, cH2N)* 2'83 (: '4- J = 
N)!:d 1 13 (t 
Cl5 7N,:8&: 

12 J = 7 Hz, CHS_CH Hf. (FOud:-C, 57.62-H. 8.76; N. 3i.3;: 

The Reaction o Cytosine with two or mre Equivalents of'hcondary Amines and Formaldehyde. 7 
:,-57.29; H, 8.98;-K 31.19) 

Caner- 
11 3 to 4 equivalents of a l-1 nixture of secondary amine and 3 72 aqueous formaldehyde in 

tdetfanydrofuran (10 nl for O.Ol'mle scale) were allowed to react at room temerature witn cytosfne 
overnight. The suspensions were kept ml1 stirred; then the suspensions were filtered. These 
residues were analytically pure products. With diethylamine and similar secondary amines, clear 
SOlutions were obtafned after reaction overnight. The solutions were concentrated and the res- 
fdues were triturated with ether or hexane to give the desired corrpound as suspended white 
solid 

a 
uhich were isolated by filtration 

Bis-N ,l-(4‘-m~~linyl)mthylcytosi~ 
D-H), and 1655 d 1630 -l(s) 1H Nm 
7.41 (d.1, J = cab, CH =':). 5.i5 fd.1, 
6 HZ, NH-C$N, 

i 

f llapses to a singlet on 
m.8, C-C&-N); % M1. (BtSO-%) $156.26 
CH38H) MX 279 n (c= 7.77 x 10 l/ml 
c- 10.8 x 10 l/mole). (Found: C, 54.42; H, 7.50; N. 26.63. talc. for C14y3N603: C, 54.35 

H, 7.49; N, 22.64). 
8is-N4.1-(l'-piperidinyl)netnylcytosine (2e): rp 195-l%*, 94% yield; IR (KBr) 3260 cnf'(kl) 

The Reaction of Guanine with an Excess of Formldehyde and Dimethylamine. Guanlne(0. 0.0025 mole) 
was suspended i 2 2 (0 02 1 ) f 40% dimthylamine in water. 1 hen, 
CH2-0 was addednaG fhe susp$s:on'was stirred at ram temperature for 1 day. 

3"9* 1.629 (0.02 m e) of 37% 
The suspension uas 

diluted witn THF. The THF-water suspension was stirred for 2 hr then filtered, and the residue 
was dried to give 0.629 (m>26OO") of white solid uhfch was the desired bis-a pduct, 28: 943 yield; 
IA (k8r) 3250 cm-l (S) 3600-2200 cm-l(~) (N-H), 16% cm-l(shoulder). 1685 CRT (S) (C-0). 
(Found: C, 49.58; H, 7.25; N, 36.91. Calc. for CllHl C, 49.79; H, 7.22; N, 36.96). 
Stability and Rates of iiydrolysis of Adducts: e 

N70: 
The me nanol W spectra of the adducts of cytosine 

and adenine were stable for up to 2 nr. The water UY spectrum of the mono-adduct of adenine 
was essentiallv identical wftn adenine Itself under the same conditions. The water (PH 7.6) ti 
spectra of the-bfs-adducts of cytosine and adenine exhlbited W mx shifted to longe~~uavelengths 
(W max identical witn the UY max of the adducts fn methanol) unich were mre intense than the 
parent compounds. Tne rates of hydrolysfs of three of the adducts (Id. le and a) were followed by 
z:t about 1 x 10-4 mle/l by following the decrease in intensity ortar respectfve W mm with 

Spectra were monitored until stable spectra were produced uhfch In all cases were 
essentially identical witn the parent purine or pyrlnldine. Plots of At - A" versus time were 
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used to determine ti. 
16 

Tne hydrolyses of the adducts were also followed by 'H W spectroscopy. 
Solutions (CWO-d6) of the adducts at about 30 ag/81, were diluted with 0 

P 
in a dropulse fashion 

until a I:1 ratio of the two solvents was reached. Integrations (5 tlrps of the spectra were 
taken after each addition of D . Comparisons of the averapes of the integrations of the 
N-C&-N absorptlons and the in gratlons of the C2-fi. CB-lj, C5-lj or C6-h absorptlons were used to 
quantitate the amount of deconposltion. 
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