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ABSTBICT - Solid-liquid PTC vithout added organic rolvont promotern l lkylatlon of purine 
dorivativer leading in partioulu to an efficient eynthomie of the antiviral DHPA. The 
location of the rubmtituont on th 
through 2D 8-6 hoteronucleu 1H 73 

ring vae determined by analyeie of coupling intoraotione 
C oorrelatod NHE spectroeoopy. 

ISTRODUCTIOI - Tbo importanoo of purinor vith distinctive and highly Intorenting biological 

activity lr oontinually nflectod in the lltoraturo. The most important compounde euch ae 

antiviral dorivativee are eubetitutod in pooition 9 '. Purina oan be alkylatod undrr ntiu- 

tral or bamio oonditiona 2 . Hoot of the known anionio activation method8 3 have boon ueod 

for thie purpoeo. Wo report bon the alkylation of purfne baeem by solid-liquid phaeo 

tranofor oatalyeio (ETC) without added aolvont. Thin method har been previously used to 

aohievo alkylatione by Sf 4a or Uichaol roactionr 4b. 

sYNTBEs1s - The alkylatfon by rolid-liquid FTC without solvent of adonine & led to a 

mixture of the g-alkyladenine 2 and j-alkyladenine 1. The ratio dl appeared to be deter- 

mined by the reactivity of the alkylating agent. With the lov reactive 1-bromo octane and 

1-bromo j-buteno the reaction voe aelective and led only to the 9-alkyladeninee. It is 

worth notloing that 1-brono octane wee reported to be inefficient in the alkylatfon of 

adonlne under liquid-liquid PTC oonditionn SC. When the highly reactive allylbromide vae 

ueod, an l xothoalc roaotion van obeervod. In this oaee, bosidoe 9-allyladenino & and 

5-allyladonino & minor amounts of 9,N6-dirllyladenine 2 and 9,N6,N6-trlnllyladenine 6 

vore formod. In oontnst to olaesical anion& activation methoda, '/-alkyladeninoa could not 

3a be dotoctod . The reaction of adenine with 5-brolo 1,2-propanediol provides a very elaple 

eyntheeir of the antiviral DHPA 5 in comparison to DHPA original rynthesie 
6 , the abaence 
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of DUSO which had to be eliminated by distillation faoilitatee the 

In order to oompan our method vith other PTC conditiona, ve tried 

proceduree for the oondeneation of adenine on bromo-propanediol. 

ieolation of DHPA. 

the folloving alkylafioa 

- Liquid-liquid PTC I DEPA could not be deteoted in the reaction mixture by tic. 

- Solid-liquid PTC vith added organic solront I minor uormte of DEPA (yloldy 5 %) 

were formed, but glyoidol vae the main produot of the reaotion (ylold 40 %). 

lb A = Cl 

B,Br Producte (Yield %) 

B2C=CH-CB2Br 

H5C-CH=CH-CH2Br 

H2C=CH-CE2-CH2Br 

E5C-(CH*),Br 

C6H5CE2Br 

HOCH2-CEOH-CE2Br 

~)xE2”’ 
H2C=CH-CH2Br 

HOCli2-CHOH-CH2Br 

& (46) 2 (27) 
a (48) 2 (21) 
i& (71) 
2!! (59) 
& (54) z (10) 
r (56) 
zrr (11) 

& (58) 
2& (53) 

1zs (2) 6 (5) 

G (23) 
a (18) 

The biological interest 7 of 9,X6-dirubetifuted adeninee and the formation of rall quanti- 

tier of polyalkylated productr vhen allylbromide vae reaoted vith adenine, led ue to rtudy 

the applioation of rolid-liquid PTC regarding the alkylation of the amino group of V-alkyl- 

adenine. The baee oatalysed alkylation of II6 uino group ia knovn to inool~o a DlXE0FE 

rearrangement and usually requires vigorous oonditione 2 6 , ao that the main route to I - 

alkyladeninee lo the reaction of 6-ohloropurine vith a prlme.ry or a reoondary amine. Ue 

found that the 116-alkylation of 9-alkyladeninee 2 could equally be obtained by our prooere 

under moderate heating. 

c 
iquet 
. 

2 E2Br 
5 Yield s 

(72) i& I B, R2C=cECH2- H2C=c3cE21r Ir 
1p I B, E2C-CECH2- H2C=w~2)2B Ip (54) 

Rl & I B, H2c4CH2)2- H2c-cECH2Br s$i (78) 
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SPECTEOSCOPIC aTuDY - If vuiour mothode have boon wed for the etruotural ohamotericatlon 

of I-alkylatod mlaninom (W r~otromcop~ ', 'H PlIL 3a*Jb, "1 m ', XBay diffraction lo) 

the moot powerful on. l eo~e to be '% llIB epeotroeoopr. Capariwn of '5, ohoriool ehiftn 

from variour ieomerr 'la or fror ririlar oorpoundr 'lb uem firrt mod. #ton moontlr it 

vae l hewn that the dotootion of 10~ range oouplIn# Intoraotionr Involving proton(e) at the 

carbon of the IO eubrtituont should greatly faoilitato the dotermInatIon of the eito of 

alkylation of nuoloobaeor and purine derivativoe 
12 . In thir vork we l hor that the oomploto 

aeeimnt of both the 'H and l3 C HKR l pectin of adonine and purino dorivativoe, ae well 

as the unIvooal deteaination of their eito of alkylation may be obkinod through 2D 6-S 

heteronuoloar 'If '3C oorrelatod llMR l peotroeoopy, vithout any nood to oompare l everal 

ieomern and irmepeotive of eolvente and eubetituonte effootm. The nolo baeio hypothoeie 

needed Ie the widely aocopted hi&a field position of the C-5 eignal. 

The 2D XHE sequence (XH CORR) fe described in the experimental part.Through proper adjuet- 

ment of the ffxed delays, the correlation between the l3 C and the 'H signale 0011 involve 

directly bonded C8rbOn8 and proton8 only, or Involve mainly carbon8 and protone remote 

three bond8 away. Furthermore the correlation can be optimized for medium sire coupling 

constant8 (circa 11 Hz) or for low size coupling conetantr (circa 4 Es). The two ring 

protons 8-B and 2-H are firet dietinguished, 8-H being eignificantly correlated with C-5 

while 2-H is not. C-6, correlated to 2-H only, is dietingui8hed fom C-4, oorrelated with 

both 2-H and 6-H. C-2 and C-8 are a88Igned by correlation with their reepeotive bonded 

protons. The discrimination between N-7 substituted derivative8 on one hand, B-3 or B-9 

subetituted derivative8 on the other hand, relies on the observation of a correlation 

between the proton(s) of the N 8Ub8titUent and C-5 and C-4 respectively. The 

between 8Ub8tItUtiOn at the pyrimidine ring and at the Imldazolo ring reliee 

vation of the correlation between the proton(e) of the N 8Ub8titUent and C-2 

respectively. Regarding an N-l substituted derivative, correlation8 would be 

between the proton(e) of the 8Ub8titUent and the carbon8 C-6 and C-2. 

The correlation diagreae obtained for N-3 allyladenine, N-9 allyledenlne and 

6-chloropurine are shown in figure8 1, 2 and 3. 

discrimination 

on the obeer- 

and C-8 

obeerved 

U-7 ally1 

The NKR data of all the derivative8 under etudy are eummarlsed In the table. A distinotion 

betveen N-3 and N-9 adenine derivative8 can be made from chemical shift differen l lnoe 

the low field shift of the "C eIgna1 of the fir& carbon of the subetituent in the former 

dorivativer 18 quit8 characterI8tIc. The eignal8 of C-2 and C-8 am almort interchanged In 

the two ieomere. 

The mono or dfalkylation of the amino group in & or 6 induoem no rignifioant changes in 

the value0 of the ohemioal 8hifte. C-6 ie long range oouplod with the protone of the H-6 

8UbmtitUOUt(8) whfle the multiplicity of the C-5 l ignsl Ie mduoed aooording to the l limi- 

nation of one or two ulna protone. It IB worth notIoin,g that l omo of the 13C l ignale 

(partioularly thoeo of the a md fl oarbone of the I-6 l ubetituent(e)) am broadened due to 
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the restrioted rotation around the C-6 N-6 bond. As expected the broadening is lncreaned at 

high obrerration frequenolee (62.8 or 125 HE?.). Thin phenomenon is not observed for the 

carbons of the leer bulky methyl groupr in N-6,1-6 dimethyl adanine but le vam doteoted 

for the methyl protons of this compound in acidic medium 13 . 

As previously outlined 12ar14, the 'J " C ' If coupling throu&h a pyrldine type nitrogen arc 

greater than the 'J coupling through a substituted ring nitrogen. 

The method deeorlbed above for the structural idontifioation of varloum alkylated adonine 

and chloropurlne alkylated derivative0 fr likely to be poverful for the study of other 

nitrogen substituted heterooyolio compounds. In particular diffioultlee vhioh may arise in 

the charaoterisation of weak long ran&e couplings in lov lntenafty and/or broad multlplete 

12a CM be overoome. 

Table : " C H'HR data and aeefgnmente 

Chemical shlfta (8ppm). 

for alkylated adeninee and alkylatod ohloro-6 purines. 

C-2 C-4 c-5 c-6 C-8 C-l' (a),_,, C-3, C-4' C-5' c-6' C-7' C-8' 

a 152.6 149.4 118.8 156.1 140.8 45.0 133.0 117.7 

& 143.4 149.8 120.7 155.0 152.6 51.0 132.1 118.8 

#) 152.3 149.0 118.7 154.3 140.3 44.7 133.2 117.3 

c, (b) 151.9 150.5 118.8 153.5 139.9 45.0 133.2 117.5 

152.4 149.4 118.7 155.9 140.4 44.3 129.1 '25.9 17.2 

142.8 149.7 120.5 154.8 152.6 50.4 130.6 125.1 17.2 

152.3 149.5 118.7 155.9 140.7 42.1 33.4 134.6 117.3 

152.2 149.4 118.7 155.8 140.7 42.7 25.9 (29.2 28.4 28.2) 31.0 21.9 13.7 

152.7 149.6 118.8 156.1 140.8 46.2 137.1 127.5 120.7 127.7 

143.4 149.7 120.3 154.9 152.5 52.0 136.9 128.0 128.6 128.0 

152.0 149.6 118.5 155.7 141.4 46.2 69.6 63.3 

152.2 149.6 110.3 155.8 141.1 45.1 73.4 65.9 108.7 24.9 26.3 

152.0 151.7 131.5 151.0 144.9 46.3 130.9 119.9 

152.5 162.0 122.5 143.1 148.9 49.3 131.9 119.6 

151.2 152.2 130.7 748.8 148.2 47.3 69.3 63.5 

151.3 161.6 122.2 142.1 151.8 50.0 70.4 63.4 

(a) +-l' C-8' labelling of the carbone of the N-3 or N-9 subetituent. 

(b) Carbons of the N-6 substituent : 2 : 52.2 135.7 114.8 ; 6 : 49.2 134.0 116.7. 

Couplfng constants (Hz) for 9-allyladenine & end 3-allyladenlne 2. 

3, 3, 3J 3, 3, 3, lJ 3, 

C-2.2-H c-2&B2 c-4,2-11 C-4,8-H C-4,uCH2 C-518-H C-5,NE2 c-6.2-11 C-8.8-H C-8,cuCH2 

2a 198.7 - 11.6 4.9 3.5 11.0 4.2 11.5 211.5 3.9 

2 206.9 4.9 6.6 10.5 3.3 10.5 3.9 11.6 198.0 - 
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EXPEHIMHNTAL 

Melting points were measured by using a Kofler type melting point apparatus 8nd are 

uncorrected. 

Spectral Data. 'Ii NMN spectra were obtained on 8 Varfan M 390 BKR apettrometer. "C HRE 

spectra vere recorded at 20.13 and 62.80 MHz using Bruker ST 80 and NM 250 epectroaetere. 

13C chemical shifts and coupling constants were measured for a8mples dissolved in DMSO-d6 

except for oompounds z, & which vere studied in CDL% 
3 
(circa 0.5 M). The digital reeo- 

lution was 0.3 Ha. The 13C 1H COrXWl8ted 21, experiments were recorded wing a Bruker y11 250 

spectrometer. The applied pulse sequence (XH COHH) I5 ~8s 'H Dl-PO-DO- -W-03-90 BB 

13C Dl -180- 90-D4-?ID 

The data sfee of the time domain use 64 (fl) x 1K (f2). The time domain matrix wee exp88ded 

by zero filling to 256 points in fl. Sine bell and Gaussian vindowe were ueed respectively 

in f2 and fl dimensions. Resolution aohfeved in the frequency domain was 5 + 1 Bz. Acoor- 

ding to the valuea of the coupling constants used in the correlation, the values of DJ and 

I): were set to 0.0025 (J circa 200 Hz), 0.043 (J cfrua 10.5 He) 03 was set to 0.125 and D4 

to 0.062 (J circa 4 Hs). 

General orooedure of the 8lkFlation of adenine. 9-slkuladeninee and 6-ohloronurine. The 

heterocycle (10 mmol), finely ground potaseium hydroxide (0.65 g, 11.5 meal) and aliquat 

336 l6 (0.12 g, 0.3 mmol) were vigorously shaken with a mechaninal stirrer for 10 nin at 

room temperature. After addition of the alkylating agent (10 mmol) shaking use restarted 

at the appropriate temperature. The reaction was eventually cooled to room tempenrture and 

extracted with methplene chloride (3 x 20 ml) or methylene chloride - ethsnol 9rl (3 I 

20 ml) for compound 2f. The products were purified by recrystallization or by ChrOmatOgr8- 

phy on silica gel column8 using the following eluenta t A : CE2C12/acetone 8~2 ; B t 
toluene/ethanol 7:f ; C r CH2C12/ethanol 7:3 ; D t bensenefmethanol 9x1 ; E : CH2C12/ 

methanol 981. Yields of chroaatographically isolated products are gathered in schemes. It 

Is specified in experimental part whenever isolation could 8180 be realieed by cxyetalli- 

zation. Microanalysis are indicated for all new products. 

Alkylation of adentne bY allylbromide : the products were separated by chromatography 

(eluent A). 

j-AllYl8d8nine (281. mp 163~ (benzene-methanol 9rl) (lit " np 162-163~) ; ‘H ItKR (CDO13) 

4.76 (a, 2H), 5.03-5.43 (m, 2H), 6.00 (m, la), 6.85 (8, broad, 2H), 7.82 (8, lH), 8.22 

(8, 1H). 

j-Alluladenine (3a)_. mp 206-208V (methanol) (lit " mp 207-211.C) ; ‘H HHR (cm3) 4.96 

(d, 2X), 5.13-5.50 (a, 2H). 6.03 (m, 1X), 7.20 (8, broad, 2X), 7.90 (8, la). 8.00 (et 1H). 

j-Allyl-6-N-allYl8mfnoourlne (5al. mp 138-142-C (ethyl acetate) ; 'H NMH (CDC13) 4.30 (d, 

2H), 4.76 (d, 2H), 5.00-5.33 (m, 4H), 5.66-6.16 (m, 2H), 7.60 (8, lH), 8.30 (II, IH). 

Anal. Calod for Cl,H13"5 t C, 61.39 ; 8, 6.04 I N, 32.56. Found I C, 61.22 8 3, 6.09 ; 

N, 32.87. 

29-AllvX-6-l-diallylulf furl 

(d, 4H), 4.79 (d, 2@,?.00-;33 ( 

(61. mp 108-tll*C (ethyl acetate) I 'I? NMH (CnCl,) 4.53 

I* 6H), 5.67-6.16 (a, 3H). 7.66 (0. lH), 8.30 (II, 1Hfr 

Anal. Calod for C14B17N5 : C, 65.88 ; I?, 6.66 ; Ii, 27.45. lround I C, 65.65 z B, 6.73 I 
N, 27.68. 

AlkYl8tiOn of adenine bY l-bromo-2 butene I 3 and a were separated by ohrom8togr8phy 

(eluent B). 
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9-l-(m 2 ena) ad=ni _ - (2 
(d. 3H), 4.75 (d, 21),n;.64 

bl. mp 25+260*C (isopropyl alcohol) $ ‘H Mli (CDCl ) 1.76 

(m, 2H). 7.65 (a, broad, 2H), 7.76 (8, lH), 8.26 (i, 1H). 

Anal. Calcd for C9HllD5 : C, 57.14 ; H, 5.82 ; bl, 37.03. Found : C, 57.03 ; H, 5.89 ; 

N, 37.?8. 

3-1-(Dut-2-errpl) odenine (3bl . np 216-220.~ (methanol) ; 'H m (CDC13) 1.75 (d, 3E), 

4.9 (d, 2A), 5.82 (n, 2H). 7.54 (s, 2H), 7.90 (8, lH), 8.10 (e, 1H). Anal. Calod for 

CyH1 lN5 : C, 57.74 ; H, 5.82 ; N, 37.03. Found : C, 56.85 ; H, 6.08 ; N, 37.31. 

j-l-(But-3-enyl) 8denine (2~1. Was purified by ChrOm8tOgr8phy (elUent B), & V88 8bO 

obtained by crystallization of the crude reaction mixture in ethyl acetate (yield 58 %) 

mp 169-171'~ (ethyl acetate) ; 'H N?tS (CDC13) 2.65 (ID, 2H), 4.28 (t, 2H), 4.96 (m, la), 

5.22 (m, lH), 7.78 (6, lH), 8.36 (8, 1A). Anal. Calcd for CyHllN5 : C, 57.14 ; A, 5.82 ; 

N, 37.03. Fourd : C, 56.78 ; Ii, 5.95 ; N, 37.09 

j-1-(Octyl) adenine (2d)_. Chromatography with eluent B. mp 127-128.5.C (ethyl acetate) 

(lit la mp 13l.C) ; 'H NM8 (CW13) 0.90 (t, 3H). 1.04-1.50 (m, lOH), 1.80-2.06 (m, 2H). 

4.13 (t, 2H), 6.10 (8, broad, 2H), 7.64 (8, lH), 8.24 (e, 1H). Anal. Calcd for C13H2,g5 : 

C, 63.16 ; H, 8.50 ; N, 28.34. Found : C, 63;06 : H, 8.59 ; N, 28.58. 

Alkylatlon of adenine vith benaylbromide. The benayladenine & and & vere separated by 

COlWsn chromatography (elnent D), & vas also obtained by cryetallization of the crude 

reaction mixture in ethyl acetate (yield 48 %). 

j-Benayladenine (2e)_. mp 2j2-2JJ.C (ethanol) (lit 3b mp 234'C) ; 'H DMD (CDC13) 5.41 

(8, 2H). 7.23 (e, broad, 2H), 7.33 (8. 5H), 8.20 (s, lH), 8.32 (8, 1H). 

j-Denzrlsdonine (30). q p 276.C (ethanol) (lit 3b mp 276-278.C) ; 'H RI2 (CDC13) 5.56 

(8, 2H). 7.20-7.50 (m, 5H), 7.84 (8, lH), 8.00 (8, broad, 2H), 8.56 (8, 1H). 

j-l-(2.3-Dlh~lro~~ uroo~l) odenine (=A) (2f)_. Chromatography vith eluent E, a vae also 

obtained by crystallization of the crude reaation mixture in isopropyloloohol (yield 52 %). 

mp 2lO'C (lit l6 207-208'C) ; 'H NIX2 (IMSO-d6) 3.40 (m, 2H), 3.76-3.50 (m, lH), 4.10- 

4.50 (m, 2H), 4.93 (t, 1H). 5.16 (d, 18). 7.16 (8, broad, 2H), 8.03 (e, lH), 8.06 (e, 1H). 

Reaction of bromouronanediol vith adenine unde- solid-liauid FTC vith added organic eolvent 

condition s The method described in the general procedure vae modified by adding methylene 

chloride (20 ml) before the alkylating agent. 

Reaction of bromopronanediol vith adenine under liaaid-liouid FTC conditions : the process 

described in ref " vas used. 

j-1-(Dihydroxyorouyl-2~.3~-O-iaonrouylidon) adenine (a. Chromatography with eluent C. 

up 215-c (lit 6 210-211.~) ; 'H NMR (DWO-d6) 1.36 (8, JH), 1.38 (6, 3H), 4.03 (m, 2H), 

4.37 (m, 1H), 4.50 (m, 2H), 7.25 (s, broad, 2H), 8.17 (e, lH), 8.28 (8, 1H). 

Alkylation of 6-chlorouurine by allylbromide I The producte wre 8epar8ted by chromatogra- 

phy (eluent C). 

j-Allyl-6-ohlorouurine (2hl. mp 163-167'C ; 'H IJ)IB (CDC13) 4.91 (m, 2H), 5.23-5.40 (m, 2H) 

6.04 (m, lH), 8.13 (e, lH), 8.76 (e, 1H). Anal. Colcd for C8H71i4C1 : C, 49.35 i H, 3.59 ; 

N, 28.79. Found I C, 49.23 ; H, 3.80 ; N, 28.93. 

J-Allyl-6-chlorowrine (4h)_. mp 143-146.~ ; 'H BlIB (CDC13) 5.12 (n, 2H), 5.12-5.38 (m, 23) 

6.11 (m, lH), 8.30 (8, lH), 8.78 (8, 1H). Anal. C8lCd for C8E7E4Cl : C, 49.35 ; H, 3.59 ; 

N, 28.79. Found I C, 49.18 ; H, 3.96 ; I, 29.06. 



2108 N. hnnea et nl. 

Alkylation of 6-chlorouurine by bromouronanediol I The products were sap&rated by c-s- 

togapby (eluent E). 

6-Chloro-9-1-(2.J-dihydrorynronyl) DUrine (221 . mp 102.C (methanol). This compound ho been 

already prepared lg but only the hydrochloride vas deecribed. 'E BHR (B#SO-d6) 3.37 (I, 

2H), 3.45-4.00 (m, lH), 4.07-4.60 (a, 2E). 4.87 (tt 1E). 5.16 (d, 18). 8463 (sr ?H), 8.75 

(8, 1H). Anal. Colod for C,H9Clli402 I C, 42.01 ; H, 3.94 i E, 24.51. Found t C, 42-08 ; 
H, 4.15 : 8, 24.63. 

6-Chloro-7-t-(2.J-dihrdroxynronyl) wrins (411. mp 166.C (methanol) g 'Is EMR (nrSO-d6) 

3.50 (m, 2R). 3.66-4.03 (m, @, 4.06-4.77 (m, 2H!, 4.88 (t, lH), 5.16 (d, rE), 8.66 (s, 

lH), 8.13 (8, tH). Anal. Calod for C,HgClN402 I C, 42.01 i H, 3.94 ; B, 24.51. Found t 

C, 41.83 ; H, 4.07 i N, 24.63. 

6-Allylamino-9-l-buten-3-yl nurine (5bl. Chromatography with eluent B. mp 137.C r 'R HHR 

(Cx13) 2.63 (q, 2H), 4.28 (t. 2B), 4.58 (d, 2H). 5.05-5.40 (m, 4H), 5.60-6.33 (m, 5H), 

7.72 (8, 181, S-40 (s, la). Anal. Calod for C12H15N5 t C, 62.88 ; H, 6.55 ; E, 30.56. 
pound : C, 62.75 ; E, 6.77 I H, 30.68. 

6-Buten-j-y1 amino-g-ally1 purinem Chromatography with eluent B. mp 119.C ; ‘H MIB ____~_~_. 
(Cm13) 2.45 (q. 2H), 3.78 (t. 2H), 4-78 (d, 281, 4.85-5.25 (mt 4H)+ 5.63-6.28 (m, 3H), 

7.70 (s, 1E), 8.36 (s. 1H). Anal. Calcd for C,2Ht5N5 t C, 62.88 f H, 6.55 ; l?, 30.56. 

Found : C, 62.59 ; H, 6.88 ; N, 30.78. 
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