
FJLUORESCENT AND PHOSPHORESCFNT PYRIMIDINEi LABEL!3 

a-DIKEI’ONE DERIVATMB OF URACIL AND THYMINE 

Y~NoJ.L~,WILLWA.tlummsandJo~~G.Bu~~* 
Dqwtmglt of alcalwy, univarity of oklabw& Norman, OK 73019, U.S.A. 

(~~inusA1l~~uorgl978;RcufwdinuKforp~8Mclyl978) 

aad tmtei witlhyd KiO, (6.35 g, 46 omdc) for 72-h. Afta 
8ltcrhgtbc@atino&ppC&6itraiawasev&ratcdtoaligkt 
veaow viacats oil (IJI). NMR KYDClm 8 1.33 (S. 3In. 1.75 

~tiinsiliagelincHa3~~~.~g~ 
cwhUirx WM. 65%. OLD. 97M9’. IR 33.5.88.595.6.77.7.15. 
7.h, 7.93, 6.4: 9.43, ii.1 d I&; ti hi&h) 2&G 
(+9.980); NMR (CDCl~ d 1.97 (III, W, 2’-CH& 2.17 (s, 3H, 
S’-CH3), W ft. 2H, J-6&, 3X&), 3.77 (1, W, J-6H2, 
l’-C&). 5.m (d, lH, J = 7.8 Hz, U(sH and 6.33 (S, Hi, N(3).H) 
and 7.24 (d. 1H. J = 7.8 Hz, U(6Ml); m/s (70 eV) m/e (rd. ab.) 
196(14), 15300). 139uOOh 12604), llY14), llY14), %(X) and 
850. C. 55.1s: H. 6.26. Cak. for GHnNzOs C. 55.10: 
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ilopmpdlnd&~dordiq%2agofwllitccryrsrlline 
aolkl, 89%; m.p. 201.5-* IR 3.06,3.1& 3.3,3.5,6.0 0, 
6.78,7.3,7.85,8.33,9.1% 9.n 10.1.10~ 1295,13.0 md 16.4Ac; 
W (MeDii) 164nm (c 1OSoo); NMR Cpyrkfimd~ d 242 
(S, 3H, 5’-H), 322 (t,2H, J = 7 Hz, T-H), 4.12 (St 2K. J = 7 Hz, 
1’-&, 5.75 (d, lK J= 8Hz, U(5&H), 7.45 (d, 1Ii. J=SHt. 
U#ikHk mlr (rt ?OeV) a& 2240, 181Qlk 16501X Irolll), 
12$&j md lly~af& (Fonmdz C, 1BAb; H, 4bl; N. 18s Csk. 
fa C&,N.OL C. 499: B. 492: N. l&669& 

at 8 * 6 did (tmm &k& m tkp rsiis; sit 
2.93.3.1s. 324.3.29.3.58.5.1s he&. dl7 (ii IKOUJ). 63. 

&&lWitbdlS.BtOli,Wbkh&ldBd~VhCUMOil-~~V- 

~t&~T&O8WNdi#dvsdiD5OOd~WbiClt8UadCd 
120a3gwkirecryamlorclidbyrbr0npmtion,17%,m.Lp 
12wp; fR 3.16 338,530,6&2# 6.15,4.92s 7.09*735.7.& 7.70. 
8.13, 12.5 md 147~; W (MeOH) aGlnm (e tO,260); NMR 
ICLlClaflM!9 d 2.37 fS. 1H. 5’~ID. 2.33 IQ. 1R. 3‘-HI. 333 (at. 
2H, 2’-H). 4.36 (5. 2ii; J -;A H;; It-H); j.7 (;L lH; J - 8 & 
mcS-M-H), 7.2 (4 lH, I-8Iiz umciW+H); 14s (at 701 m/c 
na(0.w. ~2340.19505I). 150, mm 126000~ 113m 
%o. (polmd: C. 38.S3. H. 392. C&. for &H&N&: C, 

112.5-1135; IR 3.14,335.3.38,3.45,3.461 6.77,6.95,7.2s, t.n, 
7.87,791, E.l3,8M, 8.73,9.09,9.82,10.1,1155, 1138,14.6 mad 
15.6 p; NMR (ra&wcwpbmds) 8 1.37 (S, 3H), 297 (S,2Hl and 
3.76 (a~, 8IQ (Found: C, 37.86, H, 5% Br, 31.59. C&L far 
C&I&o~ c, 37.96; H. 5.18; Br, 31.57%). 

~~~~~~~~~~~~0~ 

Of~~~~~*~~*~~DOf 
nome raidud d&d, pot far m&k, b.p. (0.015 tar) 19s; IR 
3.M. 3.44,5.71,6.7S,6.89,7251,8.28,893,9.75,10.75, 11.2.11.58 
rod 153c; NMR (CH_ 6 1.58 (S,3IQ, 4.24 (Sl 4H), 
4.45 (S, 2EQ (Foumk C, 34.4& A, 4.@& Br, 37.82 Cdc. for 
C&D& C, 3445; H. 430; Br, 38.27%). 

1~~~~2~~~~ (IX). umcilf5.0& 
45~)~~~~~~~~ 
ikl!.tb~~13-(fioxolulBandafturftaby 
prspvrtivetkdffll&d966~iZydkrdid4O%yidd~p. 
118~1lP; IR 332, 355. 5.67, SBB, 6.0, 6.79.7.1.7.19, 7.4,8.0, 
8.29,9.67, 11.2 ml 13.0~; W (MaOH) abJ (r 1OMOh NMR 
(pvd$IMS) 8 157 (S, 3H, 4’-H), 393 (S, 4H, kctah 5.10 (s, w;, 
I’@, 5.25 (d, lH, J - 7+4?fz, t&5)-H), 7.U (S, I& Nt-3Mi), 7.5 
(d, lH, J - 7.4 Hz, U(6&H); n/s (ot 70 ev) JJ& 241 (OJ), 181(9.4), 
136@7j, .l25M)Y 118@.1), 99@ md 87(180). cpamd: c 49% 
H, 5.15. Ck for CmHtlNh: C, 49s H, SJJ4%). 

is~~;W,.(~Zll)nm(e32).(Polmd:C~~H, 
5.27. Cak. fa C&tBrOs C 34.12 H. 53l%I. 

2m 5.60 is, ifi, (6).~,‘7.50 (s, in ($10. m iis, 3;22 3% 
3.39,3.47, 3.54, 3.63, 5.73,596,6.80, Ash, 7a 7.40,7.91,8.18, 
8.22,9.85,930, 11.0, 12.0, 12.2, 12.75, 13.3~ W A.., 260 (e 
loa 410 (i 315) om. (Found: c, 48% & 4.19. MC. for 
GHoN&c,4&#1;&4m& 



240 (s, 3Hh 8 330 (S, 3Hh d 430 (S, 2H), b S%o (d, lH, 
J - 8 Hz). 8 7.0 (6 lfi. J = 8 Hzl. tI’ouuk C. 51.41. H. 4.75. C&z. 

33 b, 6HI, a 4.m (S, za), 8 7.40 w 3H Imad). (Rxlndz c. 
S!R; B, 6.32; N. 10.83. Cak. for C,,H,&J& C. 5156; H. 6.25; 
N, 1094%). 

263, 41s nm. cup 10,700, a.13 = UI; NMR 
1.78 (S, 3H). d 2.30 (S, 3Hh d 4.90 (S, WD. a ?.30 (S, 1m. 
(pwnd: C, 5139; H, 4.67; N, 13.19. Calc fa C&&O,: d, 
31.43: 8.4.76: N. 13.335%). 

thattbishali&wlBsost&auyhindaadtbatalkylation 
OfCitbSUdlWthylllilKWaSillIpOMl~.TbiSaDSyl- 

a&m proccukd well with tbc monodioxolanc derivative 
(Ix),andprqW&onoftbemooo-dioxolaliederivrtiveof 
1-(23dioxobutyi)uracil was rumxwhl. Howevcr~ acid 
hy~~of~~~v~v~~~ 
the hydrolysis under the very stTingent c.&?nditjons neces- 
sarygaveapfodWwhichdidnotappeartobctbcdcsired 
&etone.Thisdi&uItyisprobablycaucdbythestabilhy 
of the cyclic kctal relative to the open chain kctal. 

Guided by this observation, we found that bromb 
biE?C@lUXddbetasilykCtaliZCdwithIWhaWl,givinp~ 
~~~~~rn~~~.Ke~of~’ 
~~~O~~o~Y~a~~~~; 
furkmrc, it is inmstinfj to note that whik 
banike-II of bromob&ctyl in m+apl so& 
tiolP occur8 at the 2-posith. fun ket&atW 
place only at the Sposition (BrCH&OC(OCH,XH,). 
ThiswasprovcdbytbeNMRspecbra;itprobablypro- 
~s~~f~~~~~ofa~~~n 

in- [(BrCHz-C&CH&CH,l” in the rate- 

detcmking step of kcu?.atio& wllaeac, bemiketal 
formation is pvgned mainly by the iudutive effect of 
the lll!igbm broolinc. Ill contmst to the nMMxliox- 
ol8nc ketal, the dimcthoxy ketal was rapidly hydrolyzed; 
warm %I% formic acid q~~~ly converted it to the 

dilnethLJxykctals in all cases @xp@ximcntal). 
Progress in the hydrcBlysis of the dimcthoxy ket&, 

~,~~~~by~~ofa~~e 
absorptEon~(aeIlOnm)otbytbepnsenceofa 
yellowcokxwheretbc8ecdoricsscompoundsaredis- 
cWlvalinacidicmediaMacids~(sulfuric,hy~ 
chlolic, formic acid) were effective even at dihlte 

ccaWoo8 however, the rate of hydrolysis ie slower 
~~~‘~~~~t~~by 
observing the NMR SpectA cbangc upon bydrdysis. 
~~~~f~~r~~~~~ 
a 100~ scale reaction can be completed in a few 
minutes. However, approximatcty 70% of the d&tone 
exists as a hemihydratc in aqueous media and 
kctonejhydmteequiliiisscn&ivetotcmpcraturcwith 
hydrate toradon favored at lower tcnpratu~.‘“‘~ In 
fact axe dye QUIIa) was obtained 
byly~~~~~.~~~ 
formic scid was a deep yellow; IyophEation yielded a 
colorlesssolidnts&ewhichdidnotposessthetypical 
visiiabaofptionoftbedMancs.Byhcatingander 
vacuum,thcc&xlcsssolid@Ifla)wasconvcrWltoa 
y~~~~~d~~~~~- 
rWpO&dtoOiWmolsaptarpa~lllolc*of~ 
compormdItwas~vcrcdloterthatevaponttse 
rWtioamixturcetabout&Pundctvacuumpldduces 
xIradiNxtlyiabMl!ryicldthanfimtamvatiqpto 
hcmibydratepnddehydratingtothediketoWaashownill 
schune3.~andNMRsptctra(not~)aM1 
~~v~~~~~~~y~ 
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ofUPD.ihcver,tbcaccompouadshavemonintcn8c 
visibkab!8@htbantbebtpcetylesindicatedbythc 
datagiveniuTab&1;thecokuofaystahofXlIa-carc 
ycllow-grecnwhiktbatofUPDisnuulycddesn.h 
additbltothctwobrads,anotherwceltobeorpbbaat 
about30&310nmappearsaaaaboukontbcuracil 
baadadbasamdarextinctioacoedicientinthe~ 
of35M5O(M-‘cm-‘)(Rg.2).nli8ablKnphd&lmt 
existineickur&cilorlFiEbu@absorptioaspectra.~ 

T&kl.Abaa@on maximmnmdmolucxthdh~ 

MdmrextiEth 
luuimlm (ml) clxikht (m-’ cm-‘) 

1-v a67 9.830 
53-BlmMmfJ 2l4 16.1*2 

415 20.0*2 
2smmedk= m 21*2 

416 18*2 
LJBD oat) 

:i 
lazo0 

31.5*4 
xmv 2uJ 

410 3&z 
XlIc 

ii 
l&RIO 

38.3*4 
m(v) 

iti 
9600 
22*2 
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fluorescence and phosphoresc4XuX in asetooitrik with 
similarspccbaldi&buGmasPDemiGonsp&ra 
However, the phosphomccoce is weaker than ia tbc PD 

lmdthantbatofbiacetyl(Pii4).Nophosp+%+eace 
iaobscrvabkiuthcsebichromphoricbutmdmmevca 
withrigomusdegaes&l%isisinamafkcdcootrastto 
bimztyl emisti which displays a strops phosphorcs- 
cmcc.“SlllchadilIcmccwasahmcvidcocedinab 
sarpljompectrad+u+intbeprcced&al?4+n.Thia 
indiamthat8ubstmollofp~ototbe~ 
fuactionalgluuphasmodifiedthespecbalpropcrtyofthe 
dike&me to a greater extent than mb&utioo in the @ 
posi&masiothccaaeofUPD. 

The mction of the diketom with protic solvents 
whi&baveblmdimssed&is&oclcarlymal& 
festaiinthcirfhwwescence SpectraMShDWllillFig.3.h 

waterorntethaml,anewtluorescmcemaximumoftbe 
hanihydratcofhcmikmlappcarsatabout42Onm,andat 
thesalQetimcthc&inaldikctoncflu’mscenceat 
46snm (maximum) is CoMidcrably dbusbed This 
saicaof bichromophoficditetoaesbebavmidenti&to 
biacctyl ia protic sdvcnts with reap& to hydrate or 
bmikctal formath which has been pmiously repor- 
tc~.I.‘~ It should be noted that in aqueous or al&olic 
sohltion8 of bichromopboric diketom, UK? side chain 
dikctmeexistsinqlmriumwiththehmihydratcor 
h&kctalfom.‘Ildscqui&hmisatIectcdbytcmpera- 
tmandmassactioa.‘IhepbospharescenteofUPDi 
mrlynonexi8tcatinwatcfpartiellybccau8cofthe 
hydratcfomatim.l%ustheutilityofpyrim&esubsti- 
tutcddiLetonesforex~cncrgytransferillaquaws 
8dUtioaiS.X&XXdh@ydUUli&dcompandtotbatill 
aprotic soIvents; boweva. snch Iimit&ons may be 

overcomatkastinputbyextmpoUmdiufommtioa 
ObtbbkiUlUiXdaqueouSSOlV~tStOpurrwoter. 
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