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Ab@tnCt: The reaction of NPBDP with various guanidines affords, after formic acid hydralysls. Z-amlnoGhydroxy4 
pyrimidomrs. Reactkm of NPBDP with ~inoheterocycles gives similar results. NPBDP is readily converted to the 
Bfunlnc+2-alkenenitrile. 10, a key building block for the synthesis of 5.6-biheteroaryts. 

pNitroph@nyf Sbromo-2,2diethoxypropionate (NPBDP) has been demonstrated to b% a valuable intermediate for 

the synthesis of highly fun~ion~iz~ small molecules as well as heterocycies. 1~2 Structurafty, NPBDP can be considered 

as a masked a-bromoketone linked to an activated carboxylfc acid. While intermolecular nucleophiiic attack occur% %x- 

ciusivety at the activated acid, a bifunctional nuofeophile, while first reacting at the activatbd actd site, can then produce 

an intramobcuiar nucleophilic displacement resulting in the formation of a heterooycle. lW6DP can atso be viewed in 

another manner, specifically. as a molecule which contains the two units most commonly employed for the synthesis of 

~~rn%rn~~ heferocycbs, i.e., the a-haktketone and actfvated acid. Separate chemical manipui~~n of each portion 

provides a wtde varbty of !+biheferoaryfs. 

NPBDP 

This peper describes two extensions of the utility of NPBDP. The first details the reaction of NPBDP with guanidines 

and derfvatives. a method which provfdes a novel entry into a series of 2~min~~hydroxy4py~midones. The second 

exwnsion invokres the conv%rsion of NPBDP to the ~~~2-~k%nen~rile, 29min~~l~,3dlethoxy-l~uten%, 

an Intermediate useful for th% synthesis of ti,&biheteroaryls. 

In connection with a synthetic program designed to identify novel therapeutic agents, a versatile synthesis of 

2.am~n~~hydroxy4pyrimi~nes was mquired. An established literature synthesis for this class of compounds tnvotves 

a mutttstep a%qu%no% In whkh ethyl gtyco&t%. as its O-prot%ct%d alher, is oondensed with ethyl fotmafe, and thii interm%diate 

is reacted wlth guanidines. Deprotection then affords the desired compound&J 
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While this procedure is clearly useful. it suffers some drawbacks not the least of which is either the difficult removal 

of a prqtaotlng group (b%nqf) or dealing with one which tends to be removed in the oouree of the synthesis (tetrahydropyranyf). 

A more attractive approach to these compounds invotves utilizing the reaotivlty of NPBDP with a bifuncttonal nucieophile 

such as guamdine. Simple deketatization with formic acid would then provtde the desired 2-amino-!5-hydroxy4pyrimidon%s. 

In fact, this praved to be the case. Tr%atment of NPf3DP with N,N~imeth~~an~di~ in ettranof at room tem~ratu~ 

afforded the uncycltzed 1,2-adduct. This material, when heated at reflux In ethanol smoothly cycfized to give la in good 

yi%fd. Rahsr than bofafe the fnttial adduct, it was dmpter to carry out this reaction In refluxing %fhanol and tsolets la 

directly from NPBOf. Fleaction of la in neat formic acid then affordsd 2a In modeat overaft ybfd. A summary of this r%- 

action, as w*ll as oZher examptes, appears In the tabb. tt should b% noted that in one case. formic acid hydrolysis of 

18 provided, in addttfon to 2a, a small amount of 2SJ,~methytarnf~ xy4pyrimk9one (3). whfoh ma&s from %timina- 

tion of ethanol rather than deketalizatktn. This type of byproduct w# not detected in any other of the resctions in the table. 

tft 18 wtth grWt pkawr~ that we dedicate this manuscript to PIU~OIURW fdmrd C. Taytor, a valued mentor and friend, on the occaeion 
of his Sixty-ftfth birthday. 
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a. CH, aa 73 62 

b. CHt~HI H 75 47 

C. F hsaJ% H 52 42 

CHa 

d. P CWa~(~$r H 74 34 

c)f, 

This sequence can be further extended to prepare fused dertvalives of Shydroxy4pyrlmidones: Treatment of NPBDP 

with Baminothiazoline in pyridine gave 71% of adduct 4. This could be cyclized with sodium ethoxide/ethenol to give 

5 in 55% yield. Deketalization of 5 with formic acid afforded 6 in 75% yield. In a similar fashion, 2-aminobenzlmidazole 

can be carried through this sequence to provlde 0 via intermedlates 7 and 8. 

C1H.Y 8 

NPBDP - BrC”&-CN” 

__ 
7 0 a 

5,&Blhetuomyt8 

Previous work from these laboratories described a series of 2guanidino4+eteroaryt)thiies which are novel histamine 

HTreceptor antagonists.* The most potent of these was 2guanldinM-(2-methyl4lmidaz~lyi)thifWes, a 5,5_biheteroaryl. 

In developing structureac(ivity relationships in this series, NPBDP was used to prepare analogs in which both Wmembersd 

rings could be modlfied.~ A natural extension of this work would be to prepare compbunds in which the imidazole is replaced 

by six-membered rings, specifically pyrimidines. 

One approach to these pyrimidines would Involve conversion of the activated acid portion of NPBDP to a 

3amino-2.alkenenttrlle, a known building block for pyrimidines. 5 Thus, a simple route to compound 10 was sought. An 

attractive approach to 10 was based on the recent synthesis of compounds of this type by Hiyama in which a highly selec- 

tivs cross-Thorpe was obecnved when reacting a-llthioacetonitrile with 2,2dimethoxypr@onItrlle.r Application 01 the cross 

Thorpe reaction to this case would Involve utilizing Sbro~2,2diethoxypropionitrile 11, which is, in fact. readily aVallable 

from NPBDP in 68% yield by reaction first with ammonia to give an intermediate amide which is dehydrated as descrlbed.~ 

Reaction of 11 with a-lithioacetonitrile did afford the desired 10 as the only isolated product but, inexplicably. in low yield 

(20%). Various attempts made to improve this reaction were in vain. However, since this synthesis was simple to execute 

and since it readity provided muttigram quantities of 10, II well served our needs. 

CI”lO CI”fiy ‘I’“# 

NPBDP - BrCH~kl - 

c&HI6 

BrCHl~C = CHCN 

G”aO 

11 10 
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abseq-nt ~MWW&WI of 10 to the desired targets proved dmightforward. Reaction of 10 with dimethyfformamide 

dImethyfacatal gave amMlne 12 in 93% yield. cydlzation of 12 with ammonium ac&ate gmfa 69% of pyrlmidine 13, which 

was deprotected with hydrobromic acid and reacted with amidinothiourea to afford analog 14. By repeating this sequence 

with dimethylacetamlde dimethylacetal, the corresponding Bmethylpyrimidines were prepared. 

13 R=H 
16 R=CH, 

14 R=H 
17 R=CH, 

Summary 

This York furtbr demonstrates the versatility of NPBDP in heterocyclic synthesis. NPBDP can be viewed as an 

equivalent of “c+w 
@ “, and as such can be reacted with guanidlnes and u-aminoheterocydes to afford 5-hydroxy4 

pyrlmidonw and fused Mydroxy4pyrimldanee, respe&vely. llowev~, one can also consider NPSDP as a biheteroaryl 

building block, not only for 5,Sbiheteroaryla but now also for 5.6-biheteroaryls through the intermediacy of compound 

10. NPBDP should continue to be a valuable intermediate in heterocyclic synthesis. 

EXPERIMENTAL 

Qeneral: 

W NMR spectra were obtained on a Varian T-SO spectrometer; chemical shifts from tetramethylsilane are reported 

on the d scale. IR spectra were recorded on a P&in-Elmer 2378 grating spectrophotometer. High resolution mass spectra 

were recorded on an AEI MB30 spectrometer. Melting points are uncorrected and were obtained in open capillaries on 

a Thomas-Hoover melting point apparatlrs. Soh+wts and reagents, including NPBDP (Aldrich), were commercially available, 

and, unless otherwise noted, were used directly. 

Qemml Procedure for the Syntheslr of N-SubrtttuWd Guanldlnes 

A mixture of 60 mmol of the appropriate amine, 60 mmol of 3,5dirnethylpyrazols1carboxamidine. 5 mL of acetic 

acid and 75 mL of toluene was heated at reflux for 16 h. Thd mixture was cooled, the precipitate was collected, and the 

material was dried in vacua, thereby affording 60.90% yields of the substiluted guanldlne as its ecetate salt. Thesa guanldlnes 

were used wlthout further purification. 

2-N,KDlrnethylamlno-5-hydroxy4pyrimldone (PI) 

Sodium (1.5 g. 66 mmol) was dissolved in 100 mL of absolute ethanol under a nitrogen atmosphere and 12.2 g (66 

mmol) of N,N-dimethylguanidine sulfate was added, and this mixture was stirred at room temperature for 1 h. The in- 

solubles Wre removed by filtration and the filtrate was added to a solution of 8.0 g (22 mmol) of NPBDP in 150 mL of 

absolute ethanol. After heating this mixture at reflux for M! h, the mixture was concentmted. The residue was dissolved 

in 150 mL of saturated sodium bicarbonate solution, and stirred for 15 min. The aqueous solutlon was brought te pH 

2 with 6N hydrochloric acid and then extracted with etlayl acetate (4 x 100 mL). The combined extracts were dried (anhyd. 

NafiO,). filtered. and evaporated leaving a mixture of pnitrophenol and la. These were readlty separated by flash column 

chromatography uslng 10:1 chloroform/methanol as eluent to afford 3.71 g (73%) of la as a white u&d, mp 16&164°C; 

NMR (CDCW: a00 (b, 1l-l); 3.93.4 (q + s, 6H); 3.27 (s. 8H); 1.17 (t. WI). HRMS obsd. M’ m/z 229.1433; C,&l+,N,03 
o&d. 229.1426. This material (3.0 g, 13 mmol) was added to 100 mL of formk scld and heated at reftux for 19 h. The 

mbfture was cancentralsd, the residue triturated with ether, and the sdid was collected by RttratM. The product was 

separated from a small amcunt of a less polar material by ftash chromatography mr sllloa gel using 5:l chk&orm/m 
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813 elwnt. The la66 polar material amounted to 0.37 g (14%) of 2-dimethytamino5-ethoxy4pyrimidone (a), mp 18&18Q°C; 

NMR (CDW: 7.37 (s. 1H); 3.90 (q, 2H); 3.10 (8, 8H); 1.28 (t, 3H). HRMS cbsd. M+ m/z 183.1017; GHrtNs& c&d. 

183.1011. 

Anal. Cakd. for GH13NJ02: C, 52.44; H, 7.15; N, 22.94. Found: C, 51.93; H. 7.08; N. 22.57. 

The product amounted to 1.25 g (82%) of 20. mp 250-253OC; NMR (da-DMSC): 7.6-7.2 (b + s, 3H); 3.15 (s, 8H). 

HRMS obsd. M + m/z 155.0878; CIHoNjOl calcd. 155.0697. A sample of this material was converted to its HBr satt for 

analysis. 

AMI. Calcd. for &.HoNJOz.l.5 HBr: C. 28.01; H, 3.81; N, 15.18. Found: C, 28.30; H, 3.83: N, 15.18. 

2-N-Benzylamln~hydroxy-4pyrlmMone (2b) 

Sodium (0.57 g. 24.8 mmol) was dissolved in 50 mL of absolute ethanol, and 5.20 g (24.8 mmol) of N-benzylguanidine 

acetate was added. The mixture was stirred at room temperature for 1 h, and filtered to remove insolubles. A solution 

of 3.0 g (8.3 mmol) of NPBDP in 50 mL of ethanol was added to the filtrate and this was heated al reflux for 18 h. The 

mixture was concentrated and the residue was dissotved in 100 mL of saturated sodium bicarbonate solution and stirred 

at room temperature for 15 min. The aqueous mixture was brought to pH 2 with 8N hydrochloric acid, then extracted 

with ethyl acetate (4 x 108 ml). The combined extracts were dried (anhyd. NarSC,), filtered, and evaporated leaving a 

mixture of pnitrophenol and the product. Chromatography over silica gel using 2O:l chloroform/methanol as eluent af- 

forded 1.81 g (75%) of lb. mp 213214°C (acetonitrile); NMR (CDCI& 7.28 (s, 5H); 4.60 (bs, 2H); 3.83.4 (q + s, 8H); 

1.14 (t, 8H). HRMS obsd. M+ m/z 291.1614; ClsHs,NJOJ calcd. 291.1587. 

Anal. Calcd. for ClsHn,NJOJ.1/4 HtO: C, 80.89; H, 7.32; N, 14.20. Found: C. 81.11; H, 7.18; N, 14.14. 

A mixture of Ib (1 .O g, 3.4 mmol) in 50 mL of formic acid was heated at reflux for 18 h. The mixture was concentrated 

and the residue was triturated with saturated sodium bicarbonate solution, collected by fittraticn. washed with water, and 

dried in vacua to afford 0.35 g (47%) of 2b, mp 197~200°C; NMR (&-DMSO): 7.13 (s, 5H); 7.02 (8, 1H); 4.38 (bs, 2H). 

HRMS obsd. M+ m/z 2178831; CtrH,,NjOl calcd. 217.0855. 

Anel, Calcd. for CIIHIIN~0~~1/4 H20: C, 59.58; H, 5.23: N, 18.95. Found: C, 59.93; H, 5.14; N, 18.80. 

2-N-(4-Phenyf-2-butyfamIno)-5-hydroxy4pyrfmldone (PC) 

Using the same procedure described for the synthesis of lb, NPBDP was converted to lc in 52% yield, mp 188183°C; 

NMR (CD&): 8.95 (bs, 1H); 7.18 (s, 5H); 4.1-3.9 (m, 1H); 3.7-3.4 (q + 8. 8H); 2.8-2.8 (m, 2H); 191.7 (m, 2H); 1.28 (d, 

3H); 1.14 (1, 8H). HRMS obsd. M+ m/z 333.2028; CllH1rNJ03 calcd. 333.2053. 

Anal. Calcd. for C18H2,NS03+1/2 H?O: C, 63.13; H, 8.24; N, 12.27. Found: C, 63.32; H, 7.77; N, 12.22. 

Using the same procedure described for the synthesis of 2b, lc was allowed to react with formic acid to afford 42% 

of 2c, mp 121-123OC (recrystallized from toluene); NMR (CD&OID): 7.33 (IS. 1H); 7.2-7.0 (m. 5I-I); 3.7 (m, IH); 2.8 (m, 

2H); 1.9 (m, 2H); 1.21 (d, 3H). HRMS obsd. M+ m/z 259.1335; C14H17NJ01 cakd. 259.1320. 

2-N-(fWethyl-2-heptyfamIno)-!&hydroxy-4pyrfmldone (2d) 

Using the same procedure described for the synthesis of 1 b. NPBDP was converted to Id in 74% yield, mp 17&172’C 

(recrystallized from acetonitrile); NMR (CDCb): 3.9-3.4 (overlap of q, s, m, 7H); 1.61 .O (overlap of d. 1. m. 18H); 0.82 (d. 

8H). HRMS obsd. M’ m/z 313.2380; CIIHjlNJOJ calcd. 313.2387. 

And. Calcd, for CtsHJ,NJOJ: C81.31; H, 9.98; H, 13.41. Found: C, 80.87; H, 9.87: N. 13.22. 

Using the same procedure described for the synthesis of 2b, Id was allowed to react with formic acid to afford 34% 

of Pd. mp 98-1OOOC (recrystallized from acetonitrile): NMR (da-DMSC): 7.89 (s, 1 H): 3.94 (m, 1 H); 181.2 (m. 7H); 1 .I8 

(d, 3H); 0.85 (d, 8H). HRMS obsd. M* m/z 239.1822; C,?H1,NSOZ calcd. 239.1835. 

Anel, C&cd. for C11HZ,NJ02: C, 60.22; H, 8.84: N, 17.58. Found: C, 59.78; H, 8.95; N, 17.31. 

2-Aminothlazdine (8.50 g. 83.2 mmol) was dissolved in 100 mL of pyridine under a nitrogen atmosphere. To this 

was added 10.0 g (27.8 mmol) of NPBDP and the mlxture was stlrred at room temperature for 0.5 h. The mixture was 

concentrated and the residue was dissolved in 100 mL of saturated sodium bicarbonate e&tton and stirred for 15 min. 

This solution was acidified to pH 2 with 6N hydrochloric acid, then extracted wkh ethyl acetsk (4 x 100 mL). The combined 
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extracts wafo dried (anhyd. Na&O,), fittered, and evaporated leaving a mlxtwr of pnWphenol and the pduct. S~SM+ 

tlollbyc&Mnrlchramtography over dlica gel using chbroform as elwnt affcukd 6.34 g (7196) of 4 as a wMte eolid, 

mp 122-123OC, NMR (CDCl,): 3.94 (q, 2l-l); 3.59 (s, 2l-l); 3.6-3.2 (overtapping q, 4H); 1.23 (1. 3&t). HRMS obsd. M+ m/r 

326.9996: t&H,,8rN&S &cd. 328.0123. 

6,&Olethoxy-2,3,6,7 --[3,2-a]-7-pytlmkbona (I) 
Sodium (0.24 g, 10.4 mmol) was dissolved in 60 mL of abs. ethanol under a nitrogen atmosphere, 3.4 g (10.4 mmol) 

of 4 was added, and the mixture was heated at reflux for 16 h. The mixture was cooled, then concentrated. The residue 

was taken up into 100 mL of saturated sodium bicarbonate solution, stirred for 15 min. then extracted with ethyl acetate 

(4 x 100 ml). The combined extra& wem dried (anhyd. N-4, filtered, and evaporated Leaving a yellow aolii. Recryatalliz& 

tion from isopropyl ether then afforded 1.43 g (55%) of 5, mp 85-66X; NMR (CDCIJ): 4.01 (q. 2H); 3.73 (8, 2H); 3.63 

(q, 4H); 3.27 (q, 2H); 1.19 (1. 6H). HRMS obsd. M’ m/z 244.0623; ClaHIaN&S calcd. 244.0660. 

Anal. Calcd. for C,0H1~N203S: C, 49.16; H. 6.60; N, 11.47. Found: C, 49.06; H, 6.56; N, 11.37. 

A mixture of 0.70 g (2.66 mmol) of 6 in 10 mL of formic acid was heated at reflux for 16 h. The mixture was cooled, 

then concentrated to afford a gummy solid. Trlturath with chloroform yletded a white solid which was filtered, washed 

wtth chloroform, then dried In ~ecuo to afford 0.36 g (75%) of 6 as a white solid, mp 242-244OC; NMR (d.-DMSO): 7.51 

(8. 1H); 4.29 (1, 2H); 4.02 (I, 2H). HRMS obad. M+ m/z 170.0966; CIHINfilS calcd. 170.0152. 

P-Aminobenzimidazole (1 .lO g, 6.26 mmol) was dissolved in 20 mL of pyridlne under a nitrogen atmosphere and to 

this was added 1 .OO g (2.76 mmol) of NPBDP. The mixture was heated at 105°C (external) for 2 h, cooled, then concen- 

trated. The residue was dissobed In 30 mL of saturated sodium bicarbonate solutlon. stirred for 15 min. then brought 

to pH 2 with 6N hydrochloric acid. The aqueous mixture was extracted with ethyl acetate (4 x 50 ml) and the combined 

extracts were dried (anhyd. Na*SO.), fittered and evaporated leaving a mixture of pnitrophenol and the product. Separa- 

tion by flash column chromatography using 5O:l chloroform/methanol a8 eluent afforded a yellow solid. Recrystalllzatlon 

from acetonitrilo afforded 0.70 g (71%) of 7, mp 214-216OC; NMR (CD&): 757.0 (m, 4H); 3.64 (s, 2H); 3.52 (q, 4H); 

1.27 (1. 6H). HAMS obsd. M+ m/z 357.0325; C,,HtrBrN,OOJ calcd. 357.0536. 

Anal. Calcd. for C,,H,8BrNS03-1/2 H,O: C, 46.04; H, 5.24; N. 11.50. Found: C, 46.44; H, 5.06: N, 11.45. 

3,3-Dhthoxy-1 ,CMhydro-2-pyrlmldlnono(l,2-a]benzimiduok (8) 

Sodium (0.11 g, 4.7 mmol) was dissolved in 40 mL of abs. ethanol under a nitrogen atmosphere, and 1.65 g (4.6 

mmol) of 7 in 20 mL of abs. ethanol was added. This mixture was heated at reflux for 40 h. The mixture was cooled, 

then concentrated and the residue chromatographed directly over silica gel using 2O:l chloroform/methanol an eluent 

to give a white solid. Recrystallization from ethyl acetate afforded 0.79 g (62%) of 6, mp 192.195OC; NMR (CD,OD): 7.2-7.0 

(m. 4H): 3.74 (9, 2H); 3.62 (q. 4H); 1.29 (1, 6H). HRMS obsd. M+ m/r 275.1263; C,,H,,N,O, calcd. 275.1275. 

3-Hydroxy-2-pytimldono[l,2-a]berutmtduole (S) 

A mixture of 1.2 g (4.3 mmol) of 6 in 10 mL of formic acid was heated at reflux for 20 h. The mixture was concentrated 

and the residue triturated with chloroform. The resulting solid was collected and dried in VBCUO to give 0.35 g (40%) of 

9, mp >2Xl°C; NMR (GDMSO): 7.52 (s, 1 H); 7.4-7.1 (m. 4H). HRMS obsd. M + m/z 201.0514; C,,,H,N& cakd. 201.0536. 

2-Amlrm4brcnn~l+yano-3,3-dtethoxy-l-butem (10) 

A solution of 3.70 g (.090 m) of dry acetonttrile In 260 mL of dry tetrahydrofuran (THF) was etirrsd at -70°C under 

a nitrogen atmosphere and 43 mL of a 2.1 M solution of n-butyl llthium in hexane was addad dropwise over 0.5 h, keeping 

the temperature at -70°C. After addition was complete, the mixture was stirred at -7OOC for 15 min, then a solution of 

20.0 g (0.090 m) of 9bromo_2,2diethoxypropionitrile2 in 40 mL of dry THF was added dropwise over 40 mln, again keep 

ing the temperature at -70°C. After stirring an additional 15 min at -70°C, the mixture was allowed to warm to room 

temperature, then poured into 320 mL of saturated ammonium chkride solution. The aqueous mixture was extracted 

with ether (3 x 150 mL), and the combined extracts were dried (anhyd. Na&Q), filtered, and evclpotated le&ng an oil. 

Chromatography over silica gel using 6:l hexanalethyi acetate afforded 4.61 g (20%) of 10 as a pab yellow solid, mp 

9WWC; NMR (CD(&): 5.23 (bs. 2H); 4.27 (8, 1 Hk 3.60 (q. 4H); 3.45 (8, W); 1.27 (t,6H). HRMS otmd. M + m/z 262.0336; 

C,H,,,BrNfl? calcd. 262.0317. 

Anal. Calcd. for C9H16BrN202: C, 41.06; H, 5.75; N, 10.65. Found: 41.02; H. 5.60; N. 10.54. 
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-1~,~xy-2+YN’.N’#ntathylt oflnmwh~l~ne (1s) 

A mixture of 1.75 g (6.7 mmof) d 10 and 60 mL of N,Ndimethyfformamide dimethyl acetal was stirred at room 

tempemture for 16 h. The mixture was concentrated and the residue was tritumted -en times -with 15 mL portions of 

boiling hexane. Concentration of the combined extracts afforded a yellow solid. Recrystallization from heXan afford& 

1.99 g (93%) of 12 as a yellow solid, mp 104.5-105.5°C; NMR (CDCb): 7.67 (s, 1H); 5.13 (s, 1H); 3.50 (8, 2H); 3.42 (4. 

4Hji 3.93 (s, 3H); 3.00 (s, 3H); 1.16 (1, 6H). 

Anal. ~afcd. for CIIHmBrNJOa: C, 45.29; H, 6333; N, 13.21. Found: C, 45.71; H, 6.53; N, 13.06. 

A mixture of 1.69 g (6.4 mmol) of 10 end 10 mL of N.N-dlmethyleoetamlde dimethylacetal was heated 110% foi i6 h. 

The mixture wss concentrated and the residue was chromatographed over silica gel using 5:l hexanelethyl acetate as 

eluent to afford 1.85 g (87%) of 15 as a white solid, mp 6766.5OC; NMR (CD&): 5.07 (s, 1H); 3.52 (q, 4H); 3.43 (s,‘2H); 

3.05 (s6H); 2.16 (s. 3H); 1.23 (t, 6H). 

6-Amlno4(2-komo-1 ,l+Wthoxyethyl)pyrlmkllno (13) 

A mixture of 1 .OO g (3.1 mmol) of 12, 4.1 g (51 mmol) of ammonium acetate; and 15 mL of abs. ethanol wafr heated 

at reflux for 3 h. The mixture was concentrated end the residue was triturated with ethyl acetate. The ethyl acetate soI+ 

tion was ftftered from the Insolubles. and the fiirate was washed with saturated sodium bicarbonate solution (3 x 15 mL). 

Concentration of the ethyl acetate sofution afforded a solld which was recrystallized from 1 :l toluenelcyclohexahe to give 

0.63 g (69%) of 13 as a beige solid, mp 153164°C; NMR (CD&): 8.47 (8, 1H); 6.86 (s, 1H); 6.0 (be, 2H); 3.81 (s. 2H); 

3.6-3.2 (m, 4H); 1.17 (t. 6H). 

6-Amlno4(2-bromo-1 ,ldlaho~l)-2methylpyrlmldlne (16) 

Using the same procedure outlined above for the synthesis of 13, acetamidino derivative 15 was converted into 16 

in 66% yield, mp 152.5155°C. NMR (CDC&): 6.75 (s, 1 H); 5.46 (bs, 2H); 3.90 (s, 2H); 363.2 (m, 4H); 2.59 (8,3H); 1.29 (t, 6H). 

2-Gurnldl~Caml~oB-Wrlmld~)~~l~H~ (14) 

A mixture of 0.93 g (3.2 mmol) of 13 and 18 mL of 49% hydrobromic acid was stirred at room temperature for 1 h. 

The mixture was concentrated and the solid residue was trlturated with saturated sodium bicarbonate sdution. The resulting 

slurry was filtered, washed with water, then dried h vacua to afford 0.62 g (89%) of the intermediate a-bromoketons: 

NMR (dd-DMSO): 8.39 (s, 1 H); 757.2 (b, 2H); 6.56 (s, 1 H); 4.78 (s, 2H). This material (0.26 g, 1.2 mmol) was dissofved 

in 7 mL of acetone, 0.14 g (1.2 mmol) 01 amidinothiourea was added and the mixture was heated to mffux for 1 h. The 

resulting precipitate wa8 fIltered, washed with acetone, and dried in vecuo to afford 0.35 g (66%) of pure 14. mp >26O*C; 

NMR (d,,-DMSO): 8.41 (s, 1 H); 8.0 (b, 4H); 7.3 (b, 2H): 7.15 (s, 1 H). HRMS abed. M + m/z 235.0622; C,H,N,S calcd. 

235.0639. 

Anal, Caked. for CIH,N,SHBr.H@ C, 28.75: H, 3.62; N, 29.34; S, 9.59. Found: C, 26.77: H, 3.59: N. 28.86; S, 9.47. 

2-Guanldlno-4-(kmlno-2-methyl-6-pyrfmldyl)thluole~HBr (17) 

A mixture of 1.13 g (3.7 mmol) of 16 and 20 mL of 48% hydrobromic acid was stirred at room temperature for 2.5 h. 

The mixture was concentrated and the solid residue was triturated with saturated sodium bicarbonate solution. The resulting 

slurry was filtered, washed well with water, then dried in vecuo to afford 0.77 9 (99%) of the intermediate a-bromoketone; 

NMR (CD,OD): 6.62 (s. 1 H); 454 (s, 2H); 2.46 (s? 3H). This material (0.23 g, 1 .O mmoi) was dissolved in 7 mL of acetone, 

0.12 g (1 .O mmol) of amidinothiourea was added, and the mixture was heated at reflux for 1 h. The resulting precipitate 

was filtered, washed with acetone, and dried In vecuo to afford 0.32 g (99%) of pure 17, mp >250°C; NMR (d‘ DMSC, 

D*O): 6.01 (s, 1H); 7.07 (s, 1H); 2.46 (8, 3H). HRMS obsd. M+ m/z 249.0817; CgH,,N7S calcd. 249.0797. 

And. Cabd. for ~HIrN,SH6rHZO: C, 31.04; H, 4.05; N, 26.16; S, 9.20. Found: C, 31.50;‘H, 3.74: N, 28.89; S. 9.54. 
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