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Abstract 3,64IlhydroxyanthranIlamlde. 5, and its 5-propyl denvatlve, 15, were synthesized The former was found to 
be very unstable, but the later was stable and could be reversibly oxidized to the analogous qumone 
Dimethoxyanthranilamide was protected as an acetone acetaminal and formylated at C-5 to give 18 

3.6- 
A hetero-Diels-Alder 

reaction with Danibhefsky’s dlene and 18 was effected with the atd of sonlcatlon and ZnCI2, yleldmg a model, 20, for a 
putative Cglycoside IntermedIate In the blosynthesls of sarublcln A, 1 However, when 18 and the tnethylsiloxydlene 
derived from 3-penten-2-one were treated under the same condmons no reaction occurred, while p- 
dimethylaminobenzaldehyde only gave an aldol product 23 

Sarublcln A, 1 ,I-3 a qumone antlblohc produced by several Streptomyces species, IS derived from glucose,4 5 6- 

hydroxyanthranilic acid. 2,6 a new aromatlc ammo acid from the shiklmic acid pathway, and molecular oxygen 6 6- 

Hydroxyanthranilamlde, 3,’ has recently been shown to be an IntermedIate 

Key biosynthetic steps beyond 3 should be oxygenation of the nng to Introduce the C-4 oxygen, C-glycoslde 

formatlon, presumably through a 2,6-dideoxy-4-ketosugar nucleoslde, and cycllzahon, thus leading to the hydroqumone 

4 Two permutations are outlmed In Scheme 1, wfih the last step In the pathway expected to be oxldatlon to the final 

qulnone A program to synthesize these compounds for advanced blosynthetlc studies. as well as to provide entry Into a 

putative biomimetlc synthesis of 1 via C-glycosldes was lnltiated 

Results and Discussion 

Initial efforts were directed towards syntheslzlng 3,6-dlhydroxyanthranllamlde, 5. and Its denvatlves to determine 

their stability and suitabIlIty as synthetic mtermedlates 2-Nitro-3,6-dimethoxybenzamide, 6,s was prepared from 

commercially available 2,5dlhydroxybenzoc acld Catalytic reduction of the nltm group of 6 produced the anthranilamlde 

7, which was protected as a benzyl urethane to give 8 (86%) and then smoothly oxidized (89%) to the slightly unstable 

qulnone 9 with cent ammonium nItrate (CAN) Reduction of 9 was expected to produce the putatlve hydroquinone 

intemediate 5 Indeed, when catalytic reduction and concomitant urethane deprotectlon was carned out In the presence 

of a small amount of concentrated HCI the hydroqumone product 5 could be detected by IH- and 13C NMR 

spectroscopy, but it decomposed wlthln 30 mln In SW reoxldatlon with dichlorodicyanoqumone (DDO) of initially formed 

7209 
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0 0 

CH CH d CH 

4 1 

5 also resulted UI decornposfbon, and attempts to trap 5 with acetic anhydnde, or acetyl chfonde were also unsuccessful, 

however, the drmethylhydroqumone 7 could be regenerated by trappmg 5 wrth dfazomethane. but only In 8% yield 

This proved the formation of 5 but the cummulative results revealed 0 to be quote unstable These results are outlmed m 

Scheme 2 
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Given the atstability of hydroqumone 5, efforts were next directed towards synthesizing a 5alkyl substrtuted 

analogue, as a model system for the putatrve biosynthetic intermediate 10, s-r order to determme its relative stability H-5 

of 7 had been found to readlly exchange in methanol-d4 under neutral conditions, but attempts at Fnedel-Crafts alkyatlon 

were unsuccessful Mono-demethylation, however, with lithium thfomethoxide6~10 in DMF yielded the stable, crystallme 

11 The 1 H NMR spectrum of 11 contained a resonance at 10 12 ppm, which could be attnbuted to a hydrogen-bonded 

phenol at C-6 This was proven correct from the f6C NMR spectrum by the use of deutenum-induced Isotope shifts,ll 

which distinguished between 11 and Its C-3 Isomer f34sotope shffts (2 bonds) were observed for the C-2, C-6, and C-7 

resonances, as were rfsotope shffts (3 bonds) for the C-l and C-5 resonances Interestingly, an isotope shaft was also 
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observed for C-4, n this case due to deutertum at C-5 (exchange of H-5 was observed In the ‘H NMR Spectrum, as had 

been the case for 7) Slgnlftcantly, no @sotope shrft was observed for C-3 and Only a skght kne broadenrng due to the N- 

D substrtutron at C-2 was detectable, 1ndlcat10g C-3 bears the methoxyl group A further dlshnctran between the 5-shrft 

transmitted through the hetero-atoms and that ansrng from the C-D substrtutron at C-5 was made by rncreasmg the 

exchange rate When the sample was heated to 320 K, only broadened resonances for C-6 and C-2 were observed, 

whereas the two lines for C-4 remain unchanged Independent confrrmatron of the 13C asstgnments was obtamed from a 

tH-l3C long-range correlation expenment (LR-HETCOSY) l2 In this case, three-bond correlatrons between C-l and C-5 

with the phenokc hydrogen were observed, whrle C-3 - in addrtron to the correlatton with H-5 - also showed one wrth the 

methoxyl hydrogens 

While neither 11, nor Its anion, could be alkylated using Fnedel-Crafts condltrons alkylatron of C-5 was accomplrshed 

by the use of a Claisen rearrangement Thus, 11 was treated with ally1 bromide and anhydrous potassrum carbonate In 

DMF to yield 12 (83%), whrch was rearranged in 95% yreld by heahng at 140 “C In ethylene glycol usrng a prevrously 

base-washed flask Catalytic reduchon (Hq, Pd/C, 95 5%) then gave the propyl-substrtuted 13.0xidation of 13 wrth 

CAN then gave the qumone 14 In 97% yield Catalytrc reduction of 14 in chloroform wrth PtO2 under a hydrogen 

atmosphere provided a famt yellow soluhon of 15 from the onginal deep red color of 14 After 24 hours, exposure of the 

solution of 15 to 02 was found to be sufficient to reoxrdrze it wrthrn seconds back to 14, as evrdenced by Instant 

reappearance of a deep red color The product was pure by TLC, which rndrcated that penta-substrtuted 15. analogous 

to the proposed mtermedrate 10 (Scheme 1). was stable In the absence of 02 - a marked contrast to that of the tetra- 

substituted 5 Reductron of 14 wrth sodlum drthronrte In DMSO ddD20 In an NMR tube allowed direct observatron of 15 

by 13C NMR After 4 hours the two qurnone carbonyl resonances at 182 95 and 181 91 ppm had drsappeared. and the 

aromatic resonances had increased from four to SIX This mrxture was stable for at least a week at room temperature and, 

after exposure to air, the quinone could be reisolated by extractron Into ethyl acetate These efforts are summarized In 

Scheme 3 

Scheme 3 

Methodology was next developed which could be used to provide a senes of C-glycosrdes analogous to 14 Of 

the approaches to the syntheses of C-aryl glycosrdes avarlable in the recent literature,’ 3 Lewrs acid mediated 

cyclocondensation of aldehydes14s15 was adapted to the synthesis of ourtargets For preparatron of the reqursrte 

aldehyde by Irthratron, the presence of five acrdrc protons attached to the hetero-atoms of 10 presented a srgnrfrcant 

obstacle However, condensatron with acetone led quantrtatrvely to the acetammal 16, whrch srmuttaneously protected 

the aniline and the amtde nrtrogens and removed two acidrc PrOtOnS Bromrnatron of 16 was next carned out in a mrxture 

of Br2 in acetic acid and CH2Cl2 Neutralrzatron and reductron of excess Br2, and of any N-brommated products whrch 

may have resulted, was affected wrth freshly prepared Na2S203 In 5% NaHC03 The acetamrnal protectrng group was 

found to be very labile under the workup condltlons but could be restored merely by heahng the crude residue In 

acetone for 15 mm, and 17 crystallrzed from the solutron In 90% yield Treatment of 17 successrvely wrth ~BuLI (2 eq) 
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followed by r-Bull (2 7 eq) at -78 “C generated the tn-lrthro denvatlve, whrch was quenched wrth dlmethylformamlde after 

2 5 hours to gave analybcally pure penta-subsMuted aldehyde 18 (79%) These efforts are summarized In Scheme 4 

Scheme 4 
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It was antlcrpated that cycloaddltion of aldehyde 18 and an appropriate diene could provide the pyran skeleton 

and the requrslte CIS relative stereochemWy between the methyl group and the C-8 hydrogen at the C-glycosrde 

lunctlon of 1 Cycllzatron of 18 wrth Danrshefsky’s diene 16 19 was unsuccessful In the presence of various Lewis 

acrdsf4‘17, but succeeded wrth ZnC12/ultrasound18 catalysis in THF at room temperature The cycloaddition took place 

over a 2 hour period to yield the cycbadduct 20. after deprotectlon of the sllyl enol ether with tnfluoroacetlc acid 

Characteristic enone resonances at 6 7 49 and 5 48 (J = 8 Hz) as well as the benzykc resonance at 6 5 78 were observed 

In the fH NMR spectrum, and a resonance at 192 ppm In the f3C NMR spectrum could be assigned to the enone 

carbonyl 

The tnethylsiloxydrene 21 1 4 was next prepared from 3-penten-2-one Although o-methoxybenzaldehyde 

underwent a smooth cycloaddrtion with the diene 21 in the presence of ZnCl2, 16 Reaction of 21 wrth 18 under the 

sonicahon condrtrons gave no reaction A model system was tested at this point to determine the electronic effect of the 

amino group on the reactfvlty of the benzaldehyde pN,N-Dimethylbenzaldehyde, 22, was mixed wrth 21 and ZnC12 in 

THF Reaction occurred only with sonrcahon, in this case yielding an aldol product, apparently followed by a s~lyl group 

transfer to yreld enone 23 The t3C NMR spectrum for 23 exhibited a carbonyl resonance at 198 ppm, and resonances 

at 143 4 (8 C) and 133 2 (a C) ppm, consistent wrth an enone system A coupling or 17 Hz between the a and 8 

hydrogens rn the f H NMR spectrum, rndrcatlng a tfans relationship, further supported this assrgnment 

22 23 
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The results obtamed wrth the two pamrnobenzaldehyde denvatrves 18 and 22 Indicate that the ammo group 

deactivates the aldehyde suffrcrently to prevent a cycloaddsron reactron with the less reactive drene 21 lg Attempts to 

avoid this by denvahzmg 18 with acetic anhydnde or tnfluoroacetrc anhydnde in tnethylamme, or with methyl 

chloroformate or ethyl chloroformate in tnethylamme, only resulted in extensive decomposition Apparently, the 

presence of the aldehyde of 18 ts sufficient to deactivate the hindered amino group 

The synthetic efforts presented here have demonstrated the feasrbrkty of constructrng the pyran skeleton of the 

5substrtuted C-glycosrde targets While 18 drd not prove to be sufficiently reactive, appropriate early denvatrzatron of 

the amino group may provide increased solubrkty and reachvrty suffrcrent for successful cycloaddrtron with the drene 21 

The demonstration of the Increased stability of the penta-substrtuted hydroqurnone 15 over that of tetra-substituted 5 

provided impetus for further synthetic efforts to construct C-glycosides in order to probe the advanced steps in the 

brosynthesrs of 1 Addrttonal efforts will be reported in the future While the results so far do not allow a drstrnctron to be 

made between the putative pathways presented in Scheme 2, the chemical vrabrlrty of pathways A and B have been 

established Given the clear drfferences in stability between 15 and 5, pathway B seems more probable 

Experimental 

General Procedures 1 H NMR and f3C NMR spectra were taken on a Bruker AM 400 or AC 300 

spectrometer Sonrcahons were carned out wrth a Branson 2000 Water Bath Sonrcator High resolution mass spectra 

were taken on a Kratos MS 50 TC spectrometer Melting points were obtarned on a BOchr meltrng pornt apparatus and are 

uncorrected Elemental analyses were performed by Desert Analytics (Tucson, AZ) Flash chromatography was carried 

out on sllrca gel (EM Reagents, Kerselgel 60, 230-400 mesh) or Silicar CC-4 (Mallmkrodt) Ion exchange resms were 

purchased from Sigma Chemical Company (St LOUIS, MO) All solvents were distilled prior to use 

2,5-Dlmethoxy-6-nltrobenzamlde, 6 To a solution of 2,5-drhydroxybenzorc acid (29 00 g, 188 0 mmol) in 

ethanol (65 mL) and 50% aqueous KOH (25 mL) was added alternately portions of drmethyl sulfate (145 mL, 1530 mmol) 

and 50% aqueous KOH (150 mL) while maintaining the temperature at 50-60 OC After addltron was complete the mixture 

was heated to 95 “C for 5 mm to hydrolyze any excess drmethyl sulfate The mixture was cooled to 0 “C, diluted with 

water and extracted with ether The organic layer was washed wdh IN NaOH, water, sat brine, dned over MgS04 and 

concentrated 111 vacua to yield a light yellow, clear oil Drstrllatron (106-I 07 “C/ 0 7 mm Hg) produced 33 03 g (89 9%) of 

the ester IH NMR (CDCb, 400 MHz) d 7 31 (d, J= 3 0, Hz, 1 H), 7 00 (dd, J= 8 9,3 0 Hz, 1 H), 6 90 (d, J= 8 9 Hz, 1 H), 

3 87 (s, 3 H), 3 84 (s, 3 H). 3 77 (s, 3 H), 13C NMR (CDCl3, 100 6 MHz) d 166 44, 153 42, 152 98, 120 49, 119 49, 

115 92, 113 83, 56 70, 55 76, 52 00, MS (70 ev) m/z 196, M+ (100) 181 (58). 165 (72). 150 (30). 129 (31) 86 (81). 

HRMS Calc for CtOHt2O4 196 07356 Found 196 07350 Methyl 2,5-drmethoxybenzoate (15 55 g. 80 0 mmol) was 

dissolved in concentrated NHqOH (95 mL) and starred overnight at room temperature The whrte mixture was cooled to 

0°C and filtered, and the white resrdue washed wrth cold water and crystallrzed from hot water to give 13 79 g (96 0%) of 

white needles mp 141 0 -142 0 ‘C, lH NMR (aCetOne-dg. 400 MHz) d 7 87 (br s, 1 H). 7 75 (d, J= 3 2 Hz, 1 H), 7 02 

(dd, J= 9 0, 3 2 Hz, 1 H), 6 92 (d, J= 9 0 Hz, 1 H). 6 44 (br s, 1 H), 3 92 (s, 3 H), 3 82 (s, 3 H), l3C NMR (CDCl3, 100 6 

MHz) d 16691, 15377, 152 14, 121 31. 12000, 11560, 11299, 5643, 5578, MS (70 ev) m/z 181 (100). 165 (25) 

135 (44), HRMS Calc for CgHttN03 181 07393 Found 181 07393 

To 2,5-drmethoxybenzamrde (13 53 g. 74 75 mmol) was added 70% HNO3 (240 mL, pre-cooled to -25OC) The 

mtxture was allowed to star to 15 “C over 50 mm whereupon the yellow slurry was poured into cold water and filtered 
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as a brown cake tn 99% yield which was greater than 95% pure by t H NMR analysts Attempts at crystalllzatlon led to 

some decomposttron to an unldenbfmble product This was therefore used without further punfrcation mp 86 0” - 66 0 

“C. IH NMR (CDCl3,300 MHz) d 11 75 (s, 1 H), 7 12 (br s, 2 H), 6 79 @,I H), 6 00 (m, 1 H), 5 10 (m, 1 H), 5 05 (m, 1 H), 

412(brs,2H),381(~,3H),335(dt,J~65,12Hz,2H), ‘3C NMR (CDCl3, 75 4 MHz) d 172 92, 153 10, 141 26, 

13688, 133 61. 11847, 11747, 11548, 105 15. 5673, 3367, MS (FAB+) m/z 223 (M++l), HRMS Calc for 

Cl 1 Ht4N203 222 10052 Found 222 10052 

The crude ally1 anthranilamide (400 mg, 1 80 mmol) was dissolved in methanol (30 mL) in a base-washed flask 

and a catalytic amount of 10% Pd/C was added The flask was placed on a hydrogenahon apparatus at 1 atmosphere and 

strrred for 8 h until hydrogen uptake had ceased Filtratron of the catalyst and removal of the solvent II) vacua provided a 

brown cake (395 mg) Decolonzatron by passage through a short Sillcar CC4 column followed by crystallizization from 

CHpCl2lhexanes yielded 375 mg (95 5%) of colorless crystals mp 115 0 - 116 0 “C, IR (CHC13) 3480, 2962, 1646, 

1625, 1459,122s cm-l, 1~ NMR (CD2Cl2,300 MHz) d 11 96 (s. 1 H), 7 05 (br s, 2 H), 6 62 (s. 1 H), 4 04 (br s. 2 H), 3 80 

(s, 3 H), 2 51 (t, J= 7 8 Hz, 2 H). 1 55 (tq, J= 7 6,7 3 Hz, 2 H). 0 92 (1. J= 7 3 Hz, 3 H), 13C NMR (CD2Cl2,75 4 MHz) d 

173 40, 153 86, 141 48. 133 41, 121 64, 116 26, 105 43, 57 16, 31 97. 23 30, 14 09, MS (70 ev) m/z 224 (36 3) 207 

(93 4) 192 (80 7) 178 (100) 163 (24 6) 135 (17). 107 (IO), UV (MeOH) 337 6 (3 676) 241 6 (12 478) 262 4 (sh 6 

336). 205 6 nm (11 565). Anal Calc for CllH16N203 C, 58 91, H, 7 19. N. 12 49 Found C, 59 16, H, 7 12, N, 

12 17 

2-Amlno-3-carboxamldo-5-propyl-l,4-benzoqulnone, 14 To a solution of the phenol 13 (100 mg, 

0 446 mrnol) in acetonrtnle (25 mL) was added ammonium cenum (IV) nitrate (492 mg. 0 897 mmol) in water (5 mL) over 30 

s The intense orange solubon was diluted with ethyl acetate, washed 2 times with sat bnne, and then dried over 

Na2S04 Removal of the solvents under reduced pressure yielded a dark red sokd whrch was passed through a Sillcar 

CC-4 column, eluting wrth 60 40 ethyl acetatelhexanes The fractions containing the qumone were combined, and the 

solvent removed In vacua to yield 90 mg (97 0%) of a deep red solid mp 139 0 - 140 0 “C. IR (CHC13) 3488,3424,1647, 

1590, 1551. 1345 cm-l, IH NMR (DMSD-d6,300 MHz) d 7 25 (br s, 2 H), 6 61 (s, 1 H), 4 IO (br s, 2 H), 2 48 (t, J= 7 0 

Hz, 2 H), 1 56 (qt, J =7 4 Hz, 7 0. 2 H) ), 0 97 (t. J = 7 4 Hz, 3 l-l), 13C NMR (DMSO-de, 75 4 MHz) d 182 94,181 91, 

169 69, 154 26.153 07, 128 34,98 55, 31 50.21 15,13 68, UV (MeOH) 447 (1 065), 325 0 (1 055), 264 (8 807), 208 

nm (IO 300), MS (70 ev) m/z 208 (11 6) 163 (100). 148 (23 4) 106 (19 2). 68 (35 I), HRMS Calc for CtOHt2N203 

20808486 Found 20808480 

Reduction and Reoxldatlon of Qulnone 14 a The qurnone 14 (6 0 mg, 0 0385 mmol) was drssolved 

in CHC13 and methanol (1 0 mL each) and PtO2 (0 5 mg) added to the intense red solubon The flask was purged wrth 

Hp, and stirred for 30 mn A small alrquot was removed for TLC analysis after 2 h Applrcatron to sikce gel resulted In the 

appearance of a red spot, rndrcatmg reoxrdation of the substrate After development (2 1 ethyl acetate/CHClg), the 

qurnone was apparent as the only spot (Rf 0 38) The light yellow mixture was stored under Hp for 48 h, and the vessel 

was then purged with 02, which caused the duty yellow solution to Instantly turn red Frltratron and concentration yrelded 

the quinone 14 

b To a solution of 14 in DMSO& (500 mL) in an Ar purged 5 mm NMR tube was added Na2S204 (14 0 mg, 

0 0804 mmol) drssolved in D20 (100 mL) The tube was sealed and vortexed to grve a light yellow solution After 4 h a 

l3C NMR spectrum (75 4 MHz) was obtained The solutron was kept at mom temperature for 1 week, during which time 

‘36 NMR spectra were periodically obtained After 7 d, the solutron was poured into ethyl acetate A red solution 

resulted, which was washed with sat brine. and dried over Na2S04 Concentratron of the solution m vacua yielded the 
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qulnone 14, which was contammated with a faint spot at lower Rf and some material that remamed at the ongrn when 

analyzed by TLC (Rf 0 50. impunty Rf 0 44.3 1 ethyl acetate/hexane) Hydroqulnone 15 136 NMR (DMSQd6, 75 4 

MHz)d17229,16220,14973,14332,12009,11361,9802,317,236,1461,(~mpunt~es 7281,1925,1507) 

2,3-Dlhydro-5,8-dlmethoxy-2,2-dimethylquinazolin-4-(lH)-one, 18 The amide IO (235 g, 120 

mmol) was dissolved in acetone, (30 mL), gtoluenesuknic acid (5 mg) added, and the solution stirred overnight at room 

temperature The solvent was removed under reduced pressure and the white powder recrystallized from 

CHQ/acetone/hexane to yield 2 80 g (99 0%) of white crystals mp 194 5 - 195 5 “C. IR (KBr) 3410, 3250, 2941, 1660, 

1642,1517,1250,1107,798cm- ’ , ‘H NMR (CDCl3,300 MHz) d 7 79 (d. J= 8 9 Hz, 1 H), 6 22 (d, J= 8 9 Hz, 1 H), 6 16 

(br s, 1 H), 4 75 (br s, 1 H), 3 88 (s, 3 H), 3 81 (s, 3 H), 1 52 (s, 6 H), ‘3C NMR (CDC13, 75 4 MHz) d 163 04, 154 73, 

14029,13859,11383,10375,9942,6687,5612,5593,2918,MS(70ev)m/z236(34),221(100),206(13),191 

(23), 180 (14), 164 (IO), 150 (15), 122 (8), 91 (15). UV max (MeOH) 352 0 (3 786), 278 4 (3 603), 235 2 (15 131), 216 8 

nm (22 220). HRMS Calc for Ci2Hf6N203 238 11618 Found 236 11620 

6-Bromo-2,3-dlhydro-5,8-dlmethoxy-2,2-dimethylqulnazolin-4-(lH)-one, 17 The acetaminal 16 

was dissolved in CH2Cl2 (35 mL) and Br2 in acetic acid (6 49 M, 1 50 mL, 9 74 mmol) added over 2 min Complete 

reaction could be observed by the appearance of a dark color when the Brp was in excess The brown solution was 

stirred for an addnlonal 5 min, then poured slowly into a solution saturated in Na2S203 and NaHC03 Extraction of the 

aqueous mixture into CH2Cl2, followed by washing the orgamc layer with water and with sat bnne, and then drying over 

MgS04 and concentrating ~1 vacua yielded a dark oil Analysis of the mixture by 1 H NMR revealed partial hydrolysis of the 

acetaminal group dunng workup The residue was dissolved in acetone (10 mL), ptoluenesulfonic acid (5 mg) was 

added, and the solution stirred overnight Hexane (5 mL) was added and the solution was then cooled slowly to -78 “C to 

yield 2 72 g (90 3%) of white crystals mp 197 0 - 198 0 “C. IR (KBr) 3200, 2930, 1670, 1598, 1506, 1356, 1228,1071, 

994 cm-l, 1 H NMR (DMSO-%, 300 MHz) d 7 95 (br s, 1 H), 7 08 (s, 1 H), 6 28 (br s, 1 H), 3 78 (s, 3 H), 1 36 (s. 6 H), 13C 

NMR (DMSO-d6, 75 4 MHz) d 160 51, 150 23, 143,06, 138 67, 116 66, 108 02. 102 32. 66 58, 61 00, 58 14, 28 25. 

MS (70 ev) m/z 314 (23), 299 (100), 286 (25), 271 (28), 230 (22), 221 (20), 91 (78), UVmax (MeOH) 356 8 (3 055), 299 2 

(3 502), 236 0 (21 052). 224 0 nm (23 027), HRMSicalc for Ci2!+5BrN203 314 02665 Found 314 02660 

2,2-Dlmethyl-5,8-dimethoxy-l,2,3,4-tetrahydro-4-oxoqulnazoline-6-carboxaidehyde, 18 To 

a solution of 17 (1 25 g, 3 97 mmol) in dry THF cooled to -78 “C and under an Ar atmosphere, was added 

tetramethylethylenediamme (1 80 mL, 11 92 mmol), followed by nbutyllithium (1 6 M in hexanes 5 5 mL, 8 74 mmolj 

After IO mm. t-butylhthium (1 7 M in pentane, 7 0 mL, 11 92 mmol) was added and the canary-yellow heterogeneous 

mixture stIrred at -78 “C for 2 5 h The stirred mixture was treated with DMF (3 1 mL, 40 mmol) and then allowed to warm to 

room temperature overnight After careful addition of ethanol (5 mL), the mixture was diluted wdh ethyl acetate and 

washed with sat NaHC03, water, and then sat brine Drying the solution over Na2S04 and evaporation N) vacua yiekted a 

yellow powder, which was tnturated with acetone (3 mL) to give analytically pure 18 (830 mg. 79 1%) mp 275 5 - 277 0 

“C, IR (KBr) 3255, 3180, 2970, 1675, 1655, 1613, 1522, 1405, 1230, 993, ‘H NMR (DMSO-d6,300 MHz) d 10 03 (s, 1 

H), 8 05 (br s, 1 H), 7 38 (br s, 1 H), 7 08 (s, 1 H), 3 82 (s, 6 H), 1 42 (s, 6 H), ‘3C NMR (DMSO-&, 75 4 MHz) d 186 78, 

160 87, 160 43, 144 98, 142 34, 117 02, 108 28, 104 42, 6683, 63 86, 55 72, 28 62, MS (70 ev) m/z 264, M+ (32), 

249 (IOO), 206 (36), 192 (9), 150 (8), 91 (31), UV max (MeOH) 352 8 (IO 880), 320 8 (11 860), 277 2 (7 160), 240 4 nm 

(16 060), Anal Calc for Ci3tii6N204 C. 59 08, H, 6 10, N, IO 60. Found C, 59 16, H, 6 03. N, IO 53 

6-(1,2-Dlhydro-4-oxo-4H-pyran-2-yl)-2,3-dihydro-5,8-dlmethoxy-2,2-dlmethylquinazolin-4- 

(lH)-one, 20 To a heterogeneous mixture of 18 (50 0 mg, 0 189 mmol) In anhydrous THF under Ar in a thick-walled 
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conlcal vlal was added 19 (123 FL, 90%, 0 568 mmol, Aldnch Chemical Co ) followed by ZnClq (1 0 M In THF, 190 pL, 

0 189 mmol) The mlxture was sonicated in a water bath at room temperature for 1 h unttl 18 had dissolved and was no 

longer detected by TLC (ethyl acetate, Rf 0 18) whereupon the homogeneous solution was treated with a trace 

tnfluoracettc a&, and poured into sat NaHC03 The aqueous phase was extracted 3 times with ethyl acetate, and the 

organic layer washed with sat brine and then dried over Na2S04 After filtration the solvent was removed IR vacua to 

yield a brown powder which was pun-fled via silica gel chromatography (1 0 X 8 cm) eluting with ethyl acetate This afforded 

40 mg (64%) of a yellow powder IR (KBr) 3200,2870, 1682, 1658, 1816, 1517, 1509, 1279. 1250.1222, 1069 cm-l. 

1~ NMR (CD2Cl2,300 MHz ) d 7 49 (dd, J= 6 03,O 80 Hz, 1 H), 8 94 (s, 1 H), 6 37 (br s, 1 H), 5 78 (dd, J= 14 86.3 25 

Hz, 1 H), 5 48 (dd, J = 6 03, 1 37 Hz, 1 H), 4 95 br s, 1 H), 3 86 (s, 3 H). 3 79 (s, 3 H), 2 88 (dd. J = 16 84, 14 87, 1 H), 

2 50 (ddd, J = 16 85,3 30, 1 35, 1 H). 1 53 (s, 6 H), 13C NMR (CD2Cl2.75 4 MHz) d 192 31. 163 86. 162 21, 152 35, 

142 90, 139 60, 119 74, 111 52, 107 25, 107 09, 76 40, 67 32, 83 04, 56 26, 43 36, 29 35, 29 25, UVmax (MeOH) 

353 6 (5 911). 240 0 (24 632), 222 4 nm (24 546). HRMS (FAB+) Calc for 333 14503, Found 333 14602 

l-[4-(N,N-Dlmethylamlno)phenyl]-l-trlethylsllox~4-hexene-3-one, 23 A mixture of p-N,N- 

dimethylammobenzaldehyde, 22, (50 0 mg, 0 335 mmol) and the tnethylsiloxy diene 21 (132 mg, 0 670 mmol) was 

added to a small, thick-walled conical vial After purging with Np, ZnClp (1 0 M in THF, 0 50 mL, 0 503 mmol) was added, 

and the reaction stirred for 30 mm Periodic analysis by TLC (2 1 ethyl acetate/hexanes, Rf aldehyde 0 51, diene 0 69) 

showed only starting material The mixture was then sonicated for 20 mm in a water bath at 20 “C The reaction was 

monitored by TLC, and terminated by dilution with 5% NaHC03 followed by ethyl acetate when no more starting material 

could be detected Washing the organic layer with sat brine, drying with MgS04. and concentration of the solution m 

vacua yielded a dark oil This was purified by passage through a small silica gel column elutmg with 2 1 ethyl 

acetateihexanes to yield 74 1 mg (64%) of 23 as a light yellow oil IR (Neat) 2953, 1688, 1675, 1616, 1522, 1350, 1073, 

743cm-1,1HNMR(CDCl3,400MHz)d722(d,J=848,lH),(683dq,J=1737,6s2Hz,lH).668(d,J=845Hz,l 

H),612(dq,J=1739,150Hz,1H),513(dd,J=860,410Hz,1H),307(dd,J=1869,877Hz,1H),294(s,6H), 

259(dd,J=l469,430Hz,lH),l88(dd,J=692,l5lHz.lH).O82(t,J=772Hz,9H),O49(q,J=775Hz,6H), 

13C NMR (CDCl3, 100 8 MHz) d 198 58, 150 48, 143 36, 133 17, 133 02, 127 03, 112 43. 71 98, 51 30, 40 76, 

18 39, 686, 4 98. UVmax (MeOH) 356 (1 300), 292 (4 511), 258 (25 585), 208 nm (29 633), HRMS (FAB+) Calc for 

34823603 Found 34823602 
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