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Abshact: Bridged N-protected p-amino acids have been regioselectively prepared from the 
corresponding bicyclic monoesrers. The subsequent cyclisation by thionyl chloride produced rhe 
&sired bridged azatricyclic anhydrides which are versatile substrates for the synthesis of 
dipeptides; they are also converted into oxathymine and oxauracil by a thermal [4+2] 
cycloreversion. 

In our previous work, we have demotW8ted the utility of functlonalized bicyclo[2.2. l] heptrme derivative8 in the 

8ynW8i8 of y-lactones and (SH)-furanones.‘~ MOE recently, these bddged bicyclic systems have attmcted a &reat deal 

Of attention a8 starting material in the synthesis of natural products5 and pharm8cological agents.6 Moreover, in the 

previous studies we have demon8trated the reactivity of isatoic anhydride derivadves with Gdgnard reagent8 in the 

preparation of five- and six- membered 4-(o-aminophenyl)cyck~&8nol8 and their conversion into bmfoxine derivative8?8 

In continuation of our march in the field of azahe&ucyclic anhydrides. we are now p8rticularly intetested in 

studying the ~hemistty of bridged azatricyclic anhydrides. Here we report a convenient and general method for the 

synthesis of bicyclic @amino acid derivatives and their conversion into the title compounds. The gnxt advantage of our 

method is that the furan adduct is easily obtained under much milder experimental conditions, in comparison with the 

pnwious methods?” 

There are many methods in the literature for the preparation of isatoic anhydrides and saturated derivatives.12*3 

However, their bridged bicyclic analogues have not been described. We took advantage of the Curtus rearrangement to 

convefi the bridged bicyclic monoestexsl’ adducts of furan and cyclopentadiene to the conesponding N-Boc protected & 

amino acids (Scheme 1). 

In order to prepare the bridged bicyclic B-amino acid8 4a-4d. the starting monoesters la-ld were activated with 

ethyl chlorofonnate and EbN in dry tetmhydrofuran, followed by addition of aqUeOUS aodlum azide. to afbd the Wl 

&de. After aqueous wok up and extraction with ethyl acetate, the uude acyl azide wa8 dissolved in benzene (in the case 

of the cyclopentadiene adducts) or methylene chloride (ii the case of the furan adduct@ and the solution was brought to 

reflux for 2 h. The addition of terr-butyl alcohol in the presence of a catalytic amoUnt Uf ptoluene8ulfotdc acid affoded 
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Scheme 1 

the N-B& protected pamino ester 3a-3d. Monoeste~~ wem thus converted into compounds .3a-3d. without the need to 

pwiQ any of the intermediates such BS &I-2d,h175-85% overall yields. 

FWhenno~e. the intermediate isocyana~ 2a-2d could also be treated with TsOH-%O to afford the primary amine, 

a key intermediate in the synthe& of a potent mrbonyl derived thromboxane TXA, receptor antagoni~t.‘~ The bddged 

bicyclic ~amino esters 3a-3d, obtained fzum isocyanate inte~ediates 2a-2d. were wnvelted to the corresponding ~iunino 

acids by a careful saponification with NaOH. in quantitative yield. 

R 
NC0 

C02CH3 

2 (a-d) 

The N-Boc protected bridged bicyclic fkmino acids 4a4d. thus obtained, were easily cyclized into bridged 

azatdcyclic anhydridea by a one-pot, two-step sequence as follows. Acyl chloride formation occurred in THF with thionyl 

chloride, in addition to intramolecular cyclization with Uberation of hydmgcn chlonide and cleavage of the tetio butyl 

group (Scheme 2). The excess of thionyl chloride and THF were evaporated and the resulting solid was washed with 
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c&on tetrachlodde to afford bridged azatricyclic anhydrides Sa-Sd in bigb yields, incspcctive of tbe stmctum of tbe 

statt@ pamino acids. 

Scheme 2 

The bridged azatricyclic anhydrides are interesting intexmediates because of theii general regioselectivity toward 

nucl~es. Thus the two uu, aohydridea Sa and Sd. respecdve edduca of cyclopeaadiene end fman WCE coupled with 

the di-zabutyl dicarbonate (B-0) in tetmhyd~~furao and Methylamhe at mom tempeame, followed by the addition 

of glyche merhyl ear to afford the comspoadiag d@ept&s6nand6bingoodyields(schexne3). 

5a:X=CH2 6a 

5d:X=O 6b 

Scheme 3 

Moreover, for the synthesis of oxathymh 7a and oxauracil7b. tbe bridged azatkyclic nohydride SC and Sd, were 

submitted to the retrodiene reaction. Acconiiog to tbe method previously rep0lted2’~ they wem beated at their spedfic 

melting points. Thus tbe known compounds ‘W 7a and 7b were easily obtained, respxtively in 72% and 85% yields. 

(Scheme 4). 
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0 0 

5c:X=CH2;R=CH3 7a : R = CH3 

5d:X=O ;R=H 7b:R=H 

Scheme 4 

Insummary, a convenient synthe& of btidged bicyclic B+mino adds and their conversion htto bridged axanicyclic 

anhydrideshasbeendemomumted TMsapproachcauldbe~~toavarietyofusefulMermediatesforthesynthesis 

of thtomboxane 4W4) and its biosynthedc precumor KiHs products, based on the use of well known optically active 

oxabicyclo[2.2.1] heptane monoesters.lg;M 

EXPERIMBNTAL 

M&iIlgpOilltSW~- usinganBRctm&malappamtusandamuncormcted. TheIRspectrawem 

deuumitWd using a Shhnamu fR435 spsctrophotometer. The NMR spectra were mcorded in CDCI, or DMSO-d, with 

aVatianBM36OorVarlanXL-2OOspectmmeter. MassspeUrawereobtahm%lonalBOLDlC0spectmmeterandHRMS 

were carded out by the mass spectroscopy Regionsl center of University of Montmal. Blemental analyses were carried 

out by the analyses centm of University of Montpellier (France). Column chtomatography was performed on silica gel 

(I&&gel 6OC, E. Merck) and preparative thin-layer chromatography was carded out on 0.25 mm silica gel 6OB-254 plates 

(BDH) or on Riesegel6OF 254 plates (I%. Merck). Petroleum ether and ethyl acetate were distilled before use in 

chnxnatography. Tetrahyd&uran and benxene were distilled from sodium, methylene chloride wss distilled from calcium 

hydnide immediately prior to use, and Methylamine was distilled ftom calcium hydride snd stored over 3 A molecular 

seives. All reactions were performed in oven-dried glassware. 

General Procedure: Breosration of N-Boc bridged bicvclic Bamino esters 3a-3d. 

Ethyl chlomfonnate (1.63 g. 15 mmol) was added to a mixture of the monoester 1 (10 mmol) and EtsN (2.70 ml, 20 

mmol) in dry tetrahydtofuran (15 ml) at -20°C. An aqueous solution of NaNs (1.62 g, 25 mmol) was added at -10°C. 

The temperature was gradually raised to mom tempzutue. and stirring was continued for 1 h The reaction mixture was 

diluted with IIs0 and the product was extracted with ethyl acetate. ‘Ihe organic phase was washed (water, brine), dried 

(NaaSO,). filtered and concentrated to leave the crude acyl axide. The crude acyl sxide was dissolved in anhydrous 

benzene for cyclopentadiene adducts or in dry methylene chloride for finan adducts, and heated under teflux for 2 h. Then 

t-butanol (10 ml) and a catalytic amount of p-toluenesulfonic acid were added to the resulting solution of isocyanate in 

benzene or methylene chlotide. The mixtum was cooled to ambient temperatute. and diluted with benxene or methylene 

chloride. The mixtum was washed (water, brine), dried (NaaSO,) and concentrated. The residue was purified by column 

chromatography. 
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The following substances were prepared via this general pm&urn. 

Methyl ~exo-N-~~-butoxgearbonJrloninobieycl (&I): 2.34 g (86%) from 2 g 

(10 mmol) of la; mp 110-112°C (etbeqetmleum ether); IR (KBr) 3360, 1730. 1710, 1640 cm-l; ‘H FTMR (CD(&) 6 

1.40 (%9H, md. 1.50 (m, lH, H-7). 1.95 (m. lH, H-7). 2.50 (dd, lH, J = 8, 1.5 Hz. H-2). 2.65 (m. IH, H-l), 2.90 (m, 

1H. H-4). 3.65 (s, 3H, CH& 3.80 (m, 1H. H-3), 5.10 (br. lH, NH), 6.20 (m, 2H, H-5, H-6); MS (m/z) 267 (hi+, 2%). 202 

(100%); Anal. Cakd for C,,&,NO,: C, 62.89; H. 7.91; N, 5.23. Found: C, 62.58; H, 7.60; N, 5.01. 

MeW 3-~~N-~~-butyloxgcarbonylaminobic~lo[2~.l]hept-S~e-~e~~~~~la~ (3b): 2.2 g (81%) from 2 g 

(10 mmol) of lb; mp 54-55°C (ether-petmleum ether); JR (KBr) 3330, 1740, 1710, 1640 cm-‘; IH NMR (CDCl,) S 1.36 

(s. 9K CHs). 1.45 (m. 2H, H-7), 3.00 (m, 2H, H-l, H4), 3.12 (dd, lH, J = 2, 8Hz, H-2), 3.57 (s, 3H, CH,). 4.50 (td, lH, 

J = 2, 8Hx, H-4). 4.75 (m. lH, NH), 6.10 (dd, lH, J = 2.5, 6Hx, H-5), 6.35 (dd, 1H. J = 2.5, 6Hz, H-6); HRMS. c&d 

for C,,H,,NO, @i+) 267.1471, found 267.1453. 

Methyl J-exe-methyl 3-endo-N-~~-butyloxgcarbonglaminobicyclo[2.2.l]hept-S~ne-2-en~o~~~late (3c): 2 g 

(72%) from 2.1 g of lc; mp lll-112°C (etber-petroleum ether); IR (KBr) 3400, 1730, 1700 cm-‘; ‘H NMR (CJX!l,) 6 

1.36 (s, 9H, CH,). 1.48 (m, 2H, H-7), 1.65 (s. 3H, CH,), 2.71 (d, lH, J = 2Hz. H-2). 3.06 (m, 1H. H-l), 3.33 (m, 1H. 

H-4), 3.65 (s. 3H, CH,). 5.75 (br, lH, NH). 6.15 (m. 2H. H-5, H-6); HRMS, calcd for C,,H,NO,, @I+) 281.1628, found 

281.1654. 

Methyl 3-exo-N-lerl-butyloxJrcarbonglamino-7~xabi~do[2~.l]hept-5~n~2~xo-~r~~late (3d): 2.3 (84%) from 

2 g (10 -01) of Id; mp 126-128°C (ethyl acetate-petroleum ether); IR (KBr) 3360,172O. 1710, 1640 cm-‘; *H NMR 

(=d 6 1.40 (S, 9H, CH3), 2.78 (d, 1H. J = 8Hz, I-i-2). 3.65 (s. 3H, CH& 4.20 (dd. lH, J = 8, 10 Hz, H-3), 4.70 (s, 

1I-L H-4). 5.10 (s, lH, H-l), 5.25 (br, IH, NH), 6.40 (s, 2H, H-5, H-6); MS (m/z) 269 (M+, 7%), 201 (30%), 201 (100%); 

Anal. calcd for C,,H,$IO,: C, 57.79; H, 7.11; N, 5.20. Found: C. 57.59; H, 6.96; N, 5.23. 

General Procedure: koaration of N-Boc bridged bic~clic &amino acids 4a-4d. 

The &amino ester 3 (5.5 mmol) was dissolved in methanol (50 ml), and to this solution was added a 2N NaOH solution 

(15 mmol) at 0°C. The mixture was stied at room temperature for 2 h. The mixture was acidified with 2N HCI, and 

extracted with ether. The combined organic extracts were washed (water, brine), dried (Na$O,), and concentrated. The 

product was crystallized from ether : petmleum ether (1: 1). 

The following substanm were pqared via this general pmcedure. 

3axo-N-rcrr-butgloxycarbonylPminobicydo[2~.l]he~5~~~e~~r~~lk add (4a): 1.36 g (98%) from 1.5 g 

(5.5 mmol) of 3a; mp 116-117T (ether-petroleum ether); IR (KBr) 3320. 1715. 1710 cm-‘; ‘H NMR (CDCQ 6 1.40 (s. 

9H, CH,). 1.60 (m, lH, H-7). 2.02 (m, 1H. H-7), 2.50 (dd, 1H. J = 1.8 Hz, H-2), 2.70 (m. 1H. H-l), 2.95 (m, 1H. H-4). 

3.95 (m, 1H. H-3), 6.20 (m, 2H. H-5, H-6), 6.50 (br. 1H. NH), 10.30 (br. lH, OH); MS (m/x) 253 (l@. 12%). 188 (70%), 
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132 (100%); AnaL C& for CIjHIflD,: C, 61.64; H, 7.56; N, 5.53. Found: C, 61.42; H, 7.61; N, 5.91. 

3-cndo-N-&~~l~~~ny~~obicyel add (4b): 1.41 g (100%) from 1.5 g 

(5.5 mmol) of 3b; mp 126-127’C (ether-petroleum ether); IR (Fir) 3330, 1715, 1710, 1640 cm-l; IH NMR (CD(&) 6 

1.45 (s, 9H. cH& 1.55 (m, 2H, H-7), 3.10 (m, 3H, H-l. H-2, H-4), 6.45 (dd, 2H, J = 2, 6 Hz. H-5, H-6); 6.50 (br, 1H. 

NH), 10.80 @r, lH, OH); HRMS, c&d for C,,H,$IO, (M+) 251.1315, found 253.1318. 

3-endo-N-ferl-bu~l~a~no-3-exo-methylbicy~o[2~.l]hept-5~~2-ea~-~rboxylic add (4~): 1.44 g (98%) from 

1.55 g (5.5 -01) of 3c; mp 123-124°C (ether-petroleum ether); IR(KBr) 3340. 1710 cm-‘; ‘H NMR (CDCQ 6 1.38 (s, 

9H, CH& 1.51 (m, 2H. H-7). 1.66 (s, 3H, CH,), 2.76 (d, 1H. J = 2H2, H-2), 3.13 (m, lH, H-l), 3.43 (m, lH, H-4). 6.16 

(m, 2H, H-5, H-6), 6.40 (br, 1H. NH), 9.80 (br. lH, OH); HRMS, calcd for CIdH2,N0, @I+) 267.1471, found 267.1450. 

3-sxo-N-rsrt-butyloxycPrbonylamino-7-o~bi~do[2.2.l]hept-S-~e-~~o~~xyiic acid (4d): 1.40 g (100%) from 

1.5 g (5.5 mmol) of 3d; mp 143-145’C (ether-petroleum ether); IR (KFk) 1730, 1700, 1640 cm-‘; ‘H NMR (CDC&) 6 

1.40 (s,9H. CH,), 2.78 (d, lH, J = 8 Hz, H-2). 4.10 (dd. lH, J = 8. 10 Hz, H-3), 4.65 (s, lH, H-4). 5.10 (s, lH, H-l), 

5.60 @r, 1H. NH), 6.50 (s, 2H, H-5, H-6), 11.50 (br, lH, OH); MS (m/z) 255 (&I+, 3%), 189 (100%); Anal. calcd for 

CI,H,,NO+ C, 56.45; H, 6.71; N, 5.48. Found: C, 56.32, H, 6.79; N, 5.88. 

General Procedure: Preoaration of bridaed azatric~clic anh~dride Sa-Sd. 

To a stirred solution of N-Boc amino acid 3 (4 mmol) in 20 ml of dry THF (nitrogen atmosphenz) was added, dropwise, 

a solution of thionyl chloride (2 ml) in 5 ml of dry THF. The mixture was stirred at room tempeklure for 2 h The solvent 

was removed and the Esidual solid was washed with carbon tetrachloride (20 ml) to give the azatrkyclic anhydride 5. 

The following substances wem prepared via this general procedure. 

2,7-exo-4,6-Oxazatrkyc1o[6.2.1.~~’]undec-9+ne-3,5-dione (5a): 0.67 g (95%) from 1 g (4 mmol) of &, mp 146-148 OC 

@a&on tetrachlodde); IR (KBr) 3320,1785,1720,1630 cm -‘; ‘H NMR (DMSO- Q 6 1.36 (q. 2H, J = 9 Hz, H-l l), 2.70 

(d, lH, J = 6.5 Hx, H-2). 2.82 (s, lH, H-8), 3.12 (s, lH, H-l), 3.26 (d. 1H. J = 6.5 Hz. H-7), 6.13 (d, 1H J = 2.5 Hz, H-9). 

6.30 (d, 1H. J = 2.5 Hz, H-10). 8.50 (br, lH, NH); MS (m/z) 179 (Me, 3%), 114 (100%); Anal. calcd for C&&IO,: C, 

60.32; H, 5.06; N, 7.81. Found: C. 60.39; H. 5.11; N, 7.69. 

2,7~do_4~ao[6~.l.~‘]~d~-9~~~-~one (Sb): 0.7 g (97%) Tom 1 g (4 mmol) of 4b; mp 169-170°C 

(czubon tetrachlodde); IR (KBr) 3280,1785,1720 cm-‘; ‘H NMR @MS0 - &) 6 1.45 (m, 2H, H-11), 3.03 (s. lH, H-8). 

3.30 (8, 1H. H-8), 3.35 (dd, lH, J = 2.5.6.5 Hz, H-2). 3.92 (dd. lH, J = 2.5,6.5 Hz, H-7), 6.20 (m, 2H, H-9, H-lo), 8.40 

(br, lH, NH); HEWS. calcd for C&&N& @VI+) 179.0583. found 179.0591. 

7-cxo-Methyl-~7-endo-4~~~i~do[d2. (SC): 0.72 (93%) from 1.12 g (4 mmol) of 

4c; mp 174-175Y (carbon tetrachlodde); IR (KBr) 3280,1780,1730 cm- , ‘* ‘H NMR @MS0 - dJ 6 1.45 (d, lH, J = 9.5 
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Hz, H-11). 1.47 (s. 3H. CH& 1.67 (d. lH, J = 9.5 Hz. H-11), 2.80 (s. 1H. H-l), 3.05 (d, lH, J = 1.5 Hz, H-2), 3.05 (s, 

lH, H-8). 6.24 (m. 2H, H-9, H-10). 8.36 (br, lH, NH); MS (m/a) 193 (M+, 6%), 128 (10096); Anal. c&d for C,&,NG,: 

C. 62.16; H. 5.74; N, 7.25. Found: C, 61.90; H. 5.82; N, 7.41. 

2;1_sxo_411,6_My~o[6~.l.~‘]~d~-9~~~-~one (Sd): 0.66 g (92%) from 1 g (4 mmol) of 4d; mp 78- 

79°C (acetone); IR (KEr) 3400. 1780, 1740.1610 cm-‘; *H NMR @MS0 - dd 6 2.92 (d, 1H. J = 7.5 Hz, H-2), 3.45 (d, 

lH, J = Hz. H-7). 4.80 (s, lH, H-l), 5.15 (8. lH, H-8). 6.46 (d. 1H. J = 5 Hz, H-9). 6.57 (d. lH, J = 5 Hz, H-lo), 8.60 

@r, lH, NH); MS” (m/z) 113 (lOO%), 69 (87%). 

~xo-N-rcrt-bu~loxscarbonylaminobky~o~~.llhept-5~~~~~o~-(~o~~~nyl~hyl)~~~yl @a): To 

a s0h1tio11 of S&I (0.45 g. 2.5 mmol) in dry THF (10 ml) was added @x$0 (3 mmol) and a few drops of Et& the 

miXtom was stined at loom temperature for 4 h. Glycine methylester (2.5 mmol) in THF (5 ml) was added and stining 

was continued for 1 h. After removing the solvent and excess of (Boc),O, the residue was dissolved in ethyl acetate and 

washed (water, brine). dried OVaSO,), and concentrati to give 0.65 g (W%) of 6a; mp 159-160X! (ethyl acetate- 

petroleum ether); IR (KBr) 3320, 1750, 1700 cm-‘; ’ H NMR (CDCQ 8 1.40 (s. 9H, C!H& 1.50 (m, lH, H-7), 2.02 (m, 

1H. H-7), 2.40 (dd, lH, J = 1, 8 Hz, H-2), 2.70 (m, 1H. H-l), 2.90 (m. lH, HA). 3.80 (s, 3H, CH,), 3.95 (m, 3H. H-3, 

CJ-&). 5.45 (d, lH, J = 8Hx, NH), 6.15 (m, 2H, H-5, H-6). 6.45 (br, lH, NH); HRMS, calcd for C,@~NzOs @VI+) 

324.1686, found 324.1667. 

3-cro-N-~err-butylo~~n~~~7~~~~o[2~llh~t-S~~e~~~~~o~~~~~yl)]~~yl (6b): 

The preparation of dipeptide 6b was accomplished via a procedure very similar to that described previously @reparation 

of6a). From 0.5 g (2.7 mmol) of Sd there was obtained 0.7 g (79%) of 6b as a white solid; mp 127-128OC (ethyl acetate 

-petroleUm ether); IR (KBr) 3340, 1760,170O cm- ‘; ‘H NMR (CDCI,) 6 1.40 (s. 9H. CH,), 2.70 (d, lH, J = 8 Hz, H-2). 

3.65 (8, 3H, CH,). 3.85 (dd, 2H. J = 6, 8 Hz, ClQ. 4.10 (dd, lH, J = 8, 10 Hz. H-3), 4.70 (s, lH, H-l), 5.10 (s. lH, H-4). 

5.80 (d, lH, J = 10 Hz, NH). 6.35 (m. 2H. H-5, H-6). 6.95 (br. lH, NH); HRMS. calcd for C,,H&$O~ @I+) 326.1479, 

found 326.1458. 

4-Methyl-1,3_oxazine2,6dione (7a): The pmduct SC (0.5 g, 2.5 mmol) was heated in dry flask at 160°C for 10 min. 

The dark residue was purified on silica gel column (acetone). After evaporation of the solvent, 0.220 mg (72%) of 

oxathymine 7a was obtained as a white powder; mp 174-175T (Liitl’ mp 176°C); lR (KBr) 1800,1700, 1620 cm-‘; ‘H 

NMR (CDCI, - DMSO - dd 6 2.10 (s. 3H. CIQ. 5.40 (s. lH, H-5), 11.30 (br, 1H. NH); HRMS, calcd for CsHsNO, (M? 

127.0269, found 127.0281. 

1,3-Oxazine-2,6-dione (7b): The product Sd (0.5 g, 2.7 mmol) was rcfluxed in dry benzene (40 ml) for 30 min The 

solvent and furan were removed under reduced pressure. Chromatogmphy (ether-benzene. 9~1) gave 0.265 g (85%) of 

oxaoracil7b; mp 156-158°C (Liit” mp 158.S”C); lR (KBr) 3340. 1800. 1700. 1620 cm-‘; ‘H NMR (cDc1, - DMSO - 

d& 6 5.45 (d, lH, J = 7 HZ, H-5). 7.25 (dd. lH, J = 5.7 Hz. H-4). 11.25 (br. 1H. NH); HRMS. calcd for C,HfiO, (M’? 

113.0113. found 113.0119. 
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