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Ab6trrct I Tbt rtactiont ef N-~2,4-dichloro-6-oxo-2,4-cyclohtxaditn-l-ylident~-4-nitrobentuside 
(1) with viwious conjugattd ditner have been studitd. 
ont of the double bonde of C-l,J-ptntadftnt, 

The hettroditnt ryrtsm of J rtactt with 
E,E-2,4-htxadftnt, E,R-l,4-diphtuyl-l~3-buttdiunt* 

E.E-P,4-htxadiao61, tthyi sorbaet, L-mtthoxy-1,3-butaditnt, cycloptntaditnt, 1,2,3,4-tctro- 
phtnyIcycloptnteditae In to invtr6t cltctron-dtarand Dttl6-Alder reaction to give dtrtvativcs 
of 2,3-dfhydro-1,4-btnzoxaztnel. In contract to the tbovt dienee 1,3-butaditnt add6 acr066 
the N-ecylialno group of 1 to give tht 6piro adduct Zb. - 

Rtcently w observed that the dianc ey6tca of 2,3-dimtthyl-1,3-butadicnt add6 acro66 

tht N-acyltmino group of the o-quinont nronofmida r to forPa tha tpiro rdduct 2a (Scherrre Ill. - 
WC now report the reaction6 of ttrrmtn6lly 6ubrtituted conjugattd disne6 (RCll=CHCH=CliR’) 

with 1. In these reaction6 it is the hattroditnt mystem of A thrt adds acroe6 ont of the 

double bond6 of the dient in an invcr6a eltctron-dtnund Dials-Aldtr rtrctlon. The product6 

Schenra I 

2ar R-Nt) 2b: R-H 

Ar-p-O,NC6 H, 

Rasultr end Dircu88ton 

Colapound k rttcts with 1,3-butaditna to givt the 6pfro adducr 2. Tht 6trucmam of 

_& ua6 establi6hcd by X-ray cryrtalfography and by 13C NMR aptctrorcopy. Rttction of B,1-2,4- 

htxadienc (4) and _& fn ovthylene chloride did not forr a apfro adduct but tn6ttrd the 2,3-di- 

hydro-1,4-bencoxarine 1(97X) (Scbcmt IL). An X-my 6tudy on a crystal of 1 confirm6 that 

the configurttion of the rtarting diem rtagcnt 5 vaa maintained in the eyclordduct. Reaction 

of _1. vZth II-1,3-ptntadfana proctads enalogoualy to give a. That the terminal mtthylent 

group of the 1,3-ptntadfent add6 to the nftrogtn ofi te evident from tht 13C IQfR tpectrus 

of a. Tbus, the chemical rhfft6 of tht methyl group bonded to the olcfinlc carbon a6 ~11 

at the chtmfc61 shifts of the olefinic carbons of&arc identical to the corrtrpooding carbonr 

of 2. Purthemrt a sfgnrl at 47.63 ppa~ (Cl?2 by off-rcsontnct decoupling) is tndicatfvt 

of l mtthyltnc c6rbon attached to the nitrogen etom of 2,3-dfbydro-1,4-ben+oxa6int61. The 

cycloadduct 2 fr produced when 1 i8 trtrttd with S,t-1,4-diphtnyl-1,3-butaditnt and tht 

adduet & 16 fomtd in 74X yield vhtn 1 md B,g-2,4*htxtdicnal art mixtd in methyleta chloridt 

end the rtection mixture ir ktpt at ambient te=perrturt for 6tven day6 (Schtmt II). An 

#lkdfcatsd to Proftrror Xduerd Teylor on tht occasion of his 65th birthday. 
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X-ray cryrtallographic rtudy of a mingle cryrtel of & rhov8 that the heterodicnc ryrtem - 

of 1 addm acroae the terminal double bond of the diem1 and that the rtereochemirtry of 

the dianal ir PLaintained in the cycloadduct. Ethyl aorbatt combiner vith 1 under rimilar 

condition8 to produce 8b. - Compound r and l-methoxy-1,3-butadicac react inatanteously, a8 

VU evident by the imdiate dirappear8nce of the bright orange color of 1, to glva 2. 

The 8tructure of 2 ~88 proved by 13C R?CE 8pectro8copy. The 13C NMR spectrum of 2 exhibit8 

intenre peak8 at 97 ppn end 154 ppm. The chemical shift8 l ud intenrities of these 8lgnal8 

are typical of olefinic carbon8 which are protonated and which berr an electronegative rubrtit- 

uent on one of the carbons. Another rignal at 46.60 ppm (CB2 by off-resonance decoupling) 

indicates, a8 m8ntioncd previouely, a q 8thylene carbon linked to a nitrogen atom of 2,3-dihydro- 

1,4-benroxarfne. 

Schcm II 

&I Y-H; Et Y-OEt 

Steric factor8 appear to be rerponrible for vhether reactions of 1 vith conjugated 

diene8 lead to the rpiro adductr u or to the 2,3-dihydro-1,4-benzoxazine8 $-9. In the 

ca8e of the l,&butadienc and 2,3-diwthyl-1,3-butadiene, where the terminal carbon8 are 

unsubrtituted and relatively unhindered, addition of the diene ryrtem take8 place l cro88 

the highly rubrtituttd imino group of 1 to afford 2a-b. Terminally substituted ditne8 like 

E-1,3-pentaditnt, E,E-2,4-heudiene, E,E-2,4-hexadienal, etc. are too bulky to inttract 

with the imino group of A. In such inrtanctr the electron-deficient hetarodienc 8y8tm 

of 1 add8 to the molt electron-rich double bond of the diene rcrulting in the fo=tton 

of 5-9. 

Stcric influence8 appear to be operative, too, in the rtactionr of a-chloranil (IO) - 

with terminally 8ubrtituted 1,3-dfenas. With 2,3-dimethyl-1,3-butadicne and 2,3-diphenyl- 

1,3-but8diene where the ttrminal carbon8 are bonded only to hydrogen, the diene ey8tem add8 

to the carbonyl group to give the 8piro adductr 1la.b (Scheme III). With the more 8tertcallY 

demunding l-aryl-1,3-but8disner and 2,4-hexadiene tht heterodicnt moiety of 10 combine8 

with one of the double bond8 of the dienc to form the dioxin8 12a,b.2 
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Schea III 
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1l.A.b 

lla: B-lie 

llbr R-Ph 

12a.b 

12At R-H, R’-Ph 

12b: R-it'-Ho 

CyclopantAdiena And 1,2,3,4-tctrAphanyl-1,3-cyclopeatAdiene Act PI dienophilc# tovArdo 

the hatcrodiaar ryrten of 1. In rrch inrtrnca it fr the+1 carbon OF the cyclic diene 

that bonds to the elactrophilic nitrogen of i to give the adductm 13 And’M’rerpactively - - 
(Scheme IV). The structures of l3, 14 were determined by X-ray crystallography on single 

CryAtAh. It hem been reported that haAting A benzene solution of cyclopcntadtcnc And o-chlor- 

anil (10) giver A mixture of the Adductr 15 (64x) and E (23R)3’5 (Scheme IV). In the foru- - 
tion of 15 And 16 the CycIopentAdiane ie the alectrou-rich dienophillc component for both 

the heterodieae And the harodiane functionAlitler of 10. With the leer hindered And lear 

electrophilic o-quioone (21 and 4-chloro-o-qulnona (21 the cyclopentadiene acta as the 

diena component of the Dielr-Alder reaction and Add8 ~cro#a one of the double bondr of the 

homcdtena to form the addactr 19 and 20. - There wee no evidence of sithsr the homodiene 

ry8Ker or one of the.doubls bond8 of J, interacting with cyclopentadiane to produce adducta 

#imilAr to l6, 19 or 20. - Prerumbly the W-p-nitrobenzoyllmlno group of 1 rendere the hatero- 

diana l yrtem 10 elrctrophilic that cyclordditionr At other sftae are precluded. 

Schaw IV 

15 - 16 - 

,Clla + 0 - 
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Bxperinmtel 

W Spectra* Carbon-13 M rpectra were obtained on a Varian XL-300 KUR rpectronatar oparatia~ 
at 75.4 Htiz for carbon. All rpectra uete obtained with complete proton decoupling except 
uhea off-reroamce decoupling l xperiraatr wra performed to dotermiao carbon multiplicitier. 
Typical spectral parutetr include a 20 klr rpectral width, 32K data poinf~, 12 IJS pulse 
width correapondiag to a 45. flip l ngla, and 28 pulse dal&T. The rpectra of revere1 of 
the 2,3-dihydto-l,&benzoxaxine darivativem wte obtained at high ttmperaturem (80-12OOC) 
to equilibtata ring inversion and emids iaomerm. The “C lllfll chcmicel shifts for compouadr 
5-9 and 13-U are rhoun in Table I. - - 

9.ll-Dichloro-3,4-di~thyZ-l-(4-nitroben~oyl)~l-~z8~piro-~5.5]-undec~-3,8,l0-trirn-7-ona (Zb). 
A 3 dram vial contaiaiag 175 mg (0.54 mol) of Lin 5 mL of CHICll vaa placed in an ice 
bath. Approximately 2.0 B of l,f-butadiena VA* introduced into the rolutioa and the vial 
vaa virad rhut. The raectfon mixture VU kept at ambient temperature for 1 hr, end then 
the rolvent VAB evaporated. The reridue VU rlurricd with MeOR end than filtered to give 
19.0 mg (93%) of crude 2b. Three recryrtalliratfonr fron methanol gava an l nelytlcal r-p10 
melting at 163-164% (aeculrr ion a/e 378)+ Anal. Calcd. for C17H11C12N20sz C, 53.851 
B, 3.19; N, 7.38. Founds C, 53.951 H, 3.59r N, 7.44. 

The natural abundance “C MIP rpectrum of2 ir r-rized 

128.18 

in the folloving rtructurar 
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~2S-(~(K~,~g]]-$.7-dichloro-3,4-dihyOro-3-#thyl-4-~4-nitrobenzoyl~-2-(l-propsryl)-U-l,4- 
benroxaei*e 45). To a l tirred l olution of 58 mg (0.70 ml) of trane,tr.oe-Z,&heludiens 
in 2.5 mL of CR,C1, u.e .dded 229 y (0.70 -1) of 1. The mixture v.e u.rmed briefly to 
direolve all of th 1 and than kept at ambient temper.ture for 22 h. The l olvent #at ev.p- 
orated, and the rerfdue elurried vith Me08 and filtered to give 275 mu (97%) of 2, l p 168- 
17O’Ci maee l pectrum, m/e 406 (molecular ion]. Anal. Calcd. for CI~H~~N~O,C~~I C, 56.04; 
H, 3.96; N, 6.88. Pound: C, 55.931 II, 4.30; N, 6.78. 

5,7-Dichloro-3,4-dih~drot4-(~nittobenxoyl)-2-E-(l-propenyl)-~-l,4-hnrox.tins (6). A 
mixture of 21 mg (0.31 -1) of tra6e piperylene, 1 mL of CHIC13, and 102 mg (0.31 mol) 
of 1 vaa allowed to stand at ambient temper.ture for 1 h. The oolvent wae evaporated and 
the residue wae tritur.ted with HeOH .nd filtered to give 118 mg (97%) of crude 2, mp 16L-165’C. 
Recrystallization from EtOP afforded 5, q p 170-172”Cs m414 spectrum, m/e 392 (molecu1.r 
ion). Anal. Calcd. for Cl,H1,C12NZOI: C, 54.98; H, 3.59; N, 7.12. Found: C, 55.061 H, 
3.991 H, 7.15. 

[2S-[2a~E),3g]]-5,7-dichloro-3,4-dihydro-3-phenyl-4-~4-nitrobenzoyl~-2-(2-phenylethcnyl~-2E- 
1,4-bcntoxazine (7). A mixture of 221 mg (0.68 -01) of& 140 mg (0.68 -1) of tr.ne,trane- -- 
1,4-diphenyl-1,3-but.diene in 4 mL of CR&l, w.e w.rmed briefly to dieeolvc the reect.nte. 
The rolvent wae ev.porated after 18 h and HeOH wae added to the reeidoe. The white eolid 
which formed wae filtered. The crude 2 (278 mg, 77%) melted .t 168-172’. Recryrt.llLt.tion 
from MeOH gave 11 melting at 169-171“; ma.8 rpectrum, s/e 539 (molecular ion). Anal. C.lcd. 
for C1,H10C12N2Ks C, 65.551 ii, 3.791 N, 5.27. Found: C, 65.26~ H, 3.90; N, 5.34. 

J2S-(2a(E),38]J-5,7-dichloro-3.4-dihydro-3-methyl-4-~4-nitrobenzoyl~-2-~3-oxo-l-propenyl~- 
2E-1,4*benzox.,zine (8.1. To a eolution of 72 mg (0.75 mm011 of tr.ne,trans-2,4-hex.dien.1 -- 
in 6.51 g of CHICll w.e added 249 mu (0.738) of A. After the reaction mixture l tood for 
8 d .t ambient teaper.ture the l olvent wae evaporated and the reeidue triturated with eth.nol. 
Filtration gave 230 mg (74%) of 6a melting at 186-187°C. 
afforded cryetalr of &, q p 203-z5”. 

Recryst.llization from eth.nol 
Anal. Calcd. for C19HlrC12N205a C, 54.171 H, 3.35; 

N, 6.65. Pound: C, 53.99~ B, 3.59; N, 6.52. 

ethyl 3-(5,7-dichloro-3,4-dihydro-3-mcthyl-4-(4-nitroben.oyl)-ZE-l,4-ben~oxa~~n-2-y~J-2- 
ProPeno.te cab). A mixture of 74 mg (0.53 rmaal) of ethyl rorbate, 1.81 g C~,cl, .nd 
171 mg (0.53 -1) was .llowed to etand 8 d at Pmbfent temperature. Evaporation of the 
rolvent, l lurrying the reeidue with HeOH and filtering g.ve 212 mg (87%) of E, mp 163-165’C. 
Recryetallie.tion from EtOH .nd then CHsCN formed e, mp 166-168OC; m.ee epectrum, m/e 
464 (molecular ion). Anal. Calcd. for C2~HllCllN206: C, 54.21; H, 3.89; N, 6.02. Pound I 
C, 53.88; 8, 3.941 N, 6.00. 

5,7-Dichloro-3,4-dihydro-2-~2-Pethoxyethenyl~-4-~4-nitrobenzoyl~-28-l.4-ben+oxrzfne 
(9) -’ To . l olution of 83 mg (0.98 -1) of 1-methoxy-l,3-butadiene in 3 mL of CH,Cl, w.a 
.dded dropwime 320 mg (0.98 ~1) of 1. The re.ction wee exothermic. Within 30 ; the color 
of the reaction mixture changed fromorenge to yellow. 
and 1 mL of NeOH wao added with rtirring. 

After 1 h the eolvent w.e evapor.ted 
The vhite precipit.te that formed wae filtered 

to give 241 mg of 2, mp 158-163°C. 
.dditional 139 mg of 2 mp 154-159”. 

The filtrate wa. concentrated and filtered to give .n 
The two fractione had the same retention time in the 

gar chrom.tograph. The total yield of 13 wae 94%. 
q p 162-163O; ma88 l pectrum, n/e 408 (moiklar ion). 

Recrystallization from MeCN formed 13, 

52.83; H, 3.45; N, 6.85. Found: 
Anal. Calcd. for CI,JHI,N~O&~~: C, 

C, 52.70; H, 3.40; N, 6.97. 

~3aS-~ie~-6.8-dichloro-1.3a,9,9.-tetrahydro-9-~4-nitrobenxoyl~-cyclo~nt.Jb][1,4)benroxarinc 
(13). Into a vfal containing 2.0 g of CHIClr 162 mg (0.5 an011 of 1 was .dded 99 mg (1.5 
mm011 of cyclopentadtene. The color of the re.ction-mixture changed-from orange to ;ellow 
iamediately. After 6 h the eolvent w.e evaporated and the brown guply rceidue rlurrled 
with neth.nol .nd filtered. The yield w.e quantit.tive and the crude 13 melted .t 100-105”. 
Recryet.Llitation from l-prop.nol gave 2, mp 150-152”. Anal. Calcd. far C11H12N201C12t 
C, 55.26; H, 3.09~ N, 7.16. Found: C, 55.16; H, 3.25~ N, 6.92. 

~3aS-cLe~-6,8-dichloro-l,3a,9,9.-tetr.hydro-9-~4-n~trobenzoyl~-2,3,3.,9-tetr.phenylcyclo- 
penta(b](l,4Jbenrox.zine (14). To . l olution of 74 mg of 1,2,3.4-tetraphenyl-1,3-cyclopent.- 
diene in 3.84 g CHICl. wee .dded 66 mg of A. The reaction mixture was initially a dark 
golden brown color but after 44 h at mbient temperature the color had changed to yellov. 
The rolvent wae evaporated , the reeidue l lurried vith a em.11 amount of HeOH and filtered. 
The crude 14 weighed 122 mg (87X)& diecolored at 183” and tilted at 193-198’. Recryrt.l- 
litation from MeOH gave 2, q p 211-215”. 
lited 14 were identical. 

The infrared spectra of the crude end recryrtel- 
Anal. Calcd. for C,2H2eC12N20s: C, 72.521 H, 4.061 N, 4.03. 

Pound I C, 72.461 ii, 4.16, N, 4.05. 

The atomic co-ordin.ter for compounds 2, 1, &, 13 .nd 14 are l v.il.ble on requeet 
from the Director of the Cambridge Cry.tallogr.phic D.; Cent:, Univer.ity Chemical Labor.- 
tory, Len.field Eo.d, C.mbrfdge Cg2 1RU. Any requeet rhould be .ccomp.nied by the full 
literature cit.tion for thie cmnication. 
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