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Abstiuct Intramolecular ene reaction of 4-(2-alkenylamino)-3-formyl-2(2H)-chromenones 7 
involving carhonyl enophile proceeded stereoselectively to afford 5hydroxychromenl3,rl-b]-azepines 
14. The intramolecular nucleophilic attack of hydroxy group to the enemine moiety in 14 gave 1,2- 
dihydro-2.4-ethanochromcn~4,3-dJ[ 13loxazin-5(4HJH)-one derivatives 13 as final products. PM3 
MO calculations of the process reveal that this ene reaction proceeds with two steps through an 
intermediate. 

In a previous paper.1 we reported an interesting cycliyaticm reaction cd 6(2-alkenylamino)-5-formyi-1,3- 

dimethyl-2.4(1H3H)-pyrimidinediones (1) with N-unsubstituted a-amino esters (2: R= H) under rcflux in toluene 

affording pyrimid[45_blazepines (4). On the other hand. a similar reaction of 1 with N-substituted a-amino esters 

(2: R# H) gave azomethine ylide intermediates (5) through a well-known condensation process. which underwent 

an intramolecular l,Sdipolar cyclization leading to pyrrolo[2’,3’:4.5lpyrido[2,3-dlpyrimidines (6). For the 

pathway to pyrimidazpines 4. we proposed2 the intramolecular imine-ene reaction (so-called Type III3) of 6-(2- 

alkenyhunino)-1,3dimethyl-i(substituted imino)methyl-2,4(1H,3ff)-pyrimidinediones (3) (Scheme 1). 

The thermal ene reactions utilizing imine enophi1e.d are. relatively rare comparing with those of carbonyl 

versions. To the best of our knowledge. severer reaction conditions than those in 3 were requisite for the 

performance of the ene-reactions utilized non-activated C=N enophiles. We suggested that the facilitation of the 

imine-ene reaction of 3 ascribed to the characteristic electronic feature of 6-amino-5-formyl-2,4(1H,3H)- 

pyrimidinedione system in 3;2 a push-pull z+electron system hearing highly polarized C=C and C=N bonds at 

the periphery of 2,4(lH,%&pyrimidinedione. With the hope of expanding to other system and elucidating the 

nature of this ene reaction, we investigated the reaction of 4-(2-alkenylamino)-3-formyl-2(2H)-chromenon~ (7) 

with ethyl glycinate (t) and ethyl san~~inate (2b). In the reaction of 7 with t. the desired imine was not formed 

but replacement of the amino moiety at the 4-position occurred. On the other hand. 13dipolar cycltion reaction 

of the azome&ine ylidea and the. carbonyl-ene repdioll utilizing the formyl gmup of 7 were competitive in the with 

2b. This paper details a facile carbonylene readion of 7 under non-catalyzed conditions and the pathway of the 

ene reaction is also discussed using PM3 MO calculations. 
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Reaction of 4(N-allylbenzylamino)-3-formyl-2(2FZ)-chmmenone (7a) with 2a gave 4(ethoxycarbonyl- 

methyiamino)-3-formyi-2(2H)-chromenone (8) in more than 80% yield. A similar reaction of 7a with aniline (9) 

gave 4-anilino-3-formyL2(2H)-chromenone (10) and its imine (11) in 62% and 30% yield, respectively. The 

reaction of 7 with Lb was also examined. The reaction of 7a with tb in benzene under reflux for 3 h gave lo- 
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benzyl-2_ethoxycarbonyl-3-methyl-2,3,3a,l0.11,1 la-hexahydrochromeno143-hJpyrrolo[2,3-djpyridin-l I( 1 lH)- 

one (12a) in 76% yield together with a trace (3%) of another product 13a. an intramolecular cyclization product of 

7a. The reaction of 4-{N-benzyl-[(E)-2-butenylamino]}-3-formyl-2(2H)-chromenone (7b) with 2b in benzene 

under teflux for 12 h gave also chromenopyrrolopyridines 12b (44%) and the corresponding 13b (5%) together 

with small amounts of unidentified products, The structure of 12 (including stereochemistries in the pyrrole ring) 

was confirmed on the basis of the spectral data comparing with those of the related compounds.15 

Therefore, heating 7a in toluene under reflux for 26 h afforded 13a in 63% yield together with polymeric 

materials. The structure of 13a was deduced to be I-benzy1-1.2dihydro-2,4-ethanochromeno[4,3-~-[1,3~oxazin- 

5(4H,SH)-one from the following spectral data comparing with those of the similar type of imineene reaction 

products in 2.4( 1 H,3H)-pyrimidinedione system; 1.2 in its l3C NMR spectrum five signals at 6 31.8.37.6(11- and 

12-C). 57.2(CH2-Ph), 73.4(4-C), and 90.0(2-C) were assigned to &-carbon ones, respectively. The 1~ NMR 

spectrum of 13a showed an array of the methine (2-H; b 5.28, d. J= 4.9 Hz), methylene, methylene (11- and 12-H; 

6 2. I; overlapping each other), and methine proton (4-H; 6 5. I 1, d, J= 6.8 Hz) for the 2&ethano( 1.3loxazine ring 

by NOBSY technique. In order to explain the formation of 13a we assume that the intramolecular ene reaction of 

7a leading to chmmen[3,4b]azepinee 148. in which an intramolecular nucleophilic attack of the hydroxy group to 

the o-position of the enamine moiety gives 2,4ethanochromeno[4,3-&[1,3loxazine 13a as a final product 

(Scheme 3). Similar reactions of 7b, 4-[IV-benzyl-(tram-cinnamyl)aminol- (7~). 4-{N-benzyl-[(Q-3- 

(ethoxycarbonyl)-2-propenylj}amino- (7d). and 4-(N,h’dial1ylamino)-3-formyl-2(2H)-chmmenone (7~) gave the 

corresponding 13b-e in good yields (Table I). 

Reaction 
w 

Nuclcophllic 
Attack of 
Hydroxyl Group 

9 

7 14 13 

Scheme 3 

Table I, Thermal Reaction of 4(2-Alkenylamino)-3-formyl-2(2H)-chromenones 7 in Refluxing Toluene. 

Reaction Products 

Entry R’ R2 Time (h) (Yielda: %) 

1 Bn H 26 13a (63) 

2 Bn Me 40 13bb (71) 

3 Bn Ph 12 13cb (64) 
4 Bn CO2Et 24 13db (82) 

5 CH2CH=CH2 H 8 13e (72) 

6 Ph H 4 14f (70) 

7 Ph H 36 13f(53) + 14f (14) 

a Isolated yield. b. Single isomer. 
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On the other hand, the reaction of 4-(N-aIlylanilino)-3-formyl-2(2H)-chromenone (7f) in toluene under 

reflux for 4 h gave l-benzyl4hydroxy-2gA5_tetrahydrochr~~o[3,~~~~pin~lH.6H)-cme (14f) in 70% 

yield. Rrohutged heating the toluene sohttion of 7f gave a mixture of 13f and 141 (Table 1). 

Products 13b-d exist as single diastereomers and the configuration of the substituents (R2) at the I2- 

position is deduced to be exe from the coupling constants between 4- and 12-H (cu. 0 Hz). This suggests that the 

ene maction of 7 gives 14 with 4,!kis configuration (Scheme 3). While the imineene reaction of 2,4(1H,3H)- 

pyrimidinediones 3 gave a mixture of 4.5-ci.r and -rrurr.r azepine derivatives, this carbonyl-ene reaction of 7, 

interestingly, proceeds in a highly stereoselective manner. The geometry of the transition state of the ene reaction 

was aIs0 investigated using molecular models. Only a boat-formed transition state seems to be possible. With the 

aim to test this hypothesis, heating of 4-[N-henzyl-(2-cyclohexenyI)aminoI-3-formyi-2(2~-chromenone (7g) in 

boiling toluene or xylene resulted in the recovery of the starting 7g in more than 95% yield. Therein, it is 

impossible for 7g to attain the boat-formed transition state due to its high hond strain. 

In order to obtain further understandings for the reaction profiles, we examine the semi-emperical 

moIecuIar orbital (MO) cahxdations utilizing PM3 method (See Experimental section). The calculations were 

carried out with a 2(L(;?H)-pyrone system bearing N-methylaIlyIamino group (IS) instead of the Z(zsI)-chromenone 

one to avoid conforrnationaI and computationaI compIex.ities. The conversion of 15 to 14 simuhated is shown in 

Scheme 4. 

0 

Me Me 

15 16 
Sebeme4 

The PM3 calculations reveal that this reaction proceeds with two steps through an intermediate. The 

schematic energy diagram for the reaction and the caktdated structures for the transition states and intermediam are 

shown in Fig. 1 and 2. mqmxtively. 

intermediate 

Reactant 
A H = -13.07 Kcal ‘; 

. . . . ..~____......_....’ 
Product 

Fig. 1. Energy Diagram for the Conversion of 15 to 16. 
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TSl Intermediate TS2 

Heat of formation 
( Kcal/mol ) 

Distances ( A ) 
Cl-C2 
Cl-C7 
C2-C3 
C3-N4 
C3-H9 
N4-C5 
C5-C6 
c6-c7 
c7-08 
OS-H9 

Angles ( degree ) 
LClC2C3 
LC2C3N4 
LC3N4CS 
L N4C5C6 
L c5c6C7 
LC6C708 
L C708H9 
L 08H9C3 
L H9C3C2 

TSl Intermediate TS2 Reactant Product 

-38.48 -39.05 -31.98 -65.60 -78.67 

1.33 1.33 1.36 1.33 1.48 
4.08 3.55 2.36 ____ 1.54 
1.46 1.45 1.41 1.49 1.34 
1.45 1.41 1.38 1.49 1.44 
1.45 1.67 2.32 1.11 --__ 

1.36 1.35 1.37 1.42 1.43 
1.43 1.45 1.43 1.38 1.37 
1.41 1.38 1.39 1.48 1.51 
1.27 1.31 1.34 1.21 1.41 
1.10 1.00 0.95 _-__ 0.96 

127.1 127.2 127.6 
117.3 122.0 128.9 
123.9 124.2 128.3 
126.0 124.6 125.5 
129.0 127.9 128.5 
127.4 127.5 126.8 
112.5 111.0 111.0 
159.6 155.1 129.8 
106.3 97.7 78.3 

122.2 
114.0 
117.2 
126.7 
127.9 
123.3 

____ 
____ 

109.2 

129.2 
128.0 
119.2 
120.7 
122.4 
115.1 
108.7 

____ 
____ 

Torsional angles ( degree ) 
T ClC2C3N4 -12.1 
T C2C3N4C5 86.0 
r C3N4C5C6 8.4 
T N4C5C6C7 17.7 
T CX6C708 2.1 
r C6C708H9 -24.6 
r C708H9C3 1.6 

-8.7 7.3 
62.8 24.3 
11.0 5.8 
26.7 24.7 

1.3 32.0 
-32.1 -32.5 

3.8 -38.7 

-124.3 3.3 
75.5 -38.3 

-140.8 56.7 
16.6 -1.1 
49.2 165.5 
____ 33.7 
____ ____ 
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Fig.2 Calculated PM3 Structuns for TS 1. Intermediate, Ts2, Reactant and Pruduct 
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Table 2. Atomic Charge Distribution of Reactant and Intermediate. 

Atom Reactant Intermediate 

Cl -0.13 -0.27 

c2 -0.18 -0.02 

c3 -0.05 -0.65 

N4 0.04 0.5g 

c5 0.15 -0.09 

C6 -0.41 -0.35 

c7 0.37 0.26 

08 -0.33 -0.29 

H9 0.03 0.29 

At the first step, the transition state (TSI) corresponds to the migration of hydrogen atom (H9) from C3 to 

013 leading to an intermediate. The structure of TSl has distances of 1.45 A for C3-H9 and of 1.10 A for GS-H9. 

respectively. The distance between Cl and C7 is 4.08A. which is so long that no covalent interaction may exist. 

The intermediate is more stable only by 0.58 Kcallmoi than TSl and its structure exhibits that C3-H9 and OS-H9 

distances are 1.67 A and 1 .OO A. This indicates that H9 atom bounds almost completely with OS atom and further 

interacts with C3. Cl-C7 Distance (355A) in the intermediate is shorter than that of TSl, but still too long to 

interact covalently. Apparent differences in bond lengths between the intermediate and the reactant are also 

observed; C3-N4. N4-C5. and C6-C7 bond in the intermedkte are shortened by 0.07-0.10 A, on the other hand, 

C5-C6 and C7-08 bond stretch by 0.07-0.10 A comparing with those of the reactant. This indicates that the 

formers have a double bond character and the latter reduce a double bond character. The atomic charge calculation 

for the intermediate shows large negative charge at C3 atom and large positive charge at N4 one (Table 2). These 

results suggest that the intermediate is considered to have delocalized azomethine ylide with 8rc electrons. 

The second transition state (TS2). which is located between the intermediate and product and has a higher 

energy than TSl. corresponds to the step of ring closure. TS2 has a helicoidal shape and Cl-C7 distance of 2.36 

A. G&H9 distance of 0.95 A. and C3-H9 distance of 2.32 A. TS2 seems to be compatible with the transition state 

of Sz electrocycliz.ation reaction. The bond formation between Cl and C7 in TS2 results in the azepine ring and 

the introduction of lran~ substituent at Cl leads to 4.5-ci.r azepine derivatives. 

The PM3 calculation results mentioned above are consistent with the profiles and s&xeoselectivity of the 

thermal enq reaction of 6-(2-alkenylamino)-3-formyl-2(2H)-chnmmones 7. The charac&istic electronic features 

of 2,4(1&3H)-pyrimidinedione and 2(2H)-chromenone systems would be attributed to the lowering the energy of 

the inte.mediates in imine- and carbonyl-ene reaction pmceas. respectively. 

EXPERIMENTAL 

Melting points am uzormcW. IR spectra were measured on a JASCO IR-Report-100 spectrophotometer 

as KBr discs. lH and 13C NMR spectra in deuteriochlorofom solutions were recorded on JEOL GSX-400 

and/or 270 spectrometers. TMS was used as an internal standard and J-values are given in Hz. Mass spectra 

were determined on a JBOL JMS-D s pectrometer. Elemental analyses were performed on a Hitachi 026 CHN 

analyzer. All nonaqueous reactions were run under a positive pressure of argon. All solvents were dried by 
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standard m&hods before use. The progress of reactions was monitored by TLC (Silica Gel 6OF-254, Merck). 

Chromatographic purification was performed with Wakogel C-200 (Wake Pure Chemical Industries) and/or Silica 

Gel 60 (230400 mesh, Merck). Amino esters 2a and Zb were obtained by the treatment of the corresponding 

hydrochlorides with diisopropylethylaminc in situ. 

Starting materials 7 were prepared by the reaction of 4-chloro-3-formyl-2(2H)-chromenone6 with the 

corresponding amines similarly to the method repotted.7 

4-(N-Allylbenzylamlno)-3-formyl-YW)-cbromenone (70). Mp. 131-134 “C; 1~ NMR B 4.15(2H. 
d, NCH2CH=, J= 8). 463(2H. s. CH2Ph). 5.2~5.4(28, m. =CH2). %2(1H. m, =CH-). 7.2-7.7(aromatic-H). 
lO.l2(1H, s. CHG). Anal. Calcd for CmHl7N03: C. 75.22; H. 5.37; N, 4.39. Found C. 74.90; H. 5.41; N, 
4.37. 

4-[N-~n~l-(~)-2-butenylamino]-~formyl-2(2~-chromenone (7b). M.p. 133-135 “C; 1~ NMR 
6 1.7Y3H. d, Me. J= 5). 5.1Y2H. d. NCH2CH=. J= 4). 4.70(28. s. CH2Ph). 560(2H. m. -CH=CH-). 7.3(9H, 
aromatic-H), lO.M(lH, s, CHG). Anal. Calcd for C2lH19NO3: C. 75.65, H. 5.74, N. 4.20. Found C.76.03; H, 
5.73; N. 4.12. 

4-[N-Benzyl-(lruns-cinnamyl)amino]-3-formyl-2(2~-chrolaenone (7~). Mp. 124-126 OC; 1~ 
NMR 6 4.28(2H, d. NCH2CH=. J= 7). 4.65(2H. s. CH2Ph). 6.0-6.6(2H. m. -CH=CH-), 7.1-7.8(14H, aromatic- 
H). 10.2O(lH. s. CHO). Anal. Calcd for C@2lNO3: C, 78.96; H. 5.35; N, 3.54. Found C, 78.88; H. 5.31; N, 
3.39. 

4-{N-Benzyl-[(E)-3-(ethoxycarbonyI)-2-proptnyl])-3-formyl-2(ZH)-chromenone (7d). M.p. 113- 
114 “C; 1H NMR 6 1.31(3H, t, OCH2CH3. J= 6.9), 4.2(4H. m. NCH$H= and OCH2CH3). 4.61(2H. s, 
CH2Ph). 5.94(1H. dt. -CH=. J= 1.7 and 16.8). 6.85(18, dt. -CH=. J= 6.3 and 16.8). 7.2-7.7(9H, aromatic-H), 
10.16flH. s. CHO). Anal. Calcd for CnH2lN05: C. 70.57; H, 5.41; N. 3.58. Found: C. 70.72; H, 5.53; N, 
3.64. 

4-(N,N-Diallylamino)-3-formyl-2(2H)-chromenone (7e). M.p. 58-59 “C; lH NMR 6 4.22(2H. d, 
NCH2CH=, J= 5.9) 4.58(2H. d, NCH2CH=, J= 6.3), 5.2-5.5(4H, m, =CHz), 5.&6.0(2H, m, -CZ#=). 7.2~8.1(4H, 
aromatic-H), &45(lH. s, CHG). Anal. Calcd for Cl6Hl5NO3: C. 71.36; H. 5.61; N. 5.20. Found: C. 71.60, H. 
5.55; N. 5.38. 

4-(IV-Allylanilino)-3-formyl-2(W)-ehromenone (7f). M.p. 109-I 10 OC; 1~ NMR 6 4.54(2H, dt, 
NCH2CH=, J= 1.7 and 7.6). 5.2-5.3(2H. m, =CH2), 5X%(18. m, -CH=). 6.9-7.5(9H. aromatic-H). 10.2O(lH. s, 
0). Anal. Cakd for Cl9Hl5N@ C. 74.74; H. 4.95, N, 4.59. Found C. 74.61; H. 5.03; N. 4.70. 

~[~-Benzyl-(2-cyclohexenyl)amino]-3-formyl-2(ul)-chromcnone (7g). M.p. 116-I I7 “C; 1~ 
NMR 6 1.82.2(6H. m. -CH2-). 4.58.4.71yeach IH. 2x d. CH2Ph. J= 16.0). 4.f39(lH. m. NCH). 6.0-6.1(2H. m. 
-CHXH-), 7.1-7.8(9H, aromatic-H), lO.OO(lH, s. CHO). Anal. Calcd for C~H2lN03: C. 76.m. H. 5.89; N, 
3.90. Found: C, 76.n; H. 5.99; N.4.00. 

Reaction of 7a with ethyl glyclnate (ta). General procedure for the reaction of 7a with primary 
amines: To a suspension of 7a (0.16 g. 0.5 mmol) and glycine ethyl ester hydrochloride (0.12 g. 0.85 mmol) in 
benzene (5 ml) diisopropylethylamine (0.13 g, 1.0 mmol) was added. The reaction mixture was heated under 
reflux for 2 h and evaporated to dryness. Extraction with dichloromethane (3x 10 ml) and crystallization gave 8 
(0.24 g. 84%). 

4-(Ethoxycarbwyl)methylamlno-3-formyl-2(2ff)-chromenone (8). Colorless prisms; m.p. 187-188 
OC; IR 345O(NH). 1725. and 1705 cm-l(C0); 1~ NMR & 1.35(3H, t. OCH2CH3, .I= 7.3). 4.42(28, q. 
OCH2CH3, J= 7.3). 463(2H, d, NHCH2. J= 5.3). 7.2S.O(aromatic-H), 10.2qlH. s. CHO). 12.5(lH. br s. NH). 
Anal. Calcd for Cl4Hl3NO5 C, 61.09, H. 4.76. N, 5.09. Found: C. 60.88, H. 4.70, N. 5.17. 
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~Aailino-3-Pormyl-2(Ui)-ehromen~e (10). Pale yeilow crystals; m.p. 176-177 T; IR 34OO(br) 
(NH), 1705. and 1635 cm-* (CO); ‘H NMR II 6.87.5(9H, aromatic-H), 10.26(1H, s. CHO), 13.2O(lH, br, NH). 
Anal. Calcd for Cl6HllNO3: C, 72.44; H. 4.18; N. 5.28. Found: C. 72.32; H, 4.18; N, 5.54. 

4-Aniline-3-(pbcaylimioo)mcthyI-2(2H)-chromenone (11). Yellow prisms (EtOH); m.p. 155-156 
“C; IR 345O(br)(NH) and 1700 cm-l(CO); lH NMR b 6.8-75(14H, aromatic-H), 9.16(lH, s, CH=N), 14.43(18, 
br. NH). Anal. Calcd for C22H@202: C. 77.63; H, 4.74; N, 8.23. Found: C, 77.55; H, 4.80, N. 8.13. 

Reaction of 7a with ethyl sarcosinate (2b). General procedure for the reaction of 7 with 2b: To a 
suspension of 7a (0.2% g. 0.92 nunof) and sarcosine ethyl ester hydrochloride (0.25 g, 1.4 mmol) in benzene (5 
ml) diisopropylethylamin (0.25g. 1.9 mmol) was added. The mixture was heated under reflux for 3 h and 
evaporated to dryness. The residue was extracted with dichlorom&ane (3x 10 ml) and the solvent was distilled 
out. Coh~mn chromatography of the residue on silica gel with hexane-ethyl acetate (7: 1 to 5 1) gave 13a (0.00s g. 
3%) and 12a( 0.272 g. 76%). 

IO-Benzyl-2-ethoxycarbonyl-3-methyl-2,3,3a,lO,l l,lla-hexahydrochromen~4,3-b]pyrroi@2,3- 
dJpyridin-4(1H,Qff)-one (lk). Yellow prisms (ethyl acetate); m.p. 178-180 OC, IR 1735 and 1680 cm-l 
(CO); ‘H NMR 8 1.32(3H. t. OCH2CH3. J= 7.0). 1.71(1H, ddd, 1-H. J= 1.1.8.8, and 13.6). 2.02(1H. m, Ila-H), 
2.241H. ddd. 1-H. J= 3.7, 8.4, and 13.6). 2.52(3H, s. 3-Me). 3.01(1H. dd. 11-H. .k 4.4 and 12.8). 3.2l(lH, dd. 
11-H. J= 12.4 and 12.8). 3.72(18. dd. 2-H. .I= 3.7 and 8.8). 4.2(2H, m, OCH2CH3). 4.30(1H. d. 3a-H. .I= 4.8). 
4.61,4.87(each 1H. 2x d. CH2Ph. J= 17.0). 7.0-76(9H. phenyl-H); 13C NMR i$ lAO(CH2CH3). 29.5. 30.8(3- 
and 3a-C), 35.1( 1 -Me), 50.9(CH2Ph), 55.2(4-C), 57.9( 11 b-C). 59.9(oCH2CH3), 62.7(2-C), 102.7( 1 la-C), 
115.5(9b-c). 117.2. 122.7. 124.3. 126.2, 127.3. 128.7. 130.7, 136.5. 152.9. 1555(5a- and 9a-C). 162.0(11-C), 
173.7(CO2); MS 418(M+). Anal. Calcd for C25H26N2O4: C. 71.75; H. 6.26, N. 6.69. Found: C. 71.81; H. 
6.30; N. 6.45. 

lO-Benzyl-2-etboxycarbonyl-l,3-dimethyl-2,3,3a,lO,ll,l lb_herrrhydrorhromca~4~-~I- 
pyrrolo[2,3-a]-pyridin-4(lZf,AH)-one (12b). Pale yellow prisms (ethyl acetate); m.p. 119-120 “C; IR 1730 
and 1680 cm-l (CO); 1~ NMR 6 l.O3(3H, d. l-Me, J= 7.3). 1.32(3H. t. OCH2CW3. .I= 7.3). l.t37(1H. m. 1-H). 
2.28(18. m. 1 la-H). 2.58(38. s. 3-Me), 3.13(2H, m, 1 I-H), 3.82(lH, d. 3a-H. .I= 8.1). 4.22(2H, q. OCH2CH3. J= 
7.3). 4.50, 4.93(each lH, 2x d, CH2Ph. J= 16.9). 7.0-7.5(9H, aromatic-H); MS 432(M+). Anal. Calcd for 
C27H#204: C, 72.54; H, 6.09, N, 6.51. Found: C. 72.41; H, 6.39; N, 6.47. 

Thermal ene reactioo of 7. General procedure: A solution of 7a (0.208 g. 0.65 mmol) in toluene (10 ml) 
was heated under reflux for 26 h. Evaporation of the solvent and chromatography of the residue on silica gel with 
hexaneethyl acetate (4: 1) gave lh (0.13 1 g. 63%). 

l-Bcnzyl-l,2~ihydro-2,~ethanoehromen[4~-c]~1,3)o~dn-5(~~~-we (13a). Colorless 
prisms (EtOH); m.p. 158-159 “C; IR 1690 cm-l(C0); 1~ NMR 8 2.06-2.34(4H, m, 11- and 12-H). 4.55. 
4.86(each 1H. 2x d, CH2Ph.k 17.1). 5.1l(lH. d, 4-H. J= 6.8). 528(1H. d. 2-H. J= 4.9). 7.1-7.5(9H, phenyl-H); 
f3C NMR B 31.8. 37.6(11- andl2-C). 57.2(CH2ph), 73.4(4-C). 90.0(2-C). 112.1(4a-C). 1165(lOa-C). 118.1(7- 
C). 123.5. 1241(9- and 10-Q 123.1, 128.1, 129.4, 1315(phenyl-C). 152.3. 153.8(&t- and lob-C), 160.1(5-C); 
MS 319(M+). Anal. Calcd. for C2OHl7NQ: C. 75.22; H. 5.32; N. 4.39. Found: C. 75.01; H. 5.43; N, 4.36. 

l-Benzyl-12-methyl-1,2-dibydro-2,4-ethanochromea[4,3-d]~I~]oxazin-5(4~,5H)-one (13b). 
Colorless prisms @OH); m.p. 164165 OC: IR 1685 cm-1 (CO); *H NMR 8 1.1 l(3H. d. 3-Me. .I= 6.8). 1.77(lH. 
ddd, ll-H.J= 1.0.5.9,and 13.7). 22O(lH, dd. 11-H. .I= 7.3 and 13.7). 2.7l(lH, m, 12-H).4.54.4.85(each lH, 2x 
d, CH2Ph. .I= 17.1). 4.86(1H, s. 4-H). 5.12(lH. d, 2-H. J= 5.9). 7.1-7.6(9H, phenyl-H); t3C NMR B 20.3(Me), 
40.3. 45.2(11- and 12-Q 56&CH2Ph). 78.3(4-C), 89.9(2-C), 111.9(4a-C), 116.3(lOa-C), 117.9(7-C). 123.3, 
X23.8(9- and 10-C), 126.9, 127.9, 129.2, 131.2. 137.1(8-C and pheny1-C). 151.6. 1536(6a- and lob-C). 160.0(5 
C); MS 333(M+). Anal. Calcd for C2lH19NO3: C. 75.65; H. 5.74, N. 4.20. Found: C. 75.87; H, 5.76, N. 4.33. 

1-Benzyl-l2-pbeayl-1,2-dihydro-2,4-ethanorhromen[4,3-c][1,3]oxadn-5(4H,5H)-one (13~). 
Colorless prisms (EtOH); m.p. 214215 OC; IR 1700 cm-l(CO); *H NMR 8 2.42(1H. ddd. 11-H. J= 2.0.5.9. and 
14.2) 263(1H, dd, 11-H, J= 8.8, 14.2). 3.79(18, dd, 12-H. J= 2.0 and 8.8). 4.57.492(each 1H. 2x d. CH2Ph. J= 
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17.1), 518(lH, s, 4-H). 5.32(lH, d. 2-H. J= 5.9), 7.1-75(14H. phenyl-H); 13C NMR b 40.4(11-C), 55.9. 
57.0(12-C and C’H2ph). 78.9(4-C), 90.0(2-C). 111.8(4a-C), 1162(1Oa-C). 118.0(7-C). 123.3. 123.9. 126.8. 126.9, 
127.1, 12X.0, 128.6, 129.2. 131.4, 137.0. 143.7(8-, 9-. and 10-C and phenyl-C). 151.7, 153.7(6a- and lob-C), 
159.8(5-C); MS 395 (M+). Anal. Calcd for C26H21NO3: C, 78.%; H, 5.35; N, 3.54. Found: C. 78.71; H, 5.24, 
N, 3.49. 

l-Benzyl-12-ethoxyenrbonyl-1,2-dihydro-2,4-etbanochromen[4,3-~~1,3~oxadn-5(4H,5H)-one 
(l3d). Colorless needles @OH); m.p. 148-149 “C; IR 1735 and 1700 cm-l (CO); 1H NMR 6 1.30(3H, t. 
OCH2CH3, J= 7.3), 2.27(18, dd, 11-H.& 8.8 and 13.7). 2.78(18, m, 11-H). 3.41(lH, d, 12-H. J= 6.8). 4.20(1H. 
q. oCH2CH3. J= 7.3). 4.11,4.89(each 1H. 2x d, CH2Ph. .I= 16.8). 5.2qlH. d, 2-H. J= 6.4). 5.58(1H, s, 4-H), 7.1- 
7.6(9H, phenyl-H); 13C NMR 8 14.2(OCH2CH3). 34.2(11-C), 54.4(12-C). 57.0.6l.4(OCH2CH3 and CH2l?h), 
75.3(4-C), 89.4(2-C), llO.O(4a-C), 115.9(lQa-C), 117.9(7-C), 123.2, 123.9(9- and IO-C), 126.8. 127.9. 129.1, 
131.5, 136.6(8-C and phenyl-C). 152.2, 153.6(10- and 6a-C). 159.4(5-C), 1716(CO2); MS 39l(M+). Anal. 
Calcd for C2OH2lN05: C, 70.57; H. 5.41; N, 3.58. Found: C. 70.87; H. 5.49, N, 3.57. 

1-Allyl-1,2-dihydro-2,4-ethnnochromen[4,3-a[ 1,3] oxazin-5(4H,SH)-one (13e). Colorless prisms 
(EtOH); m.p. 214 ‘C; IR 1690 cm-t (CO); IH NMR b 1.98-2.30(4H, m, ll- and 12-H). 3.96(18, tdd, 
NCH2CH=, J= 1.5.5.4. and 18.1). 4.18(lH. tdd. NCH2CH=. J= 1.5.3.4, 18.1). 5.18(lH, dd. 2-H. J= 2.0 and 4.4), 
523(lH. d, 4-H. J= 5.4). 5.42(1H, tdd. -CH=CH2.J= 1.5.3.4, and 10.3). 5.58(lH, tdd -CH=CH2,J= 1.5.3.4, and 
17.1), 6.05(lH. m, CH2CH=CH2). 7.2-7.6(9H, phenyl-H); 13C NMR B 31.6(12-C). 37.3(11-C), 
55&NCH2CH=). 73.0(4-C). 89.6(2-C). 111.2(4a-C). 116.1( lOa-C), 117.4. 117.7(7-C and CH2CH=CH2). 123.4. 
1236(9- and 10-C). 131.1(8-C), 1336(CH2CH=CH2), 152.1, 153&a- and lobC), 159.8(5C); MS 269(M+). 
Anal. Calcd for C26H2tN03: C, 71.36; H, 5.61; N. 5.20. Found: C. 71.22; H, 5.62; N, 4.%. 

Tbamal renetion of 7f. A solution of 7f (0.260 g. 1.01 mmol) in toluene (10 ml) was heated under 
reflux for 36 h. Usual working-up and column chromatograpy on silica gel gave 14f (0.036 g. 14%) and 13f 
(0.138 g, 53%) as eluent of hexaneethyl acetate (6: 1) and (5 1). respectively. 

1-Phenyl-1J-dihydro-2,4-~han~hromen[4,3~~~1,3~oxazin-5(4H,5H)-one (130. Colorless 
needles @OH); m.p. 155-156 “C; IR 1690 cm-l (CO); lH NMR K 2.2-2.4(4H. m. 1 l- and 12-H). 5.37(1H. d. 4 
H. J= 5.0). 5.53(18, d, 2-H, J= 5.4). 6.87.4(9H, aromatic-H); t3C NMR 6 32.6,37.3(1 l- and 12-C). 73.5(4-C), 
94.4(2-C), lll.O(4a-C), 115.4, 117.2(7-and lOa-C), 122.9, 125.7. 126.0, 126.6. 129.9. 130.7, 146.7(7-. 8-, and 9- 
C and phenyl-C). 148O(llb-C), 153.5(7a-C), 160.0(5-C); MS 305 (M+). Anal. Calcd for Cl9Hl5NO3: C, 
74.74; H. 4.95, H, 4.59. Pound C, 74.55; H, 5.03; N, 4.51. 

QHydroxy-l-phenyi-4,5-dihydrohrolaen[4~-6~~n~6(1H,6H)-one (14f). Yellow crystals; 
m.p. 102-105 ‘C; IR 3480 (OH) and 1680 cm-l (CO); 1H NMR B 2.64(28. m. 4-H). 4.33(1H. d. 5-H. .I= 8.8). 
5.14(lH. m, 3-H), 5.43(18. m, 2-H). 6.9-74(lOH. aromatic-H and OH); 13C NMR B 34.3(4-C), 66.9(5-C), 
lll.l@a-C). 117.1. 117.4, 118.5. 123.1, 123.7. 123.8. 126.0, 129.7, 129.8. 131.0@-,9-. 10. and Il-Handphenyl- 
H). 145.0(7a-C), 151.3. 152.9(2- and llb-C), 162.5(6-C); MS 305 (M+). Anal. Cafcd for C&f15NO3: C. 
74.74, H, 4.95; N. 4.59. Pound C, 74.43; H, 4.%; N.4.52. 

Computationa Procedure. The calculations were carried out with a 2(W)-pyrone ring system. 

Such simplifications were not unreasonable, because the benzo group of 2(2H)-chromenone ring and N- 

substituents were not considered to be essential in the present reaction. Heats of formation in the ground state and 

product were calculated as follows. The five lowest conformers were generated with MM2 force field using the 

MacroModel program (Version 3Sa). 8 They were surved as initial geometries and fully optimized individually 

with PM3 method9 using MOPAC program (Version 6.00). lo The lowest heat of formation thus obtained each 

for reactant and product was se&ted as that of ground state. Locations of transition structures were searched by 

constructing roughly potential energy surfaces as two reaction coordinates (Cl-C7 and O&H9 distance). 

Transition structures were optimized using the keyword TS and PRECISE implemented in the MOPAC program. 
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The FORCE calculation for the optimized transition structures showed one negative eigenvalue in the Hessian 

matrix with the correct displacement coordinates, which was further confirmed by the IRC calculations. The 

calculated structures and data for the transition states and intermediate are summari zed in Fig. 1 and 2 and Table 2. 

All calculations were performed on the VAX 4000 in Ube Laboratory, Corporate Research & Development. Ube 

Industries. LTD. 
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