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Abstract - The asymmetric Diels-Alder reactions of 3-alkoxycarbonyl-suhstituted 

chromones (lc) with 2,3-dimethyl- and 2-methyl-1.3-butadienes in the presence 

of ZnC12 at ambient temperature afforded the adducts (3c and 4b) with high 

diastereofacial selectivity (>98%) in high yield. 

Recently, asymmerric induction during [4 + 21 cycloaddition in pyrone derivatives has received much attention.' 

In this communication, we describe diastereofacial selectivity in the Diels-Alder reaction of 3-alkoxycarbonyl- 

substituted chromones (1) with conjugated dienes (2a,b). 3-Alkoxycarbonylchromones ( l b  and lc) were 

prepared by esterification (DCC-DMAP method) of 3-carboxychromone with the corresponding a l c o h ~ l . ~  ,, 

React~on of la-c with 1.3-butadiene derivatives (2a,b) in the presence of ZnClz in CHzC12 at ambient 

temperature afforded [4+2] adducts (3a-c and 4a,b) (Scheme I).'.~ In the 'H nmr spectrum of 

diastereoisomeric mixtures of the adduct (3b), there were observed a pair of triplets [6 5.05 (J = 2.5 Hz) and 

5.06 (J  = 4.9 Hz)] indicating angular protons and a pair of double triplets 16 4.61 (J = 11 .O, 4.4 Hz) and 4.71 

(J = 10.8,4.4 Hz)] indicating carbinyl protons with each ca. 3:2 intensity. However, a high diastereoisorneric 

excess (>98%) was achieved in the reaction of l c  with Za; only one triplet [6 4.23 (J  = 1.0 Hz)] and one double 
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triplet [6 4.81 (J = 10.8,4.0 Hz)] due to the groups described above were observed in the 'H nmr spectrum of 

the adduct (3c, mp 129-130 OC). Reaction of l c  with 2-methyl-1.3-butadiene (2b) gave the adduct (4b) with 

high regio- and stereoselectivity in 81% yield.4 These results are shown in Table 1. Regiochemistry of 4b was 

determined from the peaks between the angular proton (6 4.17) and the neighboring methylene protons (6 2.26 

and 2.31) as well as another cross peaks between the vinyl proton (R2 = H: 6 5.48) and the other methylene 

proton (6 2.64) near the carbonyl groups in the COSY 2D-nmr spectrum. 

Table 1. Asymmetric Induction of 3-Alkoxycarbonylchromone 

entry dienophile diene product mP yielda d.e.b 

R1 R2 R1 R2 "C % % 

1 l a  2 a  Me Me 3a Me Me 011 49 0 

2 l a  2 b  Me H 4a Me H oil 14 0 

3 l b  2 a  Me Me 3 b  Me Me oil 61 22 
4 l c  Za Me Me 3 c  Me Me 129-130 83 >98 

5 l c  2 b  Me H 4 b  Me H 129.131 81 >98 
a Y~clds rcfcr La prnduct aficr isolalion and llc chromnlogaph~c pur~lccauon. 

D~astcrcorncric excess was dclerrnined by ' H  nmr (CDC13). 

Scheme 1 

2a,b 

ZnCI, 
CH2C12 R' R' 
room temperature H H 

l a - c  3a-c-S (R' = R2 = Me) 3a-c-R (R' = RZ = Me) 

4a,b-S ( R ' = M ~ , R ~ = H )  4a.b-R (R'=Me. uZ=H) 

Reduction of 3c with NaBH4 afforded hydroxy ester (5) (123-124 'C) stereoselectively in 72% yield. 

Stereochemistry of the hydroxy group was determined from NOE experiment in 'H nmr spectrum. The NOED 

spectrum of 5 showed an enhancement (9 3%) in the magnitude of the s~gnal at 6 4.57 of angular proton, when 

the signal at 6 3.86 of a-proron of the hydroxy group was irradiated. Esteritication of 5 with p-bromobenzoic 

acid @BBA) by DCC-DMAP method gave 6 in 49% yield (Scheme 2).4 

Scheme 2 B r ~  
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Sterwstmcture of 6 was determined by X-ray ~r~stallography.5 The ORTEP representation of the molecular 

structure is shown in Figure 1. Three chiral centers of chromanone ring in 6 were confirmed to have all S- 

configuration as correlated to the chiral phenylmenthyl moiety. Therefore, the absolute stereochemistry of the 

newly formed ring-junction in 3c  was determined to be 2S.X-configuration. 

Scheme 3 

98% d e 

1 C 

3C-R 

Figure 1. ORTEP drawing of 6 

Such a high diastereoselective cycloaddition reaction to give 2S,3S product (3c-S) is understandable in terms 

of the favorable conformation of the chiral auxiliary. The cnrbonyl oxygens of the dienophile should be chelated 

to ZnCI2, in which rotational freedom of the ester group must be restricted. Since the conformation (A)  would 

lead to the observed selective diastereomer (3c-S), it seems reasonable that the n-n interaction between the 

phenyl ring of the chiral auxiliary and the electron-deficient C2-C1 double bond of the chromone ring in l c  

stabilizes the product-determining step (Scheme 3). W~thin thls complex, the front face of the dienophilic 

double bond is blocked by the phenyl group with the  result that diem approaches from the rear side o fA.  This 

n-n interaction can be expected also in the ground stlite from 'H nmr chemical shift of hydrogen at C2 of l c .  

In fact, the 'H nmr spectrum of l c  in the presence of ZnCI2 in CDC13 solution shows a singlet at 6 7.29, the 

upfield shift relative to its counterpan (6 9.17) of i b  is a d~rect consequence of the presence of the hydrogen at 

Cz In the aromatic sh~elding region of the phenylmenthyl group. It is noteworthy here that the above facial 

selectivity for the 2-Si and 3-Rc face of 1 and that for the 3-Si and 4-Re face of 3-alkoxycarbonylcoumar~n i n  

the similar Diels-Alder reaction is consistent with the expectation from molecular models.'" 

ACKNOWLEDGMENTS 

We are indebted partially to a Grant-in Aids for Scientific Research (No 03453029) administered by the Ministry 

of Education, Science, and Culture of the Japanese Government. We also thank Dr. Yohsuke Yamamoto of 

Hiroshima Univers~ty for X-ray crystallographic stud~es and SHlONO KORYO KAISHA, Ltd., for the gift of 

(+)-pulegone. 



1486 HETEROCYCLES, Vol. 38, No. 7.1994 

REFERENCES AND NOTES 

1. a) K. Ohkata. K. Miyamoto, S. palsumura, and K -y. Akiba, 7-errahedron Lerr., 1993.34.6575, b) E. I. Bush and D. W. 

Jones, J. Chem. Soc., Chem. Commun., 1993, 1200. c) G. H. Posner, J.-C. Carry, T. E. N. Anjeh, and  A. N. French, 

J. Org. Chem., 1992,57,7012, d) V .  Prapansirl and E. R. Thornton, l'eirohedron Lerl., 1991,32. 3147. 

2. a) Preparation of la:  P. J. Cremins, S. T Saengchanwra, and T. W. Wallace. Terrohedron. 1987. 43. 3075. b) Typical 

procedure far the eslerificalion: To a solution of 3-carboxychromone (723 mg, 3.81 rnmol) and (-)-8-phcnylmcnlhol 

(919 mg. 3.96 rnmol) In 20 ml of dry CH2CIz was addcd d!cyclohexylcarbodimidc (DCC) (1.238 g. 6.00 mmol) and 4- 

dirncthylammopyridine (DMAP) (53.1 mg. 0.435 mmol) at room lcmpcralurc. The mixture was stmed a1 room 

tempcrawre far 1 day. After ordinary work-up. lhc product was scpwutcd by column chromalography (SiO2: n-hexanel 

EtOAc: 5 : 1). Rccrysmllrmtlon from n-heianc-ether gave l r  (mp 145.147 T ) ,  627 mg (41%). b) Thechiral auxdiary 

was preparcd from (+)-pulcgone; E. J. Corcy and H. A. Ensley, J Am. Chrm. Soc.. 1975,97,69M, 0. Orl. 0%' 

Synrh., 1987, 65, 208 

3. Typical proccdurc for the Dlels-Aldcr reacdon. To a suspcns~on of l e  (80 mg, 0.20 mmol) and ZnCl2 (40 mg, 0 29 

mmal) I" 2 mi of CHzC12 was addcd 0.1 ml (0 88 mrnrrl) 01'2.3-dlmclhyl-1 .3-buwdiene (Pa) a, room amperalure. The 

brown solulion was monilared by 1lc. Thc d m c  was addcd to thc minum periodically unltl the ester was no longer 

dclectablc (lowl30 rnmol). A1lcr ordinary work-up. Llc scparntion on silica gel (n-hcxancEtOAc; 5:2) gave 3c in 83% 

yicld. 

4. All new compounds gave corrccl clcmcnml analyses and rcasonablc spccva. le; IH nmr (CDCI3) S 0.W-2.25 (m. 8H). 

0.90(d,J=4.0Hz,3H). 1,19(r,3H). 1.33 (s.3H).5.07 (dl ,J=12.0.4OH~. IH).7.11-7.69 (m,RH),7.30(~,  IH).X.25 

(d,J=1.6Hz, 1H). 3c; I H  nmr (CDCI3)6079-2.01 (in, XH), (1.85 (d, J=6.4 Hz, 3H), 1.16 (s, 3H), 1.24 (s, 3H), 1.59 

(s, 3H). 1.64 (s, 3H), 2.17-2.53 (rn,4H),4.23 (1, J=1.0 Hz, 1H),48l  (dl, J=I0.8,4.0 HI, IH). 6.87 (I, J=7.3 HZ, IH), 

6.93 (d,J=8.3 Hz, IH),6.98-7.06(m, 3H). 7 19 (d,.1=7.3 H L , ~ H ) ,  7.49 (dt,.l=8.3. 2 . 0 H ~ .  IH), 7.92(dd,J=8.3, 2.0 HZ, 

1H). 4b: IH nmr (CDC13) 6 0.79-2.M (m, RH), 0.85 (d, .l=3.2 Hz, 3H), 1.15, (s, 3H), 1.25 (s, 3H), 1.59 (s, 3H), 2.16- 

2.77 (m,4H),4.17 (s, 1H),4.80 (dt,.l=10.2, 3.9 Hz, 1HL5.48 (s, IH), 6.85 (I, J=7.8 HI, IH), 6.93 (d, J=8.3 Hz, IH), 

6.99 (1, J=7.8 Hz, ZH), 7.05 (1, J=8.3 Hz, IH), 7.10 (d..I=7.8 HI, ZH), 7.50 (dl, J=8.3, 1.4 HZ, IH), 7.91 (dd, J=8.3, 1.4 

Hz, 1H). 6; IH nmr (CDCl3) 6 0.71 (d,.I=6.4 Hz, 3H), 1.17 (s, 3H), 1.33 (s, 3H), 1.57 (s, 3H), 1.61 (s, 3H), 0.58-2.58 

(m. IZH), 3.69 (s, 1HL4.71 (dl,.l=10.7, 3.9 H ~ L 6 . 4 8  (s,IH), 6.82 (d, J=8.3 Hz, IH), 6.87-6.93 (m, ZH), 7.05 (d, b 8 . 3  

Hz, lH), 7.12 (l,J=7.8 %,2H), 7.19 (1,J=7.8 Hz, IH), 7.34 (d, J=7.X Hr,2H),7.62 (d,J=X.3 HA, 2HL7.67 (d,J=8.3 

Hz. ZH). 

5. X-ray Dam: Compound (6) (169.171 T)crysl;lllizcd from CH$ZN/cthcr m lhcorthorhomb~c, spacegroupP212121 with 

a=14.139(3) A, b=18.557(4) A,c=13.231(3) ,&,and V=3472(1) A3. For Z=4 and Fw=671.70, lhecalculateddensiry is 1.29 

g/cm3. The data was collecled at 25 T usmg Mac Scicncc MXC3. A lotalof4056 reflecuons was collecled. The linear 

absorplion cocflicicnt for MoKa is 11.72 cm-I. Thc fmal cycle 01 lull-malrix least-squares rcfincmcnt was bascd on 3987 

rctlcctions (b3.00 o(F)) and converged ~o a final discrepancy factor of  R=7.1% (Rw=5.4%). Dcmilcd X-ray slmceral 

analysis 016 will be pubhshcd clscwhcrc. 

Received,  1 4 t h  March, 1994 


