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Summary: A study of t he pi- fac ial sel ectivity o f the Diels -Alder reaction of N-ben~oyl 5

methoxycarbonyl-2-a~a-oxabicyclo[2 .2.2]oct-4-ene, a rigid electron def i cient dienophi l e bearing

t wo allylic axial heteroat om subst ituents, with I -me thoxy-3-trimethylsil yl oxybutadiene , a

r epresentative electron ri ch diene, i s detail ed.

Rec ent interest in the appli cation of the Diels-Alder reaction t o the stereo- and

en ant i ocont ro l l ed synthesis of functionali~ed aliphatic substrate s has focus ed at t ent i on ~n t he

potenti al ability of a l ly l ic substituents to e f fe c t iv e l y control or di r ect th e pi-f acial

selectiv it y obs erv ed in the [4 + 2J cycloaddit i on . 2 A gu i ding pretext fo r th e e xpec tan t

observation of such control is de rived f ro m t he de t a i l ed observations on nucleophil ic a ttack on pi

s yst ems a nd a na l ogie s which might be drawn betwee n th e two r e a ction t yp e s. Thus , it h a s be e n

ad vance d t ha t in the absen ce of c omple xa t i on o r che la t io n co nt r o l a nd i n the abs en ce of

over r i ding steric cons iderat ions, the pi- faci a l se lectiv i ty of t he norma l Diel s -Alder (HOMOdiene

con t rol le d) reac t ion ma y be subj e ct t o the same a ll y l i c substi t uent co n tro l a s nucl eophilic

attack at an e l ect r on de f icient pi sy stem.3 In t he cas e of nucl eophilic addit i on to a pi sys t em,

theoretic al support4 ha s b een provid ed for the ob served pi-facial approa ch of the inc oming

nucleophi le which occurs ant i pe r i pl ana r to a large or e l ec t r oneg a t i ve allylic substituent. These

observations, which are based on the in i tia l empir ica l gene r a l i za t i.ons of CramS and whi ch have

been f ur ther ref ined i n t he r ecent studies of Fe lkin6 and Hou~,7 ha v e been advanced t o exp lain t he

obs erved [4 + 2J cycloadd ition pr oducts in Di el s-Alder reactions subject to such secondary orb ital

cont ro l. 3

In r ecent e f f or t s,S we disclo s e d the r esul ts o f a s t udy of th e Di el s-Ald er r e act ion of

butadiene with a series of e lec t r on deficient ~-benzoyl 2-aza-oxabi cyclo[2.2.2J oct-4-enes (eqn,

1), r igid dienophiles possessing two a l ly l i c axi a l heter oatom sub s t i t uent s. Expectant efforts to

obtain the [4 + 2] cy cloadducts i - ii (e qn, 1), wh ich would ari se from an an t i.pe r i.p L ru ar pi

facial approach of butadiene to the two a l l y l i c axial heteroatom substituents were not succes sful

and exclus ive appr oach of butadiene syn t o the heteroatom bridge was obser v ed. Thus, the obs erved

r esults contras t the predic tions based on th e currently pro posed secondary orb ital cont rol . 3 These
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results were particularly surpr~s~ng in light of the reported behavior of !-(~-chlorophenyl)-2

aza-oxabicyclo[2.2.2]oct-4-ene (i) in which antiperiplanar attack of potassium permanganate

provides the diol ii, eqn. 2. 9 Thus, predictions based on conventional evidence would seem to

substantiate the expected, but not observed, approach of butadiene antiperiplanar to the allylic

heteroatom substituents.

dS KMn04 ~- eqn (2)

: OH
I

OH
/I

In order to determine whether the observed behavior of butadiene with 1 represented the

general pi-facial selectivity capable of extrapolation to conventional HOMOdiene controlled

Diels-Alder reaction of electron-rich dienes with 1 and perhaps related electron deficient

dienophiles, a similar study of the stereochemical, pi-facial selectivity of 1 with l-methoxy-3

trimethylsilyloxybutadiene, a commonly employed nucleophilic diene was investigated, scheme 1.

Treatment of 1 with l-methoxy-3-trimethylsilyloxybutadiene (2.0 equiv, 120°C, 48h) afforded 3

(75%) which upon acid catalyzed elimination of methanol provided the near exclusive formation of

4 (4:5, 96:4, 80%).10 Confirmation of the stereochemistry of the major adduct 4 rested on its

subsequent conversion to 2b, via catecholborane reduction of the corresponding ~

toluenesulfonylhydrazone. l l Adduct 2b,10 derived from the thermal reaction of butadiene with 1 and

whose structure was firmly established by X-ray analysis,8 proved identical in all respects to 2b

derived from 4. Thus the pi-facial approach of the electron rich diene, I-methoxy-3

trimethylsilyloxybutadiene, preferentially occurs syn to the heteroatom bridge of the

bicyclo[2.2.2]oct-3-ene system 1 and not antiperiplanar to the allylic axial heteroatom

substituents, figure 1.

The observed Diels-Alder pi-facial selectivity of 1 with dienes suggests an "inside alkoxy

(heteroatom),,12 contro 11 ing effect of the allyl ic heteroatom substituents and it does not appear

to be under the currently advanced secondary orbital control predicting diene pi-facial approach

antiperiplanar to the allylic axial heteroatom substituents. The results further suggest that the

interpretation of the control of related Diels-Alder pi-facial selectivities by electronegative

(heteroatom) allylic axial substituents in freely rotating systems should be regarded as

tentative. 3
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Scheme I
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(a) 2.2 Equ iv PhCONHOH, 2.3 equiv (~-Bu)4NI04' CH2C1 2, 25 ·C, 47%. (b) 2 Equ iv !-methoxy

3-trimethylsilyloxybutadiene, mesitylene, 120 ·C, 48h, 75%. (c) 0.1 Equiv .E.-TsOH, C6H6' 80 ·C, 3 

4 h, 80% (4:5, 96:4). (d) 1.0 Equiv CH3C6H4S02NHNH2' CH30H, 100%. (e) 1.1 Equiv catecholborane,

CHC1 3• 0 - 25 ·C (1 h) and 50 ·C (12 h), 86%.

Figure

1
,COPh

CHlo,cB



6 86

Acknowledgments: This work was assisted financially by the Searle Scholars Program and the

National Institutes of Health (CA 000898/01134, CA 33668142056).

References and Notes

1. Searle Scholar recipient, 1981 - 1985. National Institutes of Health career development award

recipient, 1983 - 88 (CA 000898/01134). Alfred P. Sloan Research Fellow, 1985 - 89.

2. Paquette, L. A.; "Asymmetric Synthesis," Vo lume 3, Morrison, J. D., Ed.; Academic Press,

Orlando, Fl., 1984, pp, 455 - SOL

3. Franck, R. W.; John, T. V.; Olejniczak , K• .!.:... Am. Chem. Soc. 1982, 104, 1106. Franck , R. W.;

John, T. V• .!.:...~ Chem. 1983, 48, 3269. Idem, Ibid. 1980, ~, 1170. See also: Primeau, J. L.;

Anderson, R. C.; Fraser-Reid, B• .!.:... Am. Chem. Soc. 1983, lOS, 5874; Jurczak, J.; Tkacz, M.

Synthesis 1979, 42. For a related example of a rigid dienophile demonstrating pi-facial diene

approach syn to a heteroatorn bridge, see: Grieco, P. A.; Zelle, R. E.; Lis, R.; Finn, J • .!.:... Am.

Chern. Soc. 1983, lOS, 1403.

4. Paddon-Row, M. N.; Rond an , N.; Houk, K. N• .!.:...Am. Chem. Soc. 1982 , 104, 7162.

5. Cram, D. J.; Abd E1hafez, F. A• .!.:... Am. Chem. Soc. 1952, !.!!..' 5828; Cram, D. J.; Greene, F. D.

Ibid. 1953,21, 6005; Cram, D. J.; Kope cky, K. R. Ibid. 1959, !!., 2748; Cram, D. J.; Wilson, D. R.

Ibid. 1963, ~, 1245.

6. Cherest , M.; Felkin, H.; Prudent , N. Tetrahedron Letters 1968, 2199; Cherest , H.; Felkin, H.

Ibid . 1968, 2205. Ahn , N. T.; Eisenste in, 0. Nouv • .!.:... Chim. 1971, .!., 61. Ahn, N. T. ~ Curro

Chern. 1980, ~, 145.

7. Houk, K. N. Pure~ Chern. 1983,22, 277 and references cited therein.

8. Boger, D. L.; Patel, M• .!.:...~Chem. 1985, 2Q., 1911.

9. Kresze, G.; Heidegger, P.; Asbergs, A. Liebigs Ann. Chem. 1970, 738, 113. Se e also: Streith ,

J .; Augelmann , G.; Fritz , H.; Strub, H. Tetrahedron Letters 1982 ,ll, 1909.

10. 2b: 1H NMR (CDC1 3, ppm) 7.75-7. 25 (m, 5H) , 5.95 (m, 2H), 4.6 (b r m, 1H) , 4.15 (b r m, IH) , 3. 6 5

(s, 3H), 2.85-1.5 (b r m, 9H); IR (film) \)ma x 3044,2951,2872,1734, 1633, 1452, 1323 , 1300, 1205,

1196, 108 2, 981 em- I ; ElMS !E./~ 327 (M+), 131, 105 (base), 91 , 77, 68; HRMS !E./~ 327.1477 (C19H21N04

requires 327.1469). 4: I H NMR (CDC1 3 , ppm) 7.65-7.3 (m, 5H) , 6.70 (d , J = 11 Hz, IH), 6.15 (d, J

= 11 Hz, IH ) , 4.55 (b r m, 2H), 3.80 ( s , 3H), 3.5-1.8 (m, 7H); IR (film) \) max 2953, 2916, 2882,

1732, 168 9, 1628, 1578, 1450, 1435, 1417, 1390, 1290, 1255, 1070,997, 708 em-I; ElMS !E./~ 341

(M+), 257, 103 (base), 77, 51; HRMS !E./~ 341.1266 (C19H19N05 requires 341.1262). 5: 1H NHR (CDC1 3,
ppm) 7.75-7.3 (m, 5H), 6.60 (d, J = 11 Hz, 1H), 6.15 (d , J = 11 Hz, nn, 4.7 (m, m), 4.4 (m, ia),

3.8 (s , 3H), 3. 0 3 (d d , J = 17, 9 Hz , 1H), 2.40 ( dd, J = 17, 2 Hz , IH), 2.25 (m, 5H).

11. Kabalka , G. W.; Yang, D. T. C.; Baker, J. D., Jr • .!.:...~ Chem. 1976,~, 574; Kabalka, G. W.;

Baker, J. D. , Jr. Ibid. 1975, 40, 1834.

12. Houk, K. N.; Moses, S. R.; Wu, Y.-D.; Rondan, N. G.; Jager, V. ; Schohe , R.; Fronczek, F. R• .!.:...

Am. Chem. Soc. 1984, 106 , 3880 and references c i t e d therein. The r eaction of 1 with potassium

perrnanganate provides a 2 :1 mixture of isomeric cis diols resulting from syn and antiper iplanar

approach of reagent to the allyic axial heteroatom bridge. These results imply a near equivalent

steric pi-facial approach of reagents to the pi-system of 1.

(Received in USA 27 June 1985)




