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Macroring Contraction Methodology. 6. Transannular DiebAlder Reaction 

of the 14-Membered (E,E,E)-Trienone 

TakashiTakaha+i ,* Yasuharu Sakamoto andTakayuki Doi 

Department of Chemical Engineering. Tokyo Institute of Technology, Meguro. Tokyo 152. JAPAN 

SUMMARY: Transannular Diels-Alder reaction of the 14-membered (E,E,E)-trienone 9 and a discussion of 

its high diastereoselectivity based on MM2 transition-state model are presented. 

Macrocyclic reactions should follow a predictable course in organic synthesesl). if preparations 

and rapid conformational analyses of macrocycles could be easily managed. Recently transannular Diels- 

Alder reactions of the (E.E.El-trienes 1 and 2 were reported from P. Deslongchamps’2al and our 

laboratory2bl respectively. In these studies, the reaction of 1 produced a 1 : 2 mixture of tricycles havmg 

the cis-anti-trans and the trans-ant&is geometry In B-ring. while the reaction of 2 gave only the cIs-antI- 

trans geomem. We report here transannular Diels-Alder reaction of the 14-membered (E.E.E)-trlenone 4. 

constructed by the intramolecular alkylation3) of the cyanohydrin 3. along with a discusslon of the 

stereochemfcal prtdlction based on MM2 transition-state models. Macrocycles have the n-orbltals of the 

olefin oriented In the plane of the ring to minimize transannular nonbonded repulslons4) (FIg.l. 41. 

Therefore. If two reactive centers In 4 are rIgidly locked at a short distance with two carbon chains. the 

transannular Dlels-Alder reaction should give the tricycllc compound 5 in better chemical yield and with 

higher stereoselectlvlty in comparison wlth an acyclic Dlels-Alder reaction like 3. because of the 

stereoelectronlc and entropy eflects in a macrocyclic system. 
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The MM2 transition-state model51 was obtained as follows : the geometries of diene and dienophile 

moieties were fixed to that of the transition state in the Diels-Alder reaction of butadiene and ethylene 

obtained by ob tnftio calculation& and the rest of molecule was constructed by the ring making program 

(MMRS171. followed by energy optimization by the MM2 program81. In this calculation. however. the 

electronic effect, especially the secondary orbital effect found in the Diels-Alder reaction using the 

activated dienophile. is not included. At first, therefore. we examined the difference of product 

distributions between calculational and experimental results for the reaction of trienone 6. MM2 

calculations (Table 1) for the four possible transition states. .gl the endo transition states Gendo-chair. 

Gendo-boat and the exe transition states 6ero-chair. Gexo-boat provided the trans-anti-cis 7 and the cis- 

anti-trans 8, respectively. and a Boltzmann distribution among these four transition states lead to an 

expected product ratio of 4 : 1( endo 7 : exo 8 ). On the other hand, Diels-Alder reaction of the trienone 61°1 

at 20 “C gave the endo and exe products 7 and 8 in a ratio of 27 : 1. Based on these calculation and 

experimental results, we introduce the correction value (1.15 Kcal/mol) to account for this additional endo 

preference. Indeed. subtraction of this correction value from the energy of the endo transition-state 

models led to quantitative agreement with the experimental ratlo. 

Then we examined the induced stereoselectivity from the alcohol stereogenlc center in Diels-Alder 

reaction of the trienone 9 (Scheme 21. In this reaction there are four possible stereoisomers: two of them 

are endo products 10 and 11 having the trans-anti-& relative stereochemistry tn B-ring and other two are 

exe products 12 and 13 having the cis-anti-trans relative stereochemistry. MM2 calculations, including 

& $+$ 
6 7 8 

scheme 1 

Endo 

Exo 

Table 1. The MM2 transition-state models of the trienone 6. 

Gendo-chair 0.03 ( -1.12 )* Gendo-boat 0.00 ( -1.15 )’ 

Gexo-chair 0.44 Gexo-boat 1.70 kcal/mol 

* The energy values shown in parentheses already include the correction value. 

Product 

7 

8 
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the correction value for endo effect, and a BOkmIaM dlstrlbution of eight possible transltion states CTable 

2) suggested that the reaction of 9 should lead to an expected product ratio of 96 : 4 Iendo 10.11 : w 12.13) 

and a ratio of 94 : 2 @-Me lo1 l) : a-Me 11) in the endo products. 

HO + 

12 

Calculation 10:11:12:13 = 94:2:4:0 
Experiment 10:11:12:13 = 93:0:7:0 

6cheme2 

Table 2. The MM2 transition-state models of the trienone 9. 

p-Me 

Endo - 

a-Me 

p-Me 

Exo - 

a-Me 

chair 0.04 boat 0.00 

0 4.93 kcalimol 

Product 

10 

11 

12 

13 

Preparation of the trienone 9 and Its Dlels-Alder reaction were can-led out as follows. Alkylatlon 

of the protected cyanohydrln 15 wlth 14 (LlNWS)P/THF reflux). followed by acid and basic treatment (p 

TsOH/MeOH. aq.NaHC03) gave the dlhydroxy ketone 16 in 77% overall yield. The reducuon of 16 I-4). 

selective oxldatlon of the allyltc alcohol (Mn02) and selective tosylation of the primary alcohol gave the 

enal 17 tn 67% overall yield. Cyanohydrln formation of the aldehyde in two steps (Me3SiCN/KCN/18- 

crown-6. 1N HCVTHF) and protections of the resulting dlol (ethyl vinyl ether/H+] gave the protected 



3522 

cyanohydrtn 18 in 78% overall yield. The cychzation of 18 with LiNfTMSl2 in dioxane at 70 ‘C and acid 

treatment (3N HCl/THFl of the cycllzed product gave the free cyanohydrin 19 In 85% overall yield. The 

basic treatment (2% aq.NaOH) of 19 at 20 “C underwent spontaneous transannular Dlels-Alder reaction to 

lead a 93 : 7 mixture of tricyclic compounds 10 and 12 quantltatlvely. 

Thus these results demonstrate that MM2 transition-state models are useful In designing synthetic 

intermedfates which show the C-O chirality in the macrocycle 9 can control the conformation of I4- 

membered ring and produce the trans-anti-cis relative stereochemistry in B-ring with a high 

stereoselectivity. 
THPO 
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Scheme 3 

References and Notes 

11 

2) 

31 

41 

5) 

8 

7) 

8) 

91 

I01 

II1 

Review: Takahashi. T. Studies in Natural Products Chemistry, Vol. 8. Stereoselecttve Synthesis 

&b-t El: Elsevier Science Publishers B. V.: Amsterdam. 1991: pp 175. al Dol. T.: Takahashi. T. J. Org. 

Chern 1991.56.3465. 

al Lamothe. S.: Ndibwaml. A.: Deslongchamps. P. Tetrahedron L.&t. 1988. 29. 1639. 1641. bl 

Takahashi. T.: Shtrnizu. K.: Doi. T.: Tsujl. J. J. Am Chem. Sot. 1988. I IO. 2674. 

Takahashi. T.: Nemoto. H.: Tsujl. J. Tetrahedron L.&t. 1963. 24, 2005. 

SUIl. W. C.: Calynker. I. Tetrahedron 1981.37. 3981. 

Houk. K. N.: Paddon-Row. M. N.: Rondan. N. G.: Wu, Y. -D.: Brown, F. K.: Spellmeyer. D. C.: Mets. J. T.: 

LI. Y.: LoncharIch. R J. Science 1986. 231. 1108. 

Brown, F. K.: Houk. K. N. Tetrahedron L&t. 1984. 25.4699. 

Fukazawa. Y.; Usui. S.: Uchlno. Y.: Shlobara, Y.: Kodama. M. fbid 1986. 27. 1825. 

AllInger. N. L. J. Am Chem Sot. 1977. 99.8127. 

In both exo and endo transltlon states, the dominant conformation of A-ring takes the chair form 

because its boat conformation has the severe strain repulston between the vlnyl methyl and C3- 

methylene lsteroldal numberlngl groups. On the other hand, the C-ring has two posslble chair and 

boat conformatlons wlthln 1.26 Kcal/mol. 

The macrocyclic enone 6 was prepared In the followhg way. 
or* 
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al 11 DHP/H+. 21 LIAlH4. bl 11 TsCl/Py. 21 LIAlH4, 31 H+. cl 11 MnO2. 21 TsCl/Py. dl 11 TMS(CNl. 21 Ii+. 

31 EVE/H+. d 1) NaNiTMSl2. 21 H*. 8 OH-. 

Satisfactory lH NMR and 1R properties were obtalned. 
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