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Abstract.- Several 1,3-dienic terpenes of various structural types 
are attacked by the title dienophile from the less hindered side. 

The regiospecificity of attack by methyl triazolinedione(MTAD), 1, upon 1,3-conjugated 

dienes belonging to the [2.2.2Jbicyclooctane or the norbornane families has been shown to occur 

mainly from the more hindered side and explained by means of secondary interaction within the 

o-7 frame. ' In view of the work of Gleiter, Paquette et al we studied .a system containing the 

a-pinene skeleton and found the absence of any such interactions, i.e. nopadiene reacts with 

MTAD and PTAD from the lea8 hindered side.2 We now report results of other 1,3-dienic terpenes 

which all indicate that here too Diels-Alder attack occurs from the less hindered side. These 

are accompanied, in some cases, by products of the -ene reaction. 

Seven terpenio substrates were investigated but results are reported for five of them 2-b. -- 

9,10-Dehydroisolongifolene 1 afforded with 1 

MTAD reaction is relatively slow and is over after 

at least four isolable products, 1-E. The 

3 min. The structures of ‘f-10 me shown. -- 

6 
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The Diels-Alder adduct 1 was the major product isolated (46%). The by-products were those 

of ene-reactions, 2 and 10 and S, a rearrangement - -ene productwith theneoisolongifolane structure. 

The ORTEP projectiona of 1, _, 0 and 10 are given below. The additional data obtainable from - 

their NMB spectra are also given. 

ORTEP of 7 

No. 6b.i) 

1 2.96 

2 6.66 

3 6.15 

4 4.16 

14 

15 

16 

17 

1.44 _ Bracketed assignment 

1.28 throughout can be 

1.25 mutually exchanged 

0.06 

400 iIHz NNR of 1 

The numbering (see formula 1) is arbitrary for this and other products (of formulae). Even 

the 400 MHz spectrum was too complex with insufficient material for a 13C spectrum (within 

reasonable time). Only some structural elements are given in the above table. NO NOE study was 

carried out because not all methylene protons were assigned. 

ORTEP of g 



Reaction of several terpene 1,3-dienes 1163 

No. 6(% J(H,H) NOE 

_____-____-___________--_---__---_____________--_~~_________________ 

1 5.08 

2 6.47 

3 4.60 J3,4 = 5.2 5 --> 4,14,15 

4 5.71 J4,5 =lO.l 

5 0.05 J = -1.5 3,5 5 --> 13,4 

6 5.75 J6,7 = 3.3 

7 A.40 J7,10 =3.6 J7,ll =O 7 -> 10,6,16 or 17 

IO 1.95 Jlo,,, =11.3 J10,12 =3.4 Jlo,,3 = 8.9 IO --> 11,7,16, or 17 

11 1.09 J11,12 = 9.1 Jll,l3 =3*6 

12 1.18 Jl2,13 = -11.7 

15 1.78 13 ->51,12, no 3 

14 1.18 

15 1 1.10 

16 0.93 

17 0.;2 

NMR of 2 

All 'H assignments are unambiguous except for possible mutual exchange of 14 with 15 and 

16 -rith 17. The argumentation for the stereochemistry (substituant at C adjacent to H-3 is 

quasi axial) is indirect. Since there are no N3E interactions of H-3 either with H-15 and H-17 

ar H-12 and 13, ii-3 must point aday from these methylene groups. In line with this 

interpretation is 3J. 5,4 = 5.2 Hz, ruling out orthogonality of these protons. Yet, the 

argumentation is not 

to ti-12 if the other 

unambiguous for from the spectrum of IO one would expect an NOE fron ii-3 - 

stereoisomer were present (see below). 

Product 2 could unfortunately not be studied by X-ray crjrstallography because it *as an 

oil. Although it was pure no stereochemical assignment zould be performed since the NMR 

spectrum was too complex even at 400 HHz. It is fortunate however that a study of models does 

not leave much doubt as to the struoture (cf. formula)ofa substituteddehydroneoisolongifolene. 

No. 6(‘H) NOE 

1 3.10 

:I 6.11 5.49 

7 1.92 

3 1.20 

9 1.80 

IO 1.4e 

11 1.64 

12 1.23 

13 1.70 

14 

15 I 

1.05 

1.03 

16 1.13 

17 1.15 

J2,3 ~5.8 

J7,10 =4.2 
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No. (13C) Multiplicity 'J(C,H) 6('H) J(H,H) NOE 
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1 

2 

3 

4 

:I 

7 

a 

9 1 
10 

11 

12 

13 I 

14 

15 

16 

17 

10 

159.49 s 

158.20 s 

64.99 d 

62.98 d 

43.95 8 

40.14 s 

32.60 t 

16.16 t 

31.70 t 

25.66 q 

20.27 9 

29.63 P 

28.05 9 

20.69 P 

25.40 P 

121.34 d 

158.72 s 

35.Y4 8 

- - 
- - 

152 4.10 

149 4.29 

- - 

- 

127 

130 

128 

127 

127 

125 

120 

127 

142 

168 

- 

- 

- 

1.1 and 1.2 

1.2 and 1.3 

1.3,1.3 

1.23 

1.16 

0.97 

0.97 

1.94 

2.99 

5.88 

- 

- 

3J 3,16 6-O 3 -> 16 

4J 4,,6 = -2.0 4->I6 

12.13 -> 14 

14 -> 16,4,12,13 

45 ,6,14 = -1.7 16 --> 3 

NMR of 11 - 

13C and 'H assignments performed via 2D 'H, 13C shift correlation diagram. arackets 

indicate that mutual exchange of the assignments is possible. Stereochemistry is assigned 

through NOE's. No NOE's exist between H-16 and 10, nor between H-14 and 11, which one would 

expect for alternative structure with angular methyls and boat ahown in formula of 11 above - 

reversed. 

Although 3-methyl-mentha-3,8-diene. 4, gave a mixture of products irhich was not separated 

into its components, its isomer 3, isopropylidena-2-methyleno-4-nethylcyclohexana gave tne 

product 12 whose X-ray and NNR data are given. The former, 4, reacted within 5 minutes whilst - 

the latter, 5, underwent instantaneous reaction with MTAD. 

ORTEP of 12 - 
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No. ('3C) (nultip) ‘J(W) &U 

3 
3 

4 

:I 

7 

8 

10 1 

9 

11 

12 

I3 1 

14 

154.14 s 

153.94 s 

46.12 t 

bl.49 8 

152.30 8 

121.41 s 

35.80 t 

50.99 t 

23.91 t 

a.15 d 

24.90 P 

23.24 (1 

22.30 P 

21.44 9 

- 
- 

140 

- 

- 

- 

-124 

-126 

-125 

126 

141 

129 

128 

123 

3.91 3.68 2J ~15.6 

from 1.0 

until 2.0 

3.06 

1.64 

1.43 

0.39 

NNR of 12 - 

Numbers in brackets can be mutually exchanged. 

The stereochemistry of reaction cannot be solved since in solution the molecule is more or 

less flat. Too many conformers need to be considered. Nevertheless the data obtained for 12 - 

appears above. No detailed assignment has been made since only little of 12 was available. - 

We were able to isolate a product only of one out of three examples of a bicyclic 

substrate containing fused cyclohexane and cyclopropane rings. Although all three reacted 

instantaneously with iflAD, the isomeric 2-isopropenyl-2-carene and A-isopropenyl-3-carene gave 

mixtures containing also rearranged products and were not separated. However, 

7,7-di.methyl-3-vinyl-bicyclo[4.l.OJhept-3-ene, 6, gave tne product of Diels-Alder reaction x 

whose X-ray and NMR data are given below. 

ORTEP of 13 - 
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No. ('3C) multip 'J(CH) 6('H) J(H-H) NOE 

:, 
154.49 s - - 

152.93 s - - 

3 43.16 t 142 

4 53.02 d 140 

5 112.01 d 163 

6 135.49 s - 

7 28.42 t 128 

8 26.74 t 130 

9 22.19 d 158 

10 20.58 d 160 

11 17.95 s - 

12 15.al q 124 

13 28.81 9 123 

14 25.00 9 140 

4.15, 3.al 2J =-15.9 

4.12 J4,gb =lO.J J4,Ua =7.1 

5.58 J 3a,5 =4*5 

2.03, 2.68 2J = -15.2 J7_ ~3.8 

1.74, 2.59 J&-,10 =(I 

3.91 Jg,lo =9.3 3 -> 7b, 13 

0.71 JIO, =7.3 8b 10 -> 8b 

- 25 = lOa,lOb -13'7 

1.10 J9,7b =lD.O 12 -> 4, 8a, 'la 

1.02 13 -> 3, IO 

3.08 

Assignments of I,2 could be reversed but all other 'H and "' L assignments are unambiguous. 

They were performed via a 2D 'H, I37 L shift correlation diagram using the 'J(C,d) couplings. The 

cyclopropane ring and H-4 are mutually cia. This is indicated both by J(H,H) couplings and by 

the NOE's. In particular, H-4 and H-8b are nearly antiparallel (3J4,db =10.3!) ani Haa and HI0 

are orthogonal (J8a,10 - 0). Using NOE's, assignments for H-12 and H-13 can be perforned 

unambiguously. However H-12 shows NOE interactions with H-4, clearly indi.cQting that the 

cyclopropane ring and H-4 point to one another. The structure in solution is in complete 

agreement with the above ORTHP projection of 13. - 

Observation of the above ORTEP projections, readily shows that no secondary orbital 

interactions may be invoked in these substrates for their node of reaction with LITAD, in 

contrast to the cases studied by Paquette and Gleiter.' 

Experimental 

Infrared spectra were measured using a Perkin-Elmer 298 spectrophotometer. 'H N.4R spectrn 

were measured using a Bruker 400 MHz instrument. fiass spectra were measured using a Varian LMAT 

711 spectrometer. M.p.'s are uncorrected. 

Reaction of 2 with MTAD.- A solution of 2, 98.4% purity, [oD2'J -433.6', nD2' 1.5100, d420 

0.93d6 (650 mg) in CH2C12 (20 ml) was treated with a solution of i4TAil (364 mg) in Cii2C12 (30 

ml) The color of the dienophile disappeared after 3 min at r.t. After removal of solvent the 

solid soluble in benzene-hexone (81%) was purified on prep silica plates with acetone (15): 

hexane(85) as eluent. The mixture (824 mg) gave fractions of 1 (384 mg; 46.6%), g (264 mg; 

32%), 2 (130 mg; 15.8%), and 10 (46 mg; 5.6%). - 

Compound 1 had m.p. IIO-III' (pentane). IR(CHC13): 1775, 1720, 1470 om-'. MS: 315 (?4+, 

100); 201 (19); 179 (7); 159 (44); 157 (2.2); 155 (26); 145 (82); 131 (22). M.W. CldH2jN302 Calc 

315.1946, found 315.1933. Sample for X-ray analysis crystallized from cyclohexane. 
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Compound 2 had m.p. 170-171’ (benzene). IR(CHC13): 1340, 1780, 1715, 148O cm”. 

MSI 315 (I)$ 201 (36); 173 (12); 159 (21); 157 (7); 145 (100); 131 (6); 115 (6). M.W. Found 

315.1617. 

Compound 2 was an oil. IR(CHC13)r 3380, 1780, 1720, 148O om-‘. HZ+ 315 (M+, 100); 300 

(23); 272 (20); 258 (22); 246 (II); 244 (50); 232 (55); 201 (18); 159 (29); 157 (26); 145 (64): 

144 (22). R.W. Found 315.1965. 

Compound lo' had m.p. 18&190° (CR2C12-hexane ) red color at m.p.). IR(CHC13)z 3340, 1800, 

1780, 1720, 1680, 1480, 1380 cm-‘. %I 331 (tX+, 100); 316 (2211 260 {IO); 219 (16); 217 (16); 

203 (34); 201 (15); 161 (34). M.W. C18H25N303. Calc 331.1895, found 331.1a4.. 

Reaotion of 2 with HTAD.- A CH2C+ (20 ml) eolution of dienez, purity -99%, 

Ea$O-177.401 IgO 1.5074, (545 m.8) was treated with WAD (302 ag) In CH2Cl2 (SO ml). The 

color disappeared after 2 min. The benzene-herane soluble fraction gave z (677 mgi So%). It 

was crystallized for X-ray analysis, m.p. 130-132' (hexane). 2: IR(CHC13): 1770, 1715, 1480 

cm -I. KS2 317 (If+, II); 179 (100); 133 (18); 119 (23); 115 (3). M.W. C18H27N302 Calc 317.2103 

found 317.2102. 

Reaotion of 2 with mAD.- A CH2C12 (20 ml) solution of 5, purity 97.7$, %20 1.4832, d420 

0.8434 (616 ma) instantaneously decolorized a solution of 1 (464 mu) in CX$l2 (30 al). An oil 

was obtained. Elution with hexane (85)-acetone (15) from a prep silica plate gave a product, 

l2, which had m.p. 

191 (19); 163 (7)r 

12 was obtained in 

determined. 

54-56'. 12: IR(CHC13): 1770, 1715, 1470 cm-'. RSSI 263 (R+, 40); 248 (100); 

149 (11); 115 (2). !4.W. C14H2,N302 Calc 263.1633 found 263.1619. 

87% yield but was accompanied by one by-product whose structure was not 

Reaotion of 5 with HTAD.- 5, purity 99.1%, &20, -12.3’1 %20 1.5088, dq2’ 0.8939 

(547 mg) and J_ (418 mg) in CHzC12 (20 and 30 ml, respectively) reacted instantaneously (96%). 

The produot, l& uas purified on a silica coluan using hsxane(9)-ethyl acetate(l) and was 

crystallized fhexane), m.p. 106-107°. IR(CRC13): 1780, 1715, 1480, 1460, 1410, 1030 cm-'. RS: 

261 (M+, 100); 218 (7); 204 (5); 192 (4); 179 (73); 146 (15). l4.W. Cl4Hl9R3O2 Calc 261.1476 

found 261.1453. 

The full crystallographic data will be published elsewhere.5 
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