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N,2a-Dimethyl-k-t-b t l- Sum~lry: u y cis-decahydrquinoline (I) picrate crystallizes as a double 

chair with an equatorial t-butyl group and an axial N-methyl group. N,2cr-Dinethyl-84-t-butyl- 

ds-decahydrquinoline (II) picrate crystallizes with the eguatorially substituted heterocyclic 

ringadoptingachairconfomation. The strained A ring gives evidence that a distorted twist- 

boat form may be nearly as favorable as a flattened chair form. 

A tert-butyl group will generally, due to its steric bulk, adopt an equatorial orientation 

on a cyclohexane ring. 1,2 Several axially, t-butyl substituted cyclohexane derivatives have 

been reportedbuttheyhave been, in the main, dioxanes,3 unsaturated systems4 or systems with 

vicinal t-butyl group.~.~ Recently two crystallographic studies of structures bearing axial t- 

butyl groups on saturated cyclohexanes have appeared in the literature. The crystallographic 

study of 1-phenyl-c-4-t-butyl-r+cyclohexylpiperidine hydrcchloride (III) shows an axial t-butyl 

group on a ring which adopts a slightly flattened chair amforn-ation.6 The structure of akt- 

butyl-trans-decahydccquinoline picrate (IV) shows this molecule to adopt a minimally distorted 

double chair fonm7 This latter conformation is due, at least in part, to the relatively rigid 

trans-fused system. Ws have chosen to study the conformational consequences of t-butyl substi- 

tution on the more flexible cis-decahydrcquinoline system. Cur initial studies have been on 

N,2c&.imkhyl-8~-t-butyl-cis-decahydnquinoline (I) and N,2c&iimethyl-8B-t-butyl-cis-decahydro- 

guinoline (II) , compounds biased tcwards one of the two possible double chair conformations by 

equatorial substitution at C(2). 

%I- and13 C-NMR data frcm I and II' were consonant with double chair conformations bearing 

equatorial 2-methyl- and equatorial (I) and axial (II) t-butyl groups, respectively. No defi- 

nite conclusion as to the position of the N-CH3 substituent in I could be drawn. The rather 

deshielded resmance of H-2 ax indicated axial orientaticn, but 13C shift parameters for the 

resulting highly strained conformation were not known. Similarly, a deformation of the cyclo- 

hexane ring in II to a twist-boat conform&ion could not be excluded. The rocan temperature 

13C-NMR spectrum of II sh& a n&xr of rather broad lines, indicatingacontribution of a 

second conformer. At -40°C all resonances were sharp, but no signals of a second conformation 
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couldbedetected. To obtain additional structural information about these nolecules, x-ray 

crystallographic studies we= carried out on the picrate salts of I and II. 

Molecule IeHPic (Figure 1) mitigates strain by sevaralmeans. Thenethylgrouponnitrogen 

is axial which obviates a cis-1,3-diequatorial mkhyl/t-butyl interaction. This, howaver, ih- 

volvas C(X) in cy-side, transannular interactions with the hydrogens on C(5) and C(7) which, in 

turn, are alleviated by ring flattening. Conccanitant with the closing of the endocyclic torsion 

angles is the opening of the exocyclic C(9)-N(l)K(ll), N(l)-C(9)-C(8) and C(9)-C(8)-C(13) va- 

lency angles (118.0, 119.0, and 119.0°, respectively). Also the bonds to C(9) are all slightly 

long. 

Figure 1. Figure 2. 

Nitrogen atcm are indicated by moss hatching. Hydrogen atom have been omitted. 

Tha refinesrant of II.Hpic did not proceed in a straightforward namer. Fefinerlentof car- 

bons 6 and 7 (to R 0.067) with anisotrcpic thermal parameters resulted in large thermal ellip- 

soids and unrealistic bmd lengths and torsim angles. The electron density correspcolding to 

tk C(6),C(7) portim of the ring would not ac cossodate two setsofhalf atom correspmdingto 

separable conformaticm. Therefore carbcn atms 6 and 7wareplacedatthe maxim in the elec- 

tron density and each was given a large isotropic thed paramter (B = 10.9 and 16.2 i2, JX- 

spectively). Thesepositiaml andthemalpammeterswere heldccmstantthroughoutthe reminder 

of the refinenent. 

Ring B of II.Hpic, equatorially substituted at both N(1) and C(2), adapts a very nearly 

ideal chair conformation (Figme 2). The conformationof ring A, as definedabove, is seen t0 

be a very flattened chair which helps alleviate B-side, 1,3-diaxial, transatmular interactions. 

Calculation of the angle be- the C(8)-C(13) bond and the C(7),C(8),C(9) plane yields an 

indication of how far the t-butyl group is bent away fm the ring. In 1116 and Iv7 the angle 

is quite large, 140.0 and 141.4 “, respectively, but in II.Hpic the value is 145.0°, alm%t iden- 

tical to that fond for I.HPic (145.5') in which the t-butyl group is equatorial. 
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Figure 3. En~clic torsion angles for a) I*H!?ic ('5 = 0.2') and b) II.Wic (a = 0.6-0.7") 

Examination of the final difference Fourier synthesis for IIsHPic showed residual density 

(at the level of ea. 1.5 electrons/atcun) in the C(6),C(7) regicm of the n-olecule (Table). These 

peaks define a twist-boat ccmformaticn for ring A. In this conformation C(8) is an axis carbon 

and therefore the t-butyl substituent may be described as isoclinal. This -to indicate 

that in this strained, flexible systemthereisonly a smallenergybarrierbetwzen avery 
flattened &air form and a distorted twist-boat form. 

TABIE 

Ring A parameters for IIsHPic as defined by a) placing C(6) and C(7) atoms and 
b) residual electron density (ea. 1.5 electrons/atom) 

ac;;, b(;;) a(deg.) b&g.) 

C(lO)-C(5) 1.553(11) C(lO)-C(5)-C(6)-C(7) 46.8(-) -34.0 

C(5)-C(6) 1.557(-) 1.51 C(5)-C(6)X(7)-C(8) -44.5(-) 67.6 

C(6)-C(7) 1.355(-) 1.67 C(6)-C(7)-C(8)-C(9) 41.3(-) -43.0 

C(7)-C(8) 1.540(-) 1.68 C(7)-C(8)-c(9)-c(lO) -44.6(-) -17.2 

C(8)-C(9) 1.545(9) C(8)-C(9)%(1O)-C(5) 54.3(6) 54.3 

C(9)-C(lO) 1.520(9) C(9)-C(lO)+Z(5)-C(6) -51-l(-) -25.8 

EXperiXental 

Synthesis: I and II wxe synthes.izedfKlmtheparentsecon~ amines viaEschweiler-Clark 

synthesis. While methylatian to II p rcceededsncothly, repeatedreacti~wasnecessarytogive 

ample& oxwersion to I, due to the considerable strain engendered by the substitusnt on the 

nitrogen. 

NMfWpectra (-3, 6 ). I, 'H: H-9, 2.99 (t, w 
l/2 

= 9.2): H-2a, 2.71 (d, 11, of q, 6.8, of d, 

2.4): N-G-13, 2.39 (s); (X3-2, 1.02 (d, 6.8); CH3-butyl, 1.00 (s). 13C (+20°C): 61.0g (C-9): 

58.61 (C-2); 52.73 (C-8); 38.29 (C-10); 34.33 (C-11); 33.10 (C-13); 32.48 (C-4): 29.04 (C-5): 

28.g8 (C-14,15,16); 27.2, (C-6); 22.g2 (C-7); 21.73 (C-3); 20.86 (C-12). 

- 5.6); I3 H-2a, 1.97 (d, 11.6, of q, 6.3 of d, 3.5); 
c (+200, -70%): 65.03, 64.64 (C-2): 80.55, 61.72 
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(C-9); 44.32, 42.64 (C-8): 39.48, 38.74 (C-11); 33.73, 33.61 (C-13); 31.35, 31.24 (c-10); 30.0 
8' 

30.11 (C-3); 29.s7, 29.25 (C-14,15,16); 29.04, 29.74 (C-4); 25.88, 24.2g (C-5): 23.16, 21.76 

(c-7); 22.53, 22.3g (C-12); 21.51, 21.06 (C-6). 

Crystallography: 1.HPic C21H32N407, M = 452.5, Triclinic, a = 8.729(2), b = 9.449(2), c = 

14.421(4) ;, ~1 = 106.X(2), B = 90.98(2), Y = 95.09(2), U = 1136.0 fi3, DC = 1.323 g an3, 2 = 2, 

Dz, = 1.32 g cs-~-~. Cu-K radiaticm (x = 1.5418 &. Space group pi (C!). 

II*Hpic C2JH32N407, Mmcclinic, a = 7.821(3), b = 10.239(2), c = 29.202(5) i, B = 103.50(2)', 

U = 2273.0 A3, DC = 1.322 g cms3, Z = 4, Dm = 1.31 g mm3. Cu-K radiation. 

(gh) frcan systematic absences. 

Space group P2l/c 

All unique diffractim maxima with 4 2 20 5 115' ware collected on a Syntex autmated dif- 

fractmeter using variable O/20 scans. Of the 3125 data collected for 1.HPic, 2653 ware judged 

observed (I <2.00(I)) while for IIaHPic 1853 of the 3567 data collected ware considered observed. 

The structuresweze solvedusingdirectphasingmsthods andI-Hpicwas refined (anisotmpic 

O,N,C; isotropic H) to R 0.054.l' m1ecul.e II-HPic was refined (anisotropic O,N,C except C(6) 

and C(7), vi& supra) to R O.lO1.ll 

Raferences andFootnotes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

S. Winstein and H.J. Holness, J. Am. Cl-em. @., 77, 5562 (1955). --- 

E.L. Eliel, N.L. Allinger, S.J. Angyal, and G.A. Morrison, Confomticnal Analysis, Wiley, 

NY, 1965. 

E.L. Eliel and M.C. Knceber, J. Am. &am. z., @, 5347 (1966); 9&, 3444 (1968). 

F. Johnsm, S-W. Zito, R. Sama, and B.M. McKeever, Tetrahedran Iett., 753 (1978). 

B. van de Graaf, H. van Bekkum, H. van Konigsveld, A. Sinnesm, A. van Veen, B.M. Wepster, 

and A.M. van Wijk, Rec. Trav. Chim. Pays-Bas, 93, 135 (1974). - -- - 

P. GTES&Z, J.-M. Xanenka, R. Rcques, J.P. Dacle?cq, and G. Gem, Tetrahedron Lett., 

949 (1981). 

a) K.D. Hargt-ave and E.L. Eliel, Tetrahedron Lett., 1987 (1979); b) Isr. J. Chem., 3, --- 

127 (1980). 

Adetaileddiscussim oftheNMRspectraofanmberof strainedcis-decahy~uinolines 

will be published elsewhere. 

F.W. Vierhapper, E.L. Eliel, and G. Zfiga, 2. Org. Chem., 45, 4844 (1980). -- 
All crystallographic calculations ware carried out on a VAX 11/780 cmputer. The principal 

programsusedwere: FMLS, anisotropic full-matrix least squares refinesent, Ganzel, P.K., 

Sparks, R.A. and Trueblccd, K.N., UCLA, mdified by McPhail, A.T., Duke University; Om, 

crystallographic illustraticn program, Johnsm, C.K., Oak Ridge, OPNL-3794; MULTAN 80, 

for dsscripticm see Ge main, G., Main, P., Woolfson, M.M., Acta Crystallogr., Sec. B, 1970, 

E, 274. 

Supplementarycrystallographicinformatimdefiningthe structmeshasbeendepositedwith 

thecambridge CrystallographicDataCentre. 

(Received in USA 6 September 1983) 


