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The acid-catalyzed reactions of alkylideue bieurethanes and conjugated dienes offers a 

couvenient synthetic route to diverse asacyclic aud asabicycllc2 molecules formed by 1,4- 

(or 1,6)3-addition to the conjugated system by an acyl Imine 2. We here wish to report the 

first example of formal 1,3-cycloadditions during the reaction of acyl imines 2 with dienes. 

Ethylene bisurethaue & has been found to react with p-menthadieues under conditions of acid 

catalysis to form N-carbethoxg-larethyl-4-faopropMyl-6-ee.2.l]octane $ and N-carb- 

ethoxy-3,7,7-trimethyl-P-aaabicyclo[3.3.O]nonane 2. 

Utilizing a general procedure described previously' a solution of methylene bisurethane 2e &, 

(ll.Sg), a-phellandrene 4 @.2g), BF3-etherate (1 ml) in chloroform (150 ml) with CuBr2 (lg) 

added was refluxed for 5 hr. Workup and distillation (0.15m) afforded ,$, 3.4g, bp 103-108'. 

22%. A higher boiling cut, 1.5g, bp llO-120°, consisted maiuly of a 60/40 mixture of 6 and 2 

separable by vpc (6' x l/4" SF-96 on Ghrom W, 140'). Asabicyclo[3.2.l]octaue $ was readily 

converted to l-methyl-6-azabicyclo[9.2.l]oct-J+-oue &, bp lOO-110" fO.OSmm, molecular dfstilla- 

tion), 91% yield, 

smuts of $-,$ were 

cymyw 2 

t 

using a Welsbach ozonator with dimethylsulfide workup. 
4 

Structural 

made utilialng spin decoupled mar spectra (Table 1). 

assign- 
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Table 1. Major ?IKR Peaks. lOOM& Spectra of Azabicyclics 2-k. 

b8 
?r 

Proton shift (6Id 

d’ 

Proton shift (6Ij Proton shift (aId 

H5 4.84e 
H5 

4.14k HI 
4.2Op 

% 3.26f fI7x 3.36l B2 5.944 

%I 3.02g H71x 3.08m 

%ont 
2.4Sh 

113x(3n) 
1.812.50n 

%s 
1.76 % 

0.78O 
X,tb 

3.32, 3,10= 

m3 
1.05 a3 c83 

1.02, o.9a" 

c%-C- 1.60' - 3-c' 
1.72' 

(a) broad copplex envelope, 60.80-2.0; (h) broad, 61.011.8; (c) broad, &X.1-2.0; (d) cDcljr 80'; 

(e) d, J5 8e = 682; (f) d, J- 1OEz; (g) d; (h) dd, J 

(j) bem&-d6; (k) d, J5 8e = 5.8%; 

= 15hz, 6Hz; (.%I 61.61, 1.71 fn acetone-d6; 

(1) d, J - 10.3Hs; (m) dd, J - 10.3%, 1.5%~; (n) broad 

multiplet; (0) s; (p) buried under CH2 of ethyl ester; (q) broad, narrows to a broadened doublet, 

f = 3Elz upon irradiation of RI; (r) d, J = 11 Xz. 

BCKEW 1. Equilibrium Concentrations of pGfeuthadienes in A~id.~ 
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\ -Q \ 
2 (14%) 



no. 34 2!w 

Equ~ibrat~ studiee5 of p-mentbadienes la sulfuric acid (Scheme 1) Show that a-pW1- 

aadreue ;k, the startixig material in our ByntheSi8 of & and 2, is nearly totally converted to a 

mixture of a-texpiueue 4, isoterpinoleae 8, y-terpiueue 2, and other minor componeuts. IJpou 

consideration of the data of Schema 1 a postulated mscbauism for formation of $, and 2 from p- 

mentbadienes in acidic med%um is showa in Scheme 2. Addition of an acid complexed &aiuoure- 

tbane ;! to the less hfndered end of the major conjugated diene J, will afford cation 2. Proton 

loss and reprotonatiou will give a nw allylic cation J&, which upon internal trapping by the 

proximate nucleophilic urethane nitrogen gives $,. Similarly, addition of protonatad imiuo- 

urethaue ;! to the exocyclic termiuus of 4 will afford allylic cation $J. Dsprotouation of g 

and reprotouation to give ;Lz till lead to ;! upon intramolecular cyclizatiou by urethsne nitrogen, 

Consideration of model8 of allylic cation @ indicate ring ClOSUre till lead because of cou- 

formational rigidity to a *ring fusion in 2.6 

Consistent with the proposed mechanism u-terpineue7 J, reacted according to the gsneral 

procedure to give 1 and 1 in a 60140 ratio. The greater percentage of 2 in this reaction possi- 

bly indicates a greater percentage of # in a preequilibrium mixture of p-menthadienes than 

found in the reaction with a-pbellandrene &. It is worth noting that longer reaction tires 

result in product decomposition and formation of higher molecular might mate&ale. Although 

the p-mentbadfene equllibrimn has been reached from a-pi.ueueS, attempted reactious with o- end 

f3-pinene, A-carene, or limonene did not lead to a clean formation of $, and 2, but to mfxtures 

of numerous components. This is reasonable since the numerous dienic species can be trapped 

by protouated iminourethanes or by protons and uretbsne before the equilibrium mixture of p- 

mentbadienes rich in z and 0 can be reached. 

SCHEME 2. Proposed Mechanism8 for Formation of 4 and 5. 
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Prevloua syntheses of 4(2)-substituted-6(7)-azabicyclo[3.2.l]octanes have primarily in- 

volved ring closure on N-halo- or N-nitrosamines 10 by an intramolecular n-route, reduction and 

ring closure of substituted pyrroles, 11 ring opening of tricyclic aziridinium ions, 12 and mole- 

cular rearrangement of other bicyclic systems. 13 By comparison the present two-step conver- 

sion of a-phellandrene to $ represents one of the simplest synthetic routes to this ring system. 
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