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COMPLETELY STEREOSELECTIVE SYNTHESIS OF ALL FOUR STEREOISOMERIC 1 -CARBAMOYLOXY- 
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AND A SINGLE CARBON-THREE-UNIT 
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Sunmatrg : LithiaLon ad both (I] - and (E) -3-.ttitihgLktgL-2-popengk’ N,N-diinopopgkt 
ctibamate 2 addok& the (ZE]--lithium compound 3. Afkmkim- 

-- 
ot LLtanLum-media&d 

addition to atdehgdw 4 ,q&~ (1 E) - (3R*4S*) -enot cmbamatw I. A M~~eospeci~ic 
P&won etimintion (bo~ontti&liLoM- % bme-n&La&d] intkoducw the second 
doub& bond &hen uLth (3E)- oh w.Lth (3Z)-con&tition. So jw$ by heagent 
6Uktion aoh each 06 the Two cltep, (IES3E)-, (I53Z)-, (IZ,3E)-, ot (11,3Z)- 
dienu 8 - II, tuppetive.tg, ahe p~paC!i’ uZth st~~eo~&z.GZtZu up .to > 97.7 %. 

I) I-Oxy-1,3-alkadienes are of considerable preparative value in cycloaddition reactions . Despite that, 

the access to configuratively pure members is rather limited 12) . We report now on a set of simple 

and efficient methods for the synthesis of all possible geometric isomers of 1,3-alkadienyl N,N-diiso- -- 

propyl carbamates 8 - 11 from a given aldehyde 4. The three-carbon extension is based on our versions 

3) of anti-diastereoselective homoaldol reaction , utilizing metal derivatives of the 3-trimethylsilyl-2- 

propenyl carbamates 2, followed by stereospecific silanol eliminations 4,5) . 

(E)-2 is prepared 6)from (E)-trimethylsilyl-2-propenol 7) and diisopropylcarbamoyl chloride; (Z)-2 is 

obtained from the propargylic ester 8) 
- 

la by lithiation and silylation via alkyne lc (yield 90 %) and 

subsequent nickel-catalyzed cis-hydrogenation by the method of C. A. Brown 9) 
- , yield 68 %. The lithia- 

tion (n-butyllithium in hexane, TMEDA, in ether, I hour at -78’C) of both (E)-or (Z)-2 forms the 

(2E)-anion 3, which was trapped by trimethylsilyl chloride to afford the (E)-olefin 12. Starting from 

(L)-2, the topomerization of the double bond lo) IS already complete after 5 min. at -78 ‘C, hence 

identical results are observed no matter if (E)- or (z)-2 or configuratively inhomogeneous starting 

material is used. 

After exchange of lithium in (2E)-3 with diisobutylaluminium methanesulfonate 
11,12) ( 5,method A) 

or tris( dimethylamino) titanium chloride 13,14) (6 

12,13) 
,method B), the addition of an aldehyde 4 proceeds 

with high anti-diastereoselectivity 

4J*j_enolcarbamates 16) 

affording diastereomerically pure 15) (lE)- or (lZ)-(3R*, 

7, respectively, which are separated from side products by flash chromato- 

graphy or recrystallization from pentane (see scheme and table). By stirring (E)- or (g)-7 with excess 

of borontrifluoride etherate in dichloromethane (method C) at -78 ‘C, a (3E)-double bond is established, - 

yielding pure (lg,3E)- or (l&35)-dienes 8 or 10, whereas treatment of 7 with sodium hydride (in - 

ether/THF, 0 ‘C; method D) gives rise to a (3Z)-double bond in (IE,3Z)- or (11,3Z)-dienes 17) 9 or11 

(see scheme and table). The diastereomeric purities of dienes Ela, 8b, 9a, lob, Ila, and Ilb, which 

are sufficiently volatile for capillary gaschromatographic analysis, were found to be > 99.7 96, here 

the limit of detection is < 0.1 % for each isomer. 
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Altogether, the method provides a highly selective access to all the diastereomeric alkadienes 8 - 11, 

starting from a stereochemically inhomogenous precursor, since a stereoconvergent reaction step is 

placed before two stereodivergent steps. 

In preliminary experiments, dienes El proved their suitability for Lewis-acid catalyzed Diels-Alder reac- 

tions. For instance, Ela and acrolein afforded (BF3-etherate, dichloromethane, 6 h at -23 ‘C) the cyclo- 

hexene 13 as a single (racemic) diastereomer 16) with 82 $ yield. 

Table: Yields (46) of enol carbamates 7 and dienes 8, 9, 10, 11 [al. 

4, R (E)-7 Cbl (Z)-7 Cbl 6 Ccl 9 Ccl 10 Id1 11 Cdl 
7-1 I method A method B methodC method D method C method D 

a H,C- 75 82 96 93 91 98 

H3C CH 
( >99.7) [e] (> 99.7) [e] ( 99.2) [e] (> 99.7) Cel 

b H& > - 76 85 93 92 95 96 

c3 /\ 
(> 99.7)k,fl ( 97.0) [g] (> 99.7) tel (> 99.7) [e] 

80 
-- 

80 98 
-_ _- 

C - 

!? 
CH,- 

( >95) [h] (> 95) ch] 

71 
-_ -_ -_ __ 

d 93 

(> 95) Chl 

e 
__ _- -- -- 

73 

( >95) [hl 

* 
f C,H,CH,O-fH- 79[i] -- -- 94 

-- _- 

CH3 
(> 95) Chl 

I: al The purity is listed in parentheses. - [: b 1 Yield after chromatographic purification. No isomers 

are detected in 13C-nmr spectra. - Ccl With (E)-7. - [dl With (z)-7. - [el Determined by capillary 

gaschromatography on Carbowax 57 CB. - [f 1 The equal result was obtained with crude (E)-7b. - 

[g] Contains 3.0 % of Elb which origins from 3 % of (i)-w-7b, present in the batch used for this 

experiment ( 13C-nmr, tic). - [hl No isomers are detected in 
13 

C-nmr. - C il Diastereomers. 

General procedures; (i)-3: To 5.0 mmol (E)- or (2)-Z and 5.0 mmol TMEDA in 15 ml ether at - 

-76 ‘C 5.5 mmol n-BuLi in hexane is added slowly and the mixture stirred for I hour. 

Method A; (E)-7: 5.5 mmol 5 in tert.-butyl methyl ether (0.5 molar, prepared from DIBALH in 

hexane 11) is added to the solution of (E)-3, followed by 5.0 mmol of aldehyde 4 at -78’C. The 

mixture is stirred for 1 h and worked-up with aqueous K-Na-tartrate solution. 

Method B; (g)-7: 5.5 mmol 6 in hexane 14) is added to the solution of (E)-3 at -7E°C, followed 

by 4 after 1 h at -76 ‘C. Stirring is continued for 4 h and the reaction mixture worked-up as usual 

with aqueous IN H2S04. 

Method C; 8 or 10: A 0.3 molar solution of (E)-7 or (Z)-7 in dichloromethane is stirred with ‘2.5 - - 

equiv. of BF3-etherate at -78’C for 15 h and worked-up with aqueous NaHC03-solution. 

Method D; 9 or 11: A 0.3 molar solution of (E)-7 or (Z)-7 in ether/THF (1 : I) is stirred with 

2.5 equiv. of NaH for 3 h at 0 ‘C followed by cautious aqueous work-up. 
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Diastereomers could not be detected by ‘H- and l3 C-nmr or by tic of the crude reaction mixture. 
Crude (E)-7b and (Z)-7a gave dienes 8b and 1Oa of > 99 % purity; which means that here the dia- 
stereosaectivities 03 homoaldol reaction are > 99 %. The easy separation of by-products from 7 
by chromatography or crystallization avoids a purification on the stage of 8 - Il. 

‘H-nmr (CDC13, 80 MHz,g);(E)-7a: 7.00 (d, Jl 2 = 12 Hz, H-l). 1.42 (dd, J2 3 = 12 Hz; J3 4 = 6 

Hz, H-3); (Z)-7a: 7.08 (d, Jl 2 = 5.6 Hz, H-l;, 2.05 (dd, J2 3 = 
I 

12 Hz, J3 4 ‘= 5.6 H, H-3): 
, 

‘H-nmr (CDC13), 80 MHz, 6); 9a: 7.30 (d, Jl 2 = I1 Hz, H-l), 6.18 (dd, J2 3 = 11 Hz, H-2), 5.90 

(dd, J3 4 = = 

(dd, J ’ 

12 HZ, H-3), 5.38 (dq, J4 5 
7 

6.8 ‘Hz, H-4). 10a: 6.87 (d, Jl 2 =’ 6.6 Hz, H-l), 5.30 

15.6 HZ, H-3), 5.67 (dq, J4 5 1 6.8 Hz, H-4). lla: 7.02 (d J 2,3 = 11 Hz, H-2), 6.31 (dd, J3,4 = 

, 1 2 
, 

= 6.4 Hz, H-l), 5.55 (dd, J2 3 = 1 I Hz, H-Z), 6.29 (dd, J3 4 ‘= 11 Hz, H-3), 5.45 (dq, 

J4,5 = 
6.8 Hz, H-4). - 8a (in C6D6, ;OO MHz): 7.73 (d, J, 2 = 12-L Hz, H-l), 6.04 (dd, J2 3 = 

10.4 Hz, H-2), 5.82 (ddq, J3 4 
, 

= 15.6 Hz, J3 5 
7 

= 1.0 Hz, H-j), 5.43 (dq, J4,5 = 7.2 Hz, H-4)). 

18) The lH-nmr data are In good agreement with these of a similar compound (DAc for DCb, Et for 
Me in 13); see: B. M. Trost, S. A. Godleski, J. P. Gengt, J. Am. Chem. Sot. 188, 3930 (1978). 
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