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COMPLETELY STEREOSELECTIVE SYNTHESIS OF AlLL FOUR STEREOISOMERIC 1-CARBAMOYLOXY-
1,3-ALKADIENES VIA ANTI-DIASTEREOSELECTIVE HOMOALDOL REACTION FROM ALDEHYDES
AND A SINGLE CARBON-THREE-UNIT

Ede van Hilsen and Dieter Hoppe*
Institute of Organic Chemistry, University of G&ttingen, TammannstraBe 2, D-3400 Go&ttingen, FRG

Summary : Lithiation of both (Z)- and (E)-3-trimethylsilyl-2-propenyl N,N-diisopropyl
carbamate 2 affonds the (2E)-Zithium compound 3. Aluminium- "on Litanium-mediated
addition to aldehydes 4 gives (1E)-(3R*4S*}-enol carbamates #. A stereospecific
Peterson elimination (borontrnifluonide- on base-mediated) intrnoduces the second
double bond eithern with (3E)- on with (32)-configuration. So fust by reagent
selection fon each of the Fwo steps, (1E,3E)-, (1E,3Z)-, (1Z,3E)-, on (1Z,31)-
dienes § -11, nespectively, are prepared with stereoselectivities up to > 99.7 %.

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

1’2). We report now on a set of simple

the access to configuratively pure members is rather limited
and efficient methods for the synthesis of all possible geometric isomers of 1,3-alkadienyl N,N-diiso-
propyl carbamates B - 11 from a given aldehyde 4. The three-carbon extension is based on our versions

3)

propenyl carbamates 2, followed by stereospecific silanol eliminations

7)

obtained from the propargylic ester® 1a by lithiation and silylation via alkyne lc (yield 90 %) and

, utilizing metal derivatives of the 3-trimethylsilyl-2-

of anti-diastereoselective homoaldol reaction
4,5)

(E)-2 is prepared 6)from (E)-trimethylsilyl-2-propenol '/ and diisopropylcarbamoyl chloride; (Z)-2 is
subsequent nickel-catalyzed cis-hydrogenation by the method of C. A, Browng), yield 68 %. The lithia-
tion (n-butyllithium in hexame, TMEDA, in ether, | hour at -78°C) of both (E)-or (2)-2 forms the
(2E)-anion 3, which was trapped by trimethylsilyl chloride to afford the (E)-olefin 12. Starting from

10) is already complete after 5 min. at -78 OC, hence

(Z)-Z, the topomerization of the double bond
identical results are observed no matter if (E)- or (Z)—Z or configuratively inhomogeneous starting
material is used.

After exchange of lithium in (2E)-3 with diisobutylaluminium methanesulfonate”’lz)

or tris(dimethylamino)titanium chloride 13,14)
12,13)

{ 5,method A)
(6,method B), the addition of an aldehyde 4 proceeds

with high anti- diastereoselectivity affording diastereomerically pure 15) (1E)- or (12)-(3R*,

45%-enolcartbamates 16)

7, respectively, which are separated from side products by flash chromato-
graphy or recrystallization from pentane (see scheme and table). By stirring (E)- or (Z)-7 with excess
of borontrifluoride etherate in dichloromethane (method C) at -78 °C, a (3E)~double bond is established,
yielding pure (1E,3E)- or (1Z,3E)-dienes B or 10, whereas treatment of 7 with sodium hydride (in
ether/THF, 0°C; method D) gives rise to a (3Z)-double bond in (1E,3Z)- or (IZ,BZ)-dienesn) 9 orll
(see scheme and table). The diastereomeric purities of dienes 8a, 8b, 9a, 10b, lla, and 1lb, which

are sufficiently volatile for capillary gaschromatographic analysis, were found to be > 99.7 %, 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 B proved their suitability for Lewis-acid catalyzed Diels-Alder reac-
tions. For instance, Ba and acrolein afforded (BFB—etherate, dichloromethane, 8 h at -23 ) the cyclo-

hexene 13 as a single {racemic) diastereomerle) with 82 % yield.

Table: Yields (%) of enol carbamates 7 and dienes 8, 9, 10, 11 [a].

4, R (E)-7lp]  (2)-7[01 8 [c] 9 [c] 10 [d] 11[d]
7-11 method A method B methodC method D method C method D
a H3C- 75 82 98 93 91 98

H3C>CH- (>99.7) [e] (>99.7)[e] (99.2)[e] (>99.7)[el
b H3C 76 85 93 92 95 9

(>99.7)kf1 (97.0) g1 (> 99.7) [e] (>99.7) [&]
c ©_ 80 - 80 98 - -

9 (>95) [h1 (> 95) [h]
/C\ - H2 _ _— : — -
d (iPri,N” 0 7 93
(>95) [h]
CeH
e @[o\../ &5 75 - 73 - - -
0 (>95) [h]
*
f C6H5CH20'(l:H“ 79[” - - 94 - -
> 95) [h
CH3 ( ) [hl

[ a] The purity is listed in parentheses. - [b1] Yield after chromatographic purification. No isomers
are detected in !>C-nmr spectra. - [clwith (E)-7. - [dIwith (Z)-7. - [e] Determined by capillary
gaschromatography on Carbowax 57 CB. - [f] The equal result was obtained with crude (E)-7b. -

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

experiment (13C—nmr, tle). - [h] No isomers are detected in Pc_nmr. - [1] Diastereomers.

General procedures; (E)-3: To 5.0 mmol (E)- or (Z)-2 and 5.0 mmol TMEDA in 15 mi ether at
-78°C 5.5 mmol n-BuLi in hexane is added slowly and the mixture stirred for 1 hour.

Method A; (E)-7: 5.5 mmol 5 in tert.-butyl methyl ether (0.5 molar, prepared from DIBALH in
hexane 1) is added to the solution of (E)-3, followed by 5.0 mmol of aldehyde 4 at -78 Sc. The
mixture is stirred for | h and worked-up with aqueous K-Na-tartrate solution.

Method B; (Z)-7: 5.5 mmol 6 in hexane 14) is added to the solution of (E)-3 at -78 OC, followed
by 4 after | h at -78 °c. Stirring is continued for 4 h and the reaction mixture worked-up as usual

with agueous 1IN HZSOA'

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 agueous NaHCOB—solution.

Method D; 9 or 11: A 0.3 molar solution of (E)-7 or (Z)-7 in ether/THF (1:1) is stirred with
2.5 equiv. of NaH for 3 h at 0°C followed by cautious agueous work-up.
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R-C=C-CH,-0Cb Cb = Q-N( iPr),

Ig R =H °
_t__)_- R = Li
g R = SiMe3
Scheme 1
ME3Si
) 9
0cbh Me,Si  OCb
(E)-2 \lﬁ (Z)-2
Me3Si Li
e \
O\KO 3
N(IPF)2
|
1. [IBUI,AI0SO,CHy (5) | 2.R-CH=0 (4] | 1. MeNyTicH B)
OH OH
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R‘\/\/ R
och och
R/W AN\ RM I
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'Honmr (CDCly, B0 MHz,8);(E)-Ta: 7.00 (d, 3| , = 12 Hz, H-1). 1.42 (dd, ) 5 = 12 Hz3 I3 = 6

2,3 34

Y r r

Hz, H-3); (2)-Ta: 7.08 (d, J, , = 5.6 Hz, H-1), 2.05 (dd, J, 5 = 12 Hz, J5 , = 5.6 H, H-3).
b bl b

Yonme (COCly), 80 MHz, 6); 9a: 7.30 (d, J) , = 11 Hz, H-1), 6.18 (dd, 3y 5 = 11 Hz, H-2), 5.50
(dd, J5 , = 12 Hz, H-3), 5.38 (dg, 3, 5 = 6.8 Hz, H-4). 10a: 687 (d, ] , = 6.6 Hz, H-1), 5.30
(dd, 3, 5 = 11 He, H-2), 631 (dd, Jy | = 156 iz, H-3), 5.67 (da, J, 5 = 6.8 Hz, H-4). 1la: 7.02
(d, 3 5 = 6.4 Hz, H=1), 5.55 (dd, I, 5 = 11 Hz, H-2), 6.29 (ad, J5 , = 11 Hz, H-3), 5.45 (dg,
Jy 5 = 6.8 Hz, H-4). - Ba (in C,D,, 200 MHz): 7.73 (d, J) , = 12.4 Hz, H-1), 6.04 (dd, J, 5 =

4,5 ;
10.4 Hz, H-2), 5.82 (ddq, = 156 Hz, 3, « = 1.0 Hz, H-3), 5.43 (dq, = 7.2 Hz, H-4).

4,5
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