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Abstract : Heck vinylation of tertiary allylic alcohols with iodo-acetal I¢, followed by an acid catalysed
acetal hydrolysis-dehydration reaction, furnished isoprenoid aldehydes regioselectively in high yields.

INTRODUCTION

The palladium-catalysed arylation and vinylation of olefins (Heck reaction) has become an
increasingly used carbon-carbon bond forming reaction over the past two decades(1). We envisioned that
this methodology could be extremely useful in retinoids synthesis where chemoselectivity,
regioselectivity and mild reaction conditions are needed(2).

We describe here a new prenylation method based on a two reaction sequence : Heck vinylation of a
tertiary allylic alcohol by an acetal of type I followed by acidic hydrolysis/dehydration of the adduct II
to deliver the polyunsaturated aldehydes III possessing five more carbon atoms (See scheme 1). Key
compounds I have been designed as prenal cation equivalents(3) which would regioselectively add on the
less substituted B-position of allylic alcohols™, yielding dienol acetals II with the correct isoprenoid
skeleton.

This prenylation method is illustrated here by the synthesis of several aldehydes including retinal ITe,
an intermediate of industrial importance in the manufacture of vitamin A and B—carotene(s).
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RESULTS AND DISCUSSION

Acetal Ib (X = Br, R = Et) was prepared from the known acetal(6) Ia X=H,R=Et)bya
bromination-dehydrobromination reaction sequence 3 (scheme 2).

The new acetal Ic¢ (X =1, R = Et) was easily obtained from Ib by a nickel catalysed iodine-bromine
exchange reaction(7). Both compounds are reasonably stable and showed no decomposition after several
months of storage in an ice-cold freezer.
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Scheme 2
a) Bry, Na 7C03, CCly, -20°C ; b) tBuOK, Ety0, 0°C ; ¢) KI (3 eg), NiBr; (0,1 eq), Zn (0,2 eq) DMF, 60 - 90°C, ultrasound.

Acetal Ic was chosen for this study since very mild Heck - type reactions were expected between
vinylic iodides and allylic alcohols(®).

As shown from table 1, acetal Ic reacted smoothly with tertiary allylic alcohols in the presence of a catalytic
amount of palladium acetate and a stoechiometric amount of either a silver or a thallium salt 9,10,19). Tpe
corresponding condensation adducts II were isolated in good to excellent yields after silica gel
chromatography.

These compounds proved to be stereoisomer mixtures roughly reflecting the isomer ratio of the
starting iodide, but free from any regioisomer(”). This outstanding regioselectivity is best illustrated
with the polyunsaturated vinyl-y-ionol and vinyl-B-ionol examples. These two sensitive substrates gave
unambigously the very labile tetraenol acetals IId and Tle in good yields (entries 6 and 10).

Surprisingly, this vinylation reaction was found to be quite substrate dependent. For instance, linalol
and nerolidol (entries 3 and 5) reacted quickly with Ic in the presence of palladium acetate and thallium (I}
acetate whereas 2-methyl-butene-2-ol and vinyl-B-ionol (entries 1 and 7) were rather sluggish under the
same reaction conditions and needed the more reactive palladium acetate/silver acetate or carbonate
catalytic systems (entries 2,9 and 10).

This marked behaviour difference of structurally similar substrates found when using the thallium
acetate base might be due to internal olefin coordination to palladium at one stage of the reaction with
linalol or nerolidol (but not with 2-methyl-buten-2-ol or vinyl-B-ionol). If we assume that addition of the
vinyl palladium species to the allylic alcohol double bond is the rate determining step, then additional
coordination might explain the observed rate enhancement, as depicted below.
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Vinylation of tertiary allylic alcohols

In the vinyl-B-ionol case (entries 7-10), catalytic efficiency was found in the order TIOAc < TlHCO3 <
AgOAc < AgyCO3, showing that apparently the nature of both metal and counterion are important to
achieve high yields. Similar observations have recently been made on a intramolecular Heck-
arylation(lg).

Table 1
Alcohols ———  Acetals (I)
oet
a) F(l\/ — . (b) Isomer ratio

Entry( on RWOE, Base (eq) Temperature/Time Yield Z/E

1 R=CHg Ila TIOAc (1,10) 65°C/31h 33 % (65 %) 51/49

2 id AgyC0O3 (0,52 67°C/8h 82% 60/40

3 R= M b TIOAc (1,02) 65°C/4h 5% 65 /35

4 . Ag,CO3 (0,60) 65°C/0,5h 70 % (82 %) 60/40

5 R= W Ic TIOAc (1,02)  S8°C/5h 7% (85 %) 63/37
6 R= W Nd  AgC03(059)  67°C/2h 0% 55745

7 R= Ejﬁ/ Ile TIOAc (1,05) 65°C/48h 38% 52/48

id TiC03 (053)  67°C/22h 57% (76 %) 55/45
9 id AgOAc (1,03)  67°C/2h 69% 50/50
10 Ag)CO3 (054)  65°C/3h 82% 60/40

id
o 0 OFt
11© )k/——»)'\/\)a‘/&o& Ky003 (24)  22°C/4h 86 % 62/38

a) Conditions : allylic alcohol (3 eq), Pd (OAc); (0,05 eq), DMF ; b) In brackets : yields based on recovered
starting material ; ¢) Conditions : Ketone (5 eq), Pd (OAc), (0,05 eq), BuyNCl (1,3 eq), DMF.

Another acces to dienol acetal Ila is shown in the last entry. Vinylation of methyl vinyl ketone with Ic
according to ref. 12 furnished the condensation adduct in good yield . Methylation with methyl lithium in
ether gave Ila in 87 % yield.

Finally the known polyunsaturated aldehydes III were easily obtained from dienol acetals II by
treatment with dilute hydrobromic acid in hot aqueous acetone(13) (table 2). Mixtures of stereoisomers
on double bonds at C) and Cg were formed in this acetal hydrolysis/dehydration reaction, with the all-
trans usually predominating (the double bond at C4 was always trans).
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Table 2
Acetals (II) —————p= Aldehydes (IIT)
Okt
Entry @ n/w\)\ R’K«"S\/J\«'C Yield Isomer ratio®
I a0 E/Z

OH

85% 74 /26

ia
2 R-M b 7% 72/28 )
3 R= /l\/\/K/\/ e 87.5% 76/24 @
4 R=MN md 78 % 70/30

5 R= Ej(\/ IMe 5% 74 /26 (©)

a) Conditions : Acetal (0,5 mmol), 1 % HBr/acetone (0,1 mL), 0,5 % H,O/acetone (12 mL), reflux ; b) E/Z ratio
of terminal (C;) double bond ; ¢) exact ratio C-Cg (EE/EZ/ZE/ZZ) = 45/27/18/10 ; d) exact ratio C»-Cg
(EE/EZ/ZE/ZZ) = 48/28/14/10 ; e) exact ratio Cy-Cg (EE/EZ/ZE/ZZ) = 46/28/16/10.

The aldehydes IIT thus obtained are pivotal intermediates in the synthesis of retinoids and carotenoids
(scheme 3). For instance, retinal IIle (stereoisomer mixture) may be crystallized in the presence of
hydroquinone and a catalytic amount of iodine, to give the all-trans retinal-hydroquinone complex in
virtually quantitative yield (14). Borohydride reduction, or better catalytic reduction with Ru Hy (TPP),,
of this complex yield pure all-trans retinol (vitamin A){15), Alternatively, the important retinoic acid is
smoothly obtained by retinal oxidation(16),

Access to various carotenoids is also straightforward by reductive McMurry dimerization of these
aldehydes : B-carotene(”), lycopene(ls) could be obtained from retinal Ile and y —retinal IIld,
respectively.

Scheme 3
CO,H
retinolc acld
T Ref 16
CHO CHO CHZOH
Ref 14 Ref 15
l Ref 17 Vitamin A

p-carotene
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In summary, we have developed a new short route to carotenoid aldehydes featuring a Heck vinylation
of tertiary allylic alcohols and a hydrolysis/dehydration reaction. This methodology was used in a short
and high yielding synthesis of retinal.
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EXPERIMENTAL SECTION
General methods :

1H.NMR Spectra were recorded at 360 MHz on a Bruker WH-360 instrument. Chemical shifts are
expressed relative to Mey4Si as internal standard. IR Spectra were recorded on a Perkin-Elmer 1750
spectrophotometer (neat or in CCly solutions). MS Spectra were obtained on a VG-ZAB instrument. A
varian 3400 gas chromatograph with DB1 column was used for analysis, and 20-45 jum Amicon silica gel
for preparative flash chromatography.

4-iodo-3-methyl-3-buten-1-al, diethylacetal (Ic)

A 15-mL Schott flask is charged with Zn (90,7 mg ; 1,39 mmol), KI (3,020 g ; 18,2 mmol), NiBry
(3,98 mL of a 0,17 M solution in DMF ; 0,67 mmol) ; Ib(38) (1,414 ¢, 5,96 mmol), and DMF (7,5 mL).
The mixture is sonicated for 2 h 30 (20 kHz, P = 40 W, undatim ultrasonics immersion horn) under an
argon atmosphere, the temperature being maintained in the range of 60 - 95 °C.

After cooling, the reaction mixture is filtered on florisil, extracted with EtO, washed twice with water,
and dried (MgSOy).

The residue is purified by flash-chromatography (silica gel, 40/1 pentane/Et;0), giving 1,035 g of a
Z/E = 60/40 mixture of iodoacetal Ic (59 %).

1H.NMR (ppm) : 1,20 (t, 6H, J =7 Hz) ; 3,4 - 3,8 (m, 4H).

Zisomer : 1,97 (d, 1,8H,J=1Hz); 2,55 (d, 1,2H, J = 6 Hz) ; 4,65 (t, 0,6H, J = 6 Hz) ; 5,97 (m, 0,6H).

E isomer: 1,89 (d, 1,2H, J =1 Hz) ; 2,52 (d, 0,8H, J = 6 Hz) ; 4,59 (t, 0,4H, J = 6 Hz) ; 6,02 (m, 0,4H).
IR (cm'l) 13060, 1616, 1125, 1064. MS (m/e) : 239 (-EtOH), 103. HRMS for m/e = 239 : C7H,0L
Anal. Calc. for CgH170,1: C=38,04; H=6,03; 0=11,26. Found: C:38,00; H=6,00; O=11,36.

General procedure for the vinylation of allylic alcohols

To a mixture of Ic (0,270 g ; 0,95 mmol) and an allylic alcohol (2,85 mmol) in anhydrous DMF (2 mL) is
added Pd (OAc); (10,7 mg ; 0,048 mmol), and the base (see table I).

The vigorously stirred suspension is heated under argon for the indicated period.
After cooling, and filtration over florisil, the clear yellow solution is diluted with Et50O, washed twice

with brine, dried (MgS80,) and evaporated under reduced pressure. Chromatographic purification (silica,
gel, 50/1, CH»Cly/ Acetone) gives the desired hydroxyacetals Ila-c. In the case of acetals IId and Ile
silica is neutralized with 1 % Et3N / CH,Cl, prior to use.

7-hydroxy-3,7-dimethyl-octa-3,5-dien-1-al, diethylacetal (I1a)

1H.NMR (ppm) : 1,20 (t, 6H,J =7 Hz) ; 1,34 (s, 3H) ; 1,36 (s, 3H) ; 1,84 (m, 3H) ; 3,4 - 3,8 (m, 4H) ; 5,89 (m, 1H)
Z isomer : 2,51 (d, 1H,J=6Hz) ;4,58 (t, ) = 6 Hz) ; 5,73 (d, J = 15,5 Hz) ; 6,48 (dd, J = 10,5 Hz, 16 Hz).
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E isomer : 2,38 (d, 1H,J = 6 Hz) ; 4,61 (t, ] = 6 Hz) ; 5,75 (d, = 15,5 Hz) ; 6,46 (dd, J = 10,5 Hz, 16 Hz).
IR (conl) : 3609, 1635, 1123, 1060. MS (me) : 197, (-Et0), 103. HRMS for m/e = 197 : C12Hp1 0.
Anal. Calc. for Cj4Hpg03 : C=69,38 ; H=10,81; O = 19,80. Found : C =69,25; H=11,04; 0= 19,53,

8-prenyl-7-hydroxy-3,7-dimethyl-octa-3,5-dien-1-al, diethylacetal (IIb)

1H.NMR (ppm) : 1,20 @, 6H, J = 7 Hz) ; 1,29 (s, 3H) ; 1,60 (m, SH) ; 1,79 (s, 3H) ; 1,84 (m, 3H) ;
2,10 (m, 2H) ; 3,4 - 3,8 (m, 4H) ; 5,11 (m, 1H) ; 5,65 (d, 1H, Y= 15 Hz) ; 5,92 (m, 1H).

Z isomer : 2,52 (d, 1,3H, J =5,5Hz) ; 4,58 (t, J = 6 Hz) ; 6,46 (dd, ] = 11 Hz, 15 Hz)

E isomer : 2,38 (d, 0,7H, Y =5,5Hz) ; 4,61 (t, J =6 Hz) ; 6,45 (dd, J = 11 Hz, 15 Hz).

IR (cm)) : 3611, 1163, 1123, 1061, 970.
MS (m/e) : 292 (-Hp0), 247 (-H0/-Et0), 201. HRMS for m/e =292 : CgH350.

Anal. Calc. for C1gH3403: C=73,50; H=11,04; O =15,46. Found : C=72,55; H=10,44;0=15.27.

8-geranyl-7-hydroxy-3,7-dimethyl-octa-3,5-dien-1-al, diethylacetal (IIc)

1H.NMR (ppm) : 1,19 (1, 3H, J = 7 Hz) ; 1,24 (s, 3H) ; 1,53 (s, 3H) ; 1,62 (s, 3H) ; 1,96 (m, 4H) ;
3,4- 3,8 (m, 4H) ; 5,00 (m, 1H) ; 5,06 (m, 1H) ; 5,59 (d, 1H,J =15 Hz) ; 6,40 (dd, 1H, J = 10,5 Hz, 15 Hz).
Z isomer : 1,62 (s, 1,8H) ; 1,78 (s, 1,8H) ; 2,45 (d, 1,2H,J = 5,5 Hz) ; 4,51 (t, 0,6H, J = 5,5 Hz) ; 5,86 (m, 0,6H).
E isomer : 1,53 (s, 1,2H) ; 1,76 (s, 1,2 H) ; 2,31 (d, 0,8H, J = 5,5 Hz) ; 4,53 (t, 0,4H, J = 5,5 Hz) ; 5,83
(m, 0,4H).

IR (cm'1) : 3610, 1656, 1125, 1064. MS (m/e) : 314 (-Hy0 ; -Et0). HRMS for m/e = 314 : Cy5H340.

Anal. Calc. for Cy4Hyp03: C=76,14; H=11,18; O = 12,68. Found : C=76,67; H=11,40; O = 12,56.

8-geranylidene-7-hydroxy-3,7-dimethyl-octa-3,5-dien-1-al, diethylacetal (ITd)

IH.NMR (ppm) : 1,20 (t, 6H, ] =7 Hz) ; 1,43 (s, 3H) ; 1,60 (s, 3H) ; 1,68 (s, 3H) ; 1,75 - 2,20 (m, 10H) ;
3,4-3,8(m,4H); 4,56 (t, 0,5H, J = 6 Hz) ; 4,59 (t, 0,.5H, ] = 6 Hz) ; 5,11 (m, 1H) ; 5,60 - 6,27 (m, 4H) ;
6,37 - 6,68 (m, 2H).

Z isomer : 2,51 (d, 1,1H, ] = 6 H2).

E isomer : 2,38 (d, 0,9H, J = 6 Hz).

IR (cm'1) : 3450, 1677, 1654, 1628, 1600, 1125, 1060, 970.

MS (m/e) : 376, 358 (-H,0), 312 (-H50 ; -EtOH), 103 HRMS for m/e = 376 : Co4Hy03.

8-cyclogeranylidene-7-hydroxy-3,7-dimethyl-octa-3,5-dien-1-al, diethylacetal (Ile)
1H.NMR (ppm) : 1,00 (s, 6H) ; 1,20 (t, 6H, J = 7 Hz) ; 1,40 - 1,70 (m, 10H) ; 1,80 (s, 1,5H) ; 1,85
(s, 1,5H) ; 1,98 (m, 2H) ; 3,4 - 3,8 (m, 4H) ; 5,93 (m, 1H) ; 6,09 (m, 1H) ; 6,50 (dd, 1H, J = 11 Hz, 15 Hz).
Z isomer : 2,50 (d, 0,5H,J =6 Hz) ; 4,57 (t, J=6Hz); 5,54 (d,J = 16 Hz) ; 5,74 (d, J = 15 Hz).

E isomer : 2,38 (d, 0,5H,J =6 Hz) ; 4,62 (t, ] =6 Hz); 5,55 (d,J=16 Hz) ; 5,75 (d, J = 15 Hz).

IR (cm1) : 3606, 1658, 1125, 1060.

MS (mve) : 358 (-H,0), 330 (-EtOH), 103. HRMS for m/e = 358 : C34H350,.

Anal. Cale. for Cy4HyO3: C=76,55; H=10,71. Found: C=76,81; H=10,16;
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8,8-diethoxy-3,7-methyl-octa-3,5-dien-2-one

TH.NMR (ppm) : 1,16 (t, 6H, J =7 Hz) ; 1,93 (s, 3H) ; 2,25 (5, 3H) ; 3,40 - 3,80 (m, 4H) ; 5,96 - 6,11(m, 2H)
Z isomer : 2,60 (d, 1,2H, ] =5 Hz) ; 4,56 (t, ] = 5Hz) ; 7,42 (dd, ] = 11,5 Hz, 15 Hz).
E isomer : 2,44 (d, 0,8H, J = 5 Hz) ; 4,60 (t, ] = 5 Hz) ; 7,40 (dd, J = 11,5 Hz, 15 Hz).

IR (cm)) : 1686, 1667, 1634, 1589, 1364, 1123, 1063.
MS (my/e) : 181 (-EtOH), 103. HRMS for m/e = 181 : C;1H05.

Preparation of acetal I1a from 8,8-diethoxy-6-methyl-octa-3,5-dien-2-one.

To a solution of the ketone (0,124g ; 0,549 mmol) in dry THF (4 mL) is added at -78°C under argon a
1,6M solution of MeLi in Et7O (0,875 mL ; 1,4 mmol).

The solution is stirred for 1,5 h, then quenched with a mixture of water (0,5 mL) and THF (4 mL),
warmed up, diluted with Et5O, washed twice with brine, dried (MgSQy), and concentrated in vacuo.

The residue (0,132 g) is purified by flash-chromatography (10/1 pentane/Et;0) to give Ie (0,116 g ;
0,478 mmol, 87 %).

General procedure for the preparation of aldehydes IIla-e from acetals Ila-e

An acetal IT (0,5 mmol) and 12 mL of aqueous acetone (made from acetone 192 mL and water 1 mL) are
charged in a 10 mL flask equipped with a condenser.

The solution is heated to reflux, then 0,1 mL of dilute hydrobromic acid (made from acetone 5 mL and
47 % HBr 0,1 mL) is added. Reflux is maintained until disappearance of the acetal and formation of the
strongly U.V. active spot of the unsaturated aldehyde (TLC, 10/1 pentane/ Ety0).

The orange-red solution is diluted with EtyO (50 mL), washed twice with water, dried (MgSO4) and
evaporated in vacuo.

Chromatography (silica gel, 10/1 pentane - Et;Q) yields the pure aldehydes ITIa-e identical to authentic
samples.
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