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sp2- Hybrid ized p-Su bst ituted Organo-l it hi urn, -sodium, and -potassi urn 
Dianions; Preparation, Stability, and Reactivity 

Jose Barluenga," Jose R.  Fernandez, and Miguel Yus 
Departamento de Quimica Organica, Facultad de Quimica, Universidad de 0 viedo, Spain 

The reaction of the substituted 2-chloroallyl alcohol (3a) with ethylmagnesium bromide followed ,by 
lithium was found to give the 0-substituted organolithium derivative (4) of the type C=CC(O). 
Intermediates of this type were also prepared directly from (E) -2-chlorocrotonaldehyde (2) or 2-chloro- 
acrolein (1 9) by the same process using different Grignard reagents. The use of sodium or potassium as 
the metal in the second step of the process was found to give the corresponding organosodium or 
organopotassium derivative (24) or (25). A dilithiated dianion (26) was also obtained from the 
corresponding chlorohydrin (3d) by reaction with phenyl-lithium followed by lithium. These inter- 
mediates, which are stable species at room temperature, were found to react stereoselectively with 
electrophilic reagents leading to functionalized substituted allyl alcohols. The thermal stability of the 
lithiated dianion (4d) has also been investigated. 

P-Substituted organometallic compounds derived from main 
group elements are difficult to prepare as they tend to undergo 
P-elimination reactions to give olefins.'v2 For this reason, earlier 
attempts to synthesize intermediates of this type derived from 
magnesium ' v 3  or lithium4 gave only very low yields even at 
- 100 "C. P-Substituted organometallics are more stable when 
the metal and the heteroatom are linked to an sp2 hybridized 
carbon atom and are cis' to each other (see Scheme 1). 
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Scheme 1. 

Recently, we reported two routes to P-substituted organol 
lithium compounds at - 78 "C: (a)  by mercury-lithium trans- 
metallation of P-substituted organomercurials; and (b) by 
direct lithiation with lithium naphthalenide of chlorohydrins.' 
These dianions are stable species at low temperature owing to 
the lowered electronegativity of the heteroatom at the p- 
position with respect to the metal atom.? The reactivity of these 
intermediates with electrophilic reagents has also been investi- 
gated ' 9 '  (Scheme 2). 

We report here the direct preparation, stability, and reactivity 
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Scheme 2. Reagents: i, PhLi; ii, Li; iii, Li+CIoHs-; iv, E = D,O, RHal, 
0,, CO,, Me,&, RCHO, R,CO, RN=CR,; v, HCI-H,O 

t The stability of these intermediates could also be due to the formation 
of a ion pair, see A. Streitwieser, J.  Am. Chem. Soc., 1983, 105,2502, and 
P. v. R. Schleyer, J. Am. Chem. SOC., 1983, 105, 7617. 

of the P-substituted organoalkaline 1 compounds (4) in which the 
metal is linked to an sp2-hybridized carbon atom while the 
heteroatom is on an sp3-hybridized atom;§ they were prepared 
by a metallation process starting from the corresponding 
unsaturated chlorohydrins or aldehydes. 

Results and Discussion 
Successive treatment of the unsaturated chlorohydrin (3a) with 
ethylmagnesium bromide and lithium powder at - 15 to 20 "C 
(Method A) led to the dianion (4a)II which by reaction with 
different electrophilic agents (D,O, Me,S,, or CO,) yielded 
stereoselectively the functionalized substituted allyl alcohols 
(5)--47) (Scheme 3 and Table, entries 2,4,6). 

The starting chlorohydrin (3a) was prepared by the addition 
of ethylmagnesium bromide to (E)-2-chlorocrotonaldehyde (2) 
[obtained by chlorination of trans-crotonaldehyde (1) with 
chlorine-sodium hydroxide 71 followed by hydrochloric acid 
hydrolysis (Scheme 3). The expected retention of configuration 
of the C-Li bond during the S,  reaction8-" [(4a)-+(5)-(7)] 
was tested by comparison of the H n.m.r. data (6 values for the 
olefinic protons) of compounds (5)--(7) with the calculated 
values. 

We have simplified and improved the above described 
method for dianionic intermediates of type (4) 11 starting directly 
from the 2-chloroaldehyde (2) by the addition of a Grignard 
reagent followed by lithium powder at - 15 to 20 "C (Method 
B) (as described above), The resulting dianions (4) react with 
electrophiles (H,O, D,O, Me,S2, CO,, Pr'CHO, and 
HCONMe,) to afford the corresponding substituted allyl 
alcohols (5)-(17) stereoselectively (Scheme 4 and Table, entries 
1,3,5,7--13, and 17-19). 

When the starting 2-chloro carbonyl compound is 2-chloro- 
acrolein (19) the corresponding P-substituted organolithium 
compounds (20) I( were obtained; these react with electrophiles 
(D20, Me,S,) to give the expected substituted allyl alcohols 
(21 j(23) (Scheme 5 and Table, entries 20-22). 

1 The term organoalkaline refers to organo-lithium, -sodium, and - 
-potassium species. 
9 The preparation of two intermediates of type (4) derivatives of primary 
alcohols, from the reaction of two unsaturated bromohydrins with s- 
and t-butyl-lithium at - 78 "C, has been reported previously. 
/ I  The initially obtained dianions (4), (20), (24), and (25) exist in 
equilibrium with the isomeric structures in which the metal atoms are 
interchanged. 
7 For the stereochemistry of the addition-elimination reaction of 
halogen to substituted olefins see for instance ref. 8 and 10. 
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Table. Preparation of the dianions (4), (20), and (24H26)  and reaction with electrophiles (E) 

Product 
Starting I A > 

Entry compound Method" Dianion E Yield (%)b  B.p. (TjrnmHg) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

"! B 

A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
B 
B 
B 
B 
B 
B 

i] 55 

::] 63 

;:I} 
68 
68 
65 
52 
48 
79 

60 
67 ' 
48 
57 
55 
48 

51-53/15 

52-54iO.1 

64-66/0.1 

54-561 1 5 
54-561 15 
54-57/15 
57-60/0.001 
68-70/0.1 
64-66/ 1 5 

64-67,! 15 

e 
70-7 110.1 
63-65/15 
5&53/15 

e 
53-55iO.1 

See Schemes 3 4 .  Isolated yield based on starting compounds (2), (3a), and (19). Isolated and characterized as its methyl ester (7') and (16') by 
treatment of the carboxylic acid with diazomethane. Diastereoisomeric mixture (1.75: 1, from g.1.c.). This product was condensed trap-to-trap at 
0.1 mmHg. 

0 0 OH 

( 2 )  (3a) 

OMgBr OH 

(Sa) (5) X = D 
(6) X = MeS 
(7) X = COzH 

Scheme 3. Reagents: i, Cl,-NaOH; ii, EtMgBr; iii, HCl-H,O; iv, Li; v, 
E = D20,  Me&, CO, 

We have also used Method B to obtain the corresponding 
P-substituted organosodium or organopotassium compounds. 
Thus, treatment of compound (2) with butylmagnesium 
bromide followed by lithium powder, sodium,* or potassium * 
under the same conditions as described above for intermediates 
(4) and (20) led to the dianions (4d), (24), and (25),t respectively. 
These organometallic compounds were characterized by 
deuteriolysis with deuterium oxide and conversion into the 
deuterio derivative (14) (Scheme 6 and Table, entries 13-15). 

*Sodium and potassium were used as metal plates prepared by 
dissolution of the metal in liquid ammonia at - 50 "C followed by 
evaporation at 0.1 mmHg. 
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Scheme 4. Reagents: i, RMgBr; ii, Li; iii, E = H20,  D,O, Me,S,, CO,, 
Pr'CHO, HCONMe,; iv, HCl-H,O 

A dilithium derivative (26) was obtained by successive 
addition of phenyl-lithium and lithium (Method C )  to the 
chlorohydrin (3d) [obtained by treatment of compound (2) with 
butylmagnesium bromide and further hydrolysis with hydro- 
chloric acid]. The intermediate (26) was also characterized by 
deuteriolysis with deuterium oxide, and thus product (14) was 
isolated (Scheme 6 and Table, entry 16). 

t The initially obtained dianions (4), (20), (24), and (25) exist in 
equilibrium with the isomeric structures in which the metal atoms are 
interchanged. 
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(19) 
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(21) D Pr" 
(22) D allyl 
(23) MeS allyl 

b R = allyl 

Scheme 5. Reagents: i, C1,-NaOH; ii, RMgBr; iii, Li; iv, E = D,O, 
Me2S2; v, HCl-H,O 

OMgBr 

i ,ii 

Method 8 k. \ iii , i v  

( 2 )  

I ( b d )  M = Li 
i,iv 1 (14) 

\ ( 2 4 )  M = Na 
( 2 5 )  M = K 

OH OLi 

v , v i  I 

Method C 

(3d) (26 )  

Scheme 6. Reagents: i, Bu"MgBr; ii, M; iii, D,O, iv HCI-H,O; v, PhLi; 
vi, Li 

i--iii ~ (14) 

' (13) 
iv, i i ,  iii 

Scheme 7.  Reagents and conditions: i, THF, 65 "C; ii, D,O; iii, HCI-H,O; 
iv, dioxane, room temp. 

Finally, we have investigated the thermal stability of the 
lithiated dianion (4). When a tetrahydrofuran solution of (4) 
was refluxed for 2 h and then treated with deuterium oxide, 
compound (14) was isolated; however, treatment of compound 
(4d) in dioxane (a better proton source than THF) at room tem- 
perature for the same period followed by further deuteriolysis 
led to the alcohol (13) as a result of proton abstraction from the 
reaction medium. The corresponding cumulene, which might 
have been expected from a p-elimination process,'V2 was in no 
case isolated (Scheme 7). 

The chemistry described in this paper offers a new route to 
the synthon W C ( 0 ) .  

Experiment a1 
General.-1.r. spectra were determined with a Pye-Unicam 

SP-lo00 spectrometer and recorded for films. 'H and I3C 

N.m.r. spectra were recorded on a Varian FT-80 spectrometer, 
with SiMe, as internal standard; carbon tetrachloride was used 
as solvent and a D,O capillary was employed as lock reference. 
The purity of the volatile distilled products was determined with 
a g.1.c. Varian Aerograph 2800 instrument equipped with an 
OV-101 Chromosorb column. Elemental analysis was carried 
out with a Perkin-Elmer 240 Elemental Analyser. Ether refers 
to diethyl ether. 2-Chlorocrotonaldehyde (2) l 3  and 2-chloro- 
acrolein (19) were obtained from the corresponding aldehyde 
(Fluka, Merck) by the literature method.' The electrophilic 
reagents (E) were of the best commericial grade available 
(Aldrich, Fluka, and Merck) and were used without further 
purification. Grignard reagents and phenyl-lithium were pre- 
pared in ether by treating the corresponding bromo derivative 
with magnesium (turnings, Merck) or lithium (powder, < 20pm, 
Kock Light) according to the standard methods l 6  and used as 
ca. lwsolutions. Sodium and potassium were used as metal 
plates (see Discussion). Ether was dried successively with 
anhydrous calcium chloride, sodium sulphate, sodium, and 
finally a K-Na (K,Na) liquid alloy l 7  under reflux, and was 
distilled and stored under argon. Tetrahydrofuran (THF) was 
dried successively with anhydrous calcium chloride and sodium 
sulphate; it was then refluxed with potassium, distilled, and 
stored under argon. Dioxane was dried successively with 
anhydrous calcium chloride and sodium sulphate, and finallly 
refluxed with sodium, distilled, and stored under argon. All 
reactions were carried out under argon and all glassware was 
dried before use. 

Preparation of Chlorohydrins (3).-An ether solution of a 
Grignard reagent (16 mmol) was added to a stirred solution of 2- 
chlorocrotonaldehyde (2) (15 mmol) in THF (30 ml) at - 15 "C 
under argon. The reaction mixture was stirred for 2 h and the 
temperature allowed to rise to 20°C; the solution was then 
hydrolysed with water and neutralized with hydrochloric acid. 
The resulting solution was extracted with ether, and the organic 
layer washed with water and dried (Na,SO,). The solvents were 
removed (15 mmHg) and the resulting residue was distilled to 
afford the products (3a) and (3d). (E)-4-Ch/orohex-4-en-3-0/ (3a) 
[8l% yield based on aldehyde (2)], b.p. 4 5 4 8  "C (0.1 mmHg) 
(Found: C, 53.4; H, 8.3. C6H1 ,C10 requires C, 53.54; H, 8.24%); 
v,,,. 3 400 cm-' (OH); 6,0.9 (3 H, t, J 8  Hz, CH,CH,), 1.4-1.9 
(5 H, m, with d at 6 1.8, J 6  Hz, CH,CO and C H , W ) ,  3.8 (1 H, 
s, OH), 4.0 (1 H, t, J 6 Hz, CHO), and 5.75 (1 H, q, J 6 Hz, 

76.4 (d, CHO), 121.7 (d, CH=C), and 137.3 (s, CCl). 
(E)-3-Chloro-oct-2-en-4-ol(M) [88% yield based on aldehyde 

(2)], b.p. 66-68 "C (0.1 mmHg) (Found: C, 59.1; H, 9.4. 
C8H15C10 requires C, 59.07; H, 9.30%); vmax. 3 400 cm-' (OH); 
6,0.7-1.05 (3 H, m, CH,CH,), 1.1-1.55 (6 H, m, 3 x CH,), 

Hz,CHO),and 5.7(1 H , q , J 6  Hz,CH=C);6, 13.l(q, CH,CH), 
13.75 (9, CH,CH,), 22.1, 27.5, 34.3 (3 t, 3 x CH,), 75.0 (d, 
CHO), 120.1 (d, CH=C), and 135.0 (s, CCI). 

C H S ) ;  6,  9.4 (4, CH,CH,), 13.1 (9, C H , W ) ,  27.3 (t, CH,), 

1.75 (3 H, d, J 6 Hz, CH,CH), 3.65 (1 H, S, OH), 4.0 (1 H, t, J 6 

Preparation of the Intermediates (4a) and (26) from the 
Chlorohydrins (3a) and (3d). Methods A and C. General Pro- 
cedure.-To a stirred solution of the chlorohydrin (3) (15 mmol) 
in THF (30 ml) was added an ether solution of the corres- 
ponding organometallic reagent (ethylmagnesium bromide or 
phenyl-lithium) (16 mmol) at - 15 "C under argon. The 
reaction mixture was stirred for ca. 30 min at the same 
temperature and then lithium powder (0.32 g, 45 mmol) was 
added. The resulting mixture was stirred for ca. 12 h and the 
temperature allowed to rise to 20°C. The suspension was 
filtered off (G-3) to give the corresponding solution of the 
intermediate (4a) or (26). 
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116.5 (t, CH,=C), 133.7 (t, JCD 22.6 Hz, CD), 125.2 and 134.8 (2 
d,2  x CH=C). 

(E)-4-Ethylidene-2-methyloct-7-ene-3,5-diol (1 1) t (Found: C, 
71.7; H, 11.0. C11H200, requires C, 71.69; H, 10.94%); v,,,, 
3 400 cm ' (OH); 6 ,  0.75-1.6 (7 H, m, 2 x CH,CH and 
CHCO), 1.75 (3 H, d, J 6 Hz, C H , W ) ,  2.2-2.55 (2 H, m, 
CH,C==C), 4.1 (2 H, s, 2 x OH), 3.95-4.35 (2 H, m, 2 x CHO), 
4.8-5.25 (2 H, m, CH,=C), and 5.45-6.0 (2 H, m, 2 x CH=C); 
6, 13.1, 13.3 (2 q, CH,C=C), 18.8, 19.1, 19.4, 19.7 (4 q, 

69.9, 73.4, 75.0,75.5 (4 d, 2 x CHO), 116.0, 116.4 (2 t, CH,=C), 
122.5, 122.9, 135.4,135.9 (4d, 2 x CH=C), 141.7, and 142.2 (2 s, 
C=CH). 
(E)-2-Ethylidene-3-hydroxyhex-4-enal (12) (Found: C, 68.7; 

H, 8.6. C8HI2O2 requires C, 68.55; H, 8.63%); v,,,. 3 460 (OH) 
and 1 680 cm-' (W); tiH 2.0 (3 H, d, J 6 Hz, CH,), 2.15-2.4 
(2 H, m, C H , W ) ,  3.65 (1 H, s, OH), 4.5 (1 H, t, J6 Hz, CHO), 
4.85-5.15 (2 H, m, CH,=C), 5.4-5.65 (1 H, m, CHSH,), 6.52 
(1 H, q, J 8 Hz, CHCH,), and 9.25 (1 H, s, CH=O); 6, 14.9 (q, 

144.3 (2 d, 2 x CH=C), 151.7 (s, C=CH), and 194.8 (d, CH=O). 
(Z)-Oct-2-en-4-ol (13) (Found: C, 74.8; H, 12.5. C8H,,0 

requires C, 74.94; H, 12.58%); v,,,. 3 380 cm-' (OH); 6,0.65-- 
1.0 (3 H, m, CH,CH,), 1.05-1.45 (6 H, m, 3 x CH,), 1.5-1.7 
(3 H, m, CH,CH), 3.7-3.95 (1 H, m, CHO), 4.2 (1 H, s, OH), 
and 5.3-5.55 (2 H, m, 2 x CH=Q 6, 13.8 (q, CH,CH,), 17.3 
(q, CH,CH), 22.5, 27.5, 36.9 (3 t, 3 x CH,), 72.1 (d, CHO), 
124.8, and 134.9 (2 d, 2 x CH=C). 

(Z)-3-Deuterio-oct-2-en-4-0/ (14) (Found: C, 74.3; H/D, 13.3. 
C8H,,D0 requires C, 74.36; H/D, 13.26%); vmax. 3 400 cm 
(OH); 6, 0.5-0.95 (3 H, m, CH3CH2), 1.05-1.45 (6 H, m, 
3 x CH,),1.6(3H,d,J6Hz,CH3CH),2.1-2.5(1H,brs,OH), 
3.7-3.95 (1 H, m, CHO), and 5.3-5.65 (1 H, m, CH=C); 6, 13.8 

72.0 (d, CHO), 124.5 (d, CH=C), and 134.7 (t, JCD 22.9 Hz, CD). 
(E)-3-Methylthio-oct-2-en-4-ol(15) (Found: C, 61.9; H, 10.5 

C9Hl,0S requires C, 62.02; H, 10.41%); vmax. 3 420 cm-' (OH); 
6,0.9-1.05 (3 H, m, CH,CH,), 1.15-1.75 (6 H, m, 3 x CH,), 

br s, OH), 3.94.1 (1 H, m, CHO), and 5.95 (1 H, q, J 6  Hz, 
CH=C); 13~13.7 (q, CH,CH,), 14.5 (q, CH,S), 16.6 (4, CH,CH), 
22.4,27.8, 35.5 (3 t, 3 x CH,), 75.4 (d, CHO), 128.0 (d, CH=C), 
and 140.0 (s, C=CH). 
Methyl (E)-2-ethylidene-3-hydro.uyheptanoate (16') t (Found: 

C, 64.4; H, 9.7. C10H1803 requires C, 64.49; H, 9.74%); v,,,. 
3 500 (OH) and 1750 cm-' (W); 6, 0.75-1.0 (3 €3, m, 
CH,CH,), 1.15-1.6 (6 H, m, 3 x CH,), 1.95 (3 H, d, J 6  Hz, 
CH,CH), 3.45 (1 H, s, OH), 3.7 (3 H, s, CH,O), 4.14.35 (1 H, 
m, CHO), and 6.0-6.35 (1 H, m, CH=C); 6c 13.6 (q, CH,CH,), 
14.8 (q, CH,CH), 22.3,27.8,36.5 (3 t, 3 x CH,), 50.5 (4, CH,O), 
71.5 (d, CHO), 134.4 (d, CH=C), 136.4 (s, C=CH), and 167.4 (s, 
C=O). 

(Z)-3-Deuterio-6-rnethyZhept-2-en-4-01 (17) (Found: C, 74.4; 
H/D, 13.2. C8Hl,D0 requires C, 74.36; H/D, 13.26%); vmax, 

1.5 [3 H, m, CH(CH,), and CH,], 1.65 (3 H, d, J 6 Hz, 
CH3C=C), 3.25 (1 H, br s, OH), 3.8-4.05 (1 H, m, CHO), and 
5.3-5.7 (1 H, m, CH=C); 17.2 (q, CH,=), 22.2, 22.8 (2 q, 

CHO), 124.3 (d, CH=C), and 135.0 (t, JCD 23.05 Hz, CD). 
2-Deuteriohex-1-en-3-01 (21) (Found: C, 71.3; H/D 13.0. 

C6HllD0 requires C, 71.23; H/D, 12.95%); vmax. 3 380 cm ' 
(OH); SH0.7-l.2 (3 H, m, CH,), 1.15-1.7 (4 H, m, CH,CH,), 
2.55-2.9 (1 H, br s, OH), 3.84.05 (1 H, m, CHO), and 4.85- 
5.3 (2 H, m, CH,=C); 6,13.7 (q, CH,), 18.3,39.2 (2 t, CH,CH,), 
72.0 (d, CHO), 113.1 (t, CH,=C), and 141.4 (t, JcD 23.4 Hz, CD). 

2 x CH,CH), 32.4,33.1 (2d, CHCO),40.0,42.6(2 t, CH,C==C), 

CH,), 41.0 (t, CH,C=C), 67.1 (d, CHO), 116.9 (t, CH,=C), 134.5, 

(9, CH,CH,), 17.2 (9, CH,CH), 22.5,27.6, 37.0 (3 t, 3 x CH,), 

1.85 (3 H, d, J 6  Hz, CH,CH), 2.2 (3 H, S, CH,S), 2.25-2.4 (1 H, 

3 390 cm-' (OH); S H  0.8 (6 H, d, J 6 Hz, 2 x CH,CHC), 0.9- 

2 x CH,CHC), 24.2 [d, CH(CH,)J, 46.5 (t, CH,), 70.1 (d, 

Preparation of the Intermediates (4), (20), (24), and (25) from 
(E)-2-Chlorocrotonaldehyde (2) or 2-Chloroacrolein (19). Method 
B. General Procedure.-An ether solution of a Grignard reagent 
(16 mmol) was added to a stirred solution of the corresponding 
2-chforoaldehyde (2) or (19) (15 mmol) in THF (30 ml) at 
- 15 "C under argon. The mixture was stirred for 2 h and the 
temperature allowed to rise to 20 "C. Then, the corresponding 
metal [lithium powder, or sodium or potassium plates (see 
Discussion), 45 mmol] was added to the mixture at - 15 "C and 
it was stirred for ca. 12 h and the temperature allowed to rise to 
20 "C. The resulting suspension was filtered off (G-3) to give the 
corresponding solution of the intermediate (4), (20), (24), or 
(25). 

Reaction of the Intermediates (4), (20), and (24)--(26) with 
Electrophiles. Isolation of Products (5)--(23). General Pro- 
cedure.--Once the solution of the intermediate (4), (20), or 
(24)--(26) had been prepared as described above (15 mmol) the 
corresponding electrophile (15 mmol) was added, the mixture 
was stirred for 3 h and then hydrolysed with water and 
neutralized with hydrochloric acid. The resulting solution was 
extracted with ether, the organic layer was washed with water 
and dried (Na,SO,), the solvents were removed (760 or 15 
mmHg) and the residue was distilled under reduced pressure 
(see Table) to afford the products (5)-(23). (Z)-4-Deuteriohex- 
4-en-3-01 (5) (Found: C, 71.4; H/D, 13.0. C6H1 ,DO requires C, 
71.23; H/D, 12.95%); v,,,. 3 395 cm-' (OH); 6,0.85 (3 H, t, J 8 
Hz, CH,CH,), 1.45 (2 H, quintet, J6 Hz, CH,), 1.65 (3 H, d, J6 
Hz, CH,CH), 3.4 (1 H, s, OH), 3.6-3.95 (1 H, m, CHO), and 
5.35-5.65 (1 H, m, CH=C); 6, 9.5 (q, CH,CH,), 17.2 (q, 
CH,CH), 29.9 (t, CH,), 73.3 (d, CHO), 124.7 (d, CH=C), and 
134.3 (t, JCD 23.1 Hz, CD). 

(E)-4-Methylthiohex-4-en-3-o1 (6) (Found: C, 57.5; H, 9.6. 
C,H,,OS requires C, 57.49; H, 9.65%); v,,,. 3 400 cm-' (OH); 

(3 M, d, J6 Hz, CH,CH), 2.2 (3 H, s, CH,S), 2.9-3.5 (1 H, br s, 
OH), 4.0 (1 H, t, J6 Hz, CHO), and 5.95 (1 H, q, J6 Hz, CH=C); 

CH,), 76.7 (d, CHO), 128.4 (d, CH=C), and 139.4 (s, C=CH). 
Methyl (E)-2-ethylidene-3-hydroxypentanoate (7') t (Found: 

C, 60.5; H, 8.9. C8H,,03 requires C, 60.74; H, 8.92%); vmaX. 3 480 
(OH) and 1 725 cm-' (M); 6,0.9 (3 H, t, J 8 Hz, CH,CH,), 
1.55 (2 H, quintet, J6 Hz, CH,), 1.95 (3 H, d, J6 Hz, CH,CH), 
3.1 (1 H, s, OH), 3.7 (3 H, s, CH,O), 3.95-4.2 (1 H, m, CHO), 
and 6.0-6.35 (1 H, m, CH=C); 6 ,  9.5 (q, CH,CH,), 14.7 (9, 
CH,CH), 29.3 (t, CH,), 50.4 (9, CH,O), 72.7 (d, CHO), 134.5 (d, 
CH=C), 135.8 (s, C=CH), and 167.4 (s, M). 

(2)-3-Deuteriohept-2-en-4-01 (8) (Found: C, 72.9; H/D, 13.2. 
C,H13D0 requires C, 72.99; H/D, 13.12%); vmax. 3 360 cm-' 

2 x CH,), 1.55 (3 H, d, J6 Hz, CH,CH), 3.15-3.4 (1 H, br s, 
OH), 3.74.1.5 (1 H, m, CHO), and 5.25-5.65 (1 H, m, CH=C); 

2 x CH,), 71.5 (d, CHO), 124.3 (d, CH=C), and 134.6 (t, JCD 
23.2 Hz,CD). 
(Z)-Hepta-l,5-dien-4-01(9) (Found: C, 75.0; H, 10.7. C7H120  

requires C, 74.95; H, 10.78%); vmax. 3 430 cm ' (OH); 6, 1.7 

s, OH), 3.94.0 (1 H, m, CHO), 4.75-5.25 (2 H, m, CH,=C), 
and 5.4-5.95 (3 H, m, 3 x CH=C); 6, 17.35 (9, CH,), 41.9 (t, 
C H , M ) ,  71.6 (d, CHO), 116.5 (t, CH,=C), 125.3, 134.1, and 
134.8 (3 d, 3 x CH=C). 
(Z)-5-Deuteriahepta-1,5-dien-4-o1(10) (Found: C, 74.3; H/D, 

11.5. C7Hi1D0 requires C, 74.29; H/D, 11.58%); v,,,. 3 440 
cm-' (OH); 6" 1.7 (3 H, d, J 6 Hz, CH,), 2.2 (2 H, t, J 6 Hz, 
C H , M ) ,  23-32 (1 H, br signal, OH), 3.95 (1 H, t, J 6 Hz, 
CHO), 4.35-5.35 (2 H, m, CH,=C), and 5.3516.0 (2 H, m, 2 x 

6, 0.9 (3 H, t, J 8 Hz, CH,CH,), 1.5-1.75 (2 H, m, CH,), 1.9 

6c9.9 (4, CH,CH,), 14.6 (4, CH,S), 16.7 (4, CH,CH), 28.5 (t, 

(OH); 6, 0.85 (3 H, t, J 8 Hz, CH,CH2), 1.05-1.45 (4 H, m, 

6, 13.5 (q, CH,CH,), 17.9 (9, CHSCH), 18.3, 39.3 (2 t, 

(3 H, d, J 6 Hz, CHj), 2.25 (2 H, t, J 6 Hz, C H Z M ) ,  3.25 (1 H, 

CH=C); 6~ 17.3 (9, CH,), 41.9 (t, CH,C=C), 71.5 (d, CHO), t See footnotes c and din the Table. 



J. CHEM. SOC. PERKIN TRANS. I 1985 45 1 

2-Deuteriohexa-l,5-dien-3-01 (22) (Found: C, 72.7; H/D 1 1.1. 
C6H,D0 requires C, 72.68; H/D, 11.18%); v,,,, 3 380 cm 
(OH); 6,2.25 (2 H, t, J 6  Hz, CH,C==C), 3.4-3.6 (1 H, br s, OH), 
3.95-4.2 (1 H, m, CHO), 4.9-5.3 (4 H, m, 2 x CH2=C), and 
5.55-6.05 (1 H, m, CH=C); 6,41.5 (t, CH,C=C), 71.8 (d, CHO), 
113.9, 116.9 (2 t, 2 x CH2=C), 134.4 (d, CH=C), and 140.3 (t, 
JcD 23.5, CD). 
2-Methylthiohexa-l,5-dien-3-01 (23) (Found: C, 58.3; H, 8.4. 

C7H120S requires C, 58.29; H, 8.39%); v,,,. 3 420 cm-I (OH); 
SH 2.0-2.15 (5 H, m, with s at 6 2.1, CH,C==C and CH,S), 3 . 4 -  
3.6(1H,brs,OH),3.95--4.1(1 H,m,CHO),4.8-5.25(4H,m, 
2 x CH2=C), and 5.5-6.0 (1 H, m, CH=C); 6, 13.9 (4, CH,S), 
41.0(t, CH,C=C), 74.2 (d, CHO), 104.1, 116.9 (2 t, 2 x CH,=C), 
and 150.3 (s, C=CH2). 

Thermal Decomposition of the Dianion (4). General Pro- 
cedure.-The intermediate (4) (15 mmol) was obtained as 
described above. The reaction mixture was filtered off (G-9,  the 
solvents were removed (0.1 mmHg) from the resulting solution 
and THF or dioxane (25 ml) was added. The solution was 
refluxed for 2 h and then deuterium oxide (2.0 ml, 100 mmol) 
was added at room temperature. The mixture was then 
neutralized with hydrochloric acid, extracted with ether, and the 
organic layer was washed with water and dried (Na,SO,). The 
solvents were removed (15 mmHg) and the residue was distilled 
(15 mmHg) to afford the product (13) [77% yield based on (2)] 
or (14) [71”/, yield based on (2)]. 

References 
1 H. Normant, Bull. SOC. Chim. Fr., 1972, 2161. 
2 J. Barluenga, M. Yus, J. M. Concellh, and P. Bernad, J. Org. Chem., 

3 D. Steinborn, J. Organomet. Chem., 1979, 182, 313. 
4 M. Schlosser and V. Ladenberger, Angew. Chem., 1966,78, 547. 
5 R. H. Wollenberg, K. F. Albizati, and R. Perie, J. Am. Chem. Soc., 

1977, 99, 7365; L. Duhamel and J. M. Poirier, ibid., 1977, 99, 8356; 
K. S. H. Lau and M. Schlosser, J. Org. Chem., 1978, 43, 1595. 

6 J. Barluenga, F. J. Faiianas, J. Villamafia, and M. Yus, J.  Org. Chem., 
1932, 47, 1560, and ref. therein. 

7 J. Barluenga, J. Ftorez, and M. Yus, J. Chem. SOC., Perkin Trans. 1 ,  
1983, 3019; C .  Najera, M. Yus, and D. Seebach, Helu. Chim. Acta, 
1984, 67, 289. 

1983, 48, 3117, and ref. therein. 

8 M. Schlosser and E. Hammer, Helv. Chim. Acta, 1974, 57, 2547. 
9 E. J. Corey and G. N. Widiger, J. Org. Chem., 1975, 40, 2975. 

10 J. Sicher, Angew. Chem., 1972, 84, 177. 
1 1  For a recent example see: L. Duhamel, J. M. Poirier, and N. Tedga, J.  

12 C. Pascual, J. Meier, and W. Simon, Helu. Chim. Acta, 1969,49, 164. 
13 Beilsteins Handbuch der Organischen Chemie, Supplement 2,1,789. 
14 Beilsteins Handbuch der Organischen Chemie, Supplement 3,1,2960. 
15 G. A. Ropp, W. E. Craig, and V. Raaen, Org. Synth., Coll. Vol. IV, 

16 For a review see: ‘Methoden der Organischen Chemie,’ Houben- 

17 H. Gilman and R. W. Young, J. Org. Chem., 1936, 1, 315. 

Chem. Res., 1983 ( S ) ,  222; ( M ) ,  2101. 

1963, 130. 

Weyl, 4th edn., 1973, 13/2a, p. 47. 

Received 9th May 1984; Paper 41739 


