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One of the commercial syntheses of vitamin A involves the 
preparation of 4-acetoxy-:!-methy1-2-butenal(6) [also known 
as P-formylcrotyl acetate and y -acetoxytiglicaldehyde] as a 
key intermediate.2 Recently, Wehrli and Schaer have re- 
ported3 an extremely simple route to this aldehyde (6) starting 
from isoprene (1). This present note discusses a similarly facile 
method that we have developed for converting isoprene to 
aldehyde 6 (Scheme I). 

I t  is well known4 that certain primary alkyl halides can be 
oxidized to aldehydes using dimethyl sulfoxide (Me2SO) in 
the presence of' a weak nonnucleophilic base. The required 
precursor to y-acetoxytiglicaldehyde (6) using this oxidation 
step would be 4-bromo-3-methyl-2-buten-1-01 acetate ( 5 )  or 
the corresponding chloride (4).5 As a model system for the 
desired transformation (Le., 5 -. 6), l-bromo-3,7-dimethyl- 
2,6-octadiene (geranyl bromide) was treated with 1 equiv of 
sodium bicarbonate in MezSO at room temperature for 15 h. 
Instead of obtaining the expected aldehyde (citral), NMR and 
IR analysis indicated the product to be a mixture of trienes 
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derived from a competing elimination reaction. Similar results 
were obtained when either 1-bromo-3-propyl-2-hexene6 or 
1-bromo-2-octeneT was treated under the same conditions. 

This failure to oxidize a primary allylic bromide to the 
corresponding a$-unsaturated aldehyde using Me2SO is 
consistent with results of similar experiments by Ganem and 
BoeckmanS8 In view of these negative results, it was much to 
our surprise that allylic bromide 5 was oxidized to the corre- 
sponding aldehyde (6) in 80% yield using Me2SO in the pres- 
ence of sodium bicarbonate at  room temperature. 

Since bromide 5 was difficult5 to  obtain in good yield and 
to purify, we decided to develop an efficient synthesis of the 
corresponding chloride (4). Addition of vinylmagnesium 
bromide to chloroacetone (2) affordedg an excellent yield of 
isoprene chlorohydrin (3).1° Subsequent treatment of the 
latter compound with glacial acetic acid containing 1 equiv 
of acetic anhydride and a strong acid catalyst" went quite 
smoothly to give the corresponding rearranged primary allylic 
acetate (4) as the sole isolated product in 80% yield. 

Treatment of primary allylic chloride 4 with dimethyl 
sulfoxide and 1 equiv of sodium bicarbonat,e proved to be a 
sluggish reaction, even at  a temperature of 80 "C. However, 
in the presence of a catalytic amount (5-10%) of sodium bro- 
mide, chloride 4 could be oxidized to the corresponding al- 
dehyde (6) using dimethyl sulfoxide and l equiv of a suitable 
base a t  80 "C. The reaction conditions chosen for this oxida- 
tion are quite critical insofar as the yield of aldehyde 6 is 
concerned. The best yield of aldehyde 6 was obtained when 
potassium phosphate dibasic (K2HP04) was employed as the 
nonnucleophilic base1* for this high-temperature oxidation. 
A further improvement in yield was achieved by the addition 
of a small amount of potassium phosphate monobasic 
(KH,PO,) as a buffer. 

An added feature to the oxidation of allylic chloride 4 at 80 
"C was the discovery that under the reaction conditions 
(Z)-4-acetoxy-2-methyl-2-butenal slowly, but quantitatively, 
isomerized to t,he more stable E stereoisomer, which could be 
isolated in >80% yield after purification of the reaction 
product. If the oxidation reaction was stopped after 5 h, iso- 
lation of the product indicated the presence of unreacted 
starting material (4)  as well as aldehyde 6 as a 6:l mixture of 
E/Z  stereoisomers. However, after 18 h using identical con- 
ditions, none of the Z stereoisomer could be detected by NMR 
analysis. In view of the stereoselectivity of this oxidation step 
and the ease of preparing 1,4-haloacetate derivatives of iso- 
prene, the method reported in this note is an attractive one 
for synthesis of (E)-4-acetoxy-2-methyl-2-hutenal (6).  

Experimental Section 
General. Reactions were carried out  under a nitrogen atmosphere. 

T h e  isolation of reaction products was accomplished by extracting 
with the specified solvent. The  combined extracts were washed 
thoroughly with saturated brine and then dried over anhydrous 
magnesium sulfate. The  solvent was removed from the dried extracts 
by using a rotary evaporator under reduced pressure. Evaporative 
distillation refers to bulb-to-bulb (Kugelrohr) short-path distillation. 
The  NMR spectra were recorded with a Varian EM-360 spectrometer 
and infrared spectra were obtained using a Beckman Acculab 1 
spectrophotometer. 
4-Chloro-3-methyl-2-buten-l-ol Acetate (4) .  A solution of 127 

mg (0.67 mmol) of p-toluenesulfonic acid monohydrate in 3.0 m L  of 
glacial acetic acid was added dropwise to a chilled (-15 "C, bath 
temperature) mixture of 767 mg (6.37 mmol) of 1-cbloro-2-methyl- 
3-buten-2-01 (3)13 and 1.0 mL (10.6 mmol) of acetic anhydride in 3.0 
mL of glacial acetic acid. This  solution was then heated a t  55 O C I 4  

(ba th  temperature) for 18 h. After cooling the reaction mixture to  
room temperautre. it was poured cautiously into 80 mL of 104b 
aqueous sodium hydroxide solution mixed with 40 g of cracked ice. 
Extraction of the  product with ether, followed by evaporative distil- 
lation, afforded 827 mg (80%) of allvlic chloride 4 as  a 6:l mixture'j 
oi'E/Z stereoisomers: b p  35-45 "C (bath temperature, 0.1 mm) [lit.I6 
bp 91-93 "C (10 mm)]; IR umax (film) 1740 (C=-=O). 1235.1025,960, 
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685 cm-’; NMR (Mers i ,  cC14) 6 5.68 (t,  J = 7 Hz, v iny l  H ) ,  4.57 (d. 

OC(=O)CH3), 1.85 (br  s, v iny l  CH3). 
Conversion of Allylic Bromide 5 to 4-Acetoxy-Z-methyl-2- 

butenal (6). A mixture of  1.10 g (5.3 mmol)  o f  4-bromo-3-methyl- 
2-buten-1-01 acetate (5)l~’ and 500 m g  (5.95 mmol)  o f  sodium bicar- 
bonate in 8 mL of anhydrous dimethyl sulfoxide was stirred vigorously 
a t  room t,emperature for approximately 20 h. The product was isolated 
by d i lu t ing the mixture w i t h  7 5  mL of water and extracting thoroughly 
w i t h  carbon tetrachloride. Chromatography18 o n  silica gel (40 m L ,  
e lu t ion w i t h  hexane-10% ether) afforded 610 m g  (81%) of aldehyde 
6 as a 4 : l  mix tureIg o f  EIZ stereoisomers, the spectral properties of 
which were identical w i t h  those previously reported20 for th is  same 
compound. 

Conversion of Allylic Chloride 4 to 4-Acetoxy-2-methyl-2- 
butenal(6). To  a 25-mL flask equipped w i t h  an eff icient st irrer and 
Vigreux co lumn were added 536 m g  (3.3 mmol)  o f  4-chloro-3- 
methy l -2-buten-  1-01 acetate (4) ,  4 mL of  anhydrous d imethy l  sulf- 
oxide, 662 m g  (3.80 mmol)  o f  K2HP04, 138 m g  (1.02 mmol)  o f  
KH2P04,21 and 40 m g  (0.38 mmol)  o f  sodium bromide. Th is  mix ture 
was then heated, protected from atmospheric moisture, a t  80 “C (bath 
temperature) for 18 h. T h e  product  was isolated by cooling the m i x -  
tu re  to  room temperature, pour ing it in to  40 mL o f  water, and ex- 
t ract ing thoroughly w i t h  carbon tetrachloride. VPC analysis (6 ft X 
‘/x in. SE-30 column, oven temperature 165 “ C .  f low 30 mL/min)  in- 
dicated the crude product (452 mg, 97% yield) to  consist mainly o f  two 
components: aldehyde 6 (retention t ime 2.3 min, >83% of  the mixture) 
and an unident i f ied higher bo i l ing component (14O6 of  the mixture, 
reteni ion t ime 5.0 min). NMR analysislg indicated the absence of  the 
2 stereoisomeric aldehyde (6)  in the crude product. Pur i f icat ion o f  
this mater ia l la  was achieved via chromatography o n  silica gel as de- 
scribed above, affording (E)-4-acetoxy-2-methyl-2-butenal (6)20 in 
approximately 80% yield. 

Registry No.--& 743-62-9;  (E)-4,24529-80-4; (2)-4,24529-81-5; 

J = 7 Hz, C H ~ O A C ) ,  4.09 I S ,  “2” CHzCI), 3.99 (s, “E” CH2C1), 2.02 (s, 

( E ) - 5 ,  32659-14-9; (Z)-S, 32659-18-5; 6, 26586-02-7; (2)-6,  69551- 
11-3. 
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The intermediate from thermolysis of diazodicyanoim- 
idazole (DDI, 1) is highly electrophilic; for example, it is 
trapped by aryl halides to form stable aromatic ha l~yl ides .~  
Structure 2, with the negative charge stabilized by the two 
cyano groups and the aromatic sextet, has been suggested for 
this intermediate.3 Form 3 is also a possible structure. If the 
intermediate is best represented by 2 rather than 3, then ni- 
trogen elimination should be enhanced in polar solvents due 
to solvation of 2. In addition, since the solid phase stability 
of DDI is greatly increased in the crystalline 18-crown-6 
complex, the solution phase stability of the DDI.18-crown-6 
complex is of interest. A similar stabilization has been noted 
for aryldiazonium salts stabilized as “host-guest’’ com- 
p l e ~ e s . ~ , j  

1 2 3 

The decomposition of DDI in acetic acid gives 4,S-dicy- 
ano-2-imidazolone (4) which has been previously prepared by 
other methods.ll 

NC 

NH NC 
4 

In hot water or aqueous acetic acid DDI gives a quantitative 
amount of nitrogen but the product is intractable. 

In benzonitrile the product from DDI thermolysis is the 
fused heterocycle 6 which probably forms by reaction of the 
intermediate nitrilium ylide 5 with a second mole of benzo- 
nitrile. 

The rate of nitrogen elimination from DDI is first order and 
correlates with the Y value of solvent.6 The trend is toward 
a slower rate of decomposition in more polar media. This 
would seem to reflect a greater solvation of starting material 
which retards the nitrogen extrusion process in more polar 
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