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Abstract—Using (ZE)-4,4-dimethoxy-2-butenal as starting compound, methods were developed for synthesis
of (2E,4E)- and (ZE,42)-dimethoxyalkadienes. Deacetalization of the latter gives with high yield the corre-
sponding dienals which are naturally occurring compounds and also synthons for preparation of conjugated
dienes as key compounds for building up other natural products.

(2E)-4,4-Dimethoxy-2-butenall) is a convenient (2E)-4,4-Dimethoxy-2-butenal is involved in the
building block for synthesis of conjugated dienes. Thesynthesis of conjugated dienes and dienals via Wittig
presence of a double bond haviBegconfiguration and or Schlosser reactions shown in Scheme 1. This
latent aldehyde functionality provides the possibilityscheme turned out to be very convenient for building
for constructing a diene and polyene fragments whichip functionally substituted conjugated systems.
are incorporated into carbon skeleton of various Initially, we have examined the behavior of butenal
organic compounds and natural molecules, such dsin the reaction with phosphonium salis in the
undecatrienes, leucotrienes, pheromones, etc. Thpesence of various bases; various reaction conditions
synthetic potential of compountd has been explored and reactant ratios were tried (Tables 1, 2). By the
insufficiently [1]. This makes (B)-4,4-dimethoxy- Wittig reaction of aldbyde | with phosphorane
2-butenal very promising subject for study. Forgenerated from the phosphonium salt;PGH,R Br-
example, compoundl was used to synthesize phero-(Il') by the action of sodium amide (heating in THF
mones of the codling motiCydia pomonellaand under reflux, £2 h) we obtained dimethoxydienes
European grapevine mottobesia botranaas well as  (E,2)-Ill . The rate of phosphorane generation depends
optically active pheromone of the dried bean beetl®n the solvent (THF) amount. It was necessary to take

Acanthoscelides obtectyg, 3]. 1 ml of the solvent per gram of the phosphonium salt.
Scheme 1.
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Table 1. Wittig olefination of (Z)-4,4-dimethoxy-2-

BADANYAN et al.

butenal ()
Product Method Isomer ratio E,Z:E,E Overall
no. (EZ:E,E:X:Y),2 % yield, %
lla AP - 70
(93.0:0:0:7.0)
b AP 95.0:1.5 73
llic AP 98.5:1.5 66
(92.0:1.4:6.6:0)
lid AP 99.4:0.4 60
(96.6:0.6:1.7:0.9)
llla A'C - 82
(94.0:0:0:6.0)
lib A'C 96.0:4.0 90
(96.0:4.0:0:0)
llic A'C 94.0:6.0 88
(87.2:5.5:7.3:0)
ld A'C 99.4:0.6 86
(91.6:0.5:6.3:1.6)
lla Bd - 78
(99.6:0:0:0.4)
b Bd 92.0:8.0 88
llic Bd 93.1:6.9 72
(85.0:6.4:7.7:0)
lid Bd 98.4:1.6 79
(94.0:1.5:8.1:0)
llic B'e 80.0:20.0 75
(77.0:20.0:3.0:0)
ld B'e 87.0:13.0 73
(84.0:12.0:4.0:0)

& X and Y are likely to be Z,2)- and ¢,E)-dimethoxydienesl! ;

the ratios were quantitated from the GLC data.

(1] o o o

Method A: NaNH,, -78°C, 1 h.
Method A" NaNH,, 0°C, 30 min.
Method B: C,HcLi, -78°C, 30 min.
Method B C,HgLi, 0°C, 30 min.

The length of the hydrocarbon chain in skltdoes
not essentially affect the isomer ratio of produldts
By varying the salt-to-base ratio from 1:1 to 1:1.5
we found that the best results were obtained at a ratio
of 1:1.3, the stereoisomeric composition of the
products remaining almost unchanged. Similar results
were obtained when the reaction was carried out at
0°C (Table 1, method\): the yield of isomeric E,Z)-
and E,E)-dimethoxydienesll was greater (8200%),
and their stereoisomeric purity was-39%. Com-
parison of our data with those reported in [4] shows
that the temperature factor is not essential.

With the use of butyllithium instead of sodium
amide (Table 1, methoB) at-78°C in THF, 72-88%
of isomeric dienedll was formed, theE,Z isomer
prevailing (stereocisomeric purity 989%). These data
differ from those given in [5], according to which the
isomer ratioE,Z: E,E is 55:45. Raising the tempera-
ture to OC (Table 1, methodB’) does not lead to
appreciable change in the product yield but strongly
affects their stereocisomeric composition (80:20) due
to increase of the fraction ofE(E)-1ll . In analogous
reaction with butyllithium at-30°C or °C in THF
the isomer ratice,Z: E,E was 85:15 [4, 6]. The prod-
ucts were purified by column chromatography on
silica gel. Dimethoxydienes underwent considerable
deacetalization during chromatographic purification;
therefore, the isolated products contained the corre-
sponding dienals. To avoid deacetalization, silica gel
was replaced by neutral aluminum oxide. In this case
we succeeded in isolating isomeric dimethoxydienes
Il in the pure form.

Thus, the Wittig reaction of &)-4,4-dimethoxy-
2-butenal in the presence of sodium amide, butyl-
lithium, and sodium silazide [2] can be recommended
for the synthesis offf,Z)-dimethoxyalkadienes.

It was also interesting to involve B-4,4-di-
methoxy-2-butenal in the Schlosser reaction with the
goal of obtaining E,E)-dimethoxydienes. It is known
that the use of a double amount of base in the Wittig
reaction increases several times the yield of Ehe

The effect of temperature was studied using sodiurfsomer [4] and that in some cases tkeisomer

amide as a base. Addition of aldehytleat —78°C

becomes the major product-{9]. As follows from

(method A) to the phosphorane generated from salthe data in Table 2, the reaction performed-a&°C

Il leads to formation of 6073% of a mixture of
(E,2)- and E,E)-dimethoxydieneslll , the fraction

affords mixtures of E,E)-dieneslll with the corre-
sponding E,Z)-isomers, the fraction of the former

of the E,Z-isomer being 9398.5%. This follows from attaining 96-96% (yield 5785%). With phosphonium
the *H, *°C, and two-dimensional NMR spectra, assaltlic as an example we examined the effect of the
well as from GLC analysis using an HP-5 column.temperature and reaction time. No appreciable change

The 3-H signal from isomerEE)-llla appears in

in the product yield and isomeric composition was

the 'H NMR spectrum a® 6.27 ppm, and the same observed in the reactions performed-&8, -50, and
signal from E,2)-llla , atd 6.63 ppm.

—20°C, the reaction time being varied from 20 min
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to 1.5 h. However, after 2 h, the yield increased tdrable 2. Schlosser olefination of @&-4,4-dimethoxy-
66%, and the fraction of theE(E)-isomer decreased 2-butenal ()
to 94%. These data indicate that the Schlosser reactien

of (2E)-4,4-dimethoxy-2-butenal can successfully Product| Temp.,| Time,|Isomer ratioE,Z: E,E | Overall
be applied to synthesis of EZ4E)-4,4-dimethoxy- no. °C h | (EZ:EE:X:Y),2% | yield, %
alkadienes.

Our further study was aimed at elucidating the b -8 |1 95.6:4.4 85
course of deacetalization of dimethoxydienkb (88.5:4.1:2.3:5.1)
(Table 3). The reaction in acetone in the presence of llic -78 | 0.3 93.0:7.0 56
a catalytic amount ofp-toluenesulfonic acid at°C (87.6:6.6:1.8:3.8)
was accompanied by appreciable change of configura-!llc -8 | 1 96.0:4.0 61
tion of the (42)-double bond. The ratio offZ)- and (90.3:3.7:0.9:5.1)
(E,E)-dienals obtained from compoundic was lllc -78 | 1.5 95.7:4.3 60
83:17 against the initial ratio 98:2. In thel NMR (88.9:5.1:3.7:2.3)
spectrum of aldehyddVc the 3-H signals were llic =50 | 1 95.1:4.9 64
observed ats 6.74 E,E) and 7.30 ppm E,2) (89.0:5.3:0:5.6)
(Tables 46). We also examined the effect of tempera- llic -20 | 1 95.6:4.4 61
ture and solvent nature on the reaction direction. In (91.9:4.3:0:3.8)
the reaction with acetallld raising the temperature i -20 | 2 93.6:6.4 66
from —10 to 20C led to isomerization toward dienal (84.0:7.7:0:6.5)
(E,E)-IV; its fraction increased from 29 to 89%. llid -78 | 1 90.0:10.0 57
According to published data [10, 11], this isomer is (83.7:9.3:0:7.0)

thermodynamically more stable. The hydrolysis of
acetalllld in acetone with an equimolar amount of* X and Y are likely to beZ,2)- and ¢ E)-dimethoxydienesl ;
water (20C, 15 min) also gave a 89% fraction of the ratios were quantitated from the GLC data.

isomer E€,E)-1V. The cis-transisomerization is i ) o
essentially suppressed by adding diethyl ether: thE.Z/E,E isomer ratio (after deacetalization) was
fraction of theE,E isomer decreases to 24% when the87:13. By column chromatography on silica gel we
etheracetone ratio is 2.5:1. We also succeeded iipolated two fractions. The first of these contained
avoiding the isomerization completely by raising the91% of the E,2)-aldehyde (yield 86%), and in the
acetonewater ratio to 2.5:1 and excluding diethyl second fraction the major isomer wasE (85%, yield
ether from the solvent mixture. As a result, the ratid9%); overall yield 95%.

of (E2)-IV and EE)-IV became 93:7 against the  Alkadienals IV attract considerable interest not
initial fraction of E2)-1ll equal to 99%. However, only as naturally occurring compounds but also as
increase in the reaction time from 15 to 60 min, a%ynthons for design of natural products.E(&Z7)-
well as addition of further portions of water (o Hexa-. -octa-. -nona-. and -decadienals are among
an acetonewater ratio of 2:1), had no appreciable ) g gehydes constituting volatile components of
effect at room temperature. Deacetqllzatlon of d'black and green tea [12, 13].E22)-Heptadienal was
gfr:?oosxsyeopergglcltli%ﬁ V‘éha'sg ggghsgéalgﬁ(\j/ %t:}he detected in tomato flowers and cranberry{13]; this
. , ! ’ .compound and its @4E)-isomer are volatile com-

as;]?re(glsomgrlcgg(l;rlty'o;‘d97% (after ChromatOgraph'%on(fnts responsiblengor)a specific odor of yellow
purification) in o yield. - green algaeUroglena americanawhich causes

It should be noted that products of both Wittig andflorescence of water [16, 17]. £242)-Nonadienal was

Schlosser reactions, apart from the maBE and ; . h : :
E,Z isomers, contained two more substances (acco[jc%-z;mdolr? eﬁ?tg;ocgalr?c]ﬁ (fr’éz) ieecnaorl:ﬁP %Iol\zeisfr?gaqg]
ing to the GLC data). Taking into account publishe P 9 ’

data [4, 8], these substances are most likely to b@nd also a component of natu_ral codling moth p_hero-
(Z,2)- and @ E)-dimethoxydieneslll . The reaction Mon€ [18]; the corresponding K2E)-isomer is
mixture obtained after deacetalization contained onl Volatile component determining the odor ffunus
isomeric alkadienesg(2)-IV and €,E)-IV (GLC and armeniaca[19]. (2E,42)-Decadienal was also detected

NMR data). Despite a very small difference R N PEpPper, tomato, potato, boiled apples, bread, and
values between isomersE@)-IV and €E)-Ilv  Cranberry [12, 14, 15].

(Table 7), we succeeded in effectively separating them Thus, our results demonstrate the possibility for
by column chromatography. For compouiMc, the successful application of &-4,4-dimethoxy-2-
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Table 3. Deacetalization of dimethoxydienedl

Compound| Temperature,| Time, Ratio E€,2)-IV :(E,E)-IV, % Solvent Overall yield,
no. °C min (GLC) %
lla 0 to -5 20 83:17 Acetoné 70
b © ~40 180 85:15 Acetoné 95
b © -20 20 85:15 Acetoné 95
llic © 0 to -5 20 83:17 Acetoné 82
lid ° 0 to -5 20 26:74 Acetoné 81
ld ¢ -10 30 71:29 Acetoné 72
lid d 20 15 11:89 Acetoné -
lid d 20 15 76:24 Acetoneether® 2.5:1 -
lid d 20 15 93:7 Acetonewater, 2.5:1 -
b d 20 15 83:17 Acetonewater, 2.5:1 -
b d 20 60 86:14 Acetonewater, 2.5:1 -
(95:5¥F
b d 20 5 86:14 Acetonewater, 2:1 -
(91:9¥F
lic d 20 10 87:13 Acetonewater, 2:1 -
lc f 20 10 7:93 Acetonewater, 2:1 90
(3:97F
& Equimolar amount of water. The initiaE,Z: E,E ratio is given in Table 1.
® Method A.
¢ Method B.
4 Method A"
f

Isomer ratio after chromatographic separation.
Initial E,Z:E,E ratio 96:4.

butenal as a building block for synthesis of 4,4-di-were visualized by treatment with iodine vapor and
methoxy-2,4-alkadienes and the comesding a solution of KMnQ.
2,4-alkadienals. Wittig olefination. Methods A and A Alkyltri-
phenylphosphonium bromidellj, 10 mmol, was
EXPERIMENTAL added to a mixture of 13 mmol of sodium amide in
4 ml of dry ether, stirred under argon at°®0 The
The 'H and *C NMR spectra were recorded on mixture was refluxed for 1 h and cooled t78°C
Bruker WM-250 (250 MHz; GDg-CDCl;, 80:20 by (or (°C), and a solution of 10 mmol of aldehyde
volume) and Varian Mercury-300 spectrometers in 5 ml of dry THF was added dropwise. The mixture
[300 MHz, acetonek;, aldehyde E,E)-IV] using was stirred for 0.5 h at78°C (or (°C), allowed to
TMS as internal reference. The IR spectra werglowly warm up to room temperature, poured into
recorded on a UR-20 spectrometer. GLC analysis waB0 ml of ice water, and extracted with ethkexane,
performed on a Chrom-5 chromatograph equipped:1. The extract was dried over anhydrous sodium
with a flame-ionization detector (glass capillarysulfate and evaporated, and the residue was subjected
column, 25 nx0.2 mm, stationary phase SE-30,to column chromatography on neutral aluminum
carrier gas nitrogen, flow rate 30 ml/min). Silica oxide. Some physical and spectral properties of the
gel (L 40/100 um) and aluminum oxide (neutral, isolated dimethoxydieneBl are given in Tables 1,
L 40/250 um) were used for column chromatography.4, 5, and 7.
TLC was performed on Silufol UV-254 plates; spots Methods B and BTo a suspension of 10 mmol of
alkyltriphenylphosphonium bromidél in 5 ml of
" NMR studies on a Varian Mercury-300 spectrometer Weredry THF we added dropwise V\_’h”e S“”'”Q l_'mder
performed in terms of th®ESC 17-5program supported by argon at 26C 10 ml of a 1 N solution of butyllithium
the CRDF Foundation (USA) and by tdolecular Structure In hexane. The mixture was stirred for 1 h af€and
Research Center, Armenian National Academy of Sciences. cooled to-78°C (or (°C), and a solution of 10 mmol
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Table 4. IH NMR spectra §, ppm) of dimethoxydienegdll ¢

Comp. no. Isomer 1-H 2-H 3-H 4-H 5-H OCH;, R

Ma [2] 2E,47 4.79 5.55 6.63 5.97 5.53 3.24 1.70
2E,4E 4.79 5.44 6.27 6.00 5.69 3.22 1.70

b 2E,4Z 4.79 5.51 6.60 5.92 5.46 3.24 0.94, 2.15
2E,4E 4.74 5.46 6.27 5.98 5.73 3.23 0.95, 2.03

llic 2E,4Z 4.81 5.57 6.66 6.00 5.48 3.24 0.97, 1.36, 2.13
2E,4E 4.77 5.50 6.30 6.00 5.69 3.23 0.96, 1.36, 2.00

ld 2E,4Z 4.83 5.58 6.63 5.98 5.50 3.28 0.88, 1.30, 2.18
2E,4E 3.27

& The chemical shifts are given relative to TMS; solveryDE-CDCI, (volume ratio 3:1); room temperature.

® The vicinal coupling constants for all compounds are as folladys:~ 5.0, J, 3~ 15.5,J3,~ 11.2,J,5 ~ 11.1 Hz (E,42), 45~
15.0 Hz (E4E).

° The signals were assigned using two-dimensional NMR technigtiés'{ COSY, 'H-'*C COSY, and TOCSY).

Table 5. 13C NMR spectra &, ppm) of dimethoxydienegll &P

Comp. no.| Isomer| Ct! c? c? ct c® | OCH, R

llla 2E,4Z | 102.64| 128.49 | 128.63| 128.19| 128.34| 52.4 |13.36
2E,4E | 102.69 | 126.21| 133.90 | 130.39 | 131.46 | 52.4 |18.06

llib 2E,4Z | 102.56 | 126.51| 133.97| 128.08 | 138.30 | 52.3 [14.03, 21.03
2E,4E | 102.69 | 128.76 | 128.65| 127.43| 133.85| 52.08 |13.20, 25.54

lic 2E,4Z | 102.36 | 128.76 | 128.65| 127.43| 133.85| 52.08 |13.48, 22.56, 29.61
2E,4E | 102.50 | 126.48 129.17 | 136.49 | 52.08 [13.48, 22.13, 34.53

Iiid 2E,4Z | 102.46 | 128.81| 128.96 | 127.22| 134.23| 52.18|13.88, 22.41, 27.63, 29.13, 31.30
2E,4E | 102.58 | 126.39 | 133.94 | 128.57 | 136.89 | 51.95|13.88, 22.41, 28.69, 31.25, 32.49

& The chemical shifts were measured inDg-CDCl; (3:1, by volume) at room temperature relative to TMS.
® The signals were assigned using two-dimensional NMR technigtiés'{ COSY, *H-°C COSY, and TOCSY).

Table 6. IH NMR spectra § ppm) of dienalsIV &<

Comp. no. Isomer 1-H 2-H 3-H 4-H 5-H R

IVb [15] 2E, 47 9.42 5.93 7.22 6.05 5.79 0.91, 2.18
2E,4E 9.36 5.93 6.82 5.95 6.10 0.91, 2.07

Ve 2E,4Z 9.45 5.95 7.30 6.02 5.75 0.83, 1.32, 2.21
2E,4E 9.42 6.74 5.90 6.10 0.83, 1.35, 1.98

Ivd [15] 2E, 47 9.41 5.97 7.19 5.98 5.75 0.81, 1.20, 2.16
2E,4E 9.35 5.92 6.76 6.05 6.00 0.81, 1.20, 2.02

Ivcd 2E,4E 9.55 6.05 7.23 6.40 6.35 0.93, 1.50, 2.22

& The chemical shifts are given relative to TMS; solveryDE-CDCI; (volume ratio 3:1) or acetongs for (E,E)-IVc; room
temperature.

The vicinal coupling constants for all compounds are as follals:~ 8.0, J, 5~ 15.0,J;,~ 10.0,J,5 ~ 10.8 Hz (E£,42), J45 ~
15.2 Hz (E4E).

® The signals were assigned using two-dimensional NMR technigties'f COSY, 'H-*C COSY, and TOCSY).
(E,E)-Isomer of IVc.

[=%

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 5 2001



638

BADANYAN et al.

Table 7. GLC and TLC data and IR spectra of methoxydiends and dienalsIV

Comp. | Retention time, min (oven temperatuf€) R2 1
no. Y:EZ:X:EE E,Z:E,E IR spectrum, v, e
lla 10.43:11.04:0:0 (92) 0.23 970, 1065, 1080, 1130, 1160, 1195, 1620, 1660
b 15.64:16.38:0:17.70 (90) 0.25 960, 1060, 1075, 1125, 1160, 1195, 1620, 1650
lllc 17.02:17.76:18.28:19.48 (102) 0.27 970, 1065, 1080, 1095, 1110, 1130, 1180, 1195,
1630, 1670
ld 17.19:18.64:19.71:21.36 (125) 0.32 980, 1030, 1070, 1110, 1190, 1620, 1660
IVa 0:9.6:0:0 (80) 0.10 975, 1600, 1620, 1680, 2710
IVb [13] 0:8.73:0:0 (90) 0.12:0.10 957, 1010, 1595, 1620, 1680, 2720
IVc 0:11.21:0:11.31 (102) 0.19:0.13 975, 1600, 1630, 1680, 2720
Ivd [13] 0:11.96:0:12.73 (125) 0.24:0.18 [980, 1600, 1628, 1675, 2730
& Eluent etherhexane, 1:10.
of aldehydel in 6 ml of dry THF was added drop- REFERENCES

wise. The mixture was stirred for 1 h a¥8°C or for

30 min at 0C and was treated as described abovel.

in A and A. Some physical properties and spectral
parameters of the resulting dimethoxydierds are
given in Tables 1, 4, 5, and 7.

Schlosser olefinationTo a suspension of 10 mmol  2-

of alkyltriphenylphosphonium bromidd in 24 mi
of anhydrous THF and 12 ml of dry ether, stirred at
20°C under agon, we added dropwise 9.1 ml of

a 1.1 N solution of butyllithium in hexane (10 mmol). 3.

The mixture was kept for 1 h at that temperature and
cooled to-78°C, and a solution of 10 mmol of alde-
hyde | in 12 ml of anhydrous THF and 6 ml of dry
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Tables 2, 4, 5, and 7.
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and the residue was subjected to column chromatog-

raphy using hexanether (10:1) as eluent. The first 11.

fraction was 750 mg (86%) of a mixture d,g)- and
(E,E)-dienalslV at a ratio of 91:9; the second frac-
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