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In our laboratory we have prewously worked out ways of synthesizing polyemc dlcarboxyhc acids hawng even 
and odd numbers of double bonds on the basts of simultaneous symmetrical chain growth of the corresponding dl- 
aeetals by reactmn wtth vinyl ethers and subsequent hydrolysts and reactmn of the unsaturated dlaldehydes formed 
with a phosphoranylideneacetm ester [1, 2]. This method gave sausfactory results m some cases, but was mapphcable 
to the synthests of unsymmetrical dlcarboxylic actds, whmh may be of some interest as fragments of certain anti- 

biotics [3]. 

In the present work we succeeded m developing a new general method of synthes~s, whmh permlts the preparanon 

of symmetrical and unsymmetrical dlcarboxyhc aclds both with even and wlth odd numbers of double bonds of the 

types C~HsOOCC(CH 3) = CH(CH = CH)nCOOC2H s and C2HsOOC(CH = CH)nCOOC2H s. As m prewous mvestlgauons 

[I, 2] we used a combmatlon of chain growth of acetals with a wnyl ether and the Wlttlg reacuon. However, as start- 

mg materials we used such unsymmetrical compounds as glyoxal monoacetal (I) and fumaraldehyde monoacetal (II). 

The monoacetal (I) was prepared by the oxldatlon of acrolem acetal by the method described m [4] wlth shght im- 

provements. Wlth the object of increasing lhe yleld we studled the posstblhty of syntheslzmg (I) from crotonaldehyde 

acetal and fumaraldehyde dlacetal [5] m accordance wlth the general scheme: 

CH~ = CHCH (OR)2 CHaCH = CHCH (OR)2 (RO)2CHCH -- CHCH (OR h 
KMnO, ~ KMn04 ~ Kbin04 

HOCH2CHCH (OR)2 CH~CH - -  CHCH (OR)~ (RO)2CHCH - -  CHCH (OR h 
I I I I 

OH OH OH ()t1 0I t  

Pb (OOCCHah 
(ROhCHCHO 
(I) (R = CH~, C~Hs) 

However, the results of the variants that we tried were no better than the method from the hterature, and the total 
yield of (I) by all three methods was about 15-20~ on the original acetals. The reactmn of the glyoxal monoacetal  
(I) with ethyl (mphenylphosphoranyhdene)acetate and the further growth of the resulting ethyt fumaraldehydate dr- 
ethyl acetal (III) under the acuon of ethyl vinyl ether led to ethyl 4-ethoxy-4-formyl-2-pentenoate  dtethyl acetal 
(IV), whose hydrolysis with aceuc amd m presence of sodmm acetate gave ethyl 5-formyl-2,4-pentadlenoate (V). 
The same ester (V) was obtained by the reaouon of fumaraldehyde monoacetal  (II) wtth ethyl (mphenylphosphor- 
anyhdene)acetate and the subsequent hydrolysis of file mtermedtate dimethyl acetal (VI) of ethyl 5-formyl-2,4-  
pentadtenoate wtth 6% phosphoric acid. From the ester (V) m three s t ages -  acetahzat ton wtth orthoformm ester, 
growth of the resultmg aoetal wtth ethyl vinyl ether, and hydrolysts of the product wtth acenc amd m presence of 
sodmm a c e t a t e -  we obtained ethyl 7-formyl-2,4 ,6-heptamenoate  (VII, n = 3). The same aldehyde (VII, n = 3) 
was formed from the ethyl ester (VI) by growth with ethyl vmyl ether and subsequent hydrolysts with (~]o phosphoric 
aetd. Further successive use of the reactmns of ace tahzauon  and chain growth wtth ethyl wnyl ether followed by 
hydrolysts enabled us to obtain aldehydm esters (VII, n = 4 and 5). By the acuon of ethyl (mphenylphosphorany- 
hdene)acetate these aldehydm esters (VII, n = 3, 4, and 5) were converted into the correspondtng dmarboxyhc esters. 
In this way we prepared dtethyl 2,4,6,8-decatetraenedloate (VIII, n = 4) and diethyl fully-trans-2,4,6,8,10,12-tetra- 
decahexaene&oate (VIII, n = 6) (dtethyl ester of cortmrocine). The Iatter was found to be ldentmal with the pre- 

parauon that we obtained earher [2]. 
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(111 )  C H ~  : CHOC~Hs 
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I 

OCaH~ 
~1\ ,  _ _ _  

OHCCH = CHCH (OCHa)a 
+ 

(II) (C~Hs)a P - -  CHCOOCalIa 

C2H~OOC (CH = C H h C t t  (OCHah 

(vu 

H~ + C=HsOOC (CH = CH)2 CHO ~_1 

(v) 
I )  HC (OC2Hs)a 
2) CH2 = CHOC,~H3 
3) H* 

C,aHsOOC (CH = CH)nCHO " ~ - - -  

I + 
(Vll)  (CGHs)aP--CHCOOC2Ha 

4 

C2H~OOC (CH = CH)nCOOC2tI s 

(VIH) 

It+ i) H~C = CHOC~Hs 

2) H" 

In an analogous way, using the reactmns of glyoxal  monoace t a l  ~,  R = C2Hs) and of fumara ldehyde monoace ta l  
(II) with ethyl 2- ( t r lphenylphosphoranyhdene)propmnate ,  subsequent growth with ethyl v inyl  ether, and hydrolysis with 
a ce tm  acid m presence of sodium acetate ,  we obtained a series of a ldehydm carboxyhc  ester of the type CaHsCOOC- 

(CHa) = CH(CH = CH)nCHO by file general  scheme (see below). 

HOCCH = CHCH (OC2Ha)2 
( I 1 )  + 

[ (C6Hs)aP--C (CHa) COOC2H~ 
,L 

C~HsOOCC = CHCH = CHCt! (0CH3)2 
( x w )  I 

CHa 

HOCCIf (OCaHs)= 
(I) + 

I (C6Hs)aP-- C (CHa) COOC~Ha 
I 

C.,HsOOCC = CHCH (OC~Its)a 
( I x )  I 

Ctta 

CtI2 = CItOC.tt5 

H ~  
C2tt~OOCC=CItCH--CH2Ctf(OCaHa)2 �9 - ~  C .~HaOOCC=CHCH--CH2CHO 
~x) I / (m~,o,.) (xH) I t 

CH a OC..Hs CH 3 OCfit5 

] H'-(CHaCOOH, OH.COONa)~O,-kX~- I(C,~Ho)a]~-- CHCOOC2H5 

~C,aHsOOCC~ ~ CttCH == CttCHO 
4 x [ )  | 

CH3 

[~) HC(OC~H~) 

2) CH2 = CHOC2H5 

3) H + 

C2HsOOCC = CHCH - -  CH2CH = CHCOOC2H5 
L I (x~rr) 

CHa OC~H6 

C2H~OOCC = CHCH = CHCH (OCHa)_9 
(xrv) [ 

CHa 
t t) CHa = CHOC2Ha 

2) H + 

C2H~OOCC = CH (CH = CH)nCHO 
(xv) ~H + 

I (C~Hs)aP - -  CHCOOC~H5 
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I 

CHa 

~XVI) 

C~H~00C(CH =CtH~( ' I t  0 
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In connect ion with some of our other lnvest igauom it was of interest to us to hydrolyze the ester aceta l  (X) with- 
out e h m m a u o n  of the ethoxy group. The select ion of the condmons for such hydrolysis was carried out using, for 
control  purposes, the method of gas -hqmd chromatography in a column eontaimng 101o of a s ihcone elastomer supported 
by common salt, whmh, as shown previously [6], is very effect ive for the separation of acetals .  It was found that 

ethyl 4 - e thoxy -5 - fo rmy l -2 -me thy l -2 -pen t enoa t e  (XII) is formed smoothly m the hydrolysis when 6~o phosphoric acid 
is used. Hydrolysis with ace tm acid m presence of sodmm aceta te  gave, as would be expected,  ethyl 5 - fo rmyl -2-  
me thy l -2 ,4 -pen tad ienoa te  (XI), whereas the use of 3~ p-toluenesulfomc acid led to a mixture of (XI) and (XII). 
Ethyl 5- formyl-  2- methyl -  2,4- pentadienoate  (XI) and ethyl 7- formyl-  2- methyl-  2, 4, 6 -hepta tnenoate  (XV, n = 2) were 
prepared also from fumaraldehyde monoaceta l  (iI). 

By the react ion of ethyl 9- formyl-  2- methyl-  2, 4, 6,8- nonatetraenoate (XV, n = 3) with ethyl ( tnphenylphos- 
phoranyhdene)aceta te  and of ethyl 9- formyl-2 ,4 ,6 ,8-nonate t raenoate  (VII, n = 4) with ethyl 2-(tnphenylphosphor-  
anyhdene)propionate  we obtained oneand the same diethyl  2-methyl -2 ,4 ,6 ,8 ,10-dodeeapentaenedloa te  (XVI, n= 4), 
ident ica l  with the product of the degradation of natural fungmhrome [3]. In this way we developed two new methods 
of synthesizing unsymmetrmal  polyemc dmarboxyhc esters. 

To confirm the trans configuratmns of a l l  the above-described compounds, as in previous mvestigatmns [1, 2] 
we made use of infrared spectra (analysis from the deformatmn wbratmns of hydrogen at cis-  and t ram-double  bonds 
in the ranges 700-800 and 900-1000 cm "1, respecuvely) .  It was found that the compounds (V, VII, n = 3, 4, 5) and 
(VIII, n = 4, 6) have strong absorption bands m the region 900-1000 cm -i ,  whmh, m absence of strong bands m the 
regmn 700-800 cm -1, mdmates that they have a fully trans eonfigurauon. For the unsymmemea l  aldehydm esters 
(XI) and (XV, n = 2, 3) and diethyl 2 -methyl -2 ,4 ,6 ,8 ,10-dodecapentaenedmate  (XVI, n = 4) there are two strong 
absorption bands in the range 700-1000 c m ' l :  one at 750 cm "1, and the other m the range 900-1000 cm "i, This re- 
sult is m accord with data m the htera ture  for fu l ly - t ram-d lmethy lc roce tm,whmh contains a methyl  group in the 
2-posit ion [7]. It should be noted that at al l  stages of the above-descrthed schemes the reactmn products are formed 
m fairly high yzelds, exceeding those at tained previously [1, 2]. Moreover, as intermediate  products of the synthesis 
aldehydic carboxyhc esters and the aldehydm carboxyhc amds themselves are formed, and these may be used for the 
preparauon of various funcuonal ly  subsututed polyemc amds, we are currently mvesugatmg thts. 

EX PERI MENT A L 

Preparauon of 2,3-Dihydroxybutyraldehyde Diethyl Acetal .  A soluuon of 34 g of potassmm permanganate m 
650 ml of water was added dropwise at 0 ~ to a well surred mixture of 30 g of crotonaldehyde diethyl aeeta l  and 250 ml 
of water. The react ion mixture was stirred at room temperature for three hours and then left  overnight. The man-  
ganese dioxide formed was centrifuged off and washed with water several umes  with separaUon by centnfuganon on 
each occasion. The aqueous soluuon was evaporated down to low bulk in a rotary evaporator under the vacuum of a 
water pump, and the diol was salted out with potassmm carbonate.  The oily layer  was separated, and the aqueous 
layer was extracted with ether. The rely layer  and the ether extracts were combined and dried with ca lc ium chlo-  
ride, ether was dist i l led off, and by fractionation we isolated 12.fi g (840]0) of 2,3-dthydroxybutyraldehyde diethyl  
aceta l ,  b.p. 78-80 ~ (4 mm); n~ "5 1.4364 [8]. Found. C 53.74; 53.47, H 9.87, 10.09~ C8H1804, Calcula ted:  

C 53.91, H 10.180]o. 

Preparation of Tar t ra ldehyde Bls[Dimethyl Acetal] .  Analogously, by the oxidation of 60.4 g of fumaraldehyde 
bis[dimethyl  acetal]  m water with a soluuon of 54.5 g of potassmm permanganate m 1 hter  of water at 5 ~ we obtained 
29.8 g (41~ of tar traldehyde bis[dimethyl aeetal] ,  b.p. 113-118 ~ (12 mm), n~ 1.4450 [9]. 

Preparauon of Glyoxal Mono[Diethyl Acetal]  (I, R = CzHs). 50 g of lead te t raaceta te  was added in small  por- 
tions at 16-27 ~ to a stirred solution of 25 g of 2,3-dthydroxybutyraldehyde diethyl acetal  m 280 ml of dry benzene 
(if after the addiuon of the reagent a test with s tarch-iodide paper is positive it is necessary to add a few more drops 
of the dml).  The mixture was stirred at room temperature for two hours and fil tered, 40 g of finely ground potasnum 
carbonate was added to the h l t ra te ,  whmh was then vacuum-evapora ted  m a rotary evaporator.  The residue was 
careful ly  extracted with ether. The extract  was dried with magnesmm sulfate, ether was removed, and the residue 

was fracuonated.  We obtained 11.46 g (6101o) of glyoxal monoacetal ,  b.p. 46-47 ~ (13 mm) [4]. 
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Preparanon of Glyoxal Mono[Dn-nethyl Acetal] (I, R = CHs). Analogously, from 19 g of tartraldehyde bls[dl- 
methyl acetal] in 180 ml of dry benzene and 40.5 g of lead tetraacetate at 18-32 ~ we obtained 4.6 g (44%) of glyoxal 
mono[dimethyl acetal], b.p. 58-61 ~ (30 ram), nt61~5 1.4250 [10]. 

Preparation of Ethyl Fumaraldehydate Dlethyl Acetal (III). A mixture of 9.8 g of glyoxal mono[dlethyl acetal] 
(I, R = C2H5) and 24.5 g of ethyl (tnphenylphosphoranylidene)acetate m 150 ml of dry benzene was boiled for 12hours. 
Benzene was removed by vacuum evaporanon m a rotary evaporator, the product was extracted with petroleum ether, 
the residue remaining after the removal of solvent was fractlonated, and we isolated 9.9 g (70%) of ethyl fumaralde- 
hydate dlethyl acetal (III); b.p. 70-73 ~ (3 mm), ni81~5 1.4345; infrared spectrum (m CC1 a) 1730, 1669 cm "1. Found: 
C 59.38, 59.62; H 9.05, 9.14~ C10HisO 4. Calculated: C 59.38, H 8.97%. 

The 2,4-dmltrophenylhydrazone prepared from (III) had m.p. 155-157" (from alcohol), which corresponds to 
data m the literature for the 2,4-dmltrophenylhydrazone of ethyl fumaraldehydate dlethyl acetal [11]. 

Preparation of Ethyl 2-Methylfumaraldehydate D:ethyl Aeetal (IX). A mixture of 5.3 g of glyoxal mono[dl- 
e~.yl acetal] and 17.4 g of ethyl 2-(trlphenylphosphoranyhdene)proptonate m 100 ml of dry benzene was boiled for 
16 hours. The product was treated as descrthed above, and fracuonauon gave 7.67 g (87.5%) of ethyl 2-methylfumar-  
aldehydate dlethyl acetal,  b.p. 62 ~ (2 ram), n141~2 1.4423, mfrared spectrum (m CC14) 1721, 1652 cm -l.  Found: 
C 61.45, 61.22, H 9.20, 9.30%. C10H2004. Calculated: C 61.09, H 9.32%. 

Preparation of Ethyl 5-Formyl-2,4-pentadlenoate Dtmethyl Acetal (VI). Analogously (bolhng for 14 hours), 
from 32 g of fumaraldehyde mono[dlmethyl acetal] (II) [6] and 95 g of ethyl (tnphenylphosphoranyhdene)acetate tn 
300 ml of dry benzene we obtained 29.5 g (61%) of ethyl 5-formyl-2,4-pentadlenoate dlmethyl aeetal, b.p. 84-86 ~ 

19 1.4840. Found. C 60.34, 60.15, H 7.89, 8.22~ C10H1604. Calculated: C 59.98; H 8.05~ (1.5 ram), n D 

The 2,4-dlmtrophenylhydrazone of ethyl 5-formyl-2,4-pentadlenoate prepared from (VI)had m.p. 179-181 ~ 
(from alcohol), >'max (m alcohol) 390 rag.  Found. N 16.67, 16.5807o. C14HgtN406. Calculated: N 16.7(F/o. 

Preparatmn of Etbyl 7-Formyl-2,4,6-heptatnenoate (VII, n = 3). To 3.3 g of ethyl 5-formyl-2,4-pentadlenoate 
dlmethyl acetal (V-l) and 0.05 ml of boron tnf luonde etherate we added with stirring 1.2 g of ethyl wnyl  ether at such 
a rate that the temperature did not rise above 40-45 ~ The mixture was stirred for one hour at 50 ~ and one hour at 
room temperature. The product was diluted with ether and washed with 5070 sodium bmarbonate solutmn, the ether 
layer was dried w~th potassium carbonate. By fractmnatlon we isolated 3 g of ethyl 7- formyl-6-methoxy-2 ,4-hep-  
tadlenoate methyl ethyl acetaI (b.p. 95-130 ~ (1.5 ram); n~ 1.4850, which without further punfmatmn was hydrolyzed 
by bolhng it m a water bath for 2.5 hours with a mixture of 1 g of fused sodium acetate, 10 ml of aceuc  acid, and 
0.64 ml of water m a stream of nitrogen. The mixture was poured onto 30 g of me. The crystalline precipitate was 
separated by f~Itrauon. We obtained 1.2 g (41%) of yeIlow crystals of ethyl %formyl-2,4,6-heptatr ienoate,  m.p. 65- 
66 ~ (from petroleum ether), Xma x (m alcohol) 310 m~ (~ 45500). Found: C 66.59, 66.68, H 6.77, 6.770]o. Cl0H~O 5. 
Calculated: C 66.65, H 6.71%. 

The 2,4-dmltrophenylhydrazone prepared from th~s had m.p. 201-203 ~ k m a  x (m alcohol) 407.5 m~.  Found: 
N 14.81%. CIeHI6N406. Calculated: N 15.55%, 

Preparation of D~ethyl 2,4,6,8-Decatetraenedloate (VIII, n = 4). By a procedure analogous to that described 
above, from 0.5 g of ethyl 7-formyl-2,4 ,6-heptamenoate  (VII, n = 3) and 1.2 g of ethyl (mphenylphosphoranyhdene~- 
acetate m l 0 0  ml of dry benzene by bolhng for eight hours we obtained 0.43 g (62%) of diethyl 2,4,6,8-decatetraene- 
dloate (VIII, n = 4), m.p. 131-132 ~ (from methanol); ) 'max (m benzene) 338.5; 356 m g  ( s  61100, 58700), infrared 
spectrum: 1012, 1654, 1700 cm -1. Found: C 67.45, 67.40, H 7.34, 7.14%. C14H1804. Calculated: C 67.18; H 7.2307o. 

Preparation of Eth_yl 9-Formyl-2,4,6,8-nonatetraenoate (VII, n = 4). 9.76 g of ethyi 7- formyl-2 ,4 ,6-hepta tnen-  
oate (VII; n = 3) was dissolved m 25 ml of absolute alcohol, and 19o5 ml of orthoformm ester and a warm solunon of 
0.2 g of ammomum mtrate m 25 ml of absolute alcohol were added. The m~xture was heated for ao-40 minutes at 
70 ~ and then set aside for 24 hours, tt was then washed with 5% sodium bicarbonate solution and extracted with ether; 
the extract was dried ruth magnesium sulfate. By fractlonanon we isolated 8.14 g (62.5%) of ethyl 7-formyl-2,4,6-  
heptatnenoate dlethyl acetal, b.p. 122-127 ~ (0.4 ram) and n~ 1.5300, which was used mthout  further purification m 
the chain-growth reaction. 

By the method described for the experiment on the preparauon of (VII, n = 3) from 7.89 g of ethyl 7-formyl-  
2,4,6-heptatnenoate m presence of 0.1 ml of boron trlfluonde etherate and 3~ g of ethyl vinyl ether we obtained 
ethyl 8-ethoxy-9-formyl-2,4,6-nonatr ienoate  diethyl acetal, whmh mthout  purification was hydrolyzed with a 
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mlxture of 32 ml of acetic acid, 2 ml of water, and 3.2 g of fused sodium acetate, with which i t  was heated for 75 
minutes m a water bath m a stream of nitrogen. The treatment was as described for the preparation of (VII, n = 3), 
and we obtained 5.1 g [46%, based on (VII, n = 3)] of crystalline ethyl 9-formyl-2,4,6,8-nonatetraenoate,  m.p. 113- 
115" (from petroleum ether); kmax  (m alcohol) 250, 341, 356.5 rr~ (e 3600, 46600, 46600). Found : C 69.24; 
69.42; H 6.89, 6.98*/o. ClzH~O3. Calculated: C 69.88, H 6.84~]o. 

The 2,4-dmltrophenylhydrazone had m.p. 216-218" (from alcohol); k max On alcohol) 430 m/a. Found: 
N 14.14; 14.32%. ClsHlsN40 e. Calculated: N 14.50%. 

Preparation of Dlethyl 2,4,6,8,10,12-Tetradeeahexaenedloate (D~ethyl Ester of Corucrocm) (VIII, n = 6). From 
3.5 g of ethyl 9-formyl-2,k~,6,8-nonatetraenoate (VII, n = 4) m 30 ml of absolute alcohol and 15 ml of orthoformlc 
ester m presence of a solution of 0.4g of ammomum nitrate m 20 ml of absolute alcohol by the method described 
for the preceding experiment we obtained ethyl 9-formyl-2,4,6,8-nonatetraenoate dlethyl aeetal, which was used 
without isolation m the further reactions. By its reacuon with ethyl vinyl ether (5 ml) m presence of 0.1 ml of boron 
trifluoride etherate, as described for the experiment on the preparation of (VII, n = 3), we isolated ethyl 10-ethoxy- 
l l - formyl-2 ,4 ,6 ,8-undecate t raenoate  dlethyl aeetal, which without further punf teauon was hydrolyzed by heating 
in a water bath for 30 minutes in a stream of nitrogen w~th a mixture of 33 ml of acetic acid, 3.3 g of fused sodium 
acetate, and 2.1 ml of water. After the treatment described above we obtained yellow crystals of ethyl l l - f o rmy l -  
2,4,6,8,10-undecapentaenoate (VII, n = 5), which was used w~thout purification m the next stage. 

A mixture of this aldehydlc ester and 15 g of ethyl(tnphenylphosphoranyhdene)acetate m 150 ml of dry ben- 
zene was boiled m a stream of nitrogen for six hours, solvent was removed by vacuum-evaporation m a rotary evapora- 
tor, the residue was treated with methanol, and we obtained 0.5 g [13%, based on the original (VII, n = 4)] of dlethyl 
2,4,6,8,10,12-tetradecahexaenedloate (dlethyl ester of coruerocm) (VIII, n = 6), m.p. 201-203", undepressed by ad- 
mixture of a preparation obtained earlier [2]. 

Preparation of Ethyl 4-Ethoxy-5-formyl-2-methyl-2-pentenoate  Dlethyl Acetal (X). From 3.6 g of ethyl 
2-methylfumaraldehydate dlethyl acetal (IX) and 4.7 ml of ethyl vinyl ether m presence of 0.1 ml of boron trlfluo- 
ride etherate we obtained 8 g (56~ of ethyl 4-e thoxy-5-formyl-2-methyl -2-pentenoate  dlethyl acetal; b.p. 111- 
115 ~ (2 mm); n~ 1.4447. Found: C 62,04; H 9.57%. C15HzsO~. Calculated: C 62.47; H 9.79%. 

Preparation of Dlethyl 4-Ethoxy-2-methyl-2,6-octadlenedloate  (XIII). A mixture of 9.9 g of ethyl 4-e thoxy-5-  
formyl-2-methyl-2-pentenoate  dlethyl acetal (X) and 30 ml of 6% phosphoric acid was heated with vigorous stirring 
in a water bath for one hour with removal of alcohol by dlsullatlon. A ht t le  calcium carbonate was added to the mix- 
ture, which was surred at room temperature for 90 minutes. The reaction product was extracted w~th ether, and the 
extract was washed with 5% sodlumblcarbonate solution and dried with magnesium sulfate. Fracuonation gave 5.2 g 
(73%) of ethyl 4-e thoxy-5-formyl-2-methyl -2-pentenoate  (XII); b.p. 75* (0.35 ram), n~ 1.4662. The product gave 
one peak onthe gas-liquid chromatogram (column with 1% of slhcone elastomer on common salt, length 5 meters; 
carrier gas helium, consumption 75 ml /mm,  152") with an efflux t ime of 11.2 minutes. Under the same condltlom 
the chromatography of ethyl 5-formyl-2-methyl-2,4-pentadienoate  (XI) gave a peak with an efflux t ime of 8.8 min- 
utes. On the gas-liquid chromatogram of a mixture of the two substances there were two clear peaks; the original 
acetal  (X) had an efflux t lme of 31 minutes. 

From 4.5 g of lhe above ethyl 4-e thoxy-5-formyl-2-methyl -2-pentenoate  (XII) and 14 g of ethyl (tnphenyl- 
phosphoranyhdene)acetate in 150 ml of dry benzene we obtained, in the usual way (boiling for 16 hours), 5.4 g [69~ 
on (X)] of dlethyl 4-ethoxy-2-methyl-2,6-oetadlenedloate  (XIII), b.p. 128-133" (0.5 ram), nlSf)Sl.4840. Found: 
C 63.44; 63.26; H 8.32; 8.84%. CmHz40 s. Calculated: C 63.36; H 8.5101o. 

Preparation of Ethyl 5-Formyl-2-methyl-2,4-pentadlenoate  Dlmethyl Acetal (XIV). In the usual way [see ex- 
periment on the preparauon of (III) in [5]],by boiling 30.6 g of fumaraldehyde monoacetal  (II) and 84.5 g of ethyl 
2-(tnphenylphosphoranyhdene)proplonate m 350 ml of dry benzene,we obtained 24.35 g (48.50]0) of ethyl 5-formyl-  
2-methyl-2,4-pentadlenoate dlmethyl acetal (XIV); b.p. 99-106" (3 rnm); n~3 1.4885. Found. C 61.57; 61.85;H 8.57, 
8.51%. CnHlsO 4. Calculated: C 61.66, H 8.47~ 

Preparation of Ethyl 5-Formyl-2-methyl-2,4-pentadlenoate  (XI). a) From ethyl 5- formyl-2-methyl -2 ,4-pent -  
adlenoate dlmethyl acetal (XIV). A mixture of 4.3 g of (>:IV) and 5 ml of 6~ phosphoric acid was heated m a boiling 
water bath with good stirring and treated as described for the experiment on the preparation of (XIII). We isolated 
yellow crystals of ethyl 5-formyl-2-methyl-2,4-pentadlenoate  (XI), m.p. 32-33* (from petroleum ether). Found: 
C 64.01; 64.08, H 6.89; 6.68~ C~Hj20 s. Calculated: C 64 28; H 7.19%. The 2,4-dmltrophenylhydrazone had m.p. 
211-214" (from alcohol), kmax  (in alcohol) 395 m/l. Found: N 15.98, 16.20%. ClsHleN40~. Calculated: N 16.09%. 
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b) From ethyl 4 - e thoxy -5 - fo rmy l -2 -me thy l -2 -pen t enoa t e  (XlI): A mtxture of 4.9 g of (XII), 87 ml of dry 

toluene, and 43 mg ofp- toluenesulfomc acld was heated at 120-145 ~ (m the bath) for two hours with removal  of an 

azeotropm mtxture of toluene and a lcohol  until a test (Tserewtmov) for alcohol m the d~st~llate was negattve.  The 
mixture was washed w~th 5% sodium b~carbonate solution and drred w~th magnestum sulfate. Solvent was driven off, 
and we then obtained 3.82 g (80%) of ethyl 5 - fo rmyl -2 -me thy l -2 ,4 -pen tad tenoa te ,  re.p. 31-33 ~ and tdentmal  with 

the sample described above. 

c) From ethyl 4 - e thoxy -5 - fo rmy l -2 -me thy l -2 -pen t enoa t e  d~ethyl acetal  (X); In the usual way by the hydro- 
lysls of 4 g of (x) with a m,xture of 13.3 mI of acetm acid, 0.85 ml of water, and 1.33 g of sodmm aceta te  (bolhng 
for bye  hours),we obtained and isolated 1.4 g (60%) of ethyl 5 - fo rmyl -2 -me thy l -2 ,4 -pen tad lenoa te ,  ldentmal  with 
the sample described above. 

Preparation of Ethyl 7 -Fo rmyl -2 -me thy l -2 ,4 ,6 -hep t a tnenoa t e  (XV, n = 2). a) Preparation of ethyl 5- formyl-  
2 -me thy l -2 ,4 -pen tad lenoa te  d~ethyl ace tah  The ace t ahza tmn  of 4.28 g of ethyl 5 - f o r m y l - 2 - m e t h y l - 2 , 4 - p e n t a d l e -  
noate (XI) with 5.2 ml of orthoformm ester tn presence of a solutton of 0 . t  g of ammomum mtrate  m 2 ml of ab-  
solute alcohol m the usual way gave 5 g (83.~0) of ethyl 5 - fo rmyl -2 -me thy l -2 ,4 -pen tad lenoa te  dlethyl  acetal ;  b.p. 
120-125 ~ (2.5 mm), n~ 1.4852, ? 'max (m alcohol) 282.5 m~ (e 223007. 

b) Preparat, on of ethyl 7 - fo rmy l -6 -me thoxy-2 -me thy l -2 ,4 -hep t ad t enoa t e  ethyl methyl  acetal-  21.07 g of 
ethyl  5 - fo rmyl -2 -me thy l -2 ,4 -pen tad lenoa te  dimethyl  aceta l  (XIV) was given the usual chain-growth t reatment  with 
7.1 g of ethyl wnyt  ether m presence of 0.1 ml of boron m f l u o n d e  etherate [see exper iment  wtth (VII, n = 3)]. We 
obtained 22.72 g (81%) of a product of b.p. 124-1350 (1.5 mm) and n~ 1.4862, whmh was used m the next stage with- 
out further punficataon. 

c) 11.2 g of the product obtained as above was hydrolyzed with a mixture of 37.4 ml of ace tm acld, 2.4 ml of 
water, and 3.74 g of fused sodmm aceta te  m the usual way. The crystals prectpttated were extracted with chloro- 
form, the extract  was dried with magnesmm sulfate, and solvent was removed. We then obtamed 4.2 g (55%) of ethyl 

7 - fo rmy l -2 -me thy l -2 ,4 ,6 -hep t amenoa t e ,  m.p.  47-49 ~ (from petroleum ether), ) 'max  (m alcohol) 319.5 (s 44500). 
Found: C 67.94, 67.90, H 7.55, 7.35%. CI,H~O~. Calculated:  C 68.02; H 7.27%0. The 2,4-dmltrophenylhydrazone 
had m.p.  239-241.5 ~ (from alcohol); X ma x ( m alcohol) 410.5 m g.  Found N 14.90; 14.96%. CITH21N406. Calcu-  
la ted:  N 14o97%. 

Preparatmn of Ethyl 9 -FormyI-2-methy l -2 ,4 ,6 ,8 -nona te t raenoa te  (XV, n = 3). a) Preparatmn of ethyl 7- formyl-  
2 - m e t h y l - 2 , 4 , 6 - h e p t a m e n o a t e  dlethyl ace tah  A mixture of 3.5 g of ethyl 7 - fo rm-y l -2 -methy l -2 ,4 ,6 -hep ta tnenoa te  
(XV, n = 2) m 20 ml of absolute alcohol, 6.5 g of orthoformm ester, and 5 mg of p-toluenesulfon, c acid m 10 ml of 
absolute alcohol was heated m a boiling water bath for 30 minutes. On the next day the m~xture was treated as m 
the exper iment  with (VII, n = 4), and we obtained 3.7 g (72.5%) of ethyl 7 - fo rmy l -2 -me thy l -2 ,4 ,6 -hep t a tnenoa t e  
dlethyl  ace ta l ,  b.p. 149-154 ~ (2 ram); n2~ 1.5325. 

From 4.15 g of ethyl 7 - fo rmy l -2 -me thy l -2 ,4 ,6 -hep t a tnenoa t e  m 25 mi of absolute a lcohol  and 7.6 g of ortho- 
formtc ester m presence of a soiutmn of 0.25 g of ammomum mtrate  m 10 ml of absolute alcohol m the usual way 
(heating at 70 ~ for one hour and then standing at room temperature for 36 hours) we obtained [see exper iment  w~th 
(VII, n = 4)] 4.5 g (76%) of the same ethyl 7 - fo rmyl -2 -me thy l -2 ,4 ,6 -hep ta t r i enoa te  dlethyl  ace ta l ,  b.p. 120-123 ~ 
(0.15 mm), n~ 1.5355. 

b) 5.5 g of the above-descrthed ethyl 7 - f o r m y l - 2 - m e t h y l - 2 , 4 , 6 - h e p t a m e n o a t e  dlethyl  ace ta l  was gtven the 
usual chain-growth t reatment  with 1.48 g of ethyl vmyl  ether m presence of 0.05 ml of boron m f l u o n d e  e therate  [see 
exper iment  with (VII, n = 3)!. We obtained 4.5 g (65%) of ethyl 8 - e t h o x y - 9 - f o r m y l - 2 - m e t h y l - 2 , 4 , 6 - n o n a t n e n o a t e  
dlethyl  acetaI ,  b.p. 150-180 (0.3 ram) and n2~js 1.5248, whmh without punhca t ]on  was hydrolyzed tn the usual way 
(heating for two hours) with a mixture of 15 ml of ace tm acld, 1 ml of water, and 1.5 g of sodmm aceta te .  We oh- 
tamed 3.2 g [82%0, based on (XV, n = 2)] of ethyl 9 - fo rmyl -2 -me thy l -2 ,4 ,6 ,8 -non te t r aenoa te  (XV, n = 3), m.p.  95- 
98 ~ (from petroleum ether); k m a  x (m alcohol) 251.5, 349.5, 364 mg (s 3160, 68500, 68800). Found: C 70.71; 
70.51; H 7.38, 7.37 %. Cl.~H10Os. Calcula ted C 70.89, H 7.32%0. 

The corresponding 2,4-dmltrophenylhydrazone had m.p.  216.5-218 ~ (from alcohol);  Xma x (m alcohol)  430 rau. 
Found. N 13.85, 13.08%o. CIgH20N406. Calcula ted:  N 13.99~ 

Preparatmn of Dtethyl 2-Methyl -2 ,4 ,6 ,8 ,10-dodecapentaenedloa te  (XVI, n = 4). a) By bolhng 0.6 g of ethyl 
9 - fo rmyl -2 -methy l -2 ,4 ,6 ,8 -nona te t r aenoa te  (XV, n = 3) and 1.75 g of ethyl ( tnphenylphosphoranyhdene)aceta te  m 
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100 ml of dry benzene for four hours m the usual way we obtained 0.4 g (40%) of dlethyl  2 -methy l -2 ,4 ,6 ,8 ,10-dode-  

capentaenedmate ,  m.p.  87.5-88.5", k max (m alcohol) 266, 370, 389 m~ (e 2930, 32600, 31000). Found: C 69.89; 

69.92; H 7.67, 7.57%. CITHzzO 4. Calcula ted:  C 70.32, H 7.64%. 

b) By boil ing 1.2 g of ~ahyl 9- formyl-2 ,4 ,6 ,8-nonate t raenoate  (VII, n = 4) and 3 g of ethyl 2-( tnphenylphos-  
phoranyhdene)proplonate m 100 ml of benzene for four hours, m the usual way,we obtained the above-described 
dtethyl 2-methyl-2 ,4 ,6 ,8 ,10-dodeeapentaened~oate ,  m.p.  87-88", y~eld 0.85 g (50%). 

S U M M A R Y  

A new general method was developed for the synthests of symmetr ica l  and unsymmetrical  polyemc dlcarboxyhc 
acids w~th even and odd numbers of double bonds, starting with glyoxal  monoaceta l  and fumaraldehyde monoaceta l .  
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