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A Novel Method for the Degradation of the Carbon Chain of Organic Acids 
and Their Derivatives 
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A convenient scheme for the stepwise degradation of ethyl caprinate (1) is described, which allows the removal 
of either one, two, or three carbon fragments from the chain, affording high yields of the corresponding carbonyl 
compounds. The method may have important applications in the transformations of steroids, lipids, and other 
natural products. 

The utility of side chain degradative schemes in 
the syntheses, modification, and structural elucidation 
of natural products is well known.2 The same type 
of reactions also find useful applications in the trans- 
formations of lipids.s However, none of the available 
 method^^-^ for degrading carboxylic acids give par- 
ticularly attractive yields. 

Furthermore, to our best knowledge, there is no 
satisfactory degradative scheme which permits the 
elimination of two carbon atoms at  a time. The 
present paper describes a practical and flexible pro- 
cedure for removing one, two, or three carbon atoms. 
The key step makes use of a rearrangement worked out 
before9 and found to be successful on a variety of sub- 
strates, including some steroids. The individual steps 
in the degradative sequence are outlined in Scheme I. 

Results and Discussion 
A commericial samplelo of pure (99% by glc) ethyl 

caprinate (1) was allowed to react with an ether solu- 
tion of phenylmagnesium bromide, prepared in the 
usual way. After purification of the crude alcohol 
by column chromatography, a nearly quantitative 
yield (96%) of 1,l-diphenyl-1-decanol (2) was ob- 
tained. Dehydration of the alconol was achieved in 
refluxing acetic anhydride. After suitable work-up 
and purification of the crude product by column 
chromatography, a sufficiently pure sample of 1,l- 
diphenyl-1-decene (3) was obtained. The yield based 
on the ester 1 was 85%. The identity of the product 
was confirmed by infrared and nmr spectroscopy and 
by elemental analysis. 

The olefin 3 was without any further purification 
subjected to the conditions of the Kakis reaction,O 
which converted it smoothly to 1,2-diphenyl-l-decanone 

After purification of the crude product by recrys- 
tallization from methanol followed by thin layer chro- 
matography, a 90% yield (76.5% overall) of pure (mp 
56-5-57') ketone 4 was obtained. The identity of 
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the ketone was established by infrared, ultraviolet, 
and nmr spectroscopy and by elemental analysis. 

The following two steps in the degradation sequence 
involved the a-brominationll of 1 ,&diphenyl-l-de- 
canone 4 followed by the collidine dehydrobromina- 
tion12 of the resulting 1,2-diphenyl-2-bromo-l-decanone 

Both reactions were nearly quantitative. The 
identity of the products was in each case confirmed by 
infrared and nmr spectroscopy. The ketones 6 and 
6' were further identified by elemental analysis. 
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DEGRADATION OF CARBON CHAIN OF ORGANIC ACIDS 

As expected, the collidine dehydrobromination of 
5 produced a mixture of cis (6) and trans (6’) a,P- 
unsaturated ketones which wcre separated by thin 
layer chromatography on fluorescent silica plates and 
characterized by nmr.I3 The ratio of cis to trans prod- 
uct was about 1 : 1.6. 

The reduction of the isomeric ketones 6 and 6’ was 
accomplished by means of the specialized reagent l4 
Aln’a (OCH30CH2CH&H2, producing the allylic al- 
cohols 7 and 7’) respectively. After purification by 
thin layer chromatography a 75% yield of the cis (7) 
and a 50% yield of the trans (7’) alcohol was obtained. 
Thus the combined yield of alcohols was 62.5y0 (48% 
overall, ie., based on 1). 

A small quantity (ca. 6%) of the ketone 4 was also 
isolated, presumably stemming from 1,4 reduction 
of the conjugated ketones 6 and 6‘. 

The three components were readily separable by 
thin layer chromatography. 

The alcohols 7 and 7’ were subsequently dehydrated 
with ethanolic hydrochloric acid. l5 Thus a 70Y0 (34% 
overall) yield of 1,2-diphenyl-1,3-decadiene (8) was 
obtained whose nmr spectrum was compatible with the 
trans,trans structure shown. In  addition a 20% yield 
of 1,2-diphenyl-3-ethoxy-l-decene (9)  was isolated. 
Attempting to minimize the formation of this side 
product, the dehydration of the alcohols 7 and 7’ 
was also tried with methanol and isopropyl alcohol 
solvents. However, the yields were in these cases 
substantially lower than those obtained from the 
ethanolic hydrochloric acid dehydration. 

Thus it can be seen that the sequence of reactions 
described above and summarized in Scheme I gener- 
ates compounds 3, 6 and 6 ’ )  and 8, which can in turn 
be degrated by ozonolysis with the corresponding loss 
of one, two, and three carbon fragments, respectively. 
These possibilities are summarized in Scheme 11. 
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We have in fact carried out the ozonolysis of these 
compounds by standard procedureslo and have iso- 
lated and identified all the fragments. Thus the 
ozonolysis of 1,1-diphenyl-1-decene (3) resulted in the 
formation of nonanal (10) and benzophenone (11). 
Similarly compounds 6 and 6’ yield octanal (12) and 
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benzil (13) and compound 8 yields heptanal (14) and 
benzaldehyde (15). To facilitate the separation and 
identification of the ozonolysis products the mixtures 
were treated with the Wanzlick reagent ,I7 which selec- 
tively converts the aldehydes into crystalline deriva- 
tives. These derivatives were easily separable by 
chromatography, and their melting points were in 
agreement with those reported in the literature. l7 
Furthermore, mixture melting points with authentic 
samples showed no depression. In  the case of heptanal 
and benzaldehyde additional confirmation was ob- 
tained by glc and by preparing the 2,4-dinitrophenyl- 
hydrazone derivatives. Again the melting points were 
in agreement with those reported in the literature. 

We estimate that the typical ozonolysis yields were 
about 80%. Thus we have achieved a two-carbon 
fragment degradation with an overall yield of 60% for 
the six-step process. 

The corresponding overall yield for the removal 
of three carbon atoms was about 28% for the eight- 
step process. 

The removal of one carbon atom from the chain 
involves three steps and proceeds with an overall yield 
of about 70%. 

In  view of the above, we feel that the procedure we 
have developed is superior to the existing degradative 
schemes, not only because of the higher yields but also 
because in most cases substantial portions of unchanged 
starting materials can be easily recovered. Thus the 
process lends itself well to rccycling, which may be 
significant in industrial terms. 

From the foregoing discussion, it can be concluded 
that a useful degradative method has been developed 
with potential important applications in the chemistry 
of natural products. This possibility is currently 
under‘investigation. 

Experimental Section 
General.-Melting points were taken on a Kofler apparatus 

and are uncorrected. Infrared spectra were recorded on a 
Perkin-Elmer Model 257 spectrophotometer. Ultraviolet spectra 
were recorded on a Beckman Model DK2A spectrophotometer. 
Nmr spectra were determined on a Jeol Model C60H spectrometer 
using tetramethylsilane as internal standard and are reported in 
parts per million. Gas chromatographic analysis was carried 
out on a Loenco Model 160 gas chromatograph equipped with a 
LAC 446, 8-ft column. Microanalysis were performed by the 
microanalysis service of C. N.  R. S. a t  the Gif Sur Yvette labora- 
tories in France. 

1,l-Diphenyl-1-decanol (2).-The preparation of this com- 
pound involved the standard addition of phenylmagnesium 
bromide (0.5 mol) to a commercial samplelo of ethyl caprinate 
(1) ( log ,  0.05mol,99%pure). 

After hydrolysis of the reaction mixture and decomposition 
with a saturated solution of ammonium chloride, ca. 20.3 g of 
crude product was obtained (yellow oil). 

After purification by column chromatography over silica 
(Merck, 0.05-0.2 mm) using a pentane-ether mixture as the 
eluent (10: I ) ,  15 g of the pure alcohol (96Yo) was obtained. 

1,l-Diphenyl-1-decene (3).-This compound was prepared by 
dehydrating a sample of the alcohol 2 (I5 g) in refluxing acetic 
anhydride for a period of 10 hr. After removal of the solvents 
by rotatory evaporation, the crude product was purified by 
column chromatography over silica (blerck, 0 .Os-0.2 mm) using 
petroleum ether (bp 48-55”) as the eluent. Thus 12.4 g ( 8 5 W )  
of pure 1,l-diphenyl-1-decene was obtained. The sample 
showed the following physical data: ir (CCL=CC12) 3080, 3060, 
3020, 1600, and 700 cm-l; nmr (CDC13) 6 0.88 (3 H, multiplet, 

(17) H. W. Wanzlick and W. Lackel, Ber., 86, 1463 (1953). 
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methyl), 1.28 (12 H, singlet, -CHz-), 2.1 (2 H,  multiplet, 
-CHz allylic), 6.09 (1 H,  triplet, ethylenic, J = 7.5 Hz), 7.23 
(10 H ,  aromatic protons). 

The above nmr constants were in agreement with those reported 
in the literature.'* 

Anal. Calcd for C I Z H ~ ~ :  C, 90.35; H ,  9.65. Found: C, 
90.37; H ,  9.46. 

1,2-Diphenyl-l-decanone (4).-A sample (2 g) of the olefin 3 
was converted to 1,2-diphenyl-l-decanone (4) by the Kakis 
method.9 The crude product (2.4 g) was then purified by re- 
crystallization from methanol, followed by thin layer chromatog- 
raphy of the mother liquors over fluorescent silica using a petro- 
leum ether-ether mixture (6: l )  as the eluent. Thus 1.9 g (90%) 
of pure (mp 58.5-57") 1,2-diphenyl-l-decanone (4) was obtained. 
Confirmation of structure was obtained by the following physical 
data: ir (CCla) 3090, 3070, 3030, 1690, 1450, and 690 cm-l; 
nmr (CDCl3) 6 0.85 (3 H,  multiplet, -CH3), 1.25 and 2 [14 H,  
singlet, (-CHI)?], 4.53 (1 H,  triplet, H 01 to ketone, J = 7.5 Hz), 
7.25-8.1 (10 H ,  aromatic protons); uv (95% EtOH) 244 mp 
( e  11,180). 

Anal. Calcd for CZZHZ~O: C, 85.66; H,  9.15; 0, 5.19. 
Found: C, 85.38; H,8.98; 0,5.39. 

1,2-Diphenyl-2-bromo-l-decanone (5).-A sample (1 g) of the 
ketone 4 was brominated by the method of Baudry.l' After 
work-up 1.23 g (99%) of chromatographically pure product was 
obtained: ir (CC14) 3090, 3070, 3030, 1685, 1450, 1225, doublet 
a t  695-685, and 655 cm-1; nnir (CDC13) 6 0.85 (3 H,  multiplet, 
-CH3), 1.2 [12 H ,  multiplet, (-CH2)$], 2.4 (2 H ,  multiplet, 
-CH&BrPh), 7.15-7.85 (10 H ,  aromatic protons). 

cis- and Irans-1,2-Diphenyl-l-keto-2-decene ( 6  and 6').--  
Dehydrobromination of a sample (1.25 g) of compound 5 by 
collidine12 afforded a mixture (0.92 g, 9970) of cis- and trans-l,2- 
diphenyl-1-keto-2-decene. Analytical thin layer chromatog- 
raphy of the mixture on silica-silver nitrate (7%) plates with 
petroleum ether-ether (30: 1) eluent showed that it was practi- 
cally pure. 

Separation was achieved on fluorescent silica preparatory plates 
by multiple elutions with the above solvent mixture (Ri of trans 
compound 6 ,  Rf of cis compound 4). 

Thus 330 mg of the pure cis isomer 6 and 530 mg of the pure 
trans isomer 6' were obtained: ir (CClnCC12) 3090, 3070, 3030, 
1675, 1600, 1450, 1215, and 690 cm-1; nmr (CDCl3) for trans 
compound 6 0.85 (3 H,  multiplet, -CH3), 1.25 [ lo  H ,  multiplet, 
(-CH&], 2.1 (2 H,  multiplet, -CHz- allylic), 6.28 (1 H ,  triplet, 
ethylenic, J = 7.5 Hz), 7.25-8.2 (10 H,  aromatic protons); 
for cis compound 6 0.87 (3 H ,  multiplet, -CH,), 1.27 [ lo  H ,  
multiplet, (-CHY-)~], 2.25 (2 H,  multiplet, -CHZ- allylic), 
6.5 (1 H ,  triplet, ethylenic, J = 7.5 Hz), 7.2-8 (10 H ,  aromatic 
protons); uv (95% EtOH) for cis 245 mp ( E  18,900); for trans 
245 mp (E 24,000). 

Anal. Calcd for CzzH260: C, 86.23; H,  8.55; 0,  5.22. 
Found for cis: C, 86.28; H,  8.77; 0, 5.40. Found for trans: 
C, 86.40; H,8.52; 0,5.45. 

1,2-Diphenyl-2-decen-l-ol (7 and 7').  A. Reduction of 
Compound 6.-A sample of compound 6 (250 mg) was reduced 
with bis(2-methoxyethoxy)sodium aluminum hydride, AlNa- 
( O C H ~ O C H Z C H ~ ) ~ H ~ ,  by a procedure similar to that of Bazant, 
et ai.'* On work-up 250 mg of crude product was obtained. 
Separation was achieved by thin layer chromatography on fluores- 
cent silica plates with a petroleum ether-ether mixture ( 5 :  1) as 
the eluent. Thus 190 mg (75%) of the pure alcohol 7 was ob- 
tained. The chromatography also afforded 20 mg of ketone 4. 
7 had ir (CC12=CCla) 3620, 3080, 3030, 1600, 1490, 1450, and 
700 cm-l; nmr (CDCl3) 6 0.87 (3 H ,  multiplet, -CHa), 1.23 
[ lo  H, (-CH,-),], 1.95 ( 2  H, multiplet, -CHz- allylic), 5.45 (1 H,  
singlet, -CHOH), 5.92 (1 H,  triplet, ethylenic H,  J = 7.5 He), 
7.1-7.2 (10 H ,  aromatic protons). 

Anal. Calcd for CztH280: C, 85.66; H ,  9.15; 0 ,  5.19. 
Found: C,85.68; H,9.19; 0,5.20. 

B. Reduction of Compound 6'.-A reduction of a sample 
(500 mg) of compound 6' by a procedure identical with the above 
afforded 440 mg of a crude product. The purification of the 
product mixture and separation of the components was carried 
out as before. Thus 250 mg (50%) of alcohol 7', 30 mg of ketone 
4, and 20 mg of the dehydration product 1,2-diphenyl-1,3- 
decadiene (8) were obtained in a pure state. 8 had ir same as 7; 
nmr (CDC13) 6 0.9 (3 11, multiplet, -CH3), 1.35 [ lo  H ,  (-CHz-)d, 

(18) A. Jung and M. Brini, Bull. Soc. Chim. Fr . ,  693 (1964). 
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2.25 (3 H, multiplet, allylic -CHZ- and -OH), 5.88 (2 H, triplet, 
6:3: 1, -CHOH and CH=), 7.1-7.3 (lOH, aromatic protons). 

Anal. Calcd for C ~ Z H Z ~ O :  C, 85.66; H,  9.15; 0, 5.19. 
Found: C, 85.95; H,9.28; 0,5.14. 

1,2-Diphenyl-1,3-decadiene (8).-Dehydration of either alco- 
hol 7 or 7' (200 mg) by means of ethanolic hydrochloric acid16 
gave after work-up a mixture of two products (200 mg). The 
mixture was separated on fluorescent silica plates with a mixture 
of petroleum ether-ether (20: 1) as the eluent. 

Thus 130 mg (70%) of pure diene 8 (Rr 9) and 45 mg (2070) of 
1,2-diphenyl-3-ethoxy-l-decene (9) (Rf 7.5) were obtained. 
Diene 8 had ir (CClz=CC12), 3090,3070,3030, 1600, 1490, 1470, 
1450, and 700 cm-'; nmr (CDC13) 6 0.88 (3 H, multiplet, -CHI), 

/Hp Ph 
CHdCH,)&?, 

/c=c, / He /c=c\ 
Ph H, 

1.3 [8 H ,  (-CHZ-)~], 2.1 (2 H, multiplet, -CH2- allylic), two 
triplets centered a t  5.27 (Ha, Ja,a = 7.5, Ja,a = 16 Ha); 6.36 
(Ha, doublet, J a , ~  = 16 Hz), 6.42 (Ha, singlet), 6.65-7.5 (10 H,  
aromatic protons), 

Anal. Calcd for C~ZHZO: C, 90.98; H, 9.02. Found: C, 
90.84; H,  9.14. 

Compound 9 had ir (CSZ) 3080, 3060, 3030, 1080, 760, and 
700 cm-l; nmr (CDC13) 6 0.88 (3 H ,  multiplet, -CHa), 1.05- 
1.7 [12 H ,  large, (-CHZ-)6 and triplet due to -CHs of CH~CHZO-] , 
quadruplet centered at  3.65 due to  -CHr of -OCHzCHJ, 3.9 
(1 H ,  -CHOEt), 6.7 (1 H ,  singlet, RC=CH-), 7-7.6 (10 H,  
aromatic protons). 

Ozonolysis.-All of the ozonolysis reactions were carried out as 
follows. The reactants were dissolved in a mixture of methanol 
and methylene chloride (2:3). The solution was then ozonized 
until the appearance of a blue color (5-10 min). 

Decomposition was accomplished by stirring the product mix- 
ture with a solution of potassium iodide in glacial acetic acid. 

The mixtures were then extracted with ether and the organic 
phase was decolorized by washing with a sodium thiosulfate solu- 
tion and a saturated sodium bicarbonate solution. 

The combined ether extracts were then dried over anhydrous 
magnesium and sodium sulfates. 

Removal of the solvents by rotatory evaporation afforded the 
crude mixtures of the ozonolysis products. In some instance 
direct chromatographic separation of these products proved diffi- 
cult. Consequently, the mixtures were treated with freshly pre- 
pared Wanzlick reagent,17 which converted all the aldehyde com- 
ponents of the mixtures t o  the crystalline dianilinoethane deriva- 
tives, easily separable by chromatography. Purification was 
achieved by recrystallization from methanol. 

Thus from the ozonolysis of 1,l-diphenyl-1-decene (3), non- 
anal (10) was isolated as the dianilinoethane derivative (mp 54- 
55') along with benzophenone (mp 46.5-48"). 

Similarly the ozonolysis of 1,2-diphenyl-l-keto-2-decenes (6 and 
6 ' )  afforded octnal 12 as the dianilinoethane derivative (mp 53.5- 
54.5') and benzill3 (mp 95-96'). 

Finally the dianilinoethane derivatives of heptanal (14) (mp 
77-78') and benzaldehyde (mp 136-137') were isolated from the 
ozonolysis of 1,2-diphenyl-1,3-decanone (8). 

In all of the above cases the observed melting points were in 
agreement with those reported in the literature.'? Confirmation 
was obtained by mixture melting points with authentic samples. 

In the last ozonolysis additional confirmation was obtained 
by gas chromatography of the original mixture against known 
standards. 

Registry No.-1, 110-38-3; 2, 21236-83-9; 3, 1530- 
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