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the manufacture of carotenoid compounds and dehydro
derivatives thereof, none of which has previously been
synthesized. The carotenoid compounds and dehydro
derivatives thereof, preduced in accordance with the pree-
_ess ef the mvenuon ‘may-. be formulated thus

CH,

5 .

| - 10
The present invention is concerned with a process fer L

15

'wherem the: detted hne between the 10 carbon atom -

and the 11-carbon atom means that the above compounds

- can optionally be either the 10-ene or 10-yn compounds
. eerrespendmg te the ebove fermulae

Rl: R?;a RB: Rﬂi:

hydrexy, Qr .0XO; and - enly one -of Rl, Rz and R or of'
- Ry, R5 and R, respectrvely, is. other ‘than hydrogen in

given. compound.. A single member of Ri, Ry and 45

any

Ry and a single member of Ry, R5 and Rg. may be other

than hydrogen in the same compound.

. According to the process provided by the mventlon |
. the carotenoid - compounds and dehydro derivatives there-

of, set forth above, are manufactured by condensing a
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with a compound of the formula
- HC CO0—CH,
- H0————CH;
.

S R . (V)
wherein R is chosen frem the group consmung of hydro-
gen, hydroxy or oxo.

- This condensation, when practiced with polyene d1sls

yields polyene dmnes containing two terminal 1,5,5-tri-

-methyl-cyclopentyl groups which can be alike or unlike,
‘which can be unsubstituted in the 2, 3, or 4 position, or

which contains in the said positions oxo or hydroxy groups.
When practiced with the mono-al, the condensation yields
polyene -ones ‘with a termmal 1,5 5 trunethylcyclepentyl :

CH, -

' 013 C %_.3“ ﬁ ) o E ; o o . | | - | | - GH-":.' ? OHa CH, |
- H;3C ~—(C—CH=CH- '—OE—lCIE{:CH—'(IleEE-—G( )==C (H)—C ~:(E-—CH==O -—'—O_*-#(!)—GH:'OH é ——CH;
] I_R | - | y . . | - o | -
1—\/‘ 3 - Rd—"—--\/—'-Rﬁ
and S - -
ocmom § o G .o CHy . CHy 1o
lv 3 " -
| - an

group attached to the carbon atom of the Carbehyl greﬁp%
This cyclopentyl group may, as abeve, be unsubstituted in
the 2, 3, or 4 position or. cont ain in sald pOeltIOIIS 0X0 Or

" hydroxy groups.

The condensation is preferably carried out under alke.-

~ line conditions and can be carried out using an alcoholic

solution of an alkali metal hydroxide to give the alkaline
conditions. Any nuclear oxo (keto) group present in
the cyelohexenyl radical of the polyen[yn]jal or cyclo-

~ pentyl group in the acetyl cyclopentane compound.can

" be pretected by ketalisation.

‘Following the conden-

~ sation, any protecting group can be hydrolyzed so as to

obtain the .corresponding oxo group engmally present.

polyen[yn]-dial or ﬂpelyeﬂ [yn]al of the general formulae 20 Further if desired, any triple bond present in the con—--_”?

om o om,

| "whereln the detted hne between the 8 carben ete m and

the 9-carbon atom means that the above cempeunds are
chosen from the group censlstmg of 8-ene and 8-vn com-
pounds corresponding to the above formulae, and Rg is

~ chosen from- the- greup censmtlng of hydregen hydrexy

and oxo0,

CHs |

H(ﬁ—-(l}—c H—OE —-—-cH--h-— TC (H) C (E )rf—?c.:l:h;—ce_—;c H-CE --([J—-(ﬁ‘»H
| .?Hyf~-"_ CHy OHs OHs
HC—C=CH-CH=CH- '(IJ—e:ar—'c'(— —

| N v

-"d-ehsetioﬂ'- preduet"ean .'-h"e ._hjfdregeneted in_."'the_. pi'esence. -

- ofa catalyst which selectively catalyzes the reduction of

70

~acetylenic linkage to an olefinic linkage.
which can be used is a palladium/lead/calcium carbonate

One catalyst

catalyst of the kind described hy Lmdlar in Helv, Chim.
Acta 1952 35 446 . | , |
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The polyen dial as one of the starting materials, name-
Iy crocetindial, can be prepared by the method of Isler
et al., Helv. Chim. Acta, 1956, 39, 463. The polyenyn-
dial used as one of the starting materials, namely 8,9-
dehydro-crocetindial, may be prepared by the method of
Isler et al., Helv. Chim. Acta, 1956, 39, 463.

W)

The 17-[27,6",6’-trimethyl-cyclohexen-(1’)-yl]-heptadec~

aoctaen-(2,4,6,8,10,12,14,16)-al-(1) (for example, apo-
2-3-carotenal) and the corresponding heptadecaheptaen-
(2,4,6,10,12,14,16)-yn-(8)-al-(1) used as starting mate-
rials can be prepared in accordance with the method of
Riiege et al., Helv, Chim. Acta, 1959, 42, 854.

The octaene compound having a hydroxy group in the
4’-position of the trimethyl-cyclohexenyl group, which i1s
also a starting material, is a known compound (Karrer
et al., “Carotenoids,” Elsevier Publishing Company, 1950,
p. 218). It occurs in nature as betacitraurin and has
been prepared by the oxidation of zeaxanthin. The
corresponding compound having a keto in the 4’-position
of the trimethyl-cyclohexenyl group which is also a start-
ing material, may be obtained from betacitraurin by
oxidation of the ring-hydroxy to a ring-keto group.

The octaenyne compound having a hydroxy group in
the 4’-position of the trimethyl-cyclohexenyl group which
1s another starting material, i1s a novel compound and
can be preparsd from 8-[4’-acetoxy-2',67,6’-irimethyl-cy-
clohexen - (1’) - yl1]-2,6 - dimethyloctatrien - (1,3,5)-
al-(1), described by Isler et al. in Helv. Chim. Acta,
1957, 40, 456, by the same method as described for the
corresponding unsubstituted aldehyde by Riiegg et al. in
Helv. Chim. Acta, 1959, 42, 847 and 854. The corre-
sronding octaenyne compound having a keto group in
the 4’-position of the frimethyl-cyclohexenyl group, yet
another starting material, may be prepared by oxidation
of the ring-hvdroxy group to a ring-keto-group.

The ketals are prepared in a manner known per s¢ by
ketalisation of the acetalised aldehyde starting material
and then preferentially hydrolysing the acetal group.

- The 1-acetyl-1,2,2-trimethyl-cyclopentane compounds
of the general formula

H,C CH,
H,C l_CcoCH,

S
NX

Rj

wherein R is chosen from the group consisting of hydro—-
gen, hydroxy, or oxo,

used as starting materials are prepared from the corres-
ponding 1-carboxy compounds. Thus 1-acetyl-1,2,2-tri-
methyl-cyclopentane is obtained from a known 1-carboxy-
1,2,2-trimethyl-cyclopentane (camphonanic acid) by con-
version of the carboxy group thereof into an acetyl group
by the action of methyl lithium. Similarly, 1-acetyl-3-
hydroxy-1,2,2-trimethyl-cyclopentane is obtained from
3-keto-camphonanic acid (camphononic acid) by reduc-
tion of the ring-keto group thereof to a hydroxyl group
with the aid of lithium-boron hydride and converting the

carboxy group of the resulting 3-hydroxy-camphonanic

acid to an acetyl group with the aid of methyl lithium.
Again, 1 - acetyl -4 - hydroxy - 1,2,2 - trimethyl-cyclo-
pentane can be obtained from 1-carboxy-4-keto-1,2,2-tri-
methyl-cyclopentane by first reducing the keto group with
the aid of lithium-boron hydride and then converting
the carboxy group with methyl lithium. The 1-carboxy-
4-keto-1,2,2-trimethyl-cyclopentane- required for the two
latter steps may be prepared as follows:

A solution of 4-ethoxycarbonyl-4,5,5-trimethyl-cyclo-
hexadione-(1,3) (190 g.) [Crossley, J. Chem. Soc. 1901,
- 1387 and toluene-p-sulphonic acid (4.5 g.) in ethanol
(1.5 1.) and benzene (900 ml.) was heated under refiux
under a Dean-Stark separator for four days. At inter-
vals the condensate in the separator was run off, and the
solvent in the reaction mixture was replenished. The
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mixture was cooled, evaporated under reduced pressure,
diluted with light pefroleum (B.R. 40-60°), washed with
saturated sodium hydrogen carbonate, dried with mag-
nesium sulfate and evaporated. Distillation of the resi-
due gave 6 - ethoxycarbonyl - 3 - ethoxy - 5,5,6 ~ tri-
methyl-cyclohexen-(2)-one (176 g.) as a colorless oil,
B.P. 118° C./0.35 mm., np2* 1.4878; wpax (ligq. film)
1721, 1653 and 1608 cm.~1l. Ap.. (BEtOH) 256 my,
e=5,700, (Found: C, 66.0; H, 8.8, Cy4H»,0, requires:
C,66.1;:H, 8.7%.) |

A solution of the foregoing enol-ether (10.0 g.) in ether
(50 ml.) was added to lithium-aluminium hydride (2.0
g.) in ether (150 ml.). The mixture was heated under
reflux for 20 hours, then cooled and treated with excess
dilute sulfuric acid. Isolation of the crude product with
ethar gave a solid (7.0 g.). Chromatography on alumina
gave 4 - hydroxymethyl - 4,5,5 - trimethyl-cyclohexen-
(2)-one (2.4 g.) which crystallised from light petroleum
(B.R. 40-60° C.) and had a melting point of 151° C.;
Amax (EtOH) 230 mu, e=7,800; vy,... (CCly) 3680, 1672
and 1600 cm.~l. (Found: C, 71.2; H, 9.75. C;;H;40-
requires: C, 71.4; H, 9.6% ). The (2,4-dinitro-phenyl)-
hydrazone had a melting point of 174° C., Apax (EtOH)
373 mpu, e=26,000. (Found: C, 54.8; H, 5.7.

Ci16H005Ny

requires: C, 55.15; H, 5.8%.)

The preceding crude cyclohexenone (21 g.) in ethanol
(50 ml.) was shaken with hydrogen in the presence of
10% palladised charcoal (3.0 g.) until absorption was
complete. Removal of catalyst and solvent gave 4-hy-
droxymethyl - 4,5,5 - trimethyl—cyclohexanone [vmax 3497
and 1704 cm.—1] which was used directly in the next
stage.

To a cooled solution of the foregoing crude cyclohexa-
none (12 g.) in acetone (150 ml.) was added one of
chromium tri-oxide (25 g.) in 2 N sulfuric acid (70 ml.).
The mixture was stirred at 20° C. for 2 hours, and then
poured into water (1 1.). Isolation of the acidic product
in the usual way and crystallization from benzene/light
petroleum B.R, 40-60° C.] gave 4-carboxy-3,3,4-trimeth-
yl-cyclo-hexanone (2.0 g.), M.P. 188° C., vpa (CHCl,)
3,000-3,500 (broad) and 1706 cm.—! (1unsymmetncal)
(Found: C, 65.2; H, 9.0. C10H1503 I'equlres C, 63. 2 H,
8.75%.) The ( 2 4 - dinitro-phenyl) - hydrazone crystal—
lized from ethanol and had a melting point of 193° C.,
Amax (EtOH) 355 mpy, ¢=17,500.

A solution of the preceding keto-acid (4.4 g.) in 1 N
potassium t. butoxide (200 ml.) was shaken in oxygen
until absorption was complete (equivalent to 1.05 mol
of oxygen). The solution was poured into water and
acidified with 10% hydrochloric acid. 1Isolation of the
product with chloroform gave solid 4-carboxy-4,5,5-tri-
methyl-cyclohexanedione-(1,2) (4.6 g.) (ultraviolet spec-
trophotometry indicated a purity of 89%). Crystalliza-
tion of the product from another similar experiment gave
the 1,2-dione having a melting point of 136-137° C.:
ymax 3,100~3,500, 1695 and 1672 cm.~1; Apox (EtOH)
268 myu, e=6,500; Amax (aq. alkali) 312 mu, e=35,200.
(Found: C, 60.65; H, 7.05. C,;,H404 requires: C, 60.6;
H,7.1%.)

A solution of the preceding 1,2-dione (4.2 g. 89%

pure) in 5% potassium hydroxide (100 ml.) was boiled

under reflux until it no longer exhibited a light absorption
maximum at 312 mu (20 hours). The solution was
cooled, acidified (to pH 4) with hydrochloric acid, and
filtered. The filtrate was extracted with ether (3 x 20
ml.) phosphoric acid (9.0 g.) was added followed by
analytically pure sodium bismuthate (9.0 g.). The sus-
pension was left for ca. 16 hours and then stirred vigor-
ously for 2 hours. Extraction with ether (4 x 50 ml.),

‘evaporation of the extract, and crystallization of the resi-

due from benzene/light petroleum [B.R. 60-80° C.] gave
the required 1I-carboxy-4-keto-1,2,2-trimethyl-cyclopen-
tane; ML.P. 216° C. (sealed tube) (on admixture with




- 218, 202) (3.5 g.) in ether (40 ml.) was added dropwise

- ¢al
~depressed to 207—-209“ C.); vmax (CHCl3) 3100-3500,

- melting point of 223° C.

1,20 - di(3' -
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phononic acid, M.P. 228° C,, the meltmg pomt was’

1736 - and 1701 cm.~l. (Found: C,  62.95; H, 8.25.
CoH,404 requires: C, 63 5:H, 8.25%.) "The (2 4-dinitro-
phenyl)-hydrazone crystalhzed from methanol and had a
(Found: C, 52.0; H, 5.3.
Ci5H 306N, requires: C, 51.4; H, 5.2%.) -

It has been found that the products of this invention '

(represented by Formulae I and i, supra), are highly
colored compounds and are useful fm the celoratlon of
foodstufis and animal feeds. S

The following examples 1llustrate the compounds and
processes of the invention.

-EXAMPLE 1

1,20 - di(1’,2",2" - trzméﬂiylncyclapem‘yl)—%i 8,13,17-tetra-
- mez‘hy!ezcosanonaene (2 4,6,6,10,12,14,16, I 8) dione-

- (1,20) | | _
Camphonomc acid (Appel Zeit. Phys Chem ., 1938,

to a stirred ethereal solution (50 ml. ) of methyl lthium
(from 10 g. of methy! iodide). The mixture was refluxed
for 18 haurs and cooled. Iced water was added cautiously.
Isolation of the neutral product gave 1-acetyl-1,2,2-tri-
methyl-cyclopentane; B.P.=—88°-92° C. /23 mm., Ymax

1692 cm.— 1,
A mixture of 1 acetyl-1 2 2 1r1methy1 cyclopentane _‘

(0 5 g.) and crocetindial (50 mg.) in the 5% ethanolic
potassium hydroxide (3 ml.) was kept for 4 days and

- shaken and warmed occasionally. The mixture was re-
fluxed for 30 minutes, cooled, and diluted with benzene.
The solution was washed with water, dried (sodium sul-

- fate) and evaporated. Chromatography of the residue in

(1:1) benzene/light petroleum (B.P.=60°-80° C.) on

- alumina (Brockmann et al.,

LV), 1solation of the main red band, and crystallization

Ber.,

1941, 74, 73: Grade

10
‘pentane, crocetindial (100 mg.) and 5% methanolic po-

15

hours and then refluxed for 2.5 hours.

h.ﬁ :

1695 cm.~L. Its methyl ester bmled at 132“--135“ C/
17 mm.; vy 3450 and 1718 cm =L,

| 3-hydmxy-camphonamc acid (5.7 g.) in ether (5 0 ml ) |
was added dropwise to a 'stirred ethereal solution of
methyl lithium (from 18.g. of methylmdlda) ‘The mix- |
ture was refluxed for 18 hours and cooléd. Iced water
was added cautiously and the neutral product isolated,
giving l-acetyl-3-hydroxy-1,2,2-tr 1mathy1 cyclopentane (1
2.), Ymax 3425 and 1686 cm.—1, -

A mixture of 1-acetyl-3 hydroxy 1,2 2-tr1methy1—cyclo-

tassium hydromde (3 ml.) was kept at 20° C. for 19

The mixture was
cooled, diluted with benzene, Washed with Water dried .

(sodmm sulfate} and evaporated. Isolation of the prod-

‘uct as in the previous example, and crystallization from

benzene/light petroleum (B.P.=60°-80° C.) gave the

- polyene diketone as violet crystals; M.P.=187°~188° C.,

20

29
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from benzene/light petroleum (B.P.=60°-80° C.) gave

the polyene diketone as violet crystals; M.P.=205°- 4g
206° C.; Mpax 517 and 483 My, e=95 000 and 105 (00 re-
spectwely, ymax 1064 cm,—1, -
. CH; OBy e
" Cll; . ClJ C-:I'T"-:O wrm G C H—{C “#—-GH—-C
31*\/_ _.
ﬂi}d -
omom 9 OH -
- CHy——— G——C]Zi:CH——(B:O T—CH=CE
EXAMPLE 2

hydmxy 17,2°,2" -mmetkyl cycfopem‘yl)
4,8,13,17 - tetramethyl - e;cosarzonaene (2,4 6,8,10,12,
14 16 18)-d30i2€-(] 20) -

Potassiom borohydride (4.0 g.) was added in small |

portions to a warm solution of camphononic acid (Appel,
Zeit. Phys, Chem, 1938, 218, 202) (10.0 g.) and sodium
hydroxide (3.3 g.) in water (130 ml.).
mixture was heated on a steam bath for 16 hours and
cooled. Concentrated sulfuric acid (13.3 ml.) in water

(70 ml.) was added, and the solution was heated on a

steam bath for 1 hour, cooled and extracted thoroughly
- with ether.

urated sodium hydrogen carbonate,
- extract, isolation of the product with ether, and crystal-
lization from a mixture of ethyl acetate and light peiro- -

- The ethereal solution was extracted with sat-

leum (B.P.=60°-80° C.) gave :-hydroxy-camp‘mnamc
ElCid as a ml::{tme of epm ers; M.P.=220°-222° C,

2 Vmax

The resulting

’max 3401 and 1661 cm.=, A,y (benzene) 520 and 485

mu, e=104,000 and 118 {)00 respectively.

EXAMPLE 3

1-12',6° 6’- rfzmerhylcyclohexm (I') ~y{] - 19 - (I’ 27,2~
mmez‘hyl cyclopentyl) - 3,7,12,16 - zeframetkylnona-
decanonaen-(1,3,5,7,9,11,13,15 17)-one -(19)

A mixture of apo-2-g-carotenal (200 mg.), 1-acetyl-

' 1,2,2 - trimethylcyclopentane (1.0 g.), and 5% ethanolic

potassium hydroxide (15 ml.) was warmed, kept at 20°
for 2 days, and finally boiled under reflux for 30 minutes.
The mixture was cooled, diluted with light petroleum

(B.P. 60-80°) (250 ml.) washed with aqueous methanol

(1:9), and then with water. 1 an
evaporated. Chromatography of the residue in benzene
or alumina, isolation of the main red band, evaporation,
~and crystallization of the residue from benzene/methanol

The solution was dried and

gave the polyene ketone as needles, M.P.=164-165°;

Nmax (CeHs) 483 mpu, e=101,000; rpoy (CHCI;) 1667
em.—l e=200; 7=8.03, 8.28, 8.82, 8.89, 8.97, 9.15 pp.m.

Found: C, 868 H, 1(}5 C,;[;H%O requires: C, §86.9; H,

102% )

We claim: |
1. A compound SEIHCtﬂd from the group consmtmg of
3_ 3_' | | EHE ?_.CiEsC“‘a |
CH—R; OE-"(E-— 1=CH-CH=C—CH=CE é ---——---—-CHs- :
CH; |
(5.—'—(:_:5[——123&0 ~

 wherein R, and R, are selected from the group consisting

~of hydrogen and hydroxy, and Rs is selected from the .

60

70

Acidification of the

-75:_"

'group conmstmg of —CH=—=CH— and —C=C—, |
2. 1,20 - di(1’,2".2" - trlmethyl cyclopentyl) - 4.8, 13

-- 17-tetramethy1 eicosanonaene - (2,4,6,8,10,12,14, 16 18)-

dione-(1,20). )
3. 1,20 - di(3’ - hydmxy - 1722, - trunethyl cyclo-
pentyl) - 4,8,13,17 - te tlamethyl elcosanonaene (2,4,6,

- 8,10,12,14,16,18)-dione-(1,20).

4..1 - [2/,6",6' - trimethylcyclohexen - (17) - yl] - 19-
(17, 2" 2 - trunathyl cyclopentyl) - 3,7,12,16 - tetrameth-
yl-nonaducanonaen (1 3,3,7,9, 11 13, 15 17) one-(19).

| Femremea Cited by the E miner
| UNITED STATES PATENTS | |
2,676,988  4/54 Robeson et al. —_____ _260—586
2,815,379  12/57 Surma,tls e 260—3586 X o
- (Dther ref: zrmmﬁ @ﬂ mihwmg page) '
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