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As part of our continuing studies of retinals and visual pigments,2 we desired relatively

large quantities of stereochemically pure retinoids. In particular, we desired the various
geometric isomers of 10-methyl, l4-methyl and 10,14-dimethyl retinals (i,z,z),3 since these

are useful in studies directed toward the clarification of the steric factors involved in
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visual pigment formation. The recent interest in retinoids as anticancer agents5 has also
stimulated research into the effect of modifications in the Vitamin-A skeleton upon the
therapeutic and toxic properties of retinoids.

Syntheses of retinoids in this 2a,b,d,e and other6 laboratories have generally involved
multistep procedures leading to low overall yields and mixtures of product isomers requiring
tedious separation. In addition, most published procedures are not easily altered to allow
modification of the side chain;63 our attempts to add 2-(diethylphosphono)-ethyl proprionate to
B-ionone to yield triene esters convertible to i and é’failed.—,’8 Recently, Stork and Kraus9
described an improved synthesis of the key intermediate tetraene ketones 6 andll; however, this

method will not allow the preparation of "C " tetraene ketones 4 and 5
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We wish to report a method by which certain retinoids can be prepared in 36-48 hours from
B-ionone 8. Separation of more than two product isomers from starting materials is not required
at any stage, allowing the synthesis of > 200 mg quantities of stereochemically pure retinoids.
Our approach is based on a modification of Wittig's directed aldol condensation10 coupled with

separation by preparative liquid chromatography (PLC).1l The procedure is illustrated by the
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synthesis of all-trans and 13-cis 10,14-dimethyl retinals.
Preparation of tetraene ketone 5. A solution of 14.3 g (100 mmole) propylidene cyclo-

10
hexylamine in 80 mL ether was added over 30 minutes under N2 at 0° to a stirred solution of
100 mmoles lithium diisopropyl amide (LDA) in 250 mL ether. After stirring 30 minutes at 0°,

the mixture was cooled with a Dry Ice/acetone bath and 19.2 g (100 mmole) B—ionone12 in 50 mL
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ether was added over 20 minutes. The solution was stirred for 45 minutes at -78°, allowed to
warm to room temperature over 45 minutes, then was cooled in an ice/water bath and the reaction
quenched by the addition of 160 mL of water. The resulting mixture was stirred for 5 minutes,
and the aqueous layer was separated and discarded. The organic layer was dried (Na2504) and
evaporated in vacuo at ambient temperature.
The residual oil was dissolved in 500 mlL anhydrous THF, cooled in a Dry Ice/CCl4 bath to

-23° under N, and 15.2 g (60 mmole, 0.6 eg.) I was added in one portion. The solution was

2 2
stirred 20 minutes at -23°, the bath removed and the solution allowed to come to room temperature
The purple reaction mixture was poured into 1200 mL ether and 800 mL water, and the organic layer
washed successively with 3x1200 mL water, 1x1200 mL 5% aqueous NaHSO3, 2x1200 mL water, and

1x1200 mL saturated salt solution. The organic layer was dried (Na SO4), evaporated and the

2
resulting red-orange oil filtered through a column of 100 g of silica gel (1:1 ether:light
petroleum). Purification by PLC (7.5% ether in hexane, 250 mL/min.) yielded 8.50 g (36.6 mmole)
9-cis triene aldehyde‘g, and 3.21 g (13.8 mmole) all-trans 19 (combined yield 50% from

B-ionone ﬁy.
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To a solution of 0.96 g (4.13 mmole) trans triene aldehyde lg in 100 mL acetone13 was added
32 mI. 1N NaOH. The mixture was stirred under N2 in the dark for 8 hours at room temperature
then poured into 250 mL ether and 150 mL water. The organic layer was washed with 3x100 mL
water, dried (Na2304) and evaporated. The resulting yellow-orange oil was filtered through a
column of 25 g of silica gel (1:1 ether:light petroleum). Purification by PLC (7.5% ether in
hexane, 250 mL/min.) yielded 0.936 g (3.41 mmole, 82%) all-trans tetraene ketone 2;

Preparation of 13-cis and all-trans 10,14-dimethyl retinals 11 and 3, Propylidene cyclo-

hexylamine10 (0.556 g, 4 mmole) in 10 mL ether was added over 20 minutes under N2 at 0° to a

stirred solution of 4 mmoles of IDA in 10 mL ether. The solution was stirred for 15 minutes at
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0°, cooled with a Dry Ice/acetone bath, and 1.0 g (3.68 mmole) E'in 10 mL ether was added over
30 minutes. The resulting pale-orange reaction mixture was stirred 30 minutes at -78°, allowed
to warm to room temperature (45 minutes), then cooled in an ice/water bath and the reaction

quenched by the addition of 25 mL of water. The mixture was stirred for 5 minutes, the aqueous
layer separated and discarded, and the organic layer dried (Na SO4) and evaporated.14

and 0.561 g

The residual oil was dissolved in 45mL anhydrous THF, coolzd to ~23° under N2,
(2.21 mmole, 0.6 eq.) 12 added in three portions. The solution was stirred 20 minutes at -23°,
allowed to come to room temperature, then poured into 150 mL ether and 100 mL water. The
organic layer was washed successively with 3x150 mL water, 1x150 mL 5% aqueous NaHSO3, 2x150 mL
water and 1x150 mL saturated salt solution, dried (Nazso4), evaporated and the residual oil
filtered through a column of 10 g of silica gel (1:1 ether:light petroleum). Purification by
PLC (6% ether in hexane, 250 mL/min., two columns) yielded 216 mg 13-cis 10,14~dimethyl retinal

11 and 159 mg all-trans 10,14-dimethyl retinal 2;15 (combined yield 36.4% from tetraene ketone EQ
~S
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This procedure has been applied to the preparation of tetraene ketones élg’and 1, as well
as the various 9-10 and 13~14 double bond isomers of retinals £:2;l6 Extension of this method

to the synthesis of more exotic retinoids is in progress.

Acknowledgements: This work was supported by NIH Grant EY 01253. One of us (R.H.B.) is

grateful for a postdoctoral fellowship from NIH (1976-1978, EY 05140).

REFERENCES AND NOTES

1. pPortions of this work were presented at the 174th National Meeting of the American
Chemical Society in Chicago, Illinois, September 2, 1977. Abstract ORGN-193.
2. a) W.X. Chan, K. Nakanishi, T.G. Ebrey and B. Honig, J. Am. Chem. Soc., 96, 3642 (1974);

b) T. Ebrey, R. Govindjee, B. Honig, E. Pollock, W. Chan, R. Crouch, A. Yudd and
K. Nakanishi, Biochemistry, 14, 3933 (1975); ¢) R. Crouch, V. Purvin, K. Nakanishi and
T. Ebrey, Proc. Nat. Acad. Sci., 72, 1538 (1975); d) K. Nakanishi, A.P. Yudd, R.K. Crouch,

G.L. Olson, H.~C. Cheung, R. Govindjee, T.G. Ebrey and D.J. Patel, J. Am. Chem. Soc., 98,
236 (1976); e) M.A. Gawinowicz, V. Balogh-Nair, J.S. Sabol and K. Nakanishi, J. Am. Chem.
Soc., 99, 7720 (1977); £) K. Nakanishi, Pure Appl. Chem., 49, 333 (1977).

3. Only the all~trans isomers are shown.



872 _ No. 10

7.

10.

11.

12,
13.
14.
15.

18&.
17.

a) A.R. Oseroff and R.H. Callender, Biochemistry, 13, 4243 (1974); b) R.H. Callender,
A. Doukas, R. Crouch and XK. Nakanishi, Biochemistry, 15, 1621 (1976}; c¢) R. Mathies,

A.R. Oseroff and L. Stryer, Proc. Nat. Acad. Sci., Zi, 1 (1976).

See for example: a) M.B. Sporn, Nutrition Reviews, 35, 65 (1977): b) M.B. Sporn,

N.M. Dunlop, D.L. Newton and W.R. Henderson, Nature, 263, 110 (1976).
See for example: a) H. Mayer and 0. Isler in "Carotenoids", ed. by 0. Isler,
(Birkhauser Verlag Basel, 1971) pp.325-575 and references cited therein; b) D.A. van Dorp

and J.F. Arens, Recl. Trav. Chim. Pays-Bas, 65, 338 (1946); c) H.O. Huisman, A. Smit,

S. Vromen and L.G.M. Fisscher, Ibid., 71, 895—11952): d) H.O. Huisman, A. Smit, P.H.

van Leeuwen and J.H. van Rij, Igig;! ZET 977 (1956): e) C.F. Garbers, J. Chem. Soc., 3234
(1956); f) H. Pommer, Angew. Chem., ZE: 811 (1960); g) K. Eiter, E. Truscheit and

H. Oediger, Ibid., 72, 948 (1960); h;—P.J. van dem Tempel and H.O. Huisman, Tetrahedron,
22, 293 (1966); i) ;T Ramamurthy, G. Tustin, C.C. Yau and R.S.H. Liu, EEiQ;J éi, 193
(1975); 3) V. Ramamurthy and R.S.H. Liu, Ibid., 31, 201 (1975). o

J.S. Sabol, unpublished results. -

These ketones are required for the syntheses °f‘£ and 2;

G. Stork and G.A. Kraus, J. Am. Chem. Soc., 98, 2351 (1976) .

G. Wittig and H. Frommeld, Chem. Ber., 97, 3548 (1964); G. Wittig and H. Reiff, Angew.

Chem. Int. Ed. Eng., 7, 7 (1968); G. Wittig and A. Hesse, Org. Syn., 50, 66 (1970) .
Waters Model 500 Prep IC System. For other uses of this instrument for multigram
separations and for retinoid separations see: M.J. Pettei, F.G. Pilkiewicz and

K. Nakanishi, Tetrahedron Lett., 2083 (1977).

Purchased from Aldrich Chemical Company and distilled prior to use.

Spectral quality, purchased from Fisher Scientific Company.

The subsequent dehydration, hydrolysis and PLC purification were done under red light.
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10.30 (s,1H); CI/MS (isobutane) m/e 313 (M++l), 369 (M++57); UV (Hexane) 360 nm

(e = 30,000).

Complete details will be provided in our full paper.
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