Analogues of Ambruticin

N%[4-(2,2,6,6-Tetramethyl-1-piperidinyloxy)lactinomycin
D (3). A General Method. To 200 mg of the 2-deamino-2-
chloroactinomycin D (2) [prepared according to the published
methods,'*!® R, 0.46 (B)] dissolved in 20 mL of dry benzene, 150
mg (5 equiv) of 4-amino-2,2,6,6-tetramethyl-1-piperdinyloxy (6)
in 10 mL of benzene was added. The reaction mixture was stirred
at room temperature for 84 h (at this time all of 2 had reacted).
The organic solvent was removed under reduced pressure and the
residue crystallized from benzene—hexane. Further purification
was achieved by LH-20 column chromatography using 95%
methanol as eluant, affording 100 mg (40%) of a red solid: mp
240-244 °C dec; TLC (solvent system) R, 0.84, and homogeneous;
UV Apar (CH30H) 245 nm (e 37 250), 435 (15950), 455 (15 550);
UV Apae (6 mM phosphate, pH 7.4), 198 nm (e 72430), 248 (32170),
433-434 (17470). Anal. (C;;H;0oN;30,,-5CH;OH) C, N; H: caled,
7.78; found, 7.21.

N2.[2-[[4-(2,2,6,6-Tetramethyl-1-piperidinyloxy)]-
aminolethyl]actinomycin D (4). This compound was prepared
from 2 and the diamine spin-label 7 in 27% yield: mp 232-235
°C dec, TLC (solvent system B) R 0.54; UV Ay, (CH,OH) 245
nm (e 23 818), 435 (10890); UV Ayue (5 mM phosphate, pH 7.7)
199 nm (¢ 67 230), 240 (24 050), 442 (11820). Anal. (Cy3Hor-
N;,0,76H,0) C, N; H: calcd, 7.68; found, 7.00.

N2.[8-[[4-(2,2,6,6-Tetramethyl-1-piperidinyloxy)]-
amino]propyllactinomyecin D (5). This was similarly prepared
from the intermediate 2 and the diamine spin-label 8 in 31% yield:
mp 211-213 °C dec; TLC (solvent system B) R; 0.51; UV Apyy
(CH,0H) 245 nm (e 28750), 358-359 (18 430), 430-432 (10 350);
UV Apee (65 mM phosphate, 7.4) 199 nm (e 57 810), 243 (27 850),
360-362 (17670), 443 (10450). Anal. (C;4H0sN;,0,-6H,0) C,
H, N.
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Antifungal Agents. 5.! Chemical Modification of Antibiotics from Polyangium
cellulosum var. fulvum. Alcohol, Ketone, Aldehyde, and Oxime Analogues of

Ambruticin

David T. Connor* and Maximillian von Strandtmann?
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Alcohol, ketone, aldehyde, and oxime analogues of ambruticin (1) were prepared. The analogues were tested against
Histoplasma capsulatum, Microsporum fulvum, Candida albicans, and Streptococcus pyogenes. Structure—activity
relationships are described. Increasing the bulk of substituent at C; and Cs reduces antifungal activity.

In part 4 of this series,! we described the structure—
activity relationship of esters and amides derived from the
potent antifungal antibiotic ambruticin (1).2 Ambruticin

0022-2623/79/1822-1055%$01.00/0

was isolated from the fermentation broth of Polyangium
cellulosum var. fulvum. The present paper describes the
synthesis and biological activity of alcohols, ketones, al-
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dehydes, and oximes derived from 1. The effect of ep-
imerization at C; on antifungal activity is also discussed.

The compounds were synthesized by the routes shown
in Schemes I-IV. Reduction of ester 2 with lithium
aluminum hydride gave triol 3 and with diisobutyl-
aluminum hydride gave aldehyde 17. Reaction of 2 with
Grignard reagents gave alcohols 8-11. Treatment of acid
1 with alkyllithiums gave ketones 18-21, which were re-
duced to the corresponding alcohols 4-7 with sodium
borohydride. Triol 3 was converted to ketodiol 25 by
oxidation with silver carbonate. Ketone 25 was trans-
formed to alcohols 22-24 with Grignard reagents and to
oxime 26 with hydroxylamine hydrochloride. Reduction
of 25 with sodium borohydride gave a mixture of epimeric
alcohols 3 and 30. Oxidation of ester 2 with silver car-
bonate gave ketoester 27, which was converted to oxime
28 on treatment with hydroxylamine hydrochloride.
Reduction of 27 with sodium borohydride gave a mixture
of epimeric ester diols 2 and 31. Hydrolysis of 31 with
aqueous sodium hydroxide solution gave acid 32. Anti-
fungal antibiotic acid 32 is also a naturally occurring
compound and was isolated* previously from the fer-
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mentation broth of Polyangium cellulosum var. fulvum.

The analogues were tested against Gram-positive bac-
teria, including Streptococcus pyogenes, and fungi, in-
cluding Histoplasma capsulatum, Microsporum fulvum,
and Candida albicans. Antimicrobial testing was carried
out by a standard broth-dilution procedure. The results
are summarized in Table 1.

Biological Activity. None of the analogues showed any
antibacterial activity. The analogues were also inactive
against C. albicans. The triols were all highly active
antifungal agents (Table I) unless bulky substituents were
present (10 and 11). Antifungal activity decreased with
increasing bulk at C,. This effect is illustrated by the series
3-7 and the series 8-11. The series 3 and 22-24 illustrates
declining antifungal activity with increasing bulk at C,.



Analogues of Ambruticin

Scheme IV
H H
MeO»CCHy | 01 2
Ag2CO03a
2 - -
“~OH
0

27
NGBV \\ZNOH
H H H H
MeQCCHa ! O 2 MeO,CCHy | o 1 .2
2+ U
v~ NOH “OH
]
OH

31

tOH' ]oH‘
H H

! !

! |

HOgCCHgUZ HORCCHa | O | 2
“OoH SoH

32 29
28 27 28
Chs CH3 CHa
=
‘ ‘ H H 23 24
z - CH:CH-—&--CH:CHCHCH:C\ 0| LCHzCH3
s s 1012 g3 4 15 16 L .
19 / 21
20 CH3

Compounds in which C, is a carbony! carbon are active,
and once again increasing the bulk of the substituent at
C, decreases antifungal activity, as illustrated by the series
17-21. Compounds in which C; is part of a ketone or
oxime group were also highly active antifungal agents. The
antifungal activity exhibited by analogues 30-32 indicated
that epimerization at C; has little effect on activity.

Conclusions. Molecules with unhindered polar sub-
stituents on carbons 1, 5, and 6 are antifungal agents.
Antifungal activity is retained when C, is part of an acid,
ester, amide, aldehyde, ketone, or alcohol group. Anti-
fungal activity is displayed by compounds in which the
oxygen function at C; is part of an alcohol, ketone, or
oxime.

Experimental Section’®

Infrared spectra were recorded on a Perkin-Elmer 700 spec-
trometer. Mass spectra were obtained with an AEI MS-902
instrument. TLC was performed on silica gel plates (Quantum)
using iodine vapor for visualization.

General Procedure for the Preparation of Ketones 18-21.
A solution of acid 1 (1 equiv) and alkyllithium (20 equiv) in ether
was stirred at room temperature under nitrogen for 4 h. The
reaction mixture was poured onto ice-water and extracted with
ether. The extracts were dried over MgSO, and evaporated to
give a yellow oil. The product was purified by preparative TLC
with the solvent system ethyl acetate-cyclohexane (4:1) to give
a yellow oil (homogeneous by TLC).

1-Methyl-1-oxopolyangi-5,6-diol (18): yield 93 mg (47%);
IR (film) 1710 cm™ (CO); MS m/e (relative intensity) 472 (2),
454 (2), 443 (2), 377 (2), 359 (1), 277 (3), 259 (2), 193 (100). Found:
M 472.3213; CyeHy4O5 requires 472.3190.

1-Ethyl-1-oxopolyangi-5,6-diol (19): yield 35 mg (36%); IR
(film) 1710 cm™! (CO); MS m/e (relative intensity) 486 (2), 468
(2), 457 (4), 439 (1), 391 (1), 373 (2), 355 (1), 291 (2), 273 (3), 273
(3), 257 (2), 193 (100). Found: M* 486.3312; C3,H 05 requires
486.3345.
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Table I. Antifungal Activity (in Vitro)*

MIC, ug/mL
no. H. capsulatum M. fulvum
1° 0.39 0.098
2b 0.39 0.39
3b 0.098 0.098
4 0.098 0.195
5 0.78
6 1.56 1.56
7 6.25 >50
8 0.78 0.195
9 1.56 3.12
10 50 >50
11 50 >50
120 0.049 0.39
13% 50 >50
14% 12,5 >50
15 25 >50
16% 50 >50
17 0.78 0.098
18 0.39 0.195
19 0.78 0.78
20 6.25 25
21 12.5 >50
22 0.78 0.78
23 1.56 1.56
24 3.12 6.25
25 6.25 0.78
26 0.098 0.195
27b 0.39 0.195
28 0.78
29 3.12 1.56
30 0.39 0.39
31 0.39 0.39
32 0.78 0.195

¢ The microbiological testing procedures are described
by S. M. Ringel, Antimicrob. Agents Chemother., 13,762
(1978). P See ref 3.

1-Phenyl-1-oxopolyangi-5,6-diol (20): yield 20 mg (18%);
IR (film) 1680 cm™! (CO); MS m/e (relative intensity) 534 (5),
516 (8), 505 (7), 498 (3), 487 (2), 439 (6), 421 (6), 348 (9), 347 (14),
323 (11), 287 (40), 235 (16), 193 (100). Found: M* 534.3232;
C3,H 405 requires 534.3446.

1-(1,1-Dimethylethyl)-1-oxopolyangi-5,6-diol (21): yield 9
mg (9%); IR (film) 1710 em™ (CO); MS m/e (relative intensity)
514 (44), 496 (40), 485 (100). Found: M* 514.3671; C3,Hy 05
requires 514.3658.

General Procedure for the Preparation of Triols 4-7.
Sodium borohydride (10 equiv) was added to a solution of ketone
(1 equiv) in methanol. The reaction mixture was stirred under
nitrogen at room temperature for 4 h. The methanol was removed
under reduced pressure to give a white solid. The solid was
dissolved in water and extracted with ether. The extracts were
dried over MgSOQ, and evaporated to give a colorless oil. The
product was purified by preparative TLC with the solvent system
ethyl acetate—cyclohexane (4:1) to give a colorless oil (TLC in-
dicates a mixture of diastereomers).

1-Methylpolyangi-1,5,6-triol (4): yield 28 mg (59%); IR (film)
3600-3100 cm™ (OH); MS m/e (relative intensity) 474 (18), 456
(10), 445 (14), 379 (10), 279 (61), 193 (100). Found: M™* 474.3303;
Cy9H 605 requires 474.3346.

1-Ethylpolyangi-1,5,6-triol (5): yield 10 mg (40%); IR (film)
3600-3100 cm™ (OH); MS m/e (relative intensity) 488 (36), 470
(25), 459 (45), 293 (66), 193 (100). Found: M* 488.3402; C3H 505
requires 488.3502,

1-Phenylpolyangi-1,5,6-triol (6): yield 7 mg (70%); IR (film)
3600-3100 cm™ (OH); MS m/e (relative intensity) 536 (8), 518
(B), 507 (7), 474 (4), 445 (4), 423 (4), 347 (14), 341 (28), 193 (100).
Found: M™ 536.3511; C3,H 05 requires 536.3498.

1-(1,1-Dimethylethyl) polyangi-1,5,6-triol (7): yield 2 mg
(33%); IR (film) 3600-3100 cm™! (OH).

General Procedure for the Preparation of Triols 8-11. A
solution of ester 2 (1 equiv) and alkylmagnesium bromide (10
equiv) in ether was refluxed under nitrogen for 4 h. The reaction
mixture was cooled and poured onto ice and ammonium chloride.
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The resulting mixture was extracted with ether. The extracts
were dried over MgSO, and evaporated to give a colorless oil. The
product was purified by preparative TLC with the solvent system
ethyl acetate-cyclohexane (4:1) to give a colorless oil (homogeneous
by TLC).

1,1-Dimethylpolyangi-1,5,6-triol (8): yield 36 mg (74%); IR
(film) 3600-3100 cm™ (OH); MS m/e (relative intensity) 488 (20),
470 (19), 459 (40), 452 (25), 493 (12), 475 (16), 293 (60), 193 (100).
Found: M* 488.3605; C3,H,30; requires 488.3502.

1,1-Diethylpolyangi-1,5,6-triol (9): yield 11 mg (19%); IR
(film) 3600-3100 cm™ (OH); MS m/e (relative intensity) 516 (20
498 (20), 487 (16), 480 (18), 469 (13), 421 (6), 403 (9), 383 (10
321 (50), 193 (100).

1,1-Bis(1-methylethyl) polyangi-1,5,6-triol (10): yield 10 mg
(18%); IR (film) 3600-3100 cm™ (OH); MS m/e (relative intensity)
526 (19), 508 (15), 497 (16), 479 (8), 431 (10), 413 (5), 387 (7), 341
(7), 329 (19), 311 (25), 197 (100), 193 (100). Found: M* - 18,
526.4025; C3,H;,0, requires 526.4022.

1,1-Diphenylpolyangi-1,5,6-triol (11): yield 30 mg (49%);
IR (film) 3600-3100 cm™! (OH); MS m/e (relative intensity) 612
(1), 594 (2), 576 (2), 572 (3), 543 (6), 207 (12), 197 (24), 180 (100),
165 (55). Found: M?* 612.3849; C, H;;05 requires 612.3815.

Polyangi-1,5,6-triol Tris(4-Chlorophenylcarbamate) (15).
A solution of polyangi-1,5,6-triol (25 mg) and 4-chlorophenyl
isocyanate (40 mg) in toluene (2 mL) was refluxed under nitrogen
for 3 h. The solvent was removed under reduced pressure to give
an oil. The product was purified by preparative TLC with the
solvent system ethyl acetate—cyclohexane (4:1) to give a colorless
gum: homogeneous by TLC; yield 23 mg (46%); IR (film)
3400-3200 (NH), 1705 cm™! (CO).

Preparation of Aldehyde 17. A solution of diisobutyl-
aluminum hydride (142 mg) in hexane (0.7 mL) was added to a
solution of ester 2 (195.2 mg) in toluene (5 mL) at -78 °C under
nitrogen with stirring. The reaction mixture was stirred at -78
°C for 5 min and then partitioned between ether and 2 N hy-
drochloric acid. The ether extracts were dried over MgSO, and
evaporated to give a colorless oil. The product was purified by
preparative TLC with the solvent system ethyl acetate—cyclo-
hexane (4:1) to give a colorless oil: homogeneous by TLC; yield
104 mg (56%); IR (film) 3600-3200 (OH), 1730 cm™! (CO); MS
m/e (relative intensity) 458 (6), 440 (4), 429 (33), 411 (3), 393 (3),
363 (5), 345 (12), 327 (8), 299 (7), 263 (17), 193 (100). Found: M*
458.2941; Cy4H 4,05 requires 458.3032.

5-Oxopolyangi-1,6-diol (25). Silver carbonate on Celite (2
g) was added to triol 3 (144 mg) in toluene (50 mL). The reaction
mixture was refluxed under nitrogen with vigorous stirring for
1 h. During this time, a further 2 g of silver carbonate on Celite
was added in 1-g portions. The inorganic solids were filtered off
and washed with ethyl acetate. The filtrate and washings were
evaporated under reduced pressure to give a brown oil. Puri-
fication by preparative TLC with the solvent system ethyl
acetate-cyclohexane (4:1) gave a yellow oil: homogeneous by TLC;
vield 80 mg (55%); IR (film) 3600-3200 (OH), 1720 cm™! (CO).

5-Oxpolyangi-1,6-diol Diacetate (25a). Acetic anhydride (1
mL) was added to a solution of 25 (3 mg) in pyridine (2 mL). The
reaction mixture was allowed to stand at room temperature
overnight., Methanol was added to decompose the excess acetic
anhydride, and the solvents were removed at reduced pressure
to give a yellow oil: homogeneous by TLC; yield 2 mg; IR (film)
1740 (CO), 1735 cm™ (CO); MS m/e (relative intensity) 542 (6),
513 (18), 482 (4), 447 (8), 289 (11), 276 (9), 193 (100). Found: M*
- 99 513.2805; CaoH, 0+ requires 513.2852.

Preparation of Oxime 26. A solution of diol 25 (5 mg),
hydroxylamine hydrochloride (1 mg), and sodium acetate (1 mg)
in absolute ethanol (7 mL) and water (1 mL) was refluxed for 2
h under nitrogen. The solvents were removed under reduced
pressure. The product was isolated by preparative TLC with the
solvent system ethyl acetate—2-propanol-water (85:10:5) to give
a white amorphous solid: homogeneous by TLC; yield 3 mg (58%);
IR (film) 3600-3000 ¢cm™! (OH); MS m/e (relative intensity) 473
(17), 456 (70), 193 (80), 165 (100).

General Procedure for the Preparation of Triols 22-24.
A solution of ketodiol 25 (1 equiv) and alkylmagnesium bromide
(10 equiv) in ether was refluxed under nitrogen for 3 h. The
reaction mixture was cooled and poured onto ice and ammonium
chloride. The resulting mixture was extracted with ether. The

)!
)
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ether extracts were dried over MgSO, and evaporated to give a
colorless oil. The product was purified by preparative TLC with
the solvent system ethyl acetate—cyclohexane (4:1) to give a
colorless oil: homogeneous by TLC.
5-Methylpolyangi-1,5,6-triol (22): yield 13 mg (63%); IR
(film) 3600-3100 cm™ (OH); MS m/e (relative intensity) 474 (8),
456 (8), 445 (10), 438 (4), 379 (2), 361 (6), 279 (100), 193 (50), 165
(52). Found: M~ 474.3290; Cy4H,60; requires 474.3345.
5-Ethylpolyangi-1,5,6-triol (23): yield 2 mg (12%); IR (film)
3600-3100 cm™! (OH); MS m/e (relative intensity) 488 (22), 470
(18), 459 (54), 393 (13), 293 (54), 193 (100). Found: M™* 488.3499,
C3oH 405 requires 488.3502.
5-Phenylpolyangi-1,5,6-triol (24): vield 8 mg (15%); IR (film)
3600-3100 cm™ (OH); MS m/e (relative intensity) 536 (23), 518
(19), 507 (10), 500 (8), 341 (83), 323 (16), 244 (26), 236 (43), 195
(77), 193 (77), 177 (100). Found: M™ 536.3585; C3,H 40, requires
536.3502.
Polyangi-1,5,6-triol (3) and 5-epi-Polyangi-1,5,6-triol (30).
A mixture of ketone 25 (50 mg) and sodium borohydride (40 mg)
in methanol (5 mL) was stirred at room temperature for 3 h, The
methanol was removed at reduced pressure. The residue was
dissolved in water and the resulting solution was extracted with
chloroform. The extracts were dried (MgSO,) and evaporated
to give a vellow gum. The gum was fractionated by preparative
TLC with the solvent system ethyl acetate—cyclohexane (4:1) into
two compounds. Triol 3: homogeneous by TLC; yield 20 mg
(40%); IR (film) 3500-3200 cm™ (OH); MS m/e (relative intensity)
460 (4), 442 (3), 431 (8), 365 (7), 265 (25), 247 (11), 241 (5), 195
(75), 193 (100). Triol 30: yield 9 mg (18%); IR (film) 3500-3200
c¢cm ! (OH); MS m/e (relative intensity) 460 (11), 442 (12), 431
(23), 365 i6), 347 (12), 265 (100), 247 (11), 231 (18), 193 (77).
Found: M* 460.3142; C5H,,0; requires 460.3189.
5-epi-Polyangi-1,5,6-triol (30) from Methyl 5-epi-5,6-Di-
hydroxypolyangioate (31). Lithium aluminum hydride (20 mg)
was added to a solution of 5-epi-5,6-dihydroxypolyangioate (70
mg) in THF (3 mL). The reaction mixture was refluxed under
nitrogen for 3 h. The mixture was cooled in an ice bath and a
few drops of water were added, followed by MgSO, (50 mg). The
inorganic solids were filtered off and washed with ethyl acetate.
The filtrate and washings were evaporated to give a colorless gum.
The product was purified by preparative TLC with the solvent
system ethyl acetate—2-propanol-water (85:10:5) to give a colorless
oil: homogeneous by TLC; yield 30 mg (45%); IR (film) 3500-3200
cm™ (OH). Found: M* 460.3247; Cy3H,,0; requires 460.3189.
Preparation of Oxime 28. A solution of ketone 27 (40 mg),
hydroxylamine hydrochloride (8 mg), and sodium acetate (8 mg)
in absolute ethanol (15 mL) and water (4 mL) was refluxed for
30 min under nitrogen. The solvents were removed under reduced
pressure to give a brown oil. The product was purified by
preparative TLC to give a colorless oil: homogeneous by TLC;
yield 29 mg (73%); IR (film) 3600-3200 (OH), 1740 cm™ (CO);
MS m/e (relative intensity) 501 (9), 484 (29), 193 (100}, 165 (71).
Preparation of Oxime 29. A solution of 5% aqueous sodium
hydroxide (6 mL) was added to a solution of 28 (18 mg) in
methanol (2 mL). The reaction mixture was stirred and refluxed
under nitrogen for 30 min. The methanol was removed at reduced
pressure. The aqueous residue was acidified and extracted with
chloroform. The extracts were dried (MgSO,) and evaporated
to give a white amorphous solid: homogeneous by TLC; yield 10
mg (57%); IR (film) 3600--3200 (OH), 2800--2400 (OH), 1720 cm?
(CO).
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by TLC in two solvent systems, ethyl acetate-cyclohexane
(4:1) and ethyl acetate—2-propanol-water (85:10:5). Mo-
lecular formulas were determined by high-resolution mass
spectroscopy. In cases where high-resolution spectra were
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not obtained, the molecular composition of the low-reso-
lution molecular ion was obvious from either the composition
of the starting material or from a subsequent transformation
product.

Fluorinated Retinoic Acids and Their Analogues. 1. Synthesis and Biological
Activity of (4-Methoxy-2,3,6-trimethylphenyl)nonatetraenoic Acid Analogues
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(4-Methoxy-2,3,6-trimethylphenyl)nonatetraenoic acids, esters, and amides (analogues of retinoic acid) bearing a
fluorine atom(s) or a trifluoromethyl group on the polyene side chain were synthesized. The biological activities
of these compounds and of 10-, 12-, and 14-fluororetinoic acid esters were evaluated in vivo in a chemically induced
mouse papilloma test; the toxicities were assessed in an in vivo mouse hypervitaminosis A test. Antipapilloma activity
greater than the parent nonfluorinated ester was found for 1e¢ (ethyl 12-fluororetinoate) and 23 and 39 (aromatic
4- and 6-fluororetinoid esters, respectively). A similar increase in antipapilloma activity was observed for 71 and
72, the aromatic 4- and 6-fluororetinoic acids, respectively, relative to 2 and for 73 (aromatic 4-fluororetinoid amide)

relative to 4.

Recent studies!™ have demonstrated that retinoic acid
(1a) and the aromatic analogues 2—4 (retinoids) can inhibit

la -H -H -H -H
b -F -H -H -C,H,
¢ -H -F -H -C,H,
d -H -H -F -C,H,
e -H -H -H -C,H,

CHz0
2, R=-0OH
3, R=-0C,H,
4, R = -NHC,H,

the growth of and cause marked regression of chemically
induced papillomas and carcinomas in mice. Retinoids
have also been shown to inhibit the growth of and cause
the regression of a transplantable chondrosarcoma.?
Furthermore, topical or systemic administration of retinoic
acid (1a) was found to have some effect on precancerous
conditions in humans.®? Numerous reports concerning the
effectiveness of natural and synthetic retinoids for the
prevention or reversal of a number of precancerous con-
ditions in animals have also appeared.!®

Although these findings are encouraging, experimental
and clinical results have also demonstrated that systemic
application of large doses of natural and synthetic retinoids
can induce a series of toxic side effects, known as hy-
pervitaminosis A.!® While the synthetic retinoids 3 and

0022-2623/79,/1822-1059$01.00/0

Chart I. Synthons for Fluorinated Retinoids
0 Rz

v COOR;
(RO),PCHXCOOR ~

(Ry0)pP=0 X
R X ref
-_ R, R, X Y ref
5 -CH, -H 11
6 -C,H, -H 11 8 -C,H, -CH, -F -H 9%
7 -C,H, -F 9a 9 -C,H, -CH, -H -F 9c
10 -CH, -CH, -H -H 12
11 -C,H, -CF, -H -H 13
+ —
A PPhaCl
CHz0
32, ref 10
HMCOOC H
AN AN AN 215
|
0
55, ref 10

4 were shown to be more potent and less toxic?® than
retinoic acid, they still have toxic effects. As a result, the
research described below was undertaken to synthesize new
retinoids which might be more effective and less toxic for
the prophylaxis and therapy of precancerous conditions.

Since many fluorine-containing compounds are known
to be useful therapeutic agents,” it was of interest to in-
troduce a fluorine atom or a trifluoromethyl group at
different positions on the side chain of the aromatic re-
tinoids. Recently, 10- and 14-fluororetinal were syn-
thesized and shown to form fluorinated rhodopsin ana-
logues.? Although the 10-, 12- and 14-fluororetinoic acid
derivatives 1b~d, respectively, were synthesized in 1964°b<
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