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- INKRGE CURONIDE OF N-(4-HYDROXYBENZYL) RETINONE,
ANALOGS THEREOF, AND METHOD OF USING THE SAME TO INHIBIT
NEOPLASTIC CELL GROWTH

CROSS-REFERENCE TO RELATED APPLICATIONS
Priority is hereby claimed to provisional application Serial No. 60/677,503,
filed May 3, 2005, which is incorporated herein.

FEDERAL FUNDING STATEMENT
This invention was made with United States government support awarded by
the following agency: NIH CA049837. The United States has certain rights in this

invention.

INCORPORATION BY REFERENCE

All of the references cited below are incorporated herein.

BACKGROUND

Retinol (compound 1) and its metabolites are involved in regulating many
biological processes including vision, cell differentiation, and growth. Besides being
essential to normal cell function, the retinol metabolite all-trans retinoic acid (RA, 2)
also shows antiproliferative action in cancer.' At pharmacologically effective doses,
however, RA causes severe toxicity. Therefore, development of retinoid analogs
possessing a higher therapeutic index is needed. One of the most investigated
synthetic retinoids is N-(4-hydroxyphenyl) retinamide (4-HPR; compound 3), which
has been shown to be effective in numerous types of animal tumor models and has
been evaluated in a phase III clinical trial.> A possible benefit was reported for the
prevention of second breast malignancy in premenopausal women with surgically
removed stage I breast cancer or ductal carcinoma in situ. Although 4-HPR is
generally well tolerated, it results in a decrease in plasma retinol levels™ * and
concomitant diminished dark adaptation. Dermatological disorders were reported in a
substantial number of subjects.’

Glucuronidation of drugs and natural products is a common metabolic
pathway that usually facilitates excretion.® An important metabolite of 3 is 4-HPR-O-

glucuronide (4-HPROG; compound 5) in which the phenolic hydroxyl group is linked
1of43
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for bioactivity, and was shown to have excellent chemopreventative activity in a rat
mammary tumor model.” However, it was not determined if the glucuronide 5, which
was shown to be hydrolyzed to compound 3 via p-glucuronidase,® was advantageous
due to improved bioavailability of 3 or had activity in its own right as intact 5. To
study this issue, an enzymatically stable glucuronide analog was synthesized by
replacing the phenolic oxygen with a methylene group. The carbon-linked analog 4-
HPR-C-glucuronide (4-HPRCG; compound 6) was shown to have excellent
chemopreventative’ and chemotherapeutic' properties. Furthermore, much like 4-
HPR, compounds 5 and 6 show low affinity relative to RA for binding to the nuclear
retinoic acid receptors (RAR), which mediate most of the actions of natural retinoids.’
Unlike compound 2, 4-HPR causes apoptosis in numerous cancer cell lines.!! Thus

the mode of action of these synthetic retinoids remains unclear.

N NN NR

1 R = CH,OH
2 R =COOH

OH
\\\\X

4 X=CH,
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HO
HO OH

Y
\\\\X

OH

5 X=NHY=0
6 X=NH Y=CH,

While 4-HPR (compound 3) has been shown to be an effective
chemopreventative and therapeutic agent, some of its effects may be attributed to in
vivo hydrolysis of the amide bond, liberating RA. To investigate this possibility, an
unhydrolyzable analog of 4-HPR, 4-hydroxybenzy! retinone (4-HBR; compound 4)
was synthesized. Both compounds 3 and 4 were shown to be equiactive
chemotherapeutics in the dimethylbenz{aJanthracene (DMBA)-induced rat mammary
tumor model.'> ' In vitamin A-deficient rats, compound 3, but not compound 4, is
hydrolyzed to liberate retinoic acid."® Furthermore, 4-HPR (3) but not the C-linked
analog (4) induces CYP26B1 mRNA expression in a RA-like manner in the lungs of
vitamin A-deficient rats. Based on the positive chemotherapeutic and apoptotic-
inducing activity of compound 4, it appears that hydrolysis of 4-HPR is not required
for the therapeutic effect of this retinoid, but rather, the liberation of RA may
contribute to its retinoid-based toxic side effects.

4-HPR has been shown to be 100 times less teratogenic than RA. and this
toxicity may also be caused by the liberation of RA. With the effective antitumor
agent 4-HPRCG (compound 6), amide bond hydrolysis may still occur in vivo, thus
liberating retinoic acid by similar mechanisms as for 4-HPR. Therefore, an unmet
need exists for compounds that exhibit the desirable anti-neoplastic activities of
HPRCG, but which are not metabolized in vivo to yield retinoic acid. The present

invention is directed to such compounds.
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SUMMARY OF THE INVENTION

The invention is directed to compounds of Formula 1:

Y
\\\\X

R2

Formula I

wherein X is CHy; Y is C;-Cs alkylene; and R is selected from the group
consisting of hydrogen, C,-C alkyl,

HO
HO OH

and

OH OH
M;C)iﬂo}l

wherein R! is selected from the group consisting of H, OH, COOH, C;-Cs
alkyl, alkenyl, alkynyl, and C;-Cs-hydroxyalkyl; R* is selected from the group
consisting of H, OH and =0; and salts thereof.

The “R” substituent can be in any stereochemical configuration (i.e., D or L; R
or S, etc.) as indicated by the wavy bonds depicted in the two structures for “R”
shown immediately above. Likewise, the 9,13-dimethyl-substituted alkenylene chain,
which is depicted in Formula I in an all-frans conformation, may also include one or

more cis double bonds, at any position within the chain, but most notably at the 9 and

- 13 positions. Thus, the present invention explicitly encompasses compounds of

Formula I having any combination of cis or frans double bonds within the alkenylene
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ieliaips, such wsi(fofi gxample, and not by way of limitation), the 9-cis isomer and the

Y
x x (0) /O/\R
o X X
R2

13-cis isomer:

5
Formula 1, 9-cis
10
Y
) e G e /O/ “R
O X
R2
Formula 1, 13-cis
15 The invention is further directed to pharmaceutical compositions for

preventing and/or treating cancer in mammals. The compositions comprise an
effective cancer cell growth-inhibiting amount of one or more compounds as
described herein (optionally in combination with a pharmaceutically-suitable carrier).
The invention is further directed to a method of preventing and/or treating
20 cancer in mammals. The method comprises administering a cancer cell growth-
inhibiting amount of a compound or pharmaceutical composition disclosed herein to
a patient in need thereof] including a human patient.
The compounds are useful to prevent and to treat cancer in mammals,
including humans. This utility is shown via the results of tumor growth inhibition

25  assays using an accepted in vivo rat model of breast cancer. (See the Examples).
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(BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 11is a graph depicting the effect of retinoid treatment on time-course
changes in DMB A-induced tumor volume in rats.

Fig. 2A is a bar graph depicting the effect of retinoid treatment on plasma
triglyceride level. The reference “a “ designated p < 0.05 relative to control, 4-HPR,
and 4-HBRCG groups.

Fig. 2B is a bar graph depicting the effect of retinoid treatment on bone
mineral content. Values are mean + SEM. The reference “a” designated p < 0.05
relative to the control group.

Fig. 3A is a graph depicting competition of retinoids for [*HJall-trans RA
binding to RARB. m =4-HPR; o =4-HBRCGlucuronide; ¢ = atRA; A = 4-
HBRCGlucose.

Fig. 3B is a graph depicting competition of retinoids for [*HJall-trans RA
binding to RARy. w =4-HPR; 0 =4-HBRCGlucuronide; ¢ = atRA; A = 4-
HBRCGlucose.

Fig. 4 is a bar graph depicting induction of CYP26A1 mRNA in the liver of
retinoid-fed animals relative to the control group. Values are mean + SEM.
Reference “a” designated p < 0.05 relative to control and 4-HBRCG groups;
reference “b” designates p < 0.05 relative to the RA-fed group.

Fig. 5 is a bar graph depicting reduction in live cell number in MCF-7 cells
treated with 4-HPRCG or 4-HBRCGlucose, relative to the vehicle control group (V).

DETAILED DESCRIPTION OF THE INVENTION
Abbreviations and Definitions:

The following abbreviations and definitions are used throughout the
specification and claims. Terms not given an explicit definition herein are to be
interpreted according to their terms as understood in the fields of organic chemistry,
pharmacology, and/or pharmaceutical formulations.

Ac,O = acetic anhydride.

AcOH = acetic acid.

atRA = all-frans retinoic acid.

9-BBN-H = 9-borabicyclo[3.3.1]nonane.

BMC = bone mineral content.

Cp = cyclopentadienyl.
6 of 43
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DMARF4sdimethylaminopyridine.

DMBA = dimethylbenz[a]anthracene.

DMF = N,N-dimethylformamide.

DMK = dimethyl ketone, acetone.

5 dppf= 1,1’-bis(diphenylphosphino)ferrocene.

EDTA = ethylenediaminetetraacetic acid.

Et3N = triethylamine.

4-HBR = 4-hydroxybenzyl retinone.

4-HBRCG = 4-hydroxybenzyl retinone-C-glucuronide.

10 4-HBRCGlucuronide = 4-hydroxybenzy! retinone-C-glucuronide.
4-HBRCGlucose = 4-hydroxybenzyl retinone-C-glucose.

HPLC = high-performance liquid chromatography.

4-HPR = N-(4-hydroxyphenyl) retinamide.

4-HPRCG = N-(4-hydroxyphenyl) retinamide-C-glucuronide.

15 4-HPROG = N-(4-hydroxyphenyl) retinamide-O-glucuronide.

HRMS (ES) = high-resolution mass spectrometry, electrospray ionization.

IR = infrared.

LiHMDS = lithium hexamethyldisilazide.

MeOH = methanol.

20 MOM = methoxymethyl.

MOMCI = methoxymethylchloride.

mp = melting point.

mRNA = messenger ribonucleic acid.

NMR = nuclear magnetic resonance.

25 Ph = phenyl.

Pharmaceutically-suitable salts = Any acid- or base-addition salt whose
counter-ions are non-toxic to the patient in pharmaceutical doses of the salts, so that
the beneficial effects inherent in the free base or free acid are not vitiated by side
effects ascribable to the counter-ions. A host of pharmaceutically-suitable salts are

30  well known in the art. For basic active ingredients, all acid addition salts are useful as
sources of the free base form even if the particular salt, per se, is desired only as an
intermediate product as, for example, when the salt is formed only for purposes of
purification, and identification, or when it is used as intermediate in preparing a

pharmaceutically-suitable salt by ion exchange procedures. Pharmaceutically-suitable
7of43
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sltginclds) fithafit limitation, those derived from mineral acids and organic acids,
explicitly including hydrohalides, e.g., hydrochlorides and hydrobromides, sulphates,
phosphates, nitrates, sulphamates, acetates, citrates, lactates, tartrates, malonates,
oxalates, salicylates, propionates, succinates, fumarates, maleates,
methylene-bis-b-hydroxynaphthoates, gentisates, isothionates, di-p-toluoyltartrates,
methane-sulphonates, ethanesulphonates, benzenesulphonates, p-toluenesulphonates,
cyclohexylsulphamates, quinates, and the like. Base addition salts include those
derived from alkali or alkaline earth metal bases or conventional organic bases, such
as triethylamine, pyridine, piperidine, morpholine, N-methylmorpholine, and the like.

Q-PCR = quantitative polymerase chain reaction.

RA = retinoic acid.

RAR = retinoic acid receptors.

RBP = retinol-binding protein.

r{ =room temperature.

RXR = retinoid X receptor.

SEM = standard error of the means.

TBAF = tetrabutylammonium fluoride.

TBDMSCN = t-butyldimethylsilylcyanide.

TEMPO = 2,2,6,6-tetramethyl-1-piperidinyloxy free radical.

THF = tetrahydrofuran.

TMS = tetramethylsilane.

Introduction:

To eliminate the possibility of enzymatic hydrolysis to release retinoic acid,
the present invention is directed to a C-linked compound (4-HBRCG; compound 7)
and analogs thereof. In 4-HBRCG, the amide bond of 4-HPRCG is replaced with a
methylene group to yield the fully C-linked derivative of 4-HPR-O-glucuronide,
compound 7. The synthesis and therapeutic evaluation of 4-HBRCG and analogs

thereof are disclosed and claimed herein.
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HO
HO OH
Y
0 0 o
AN S Y N X
: OH
4-HBRCG 7 X=Y=CH;

Chemistry:

The recently reported improved synthetic route to 4-HPRCG employs a
Suzuki coupling reaction between an exoanomeric methylene sugar and an aryl
bromide."® This methodology, originally developed by Johnson and coworkers,'* **
gives ready access to B-arylmethyl-C-glycosides. Using the same chemistries, with
modifications noted herein, the key benzyl bromide 14 was synthesized (see Scheme
1). Using a convergent approach, an umpolung derivative of retinal was then
alkylated with the benzyl bromide to obtain the carbon skeleton of the final target, 4-
HBRCG (see Scheme 2). ‘

Starting from readily available 3-D-gluconolactone (compound 8), hydroxyl
protection using mild conditions with methoxymethylchloride (MOMCI) and
diisopropylethylamine gives the protected lactone 9 (Scheme 1). Olefination using

1617 gives the known exoanomeric methylene sugar 10 in good yield."

Petasis reagent
Hydroboration of the exocyclic olefin with 9-borabicyclo[3.3.1]nonane (9-BBN-H),
followed by a Suzuki coupling with p-bromobenzy! alcohol, gives exclusively the B-
arylmethyl-C-glucoside, compound 11. Previous reports show this reaction is
stereoselective.'” > '® The benzyl alcohol was easily protected to yield the methyl
ether 12. To obtain the glucuronide, the MOM groups were cleaved in acid and the
primary alcohol was selectively oxidized to the carboxylate using 2,2,6,6-tetramethyl-
1-piperidinyloxy free radical (TEMPO)."”*® Typically, TEMPO is used catalytically.
Howc.ver, these conditions resulted in nonselective oxidation, yielding mixtures of
benzylic ketones. Variations in the time, temperature, base, amount of TEMPO,
amount of sodium hypochlorite, and order of addition were attempted without any
success in cleanly generating compound 13. From the inventors® past experience,
other oxidatively sensitive, sugar-type molecules can undergo selective oxidations

when excess TEMPO is used.?! When excess TEMPO, KBr, and NaClO are
9 0f43
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sptetiixedlityaINEHITO; solution, deprotected 12 was added and selectively oxidized,
efficiently yielding the 6-position carboxylate. Methylation of the carboxylate,
followed by acetylation of the remaining alcohols, gives the protected C-aryl-
glucuronide 13 in good yield over four steps. Benzylic methyl ethers can be displaced

d*** and when exposed to HBr in acetic acid,

5 by bromide using hydrobromic aci
methyl ether 13 smoothly gave the key benzyl bromide C-glucuronide intermediate
14. This surprisingly facile reaction yielded a very stable benzyl bromide, which was

isolated by crystallization.

OH OMOM OMOM OMOM
a b c o
Ho/m MOMOM MOMO& MOMO
HO"" 6% MOMO-MoMo g MOMO-MFOMS MOMO- NS o
8 9 10 11
oMoM OMe

o OMe o
MOMO R € . Ao R f AcO R
MOMO-omo A0 ACOI="20
B
12 OMe 13 OMe " r

REACTION SCHEME 1

10

Reagents and conditions for Scheme 1: (a) MOMCI, (i-Pr),NEt, BusNI,

15 CHyCl, 48 b, 83 %; (b) Cp2Ti(CHs),, PhCHs, 70°C, 18 h, 87 %; (c) (i) 9-BBN-H,
THEF, reflux, 6 h; (ii) PdCly(dppf), 3 M K3PO4, DMF, p-bromobenzyl alcohol, 18 h,
67 %; (d) (1) Nal, THF, 1.5 h; (ii) CHsL, 18 h, 90 %; (e) (i) 6 N HCI, MeOH, 18 h;
(i) TEMPO, NaClO, KBr, NaHCO3, 0°C, 45 min; (iii) CHsI, DMF, 20 h; (iv) Acz0,
pyridine, DMAP, 18 h, 82%; (f) HBr, AcOH, 18 h, 86 %.

20 The next step in this route was the key alkylation of electrophile 14 with a
retinal anion equivalent (see Scheme 2). The most suitable umpolung strategy for the
chemically sensitive retinal is to employ the protected cyanohydrin derivative,** and
more particularly the silylcyanohydrin® of retinal. The trimethyl-silylcyanohydrin of
retinal was first revealed and used in the synthesis of 4-HBR.!>?® Retinal (compound

25 15, Scheme 2) exposed to t-butyldimethylsilylcyanide (TBDMSCN) with catalytic
EtsN gave chromatographically stable cyanohydrin 16. In the alkylation reaction, the
TBDMS-cyanohydrin was deprotonated with LIEIMDS and followed by addition of

bromide 14. Subsequent chromatography of the alkylated TBDMS-protected product
10 of 43
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17 allowed:fpy rgqgvery of the valuable unreacted bromide. Treatment of the
alkylated product with fluoride unmasked the ketone to give the penultimate material
18. Using model reactions, substantial efforts were undertaken to improve the yield
of the alkylation reaction. Efforts included comparing TMS- and TBDMS-
silylcyanohydrin reactivities, employing different bases, and changing the
stoichiometry, temperature, and time. Even though recovery of unreacted bromide 14
was important, yields of 17 remained modest due to sensitivities of the polyene
retinoid reactant. Lastly, careful deprotection of the acetates and saponification of the
methyl ester gave the final target, 4-HBRCG (7). Using this synthetic route, more
than 2 grams of 4-HBRCG were produced to facilitate the animal studies and in vitro

assays disclosed herein.

REACTION SCHEME 2
Reagents and conditions for Scheme 2: (a) TBDSMCN, Et;N, CH,Cl,, 20 h,
78 %; (b) (1) LIHMDS, THEF, -78°C, 30 min; (ii) 14, THF, -78°C, 3 h, 47 %; (c)
TBAF, THF, 1 h, 75 %; (d) (i) K2COs, MeOH, 4°C, 20 b; (ii) KOH, MeOH, 4°C, 20
h, 82 %.

The other analogs disclosed herein can be fabricated by starting with the

appropriate initial reactants and then by following the same reaction routes and
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chivmistrigs deseribgd immediately above and in the Examples. For example, the
analogous 9-cis and 13-cis precursors can be obtained commercially from Sigma-
Aldrich Chemicals (St. Louis, Missouri).

To fabricate the compounds wherein R? is hydroxy or a double-bonded
oxygen (i.e., the 4-hydroxy and 4-oxo derivatives), the 4-hydroxy and 4-oxo retinal

reactants can be made using the methods described by Curley & Carson.”’

Biological Results and Discussion:

Preliminary evaluation of the mammary tumor chemotherapeutic activity of 4-
HBRCG (7) was conducted, and its toxicity profile was also assessed. As previously
described,” '* tumor-bearing female rats (treated ca. 50 days earlier with 7,12-
dimethylbenz(a)anthracene [DMBA]) were fed the control or retinoid-containing diets
(RA (2), 4-HPR (3) or 4-HBRCG (7)) at 2 mmole/kg diet for 22 days. As shown in
Table 1, compound 7 is as effective as 2 and 3 in reducing tumor volume (30-40%
reduction), whereas control group tumor volumes increased nearly 200% by 22 days.
Fig. 1 shows that the time course change in tumor volumes was similar for all three
treatment retinoids. Likewise, the data in Table 2 shows that for compound 7,
individual tumors in the group responded similarly to the tumors in the other retinoid
treated groups.

Of particular note, 4-HBRCG (7) showed evidence of greatly reduced toxicity
relative to both RA (2) and 4-HPR (3). As shown in Table 3, during the feeding
period, only RA caused a significant reduction in normal body weight gain, a
common sign of retinoid toxicity. Perhaps of even greater importance, 4-HBRCG
caused a much smaller reduction than did either 4-HPR or RA in plasma retinol
levels. It is well known that both RA* and 4-HPR® can reduce circulating levels of
blood retinol. The 4-HPR-induced reduction in plasma retinol has been show to
produce impaired dark adaptation, and is the single-most important factor limiting the
doses of 4-HPR that have been used in human clinical trials.?® Because 4-HBRCG
fed at 2 mmol/kg diet did not produce any significant reduction in blood retinol,
whereas the same amount of 4-HPR did, compound 7 can be administered at
relatively higher doses compared to 3 before the risk of night blindness is incurred.

While not being limited to any particular underlying biological mechanism,
the reason that 4-HBRCG (7) shows no significant lowering of blood retinol levels

may be related to the manner in which it is distributed in vivo (see Table 4). 4-HPR is
12 of 43
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sknosyn-tolradiieébldod retinol levels by competing for binding to the serum retinol-
binding protein, RBP.>% Interestingly, both 4-HPR and the related analog, 4-HBR,
show equivalent binding to RBP, yet 4-HBR does not lower blood retinol levels.'* It

should be noted that 4-HBR circulates in the blood at lower levels compared to 4-

5 HPR when administered in equimolar quantities.'” Thus, at least with respect to
compounds 3 and 4, blood retinol levels are inversely related to the concentration of
4-HIPR that is present in the blood. In the present invention, less 4-HBRCG was
present in the plasma at the time the test animals were sacrificed as compared to 4-
HPR, suggesting that this decreased plasma concentration may account for the lesser

10 effect of the glucuronide analog 7 on circulating blood retinol levels.
Table 1. Effect of retinoid treatment on DMBA-induced rat mammary tumor volume®
Experimental group ° Initial tumor Final tumor % Change’
volumes(cm®) volume (cm’)
Control 0.10£0.05 029+0.12 +190¢
Retinoic acid (2) 0.08 0.03 0.05 +0.02 -38¢
4-HPR (3) 0.12 +0.03 0.08 = 0.02 334
4-HBRCG (7) 0.12:£0.06 0.08 +0.05 -33¢
* Value = mean = SEM
15 P Retinoid doses of 2 mmol/kg diet were fed to animals for 22 days
¢ Change from baseline
4 Denotes statistical significance, p <0.05
20  Table 2. Effect of retinoid treatment on individual tumors
Experimental — Total number ~ Complete Partial regression”  New tumors No effect
_group of tumors regression’
Control 15 0 0 2 13
RA (2) 10 1 8 0 1
4-HPR (3) 19 1 15 0 3
4-HBRCG (7) 10 2 6 0 2
" Represents tumors that totally disappeared and could not be palpated
® Represents tumors that showed 25-75 % decrease in volume
25

13 of 43



WO 2006/119402 PCT/US2006/017090

10

15

20

25

wiable 3. Effectsofl dietary retinoid on body weight and plasma retinol level

Experimental group % Weight Plasma retinol >
change ®
Control +3 0.56 +£0.10
Retinoic acid (2) +0.2¢ 0.26+0.03 °
4-HPR (3) +3 021+005°
4-HBRCG (7) +3 0.40 £0.04

* Value=Mean + SEM

* Relative to baseline body weight over 22 days

® Concentration (ng/ml) at day 22 of treatment measured as in ref, 9

¢ Concentration (mg/ml) at day 22 of treatment measured as in ref, 24

4p <0.05 for the trend in mean body weight gain relative to other groups

°p <0.05 relative to control group

Table 4. Terminal plasma drug levels.

Experimental group Plasma retinoid concentration *
Retinoic acid (2) 0.30+£0.10
4-HPR (3) 0.67+0.07
4-HBRCG (7) 0.10£0.01

* Concentration (ug/ml) + SEM at day 22 of treatment

As shown in Fig. 2A, treatment with RA dramatically increased serum
triglyceride concentration, whereas 4-HBRCG did not cause this undesirable effect.
An increase in serum triglyceride is a well known side effect of oral RA.
administration,>®>" and is mediated by binding to the RAR family.*> As borne out in
human trials, 4-HPR is clearly less potent than RA in producing this side effect.® It is
possible that hydrolysis of 4-HPR may have accountéd for the small but insignificant
increase upon feeding of this retinoid in the present work, whereas the non-
hydrolyzable 4-HBRCG showed no propensity to increase serum triglyceride levels.

Skeletal abnormalities are another adverse effect of high-dose retinoid
therapy.*>** In order to determine the extent of any similar effect for 4-HPR and the
analog 7, the bone mineral content (BMC) of the femur of animals was measured at
the end of the feeding study. As expected, RA produced a significant reduction in
femur BMC as compared to control animals (see Fig. 2B), whereas the groups
receiving either 3 or 7 showed no such effect. In an early clinical study of women
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iwithiearly| byedgtigaricer receiving 4-HPR, a trend toward an increase in bone

resorption markers was noted.*® Although not significant, this suggests that a 4-HPR
analog such as 4-HBRCG that cannot liberate RA might be advantageous in
minimizing bone risk.

As with 4-HPR and other related analogs (5 and 6), 4-HBRCG binds poorly to
the retinoic acid receptors B and y (RARP and RARYy) (see Figs. 3A and 3B). 4-HPR
was nearly 3000 times less potent than all-trans retinoic acid (atRA) in competing for
[’H]atRA binding to the RARS, and 2500 times less able to compete for binding to the
RARy.”* Inthe present work, 4-HBRCG also showed only weak RAR binding (300
times and 1400 times less potent than atRA in binding to RARB and RARy,
respectively). 4-HBRCG at concentrations up to 107*° M showed similar poor
binding to the RAR« (data not shown). Furthermore, 4-HBRCG at concentrations up
to 10** M showed almost no competition for [*H]9-cis RA binding to the RXR (data
not shown). Similar to 4-HBRCG, the 4-HBRCGlucose analog (23) also binds poorly
to the RARB and RARYy (see Figs. 3A and 3B, respectively), and RARo and RXRy
(data not shown).

To evaluate the ability of retinoids to activate RAR-mediated gene
transcription in vivo, the induction of CYP26 was measured at sacrifice in liver and
lung. RA was highly effective in inducing CYP26A1 mRNA in the liver (67-fold
above control; see Fig. 4) and CYP26B1 in the lung (46-fold above control; data not
shown). 4-HPR also showed significant activity in inducing the CYP26 mRNAs in
liverand lung (37- and 20- fold for CYP26A1 and CYP26B1, respectively,
compared to control), whereas 4-HBRCG did not induce these cytochrome p450
mRNAs. RA has been shown to induce the CYP26A1 mRNA via binding to RARs
and to direct interaction of the liganded RAR/RXR heterodimer with a retinoic acid
response element in the promoter region of this RA-responsive gene.**3 It has also
been shown previously that RA, and to a lesser extent 4-HPR, induces the expression
of CYP26B1 mRNA in lungs of vitamin A-deficient rats.”* The fact that neither
compound 3 nor compound 7 show particularly strong binding to the RARS, coupled
with the finding that 4-HBRCG actually shows enhanced affinity compared to 4-HPR
for the RARs yet does not induce gene expression, argues against a direct interaction
of 4-HPR with the receptor as a mechanism to explain its ability to induce these
mRNAs. Rather, hydrolysis of 4-HPR to atRA may account for this induction. It has
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b shojyrpteviotisly that 4-HPR given orally to vitamin A-deficient rats generates

RA in plasma that is detectable by HPLC." The lack of induction of RAR-mediated
gene transcription by 4-HBRCG in vivo thus supports the conclusion that direct
binding of 7 to RARs does not occur at the retinoid levels fed in the present work, and
further indicates that RA-mediated toxicities should be less of a problem with the
present compounds as compared to 4-HPR.

Although the toxicity of 4-HPR has been reported to be reduced compared to
RA, the spectrum of toxicities encountered are similar.*’ Thus, 4-HBRCG shows
significant improvement in the therapeutic window compared to the natural hormone,
RA, for all measures of toxicity studied here (weight loss, elevation of serum
triglyceride, reduction in bone mineral content, reduced blood retinol, and induction
of RAR-mediated gene transcription) and for the latter two measures of toxicity when
compared to 4-HPR.

Inhibition of MCF-7 human breast cancer cell growth over an 8-day period
was used as a means to assess the activity of 4-HBRCG and the analog 4-
HBRCGlucose. Both compounds produced a reduction in the number of live cells at
10° M. See Fig. 5. However, in the case of the 4-HBRCGlucose analog, the majority
of the MCF-7 cells were dead at the end of the assay. This result strongly suggests
that the glucose analog might be an even more potent compound than 4-HBRCG.
Activity in inhibiting MCF-7 cell growth has been shown to be predictive of the
potential in vivo chemopreventive/chemotherapeutic activity of these analogs.

In summary, both 4-HBRCG and 4-HBRCGlucose inhibit the growth of MCF-
7 human breast cancer cell in culture, as shown in Fig. 5. 4-HBRCG shares the ability
with 4-HPR and RA to reduce the size and number of rat mammary tumors.
However, a number of the toxic effects shown by the parent retinoids are reduced or
climinated with 4-HBRCG. Thus, these fully unhydrolyzable analogs have a
significant utility and advantage as low-toxicity chemopreventive/chemotherapeutic

agents for use in mammal, including humans.

Pharmaceutical Compositions:

Another aspect of the invention provides pharmaceutical compositions, for
medical use, comprising an active compound, i.e., a Formula I compound or a
pharmaceutically-acceptable salt thereof, optionally in combination with an

acceptable carrier and optionally in combination with other therapeutically-active
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wingnediengs prjipagiiye accessory ingredients. The carrier must be pharmaceutically-
acceptable in the sense of being compatible with the other ingredients of the
formulation and not deleterious to the recipient. The pharmaceutical compositions
include those suitable for oral, topical, inhalation, rectal or parenteral (including
subcutaneous, intramuscular and intravenous) administration.

The formulations may conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the pharmaceutical arts. The term
“unit dosage” or “unit dose” is denoted to mean a predetermined amount of the active
ingredient sufficient to be effective for treating an indicated activity or condition.
Making each type of pharmaceutical composition includes the step of bringing the
active compound into association with a carrier and one or more optional accessory
ingredients. In general, the formulations are prepared by uniformly and intimately
bringing the active compound into association with a liquid or solid carrier and then,
if necessary, shaping the product into the desired unit dosage form.

Formulations of the present invention suitable for oral administration may be
presented as discrete units such as capsules, cachets, tablets, boluses or lozenges, each
containing a predetermined amount of the active compound; as a powder or granules;
or in liquid form, e.g., as an oil, aqueous solution, suspension, syrup, elixir, emulsion,
dispersion, or the like.

A tablet may be made by compression or molding, optionally with one or
more accessory ingredients. Compressed tablets may be prepared by compressing in
a suitable machine the active compound in a free-flowing form, e.g., a powder or
granules, optionally mixed with accessory ingredients, e.g., binders, lubricants, inert
diluents, surface-active or dispersing agents. Molded tablets may be made by
molding in a suitable machine a mixture of the powdered active compound with any
suitable carrier.

Formulations suitable for parenteral administration conveniently comprise a
sterile preparation of the active compound in, for example, water for injection, saline,
a polyethylene glycol solution and the like, which is preferably isotonic with the
blood of the recipient.

Useful formulations also comprise concentrated solutions or solids containing
the compound of Formula I which upon dilution with an appropriate solvent give a

solution suitable for parenteral administration.
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Prepangtiging|for topical or local applications comprise aerosol sprays, lotions,
gels, ointments, suppositories etc., and pharmaceutically-acceptable vehicles therefor
such as water, saline, lower aliphatic alcohols, polyglycerols such as glycerol,
polyethylene glycerol, esters of fatty acids, oils and fats, silicones, and other
conventional topical carriers. In topical formulations, the subject compounds are
preferably utilized at a concentration of from about 0.1% to 5.0% by weight.

Compositions suitable for rectal administration, comprise a suppository,
preferably bullet-shaped, containing the active ingredient and pharmaceutically-
acceptable vehicles therefor such as hard fat, hydrogenated cocoglyceride,
polyethylene glycol and the like. In suppository formulations, the subject compounds
are preferably utilized at concentrations of from about 0.1% to 10% by weight.

Compositions suitable for rectal administration may also comprise a rectal
enema unit containing the active ingredient and pharmaceutically-acceptable vehicles
therefor such as 50% aqueous ethanol or an aqueous salt solution which is
physiologically compatible with the rectum or colon. The rectal enema unit consists
of an applicator tip protected by an inert cover, preferably comprised of polyethylene,
lubricated with a lubricant such as white petrolatum and preferably protected by a
one-way valve to prevent back-flow of the dispensed formula, and of sufficient
length, preferably two inches, to be inserted into the colon via the anus. In rectal
formulations, the subject compounds are preferably utilized at concentrations of from
about 0.1 to about 10% by weight.

Useful formulations also comprise concentrated solutions or solids containing
the active ingredient which upon dilution with an appropriate solvent, preferably
saline, give a solution suitable for rectal administration. The rectal compositions
include aqueous and non-aqueous formulations which may contain conventional
adjuvants such as buffers, bacteriostats, sugars, thickening agents and the like. The
compositions may be presented in rectal single dose or multi-dose containers, for
example, rectal enema units.

Preparations for topical or local surgical applications for treating a wound
comprise dressings suitable for wound care. In both topical or local surgical
applications, the sterile preparations of compounds of Formula I are preferably
utilized at concentrations of from about 0.1% to 5.0% by weight applied to a dressing.

Compositions suitable for administration by inhalation include formulations

wherein the active ingredient is a solid or liquid admixed in a micronized powder
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wHAving alpaitiglé:size in the range of about 5 microns or less to about 500 microns or
liquid formulations in a suitable diluent. These formulations are designed for rapid
inhalation through the oral passage from conventional delivery systems such as
inhalers, metered-dose inhalers, nebulizers, and the like. Suitable liquid nasal
compositions include conventional nasal sprays, nasal drops and the like, of aqueous
solutions of the active ingredient(s).

In addition to the aforementioned ingredients, the formulations of this
invention may further include one or more optional accessory ingredient(s) utilized in
the art of pharmaceutical formulations, e.g., diluents, buffers, flavoring agents,
colorants, binders, surface-active agents, thickeners, lubricants, suspending agents,
preservatives (including antioxidants) and the like.

The amount of compound of Formula I required to be effective for any
indicated condition will, of course, vary with the individual mammal being treated
and is ultimately at the discretion of the medical or veterinary practitioner. The
factors to be considered include the condition being treated, the route of
administration, the nature of the formulation, the mammal's body weight, surface area,
age and general condition, and the particular compound to be administered. In
general, a suitable effective dose is in the range of about 0.05 to about 200 mg/kg
body weight per day, preferably in the range of about 1 to about 70 mg/kg per day,
calculated as the non-salt form of Formula I. The total daily dose may be given as a
single dose, multiple doses, e.g., two to six times per day, or by intravenous infusion
for a selected duration. Dosages above or below the range cited above are within the
scope of the present invention and may be administered to the individual patient if
desired and necessary.

In general, the pharmaceutical compositions of this invention contain from
about 0.5 mg to about 1.5 g active ingredient per unit dose and, preferably, from about
7.5 to about 1000 mg per unit dose. If discrete multiple doses are indicated, treatment
might typically be 100 mg of a compound of Formula I given from two to four times
per day.

The compounds according to the present invention may be administered
prophylactically, chronically, or acutely. For example, such compounds may be
administered prophylactically to inhibit the formation of cancers in the subject being
treated. The subject compounds may also be administered prophylactically to patients

suffering a primary cancer to prevent the occurrence of metastatic cancers. In
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Bdddition|tartlis tr¢iention of primary and metastatic cancers, chronic administration
of the subject compounds will typically be indicated in treating recurring cancers.
Acute administration of the subject compounds is indicated to treat, for example,

aggressive cancers prior to surgical or radiological intervention.

EXAMPLES
The following Examples are included solely to provide a more complete
description of the invention disclosed and claimed herein. The Examples do not limit

the scope of the invention in any fashion.

Synthesis:

General methods: Anhydrous THF and CH,Cl, were obtained using
distillation from sodium benzophenone ketyl and calcium hydride, respectively.
Sigma-Aldrich (Milwaukee, WI) supplied starting materials and reagents. Cambridge
Isotopes Laboratories (Cambridge, MA) supplied isotope labeled reagents. All
reactions and handling of retinoid-containing compounds were done under gold
fluorescent lights. Thin-layer chromatography was performed on Merck (Gibbstown,
NJ) silica gel 60 Fas4 aluminum plates. Column chromatography was performed with
Merck silica gel 60 and reverse phase flash chromatography with Merck Lichroprep®
RP-18. Analytical HPLC was done on Beckman Instruments (San Ramon, CA), with
pump component 127 and detector module 166, equipped with a Metachem Polaris
(Varian), 5 um C-18, 250 X 4.6 mm column. All retinoids were detected at a
wavelength of 350 nm. Melting points were determined using a Thomas-Hoover
(Philadelphia, PA) capillary apparatus and are uncorrected. Optical rotations were
conducted on a Perkin-Elmer (Wellesley, MA) 241 polarimeter and reported in
mol-dm™-gram™. Ultraviolet spectra were recorded on a Beckman Instruments DU-40
spectrophotometer. Infrared spectra were recorded as films on silver chloride plates
using a Nicolet (Madison, WI) Protégé 460 spectrophotometer. NMR spectra were
recorded on a Bruker (Billerica, MA) DRX 400 spectrometer. Mass spectra were
recorded on a Micromass (Milford, MA) QTOF Electrospray mass spectrometer.

2,3,4,6-tetra-O-(methoxymethyl)-D-gluconic acid-8-lactone (9). To a flame-

272

dried flask under argon atmosphere was added 3-gluconolactone () (7.38g,41.4

mmol) and CHzClz (400 mL). Upon cooling the suspension with an ice bath,
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'diisppropylethylamine (57.6 mL, 331 mmol) was added dropwise, followed by careful

addition of chloromethyl methyl ether (50 g, 621 mmol) via an addition funnel. A
significant amount of white smoke formed in the reaction vessel. Solid
tetrabutylammonium iodide (50 g, 134 mmol) was added and the solution was
allowed to warm to room temperature (hereinafter “rt”). The reaction stirred in the
dark for 48 h upon which the solution gradually turned red. After cooling the vessel
to 0°C, saturated aqueous NH4CI (75 mL) was added. The contents were then diluted
with water and the layers separated. The organic layer was washed with brine and the
combined aqueous layers were extracted with CH,Cl, (3x). The combined organic
layers were dried (MgSOs.), filtered, and concentrated. The solids were then triturated
with ether (4x) and the ether was concentrated. The resultant oil was
chromatographed on silica gel (1:1 hexanes/ethyl acetate) to afford 12.04 g (83 %) of
clear oil. [a]p 118.4 (¢ 2.15, CHoCly); IR (cm™) 2948 (5), 2885 (s), 1757 (), 1464
(m), 1443 (m), 1213 (s), 1150 (s), 1035 (s), 912 (m); 'H NMR (CDCl3) 6 3.36-3.42
(m, 12H),3.77 (dd, 1H, J=3.8, 11.3 Hz), 3.82 (dd, 1H, J=2.8, 11.3 Hz), 3.99-4.05
(m, 2H), 4.29 (d, 1H, J = 6.6 Hz), 4.55-4.56 (m, 1H), 4.65 (s, 2H), 4.69-4.92 (m, TH);
C NMR (CDCls) § 55.42, 56.05, 56.11, 56.22, 66.12, 73.69, 74.77, 78.43, 96.56,
96.66, 96.78, 96.91, 97.13, 168.70; HRMS (ES) calcd for C14H010 (M+Na)
377.1424, found 377.1408.

Dimethyl titanocene, Cp,Ti(CHs), (Petasis’ reagent). To a flame-dried flask
under argon atmosphere was added titanocene dichloride (14.63 g, 58.8 mmol) and
absolute ether (300 mL), which was cooled to 10 °C. Methy! lithium (100 mL, 140
mmol, 1.4 M) was carefully added dropwise via an addition funnel in the dark. The
cold bath was removed and the red solution was allowed to stir for 10 min. The
solution was then cooled to 0°C and ice water (25 mL) was carefully added to quench
the unreacted methyl lithium. The layers were separated and the aqueous layer
extracted with ether (2x). The combined organic layers were dried (NazSOy4) under
argon for 1 h and concentrated in the dark at 20°C to give 12.4 g of orange solid. Dry
toluene (100 mL) was added and the reagent was stored at 4°C and used without

characterization.
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2:6-Anhydopy 1 -deoxy-3,4,5,7-tetra-O-(methoxymethyl)-D-gluco-hept-1-enitol
(10). To a flame-dried flask under argon atmosphere was added the sugar lactone 9
(10.05 g, 28.4 mmol) dissolved in dry toluene (140 mL) via an addition funnel. The
toluene solution of dimethyl titanocene (12.4 g, 59 mmol) was then added dropwise
via an addition funnel to give a red solution. The flask was then equipped with a
reflux condenser and heated to 70°C and let stir in the dark for 18 h. The resultant
black solution was cooled and poured into hexanes (~500 mL). A precipitate formed
and was filtered through celite. The supernatant was concentrated to yield a red oil
which was chromatographed on silica gel (4:1 then 2:1 hexanes/ethyl acetate) to
afford 8.66 g (87 %) of yellowish oil. [a]p 46.8 (¢ 2.33, CH,CL); IR (cm™) 2940 (m),
2895 (m), 1750 (w), 1440 (w), 1154 (s), 1032 (s), 918 (m); "H NMR (DMK-d¢) &
3.31-3.37 (m, 12H), 3.64-3.71 (m, 2H), 3.78-3.83 (m, 2H), 3.88-3.89 (m, 1H), 4.12 (d,
1H, J=5.4 Hz), 4.35 (s, 1H), 4.51 (s, 1H), 4.62 (s, 2H), 4.66-4.84 (m, 6H); *C NMR
(DMK-de) 8 55.15, 55.87, 56.04, 56.19, 67.50, 75.42, 76.68, 77.36, 81.08, 93.43,
95.35, 97.23, 97.64, 97.81, 156.39; HRMS (ES) calcd for CysH500 (M+Na)
375.1631, found 375.1628.

2,6-Anhydro-1-deoxy-1-[4-(hydroxymethyl)phenyl]-3,4,5, 7-tetra-O-
(methoxymethyl)-D-glycero-D-gulo-heptitol (11). To a flame-dried flask under argon
atmosphere was added the exocyclic olefin 10 (3.75 g, 10.6 mmol) dissolved in dry
THF (100 mL). 9-BBN-H (53.2 mL, 26.6 mmol, 0.5 M) was added via addition
funnel. The flask was then equipped with a reflux condenser, heated to 75-80°C, and
refluxed for 4.5 h. The mixture was cooled to rt, then K3POq (10 mL, 3 M) was added
and allowed to stir for 10 min. p-Bromobenzyl alcohol (3.98 g, 21.3 mmol) and
PdCly(dppf) (0.686 g, 0.85 mmol) dissolved in DMF (100 mL) was added via addition
funnel and stirred for 18 h. The reaction was diluted with water and ether, and then
the layers were separated. The organic layer was washed with water and brine. The
combined aqueous layers were extracted with ether (3x). The organic layers were
combined, dried (MgSQs), concentrated, and chromatographed (1:1 then 1:2
hexanes/ethyl acetate) to afford 3.29 g (67 %) of orange oil. [o]p -26.2 (c 1.15,
DMK); IR (cm™) 3470 (w), 2932 (m), 2887 (m), 1692 (m), 1444 (w), 1150 (s), 1101
(s), 1024 (s), 918 (m); "H NMR (DMK-dg) 8 2.60 (dd, 1H, J=9.4, 14.4 Hz), 3.18-
3.42 (m, 5H), 3.25 (s, 3H), 3.35 (5, 3H), 3.40 (5, 3H), 3.4 (s, 3H), 3.54-3.61 (m, 2H),
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3;;;}[@3;.(@;1;}1#1',M%@;ﬂlgﬁ, 11.3 Hz), 4.51-4.58 (m, 4H), 4.70 (d, 1H, J=6.5 Hz), 4.77-4.85
(m, 4H), 4.93 (d, 1H, J = 6.5 Hz), 7.25 (s, 4H); °C NMR (DMK-ds) & 38.35, 55.04,
56.45, 56.55, 64.44, 64.57, 67.42, 77.97, 79.07, 80.32, 81.63, 84.83, 97.20, 99.01,
99.19, 99.32, 127.15, 130.11, 138.75, 141.03; HRMS (ES) calcd for C2yHzeO1o
(M+Na) 483.2206, found 483.2188.

2,6-Anhydro-1-deoxy-1-[4-(methoxymethyl)phenyl]-3,4,5,7-tetra-O-
(methoxymethyl)-D-glycero-D-gulo-heptitol (12). To a flame-dried flask under argon
atmosphere was added the C-glycoside benzyl alcohol 11 (2.44 g, 5.3 mmol)
dissolved in dry THF (100 mL). Sodium hydride (0.63 g, 26.5 mmol) was added to
the flask and the suspension stirred for 1.5 h. Todomethane (4.5 g, 31.7 mmol)
dissolved in THF (10 mL) was cannulated into the reaction mixture and allowed to
stir for 18 h. After cooling in an ice bath, water was added carefully to quench excess
NaH. The mixture was extracted with ether (3x), the organic layers combined,
washed with brine, dried (MgSOa), concentrated, and then chromatographed (1:1 then
1:2 hexanes/ethyl acetate) to give 2.37 g (94 %) of clear oil. [a]p -27.0 (¢ 4.70,
DMK); TR (cm™) 2981 (s), 2883 (s), 1701 (w), 1513 (m), 1444 (m), 1378 (m), 1301
(m), 1158 (s), 1105 (s), 1028 (s), 918 (s); "H NMR (DMK-de) § 2.61 (dd, 1H, J= 9.4,
14.4 Hz), 3.19-3.42 (m, 5H), 3.24 (s, 3H), 3.30 (s, 3H), 3.35 (s, 3H), 3.40 (s, 3H), 3.44
(s, 3H), 3.54-3.64 (m, 2H), 3.73 (dd, 1H, J=2.6, 13.5 Hz), 4.38 (s, 2H), 4.50 (d, 1H, J
= 6.4 Hz), 4.54 (d, 1H, J= 6.4 Hz), 4.70 (d, 1H, J= 6.5 Hz), 4.77-4.35 (m, 4H), 4.93
(d, 1H, J= 6.5 Hz), 7.21 (d, 2H, J= 8.0 Hz), 7.28 (d, 2H, J = 8.0 Hz); °C NMR
(DMK-ds) 8 33.39, 55.05, 56.47, 56.49, 56.57, 57.97, 67.46, 74.84, 78.00, 79.10,
80.23, 81.66, 84.86, 97.20, 99.01, 99.21, 99.32, 128.15, 130.19, 137.23, 139.45;
HRMS (ES) caled for Ca3Hzs010 (M+Na) 497.2363, found 497.2384.

2,6-Anhydro-7-deoxy-7-[4-(methoxymethyl)phenyl}-3,4, 5-tri-O-acetyl-L~
glycero-L-gulo-heptinoic acid methyl ester (13). The MOM-protected glucoside 12
(2.43 g, 5.12 mmol) dissolved in methanol (500 mL) was placed in a flask at rt.
Aqueous HCI (6 N, 26 mL) was added and the solution stirred for 18 h after which the
mixture was then concentrated to dryness and set aside. In a separate flask, KBr (2.42
g, 20.38 mmol) and TEMPO (3.19 g, 20.41 mmol) were added to a saturated NaHCOs
solution (400 mL) and stirred for 20 min at 0 °C. Aqueous NaOCI (11.2 mL, 1.6-2.0
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iVDiwas thes pidediand stirred for 10 min. The deprotected sugar was dissolved in
saturated NaHCOj3 solution (100 mL) and added to the flask with the TEMPO
mixture. The total mixture was stirred for 45 min at 0°C. Then the reaction was
quenched with EtOH (50 mL) and the contents were washed with ether in a separatory
funnel. The aqueous layer was concentrated to dryness and the remaining solid was
exhaustively triturated with methanol. The methanol was then concentrated and
dried. The dried residue was suspended in DMF (180 mL) and then iodomethane 6.4
g) dissolved in DMF (10 mL) was added and allowed to stir for 20 h under argon at rt.
The reaction mixture was then supplemented with acetic anhydride (40 mL), pyridine
(20 mL), and DMAP (15 mg) and allowed to stir for 18 h. The reaction mixture was
diluted with water and extracted (3x) with ethyl acetate. The organic layers were
washed with water, brine, dried (MgSO,), concentrated, and chromatographed (2:1
then 1:1 hexanes/ethyl acetate) to give 1.90 g (82 %) of clear oil that solidified upon
standing, mp 84-86 °C. [a]p-13.04 (¢ 1.15, DMK); IR (cm™) 2956 (w), 2818 (w),
1750 (s), 1440 (m), 1370 (m), 1211 (s), 1105 (m), 1028 (m); 'H NMR (DMK-dg) &
1.94 (s, 3H), 1.94 (s, 3H), 1.95 (s, 3H), 2.74-2.81 (m, 1H), 2.90 (dd, 1H, J=3.4, 7.3
Hz), 3.30 (s, 3H), 3.65 (s, 3H), 3.94-3.99 (m, 1H), 4.18 (d, 1H, J=9.8 Hz), 438 (S,
2H), 4.90 (t, 1H, J= 9.8 Hz), 5.05 (t, 1H, J= 9.8 Hz), 5.29 (t, 1H, /= 9.8 Hz), 7.22 (s,
4H); °C NMR (DMK-ds) § 20.39, 20.52, 20.60,38.12, 52.67, 58.03, 70.62, 72.53,
74.09, 74.73, 76.41, 78.62, 128.25, 130.16, 137.43, 137.76, 168.40, 169.89, 170.07,
170.30; HRMS (ES) calcd for Cy3HasO10 (M+Na) 475.1580, found 475.1577.

2,6-Anhydro-7—deoxy—7—[4-(bromomethyl)phenyl]-3,4,S-tri-O-acetyl-L-
glycero-L-gulo-heptinoic acid methyl ester (14). To a dry flask equipped with a
CaS04 drying tube was added the C-glucuronide methyl ether 13 (462 mg, 1.02
mmol) along with 30 % HBr in acetic acid (5 mL, 25 mmol) at 0 °C. The mixture
stirred for 30 min and then at rt for 18 h. The mixture was diluted with methylene
chloride and then carefully washed with water and saturated NaHCO; solution. The
organic layer was dried (MgSQy), concentrated, and chromatographed (2:1 then 1:1
hexanes/ethyl acetate) to give 440 mg (86 %) of white foam, which was crystallized
with ether, mp 116-117°C. [a]p -12.03 (¢ 5.57, DMK); IR (cm™) 3026 (w), 2952 (w),
1754 (s), 1440 (m), 1370 (m), 1215 (s), 1101 (m), 1036 (m); "B NMR (DMK-dg) 5
1.93 (s, 3H), 1.94 (s, 3H), 1.95 (s, 3H), 2.76-2.83 (m, 1H), 2.92 (dd, 1H,J=3.5,73
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Fa; 3:64, s, BFEL13.96-3.99 (m, 1H), 4.20 (d, 1H, J = 9.7 Hz), 4.62 (s, 2H), 4.90 (¢,
1H, J=9.7Hz), 5.05 (t, 1H, J= 9.7 Hz), 5.29 (¢, 1H, J=9.7 Hz), 7.25 (d, 2H, J=8.2
Hz), 7.36 (d, 2H, J=8.2 Hz); °C NMR (DMK-ds) § 20.40, 20.52, 20.63, 34.3 7, 38.12,
52.69, 70.58, 72.52, 74.04, 76.35, 78.43, 129.88, 130.68, 137.26, 138.67, 168.39,
169.91, 170.09, 170.29; HRMS (ES) calcd for Co1H,sBrOy (M+Na) 523.0580, found
523.0602.

tert-Butyl-dimethylsilylcyanohydrin of retinal (16). To a flame-dried flask
under argon atmosphere was added retinal (15) (1.03 g, 3.62 mmol) dissolved in dry
CHzCl, (50 mL). A catalytic amount of Et3N (0.1 mL) was added then zert-
butyldimethylsilyl cyanide (1.0 g, 7.08 mmol) dissolved in CH,Cl, (10 mL) was
added by cannulation. The reaction stirred for 20 h after which the solution was
concentrated, chromatographed (95:5 hexanes/ethyl acetate), dried (NazS0,) under
argon, and subjected to vacuum overnight to give 1.20 g (78 %) of orange oil. UV
Amax = 329 nm (g = 49462); IR (cm™") 3042 (w), 2960 (s), 2928 (s), 2850 (s), 2239 (W),
1586 (w), 1472 (m), 1358 (m), 1256 (m), 1105 (s), 963 (), 832 (s), 775 (m); 'H NMR
(DMK-de) 8 0.16 (s, 3H), 0.20 (s, 3H), 0.90 (s, 9H), 1.02 (s, 6H), 1.45-1.48 (m, 2H),

'1.58-1.63 (m, 2H), 1.70 (s, 3H), 1.99 (s, 6H), 5.57-5.61 (m, 2H), 6.13-6.23 (m, 3H),

6.38 (d, 1H, J=15.2 Hz), 6.86 (dd, 1H, J = 11.3, 15.2 Hz); HRMS (ES) calcd for
Ca7Hu3NOSi (M+Na) 448.3012, found 448.2982.

2,6-Anhydro-7—deoxy-7-[4—(retinoylmethyl)-phenyl]-3,4,5-tri-0—acetyl-L-
glycero-L-gulo-heptinoic acid methyl ester (18). To a flame-dried flask under argon
atmosphere was added THF (40 mL) along with LIHMDS (1.0 M in hexanes, 3.8 mL,
3.8 mmol). The mixture was cooled to ~78°C upon which the silyl cyanohydrin of
retinal 16 (1.08 g, 2.54 mmol) in THF (15 mL) was added by cannulation into the
flask. The dark red solution was allowed to stir for 30 min at ~78°C. The crystalline
bromoglucuronide 14 (2.78 g, 5.56 mmol) in THF (15 mL) was cannulated into the
flask and the mixture stirred for 3 h at —78°C after which the solution changed to light
red. The reaction was taken out of the cold bath and quenched with a solution of 1 M
NH4CI (10 mL). The mixture was extracted with ethyl acetate (3x) and the organic
layers were combined, washed with brine, dried (NazS0y), filtered, concentrated, and

chromatographed (2:1 hexanes/ethyl acetate) to give 1.0 g (47 %) of yellow foam 17
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widh 1t 7-gpfiretiovierd bromide 14. The alkylated product was taken up in 1 %
aqueous THF (200 mL) and chilled to 0°C. TBAF (309 mg, 1.18 mmol) was added
and the darkened solution stirred 1 h. The reaction was diluted with water and
extracted with ethyl acetate (3x). The organic layers were combined, washed with
brine, dried (NaSOy), filtered, concentrated, and chromatographed (2:1 hexanes/ethyl
acetate) to give 628 mg (35 % over two steps) of yellow foam. UV Ams = 379 nm (e
=36182); HPLC tg = 24.0 min, 1 mL/min (85:15 MeOH:H,0 both with 10 mM
NH40Ac); IR (cm™) 2956 (w), 2924 (w), 2863 (w), 1754 (s), 1672 (w), 1554 (m),
1436 (w), 1362 (w), 1215 (s), 1081 (w), 1028 (w), 971 (w); 'H NMR (DMK-d¢) 6
1.02 (s, 6H), 1.45-1.48 (m, 2H), 1.58-1.62 (m, 2H), 1.69 (s, 3H), 1.90 (s, 3H), 1.93 (s,
3H), 1.95 (s, 3H), 2.01 (5, 3H), 2.03-2.05 (m, 2H), 2.28, (s, 3H), 2.75-2.89 (m, 2H),
3.64 (s, 3H), 3.71 (s, 2H), 3.95-3.98 (m, 1H), 4.19 (d, 1H, J=9.8 Hz), 4.90 (¢, 1H, J =
9.8 Hz), 5.05 (t, 1H, J=9.8 Hz), 5.29 (, 1H, J = 9.8 Hz), 6.15-6.35 (m, 5H), 7.13-
7.20 (m, SH); °C NMR (DMK-de) § 13.45, 14.68, 20.41, 20.96, 21.08, 21.15, 22.47,
34.15, 35.41, 38.76, 40.86, 52.25, 53.23, 71.18, 73.09, 74.63, 76.93, 79.13, 126.89,
129.86, 130.73, 130.93, 131.01, 131.47, 133.69, 134.89, 135.11, 137.14, 137.26,
138.95, 139.09, 140.96, 152.68, 168.97, 170.45, 170.64, 170.84, 198.78; HRMS (ES)
caled for C41Hs2010 (M+Na) 727.3458, found 727.3456.

2,6-Anhydro-7-deoxy—7-[4-(retinoylmethyl)—phenyl]-L-glycero-L-gulo-
heptinoic acid (7). To a flask was added the protected glucuronide-retinoid conjugate
18 (1.15 g, 1.64 mmol) dissolved in methanol (500 mL) and chilled to 4°C. Potassium
carbonate (136 mg, 0.98 mmol) was added and allowed to stir for 20 h. The reaction
mixture was concentrated at 25-30°C to ~200 mL. Adjustment to the original volume
with methanol was followed by addition of 1 N KOH (14 ml, 14 mmol). After
stirring for 20 h at 4°C, the reaction was warmed and allowed to stir for 5 h at rt. The
reaction was then cooled to 0°C and carefully adjusted to pH 7 with 4 N HCI. The
reaction mixture was concentrated at 25-30°C to ~100 mL, cooled back to 0°C, and
the pH carefully adjusted to 3 with 1 N HCL. The suspension was extracted with ethyl
acetate and the organic layers were combined, dried (Na;SO4) under argon for 2 h,
and carefully concentrated. The residue was chromatographed on reverse phase silica
gel (gradient 70:30 to 85:15 methanol/water) to yield 759 mg (82 %) of yellow foam,
which was stored at -80°C until needed. UV Agay = 382 nm (=30019); HPLC tg =
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19 Bimin (WML tnif, 185 :15 MeOH:H,O both with 10 mM NH,OAc); IR (cm™) 3384
(br), 2920 (s), 1721 (m), 1664 (s), 1550 (s), 1427 (m), 1362 (m), 1232 (w), 1089 (m),
1052 (m), 1102 (s), 967 (w); "H NMR (MeOH-d4) 3 0.94 (s, 6H), 1.38-1.41 (m, 2H),
1.54-1.58 (m, 2H), 1.61 (s, 3H), 1.91 (s, 3H), 1.93-1.96 (m, 2H), 2.20 (s, 3H), 2.60
(dd, 1H, J= 8.7, 14.4 Hz), 3.03-3.08 (m, 2H), 3.21-3.29 (m, 2H), 3.37 (t, 1H, J=9.5
Hz), 3.53 (d, 1H, J= 9.5 Hz), 3.62 (s, 2H), 6.03-6.25 (m, 5H), 7.02-7.16 (m, 5H); BC
NMR (MeOH-d,) & 12.88, 14.45, 20.29, 21.04, 21.93, 29.40, 34.00, 35.25, 38.34,
40.76, 52.11, 73.44, 74.63, 79.28, 80.36, 82.36, 124.37, 126.26, 129.92, 130.19,
130.86, 131.01, 131.12, 134.00, 134.23, 136.82, 138.70, 138.91, 139.04, 141.12,
154.22, 173.26, 201.21; HRMS (ES) calcd for C34Hy407 (M+Na) 587.2985, found
587.2989.

\I(o""' I e
1

20
2,6-Anhydro-l-deoxy—1-[4(methoxymet6hyl)phenyl]-3,4,5,7—tetra—0-acetyl-D-
glycero-D-gulo-heptitol (20). The MOM-protected glucoside 12 (0.643 g, 1.35
mmol) dissolved in methanol (34 mL) was placed in a flask at rt. Aqueous HCI (6N,

6.7 mL) was added and the solution stirred for 18 h. The mixture was then
concentrated to dryness. Acetic anhydride (4 mL) and pyiridine (3 mL) were added to
the paste, along with a catalytic amount of DMAP and the mixture was allowed to stir
for 18 h at rt. The reaction was diluted with water and extracted with ethyl acetate
(3x). The organic layers were combined, washed with water and brine, dried
(MgSOsy), filtered, concentrated, and chromatographed (1:1 hexanes/ethyl acetate) to
give 570 mg (90%) of white solid, mp 120-122°C. [o]p -4.0 (¢ 0.78, DMK); IR (o
) 2040 (), 2862 (W), 1750 (s), 1436 (w), 1370 (m), 1224 (s), 1105 (m), 1032 (m); 'H
NMR (CDCl) § 1.96-2.02 (m, 12H), 2.78 (s, 2H, J = 5.8 Hz), 3.36 (s, 3H), 3.52-3.57
(m, 2H), 4.02 (dd, 1H, J=2.3, 12.2 Hz), 4.20 (dd, 1H, J=5.3, 12.2 Hz), 4.40 (s, 2H),
4,92 (t, 1H, J = 9.6 Hz), 5.03 (t, 1H, J=9.6 Hz), 5.15 (t, 1H,J = 9.6 Hz), 7 16 (d,

2H, J=8.0 Hz), 7.23 (d, 2H, J = 8.0 Hz); *C NMR (DMK-dg) & 20.55, 20.57, 20.65,
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38.08.-58,02./63:08) 69.70, 72.81, 74.76, 74.86, 76.05, 78.60, 128.20, 130.21, 137,65,
137.75, 170.04, 170.16, 170.37, 170.59; HRMS (ES) calcd for C;3H30050 (M-+Na)
489.1737, found 489.1727.

21
2,6-Anhydro-1-deoxy-1-[4-(bromomethyl)phenyl]-3,4,5,7-tetra-O-acetyl-D-

glycero-D-gulo-heptitol (21). To a dry flask equipped with a drying tube was added
the C-glycoside methyl ether 20 (0.54 g, 1.16 mmol) along with 30 % HBr in acetic
acid (5 mL, 25 mmol) at 0°C. The mixture was stirred for 30 min and then left at rt
for 18 h. The mixture was diluted with methylene chloride and then carefully washed
with water and saturated NaHCO; solution. The organic layer was dried (MgSO0y),
concentrated, and chromatographed (2:1 then 1:1 hexanes/ethyl acetate) to give 593
mg (97 %) of white solid, mp 141-142°C [a]p -4.67 (c 2.57, DMK); IR (cm™) 2993
(W), 2952 (w), 1754 (s), 1440 (W), 1374 (m), 1244 (s), 1105 (W), 1052 (m); "H NMR
(DMK-ds) & 1.92-1.98 (m, 12H), 2.72 (dd, [H, J=17.3, 8.6 Hz), 2.88 (dd, 1H, J=3.2,
7.3 Hz), 3.77-3.85 (m, 2H), 4.00 (dd, 1H, J=2.4, 6.1 Hz), 4.21 (dd, 1H, J = 5.9, 6.1
Hz), 4.63 (s, 2H), 4.86 (t, 1H, J = 2.6 Hz), 4.97 (t, 1H, J = 9.6 Hz), 5.22 (t, [H, J =
9.6 Hz), 7.25 (d, 2H, J = 8..2 Hz); 7.37 (d, 2H, J = 8.2 Hz); *C NMR (DMK-dg) &
20.49, 20.60, 34.32, 38.07, 63.03, 69.23, 72.82, 74.85, 76.07, 78.40, 129.72, 130,68,
137.12, 138,92, 169.97, 170.10, 170.30, 170.52; HRMS (ES) calcd for CayHa7BrOs
(M+Na) 537.0736, found 537.0724.
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2,6-Anhydro-7-deoxy-7-[4-(retinoylmethyl)-phenyl]-3,4,5, 7-tetra-O-acetyl-D-

glycero-D-gulo-heptinol (22). To a flame dried flask under argon atmosphere was
added THF (10 mL) along with LIHMDS (1.0 M in hexanes, 0.78 mL, 0.78 mmol)
The mixture was cooled to -78°C upon which the silyl cyanohydrin of retinal 16 (218
mg, 51 mmol) in THF (5 mL) was added by cannulation into the flask. The dark red
solution was allowed to stir for 30 min at -78°C. The crystalline glucoside bromide
21 (277 mg, 0.53 mmol) in THF (5 mL) was cannulated into the flask and the mixture
stirred for 2 h at -78 °C, after which the solution changed to light red. The reaction
was taken out of the cold bath and quenched with a solution of 1 M NH,ClI (1 mL).
The mixture was extracted with ethyl acetate (3x) and the organic layers were
combined, washed with brine, dried (Na,SO,), filtered, and concentrated. The crude
alkylated product was taken up in 1 % aqueous THF (20 mL) and chilled to 0°C.
TBAF (134 mg, 0.51 mmol) was added and the darkened solution stirred overnight
while warming to rt. The reaction was diluted with water and extracted with ethyl
acetate (3x). The organic layers were combined, washed with brine, dried (NazS0y),
filtered, concentrated, and chromatographed (2:1 hexanes/ethyl acetate) to give 132
mg (36 % over two steps) of yellow foam. 'H NMR (DMK-ds) § 1.00 (s, 6H), 1.43-
1.46 (m, 2H), 1.58-1.59 (m, 2H), 1.68 (s, 3H), 1.90 (s, 3H), 1.92 (s, 3H), 1.94 (s, 3H),
1.95 (s, 3H), 2.26, (s, 3H), 2.70-2.87 (m, 2H), 3.30 (s, 2H), 3.74-3.83 (m, 2H), 3.97
(d, 1H, J = 12.0 Hz), 4.19 (dd, 1H, J=5.9, 12.0 Hz) 4.85 (t, 1H, J = 9.6 Hz), 4.95 (t,
1H, J = 9.6 Hz), 5.20 (t, 1H, J = 9.6 Hz), 6.15-6.37 (m, 5H), 7.10-7.17 (m, 5H);
HRMS (ES) caled.for CasHs010(M+Na) 741.3615, found 741.3617.
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23

2,6-Anhydro-7-deoxy-7-[4-(retinoylmethyl)-phenyl]-D-glycero-D-gulo-
heptinol (23). To a flask was added the protected glucoside-retinoid conjugate 22
(130 mg, 0.18 mmol) dissolved in methanol (75 mL) and chilled to 4°C. Potassium
carbonate (25 mg, 0 18 mmol) was added and allowed to stir for 20 h. The reaction
was then cooled to 0°C and carefully adjusted to pH 5 with 1 N HCI. The solution
was extracted with ethyl acetate and the organic layers were combined, dried
(Na;S0y), and carefully concentrated. The residue was chromatographed on reverse-
phase silica gel (gradient 70:30 to 85:15 methanol/water) to yield 49 mg (49 %) of
yellow foam. UV Amax = 380 nm (g = 34567); HPLC tg = 13.8 min (1 mL/min,
85:15 MeOH:H,0 both with 10 mM NH4OAc); IR (cm™) 3388 (br), 2948 (m), 2846
(m), 1652 (m), 1554 (w), 1456 (w), 1415 (w), 1113 (w), 1056 (m), 1016 (s), 694 (br);
"H NMR(DMK-dg) & 1.02 (s, 6H), 1.45-1.48 (m, 2H), 1.58-1.64 (m, 2H), 1.69 (s),
3H), 2 01 (s, 3H), 2.03-2.05 (m, 2H), 2.29, (s, 3H), 2.65 dd, 1H, J= 8.3, 14.3 Hz),
3.09-3.38 (m, 6H), 3.57-3.60 (m, 1H), 3.70 (s, 3H), 6.15-6.35 (m, SH), 7.12-7.26 (m,
5H); C NMR (DMK-dq) & 13.43, 14.66, 20.41, 22.46, 26.31, 30.95, 34.14, 38.69,
40.85, 52.34, 63.81, 72.70, 75.05, 80.37, 81.31, 81.50, 129.82, 130.43, 130.90,
131.20, 131.48, 133.64, 134.46, 137.31, 138.96, 139.08, 140.89, 152.57, 198 97;
HRMS (ES) calcd for C34Hss0s (M+Na) 573.3192, found 573.3204.

Biological:

Animal Studies: Mammary tumors were induced by intragastric intubation of
50-day old female Sprague-Dawley rats (Harlan Industries, Indianapolis, IN) with a
single dose of 15 mg DMBA in 1.0 ml of sesame oil per rat. The rats were then
maintained on a powdered Teklad 22/5 rodent chow diet (W) 8640 (Harlan Industries,
Indianapolis, IN), and allowed food and water ad libitum. Four months later, rats
which had developed palpable tumors were randomly assigned to the experimental
groups (4 rats/ group). The retinoid-treated groups were fed diets supplemented with
2 mmol/ kg diet of atRA, 4-HPR, or 4-HBRCG, respectively. The retinoids were

added to the diet in a vehicle consisting of 25 ml of ethanol: tricaprylin (1: 4 v/v) plus
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2% (G Yiofiegtoeppherol as previously described.” This vehicle was also added to
the control diet. The additives were blended into the chow diets using a Hobart food
mixer. The diets were fed in stainless steel feeders designed with food hoppers. The
food was replaced weekly with freshly prepared diets. Food consumption was
determined once weekly, and from that the average daily consumption/rat was
estimated. These diets were continuously fed for 22 days. Animals were also
weighted weekly and monitored for general health status and signs of possible toxicity
due to treatment.

Baseline measurement of initial tumor sizes, numbers and rat body weights
were determined immediately before commencement of treatments, and final
measurements were recorded just prior to sacrifice of the animals. Animals were
palpated for tumors twice weekly and tumor diameters were measured weekly by a
micrometer caliper. Tumor volumes were calculated using the formula [V = 4/3 n 1
where r is one-half the mean of the sum of the largest diameter and the axis at right
angle to it. All tumors as well as lungs, liver, kidney and femur were excised at the
end of the experiment for chemical and histopathological evaluation. Blood samples
were also taken from each animal for determination of plasma retinol and triglyceride

levels.

Plasma Triglyceride Measurement. Bloods were drawn from anesthetized
animals in the presence of EDTA as an anticoagulant, and the resulting plasma was
used for the measurement of plasma “true” triglyceride levels using a kit from Sigma-
Aldrich (Saint Louis, MO). Briefly, the total plasma triglyceride and glycerol
concentrations were determined, and the glycerol component was subtracted from the
total plasma triglyceride measurement to obtain the “true” serum triglyceride

concentration.

Plasma Retinoid Assay. To 500 pL of plasma was added 150 pL of ethanol
containing 0.75 pg of internal standard (N-(4-chlorophenyl) retinamide). After
mixing 30 sec., 500 uL of ethyl acetate was added followed by 1 min. of mixing and
centrifugation for 5 minutes at 1000 rpm in an IEC CL centrifuge. The ethyl acetate
layer was removed and syringe filtered through a 0.45 um filter. The ethyl acetate
extraction was repeated two more times. The combined extracts were evaporated and

the residue reconstituted in 100 uL of methanol. The methanol extract (20 uL) was
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nranalyzed-byHRLOon a Beckman Instruments model 127 instrument equipped with a

model 166 UV detector. Chromatography was done on a precolumn equipped 250 x
4.6 mm Bechman Ultrasphere ODS column with an 85% methanol/water mobile
phase (both containing 10 mM ammonium acetate) flowing at 1 mL/min. Analysis
for both internal standard and retinol was conducted at 350 nm and internal standard
recoveries and retinol levels were determined by comparison with standard curves,
with adjustment of the retinol level based on recovery. Recoveries of internal
standard averaged ca. 78%. Previous extraction of plasma from vitamin A deficient
rats showed no substances interfering with the elution position of the retinol or
internal standard. Inthe 4-HPR treated group, plasma levels of this retinoid were
evaluated simultaneously in the same samples as above. In order to avoid interfering
substances, plasma treatment retinoid levels for RA and 4-HBRCG were measured
using the above system and a step gradient of 75% methanol for 15 min. followed by

85% methanol for 40 minutes.

Bone Mineral Content. The femur was disarticulated from the leg, and the
adhering soft tissue was removed by dissection. Femurs were scanned using the
Lunar PIXTmus 2 system (Model X2608, General Electric using the LUNAR sofiware
version 1.45), and control measurements were made using the small animal quality
control phantom. Femurs were scanned 5 times each with re-positioning at each
measure. The average value of the bone mineral content (BMC) in grams for each

animal is reported as one independent measure.

Nuclear Retinoid Receptor Binding Assay. Competition of 3 and 7 and 4-
HBRCGlucose with [*H]-all-zrans-RA (4.2-4.6 nM) for binding to RARB and RARy
and with [*H]-9-cis RA (1.9 nM) for binding to RXRy was determined using an in
vitro ligand binding assay.*>* [*H]-all-trans-RA (40.5 Ci/mmole) or [’H]-9-cis-RA
(69.4 Ci/mmole) was added to receptor-containing extracts in the absence and
presence of increasing concentrations of competing ligands at 4°C for 3 hr. A
hydroxylapatite (HAP) assay was used to separate ligand bound to receptor from that
free in solution, and the radioactivity associated with the HAP pellet was measured by

scintillation counting.
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*Tyolatioiof RNA and quantitative PCR. Total and polyA™ RNA was isolated
as described.” Briefly, lung and liver tissue was collected and flash-frozen in liquid
nitrogen until use. Tissue (0.5 to 1 g) was homogenized in buffer (1:10; wt/vol), and
total RNA was isolated according to the method of Chomeczynski and Sacchi.**

A rat CYP26A1 partial cDNA was generated by PCR amplification from
E10.5 day rat embryo cDNA. The upstream (5° GCA GAT GAA GCG CAG GAA
ATA CG 3°) (SEQ. ID. NO: 1) and downstream (5’ CCC ACG AGT GCT CAA TCA
GGA 3”) (SEQ. ID. NO: 2) primers were designed based on the murine cDNA
(g1:6681100). The 635 bp cDNA was subcloned into pGEM-Teasy (Promega,
Madison, WI) and sequenced. Similarly, a rat CYP26B1 partial cDNA was generated
by PCR amplification from E11.5 day rat embryo cDNA. The upstream (5° GCT
ACA GGG TTC CGG CTT CCA GTC 3”) (SEQ. ID. NO: 3) and downstream (5’
TCC AGG GCG TCC GAG TAG TCT TTG 3°) (SEQ. ID. NO: 4) primers were
designed based on the murine cDNA (gi:31341987), and the 606 bp control cDNA
was subcloned and sequenced.

The quantitative polymerase chain reaction (Q-PCR) assay was performed
using the real-time LightCycler system (Roche, Indianapolis, IN, USA) with
LightCycler faststart DNA master SYBR greenl kit (Roche, Indianapolis IN)
according to the manufacturer’s protocols. Poly(A)" RNA (0.5 to 1 pg) was reverse
transcribed (RT) using AMV enzyme (Promega, Madison, WI) and random hexamers.
The following primer sets were used for Q-PCR: CYP26A1, upstream 5’°-ATG ATT
CCT CGC ACA AGC AG-3’ (SEQ. ID. NO: 5), downstream 5’-GCT CCA GAC
AAC CGC TCA CT-3’ (SEQ. ID. NO: 6); CYP26BI1, upstream 5’-AGG CCC AGC
GAC TTA CCT TC-3’ (SEQ. ID. NO: 7), downstream 5’-AGG GCG TCC GAG
TAG TCT TT-3” (SEQ. ID. NO: 8); and GAPDH, upstream 5’-TGA AGG TCG GTG
TGA ACG GAT TTG GC-3’ (SEQ. ID. NO: 9), downstream 5°’-CAT GTA GGC
CAT GAG GTC CAC CAC-3’ (SEQ. ID. NO: 10). The primer sets for CYP26A1,
CYP26B1 and GAPDH amplify 409 bp to 519 bp (gi:18426827), 708 bp to 957 bp
(g1:31220748), and 854 bp to 1836 bp (gi:31377487), respectively.

Growth inhibition of MCF-7 human breast cancer cells. MCF-7 cells were
obtained from the American Type Culture Collection, Manassas, Virginia. They were
maintained in DMEM medium supplemented with 4 g/L glucose, 3.7 g/L sodium
bicarbonate and 10% heat-inactivated fetal calf serum. Cells were passaged into 12-

well plates, cultured for 24 hours, after which time they were dosed with vehicle
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W012%6, ethanoo fétinoids; medium was changed and fresh vehicle or retinoids were

added daily. Cells were harvested and the number of live cells was assessed using
fluorescein diacetate, which yields a fluorescent product upon cleavage by
metabolically active cells. Using fluorescent microscopy, at least 200 cells/well were

counted with a hemacytometer.

Statistical analysis. Descriptive statistics on tumor volumes, tumor numbers,
retinol, triglyceride levels and BMC were examined and compared among the
experimental groups. The statistical significance of the groups’ comparisons was
obtained using analysis of variance (ANOVA), ANOVA with repeated measures, and

non- parametric tests. Values were considered significant when the p < 0.05.
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CLAIMS
What is claimed is:

1. Compounds of Formula 1:

e
O/O/\R
NN NN Ny

R2

Formula I

wherein X is CHy; Y is C;-Cs alkylene; and R is selected from the group
consisting of hydrogen, C;-Cs alkyl,

HO
HO OH
R!

and

OH OH

oS

wherein R' is selected from the group consisting of H, OH, COOH, C;-Cs
alkyl, alkenyl, alkynyl, and C;-Ce-hydroxyalkyl: R? is selected from the group
consisting of H, OH, and =0O;

and salts thereof.

2. The compound of claim 1, wherein R is hydrogen.
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3.

10.

11.

12.

PCT/US2006/017090

The compound of claim 1, wherein R is

HO
HO OH
Rl

The compound of claim 3, wherein R' is H.

The compound of claim 3, wherein R" is COOH.
The compound of claim 3, wherein R' is CH,OH.
The compound of claim 3, wherein R! is OH.

The compound of claim 1, wherein R is

OH OH
Mpi,m
The compound of claim 1, wherein R? is H.
The compound of claim 1, wherein R? is OH.

The compound of claim 1, wherein R? is =O.

A pharmaceutical composition for preventing and treating cancer in

mammals, the composition comprising an effective cancer cell growth-inhibiting

amount of a compound according to claim 1, or a pharmaceutically-suitable salt

thereof; optionally in combination with a pharmaceutically-suitable carrier.
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13.
hydrogen.

14.

15.
H.

16.
COOH.

17.
CH,OH.

18.
OH.

19.

PCT/US2006/017090

The composition of claim 12, comprising the compound wherein R is

The composition of claim 12, comprising the compound wherein R is
HO
HO OH
Rl
The composition of claim 14, comprising the compound wherein R' is
The composition of claim 14, comprising the compound wherein R' is
The composition of claim 14, comprising the compound wherein R is

The composition of claim 14, comprising the compound wherein R is

The composition of claim 12, comprising a compound according to

claim 1 wherein R is

20.

21.

22.

OH OH

“ﬁ&wﬂ.

The composition of claim 12, wherein R? is H.
The composition of claim 12, wherein R* is OH.

The composition of claim 12, wherein R? is =O.
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i 23:0, W By tiethod of preventing and treating cancer in mammals, the method
comprising administering a cancer cell growth-inhibiting amount of a compound
according to claim 1, or a pharmaceutically-suitable salt thereof, to a patient in need

thereof,

24.  The method of claim 23, wherein a compound according to claim 1

wherein R is hydrogen is administered to the patient.

25.  The method of claim 23, wherein a compound according to claim 1

wherein R is

HO
HO OH
Rl

is administered to the patient.

26.  The method of claim 25, wherein a compound wherein R! is H is

administered to the patient.

27.  The method of claim 25, wherein a compound wherein R! is COOH is

administered to the patient.

28.  The method of claim 25, wherein a compound wherein R is CH,OH is

administered to the patient.

29.  The method of claim 25, wherein a compound wherein R! is OH is

administered to the patient.
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~3Q 5 ' Thelfpethod of claim 23, wherein a compound according to claim 1

wherein R is

OH OH

oS

is administered to the patient.

31.  The method of claim 23, wherein a compdund according to claim 1

wherein R” is H is administered to the patient.

32. The composition of claim 23, wherein a compound according to claim

1 wherein R? is OH is administered to the patient.

33. The composition of claim 23, wherein a compound according to claim

1 wherein R* is =0 is administered to the patient.

34. The method of claim 23, wherein the compound is administered to a

human patient in need thereof.

42 of 43



WO 2006/119402

% Change in Tumor Volume (CC)

1/5

PCT/US2006/017090

200
160 -
120%
80%

40

-®Control HRA 4-HPR =A4-HBRCG

-40

Days on Experimental Diets

FIG. 1

28



PCT/US2006/017090

2/5

FIG. 2A

G

C

il

s

Ry %..

e
dei

SRR

i

Fi
A

I o
aSh
A

&
:
i

Snlegniy ) )
S RS
SRR A

4-HPR 4-HBR

R

G .ﬁm&a . by
] _waaw.w»w 13-p
L
ﬁ%.ﬁ%ﬁﬂw A0
S
m&x w..umm% ,..,

et
i mﬂm. e

et
i .q—..ﬁ.qu i3
PR RN

1.5 7

0.48

O

WO 2006/119402

FIG. 2B



WO 2006/119402 PCT/US2006/017090

2 u qupr
A 297 4-HBRCGlucuronide”
4 4HBRCGlucose .

¥ 1 *

A2 A1 <10 -9 -8 7 -6

~12 11 40 -9 fs 7' ;@? ﬁ -4

Log[Drugl(M)

K

FIG. 3B



WO 2006/119402 PCT/US2006/017090

4/5

<o}
o

80 -
70
60
50
40 1
30~
20 4
10 4

CYP26A1 mRNA (Fold-induction)

o

RA 4-HPR 4-HBRCG

FIG. 4



WO 2006/119402

5/5

bt Lt s L Ll

T T L L L L

§ V77 LSS S

W L AL

! 777 77 77 2 o At L

W7 T L
I T ] T T I T T 7
() Lo () -
d = A

(-01X) Sl[@D AIT J0 JequinN

-5

-6
4-HBRCGlucose

-5

-7

4-HBRCG
L.og Concentration (M)

PCT/US2006/017090

FIG. 5



WO 2006/119402

SEQUENCE LISTING

<110> Clagett-Dame, Margaret

Curley, Robert

SeqList.ST25

<120> C-Linked Glucuronide of N-(4-Hydroxybenzyl)Retinone, Analogs
Thereof, and Method of Using the Same to Inhibit Neoplastic Cell

Growth
<130> 09820.379

<140> US XX/yyy,zzz
<141> 2006-05-03

<150> US 60/677,503
<151> 2005-05-03

<160> 10
<170> PatentIn version 3.2

<210> 1
<211> 23
<212> DNA
<213> Artificial

<220>
<223> PCR primer

<400> 1
gceagatgaag cgcaggaaat acg

<210> 2
<211> 21
<212> DNA
<213> Artificial

<220>
<223> PCR primer

<400> 2
cccacgagtg ctcaatcagg a

<210> 3

<211> 24
<212> DNA
<213> Artificial

<220>
<223> PCR primer

<400> 3
getacagggt tecggcttee agte

23

21

24
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<210> 4

<211> 24
<212> DNA
<213> Artificial

<220>
<223> PCR primer

<400> 4
tccagggegt ccgagtagte titg

<210> 5
<211> 20
<212> DNA
<213> Artificial

<220>
<223> PCR primer

<400> 5
atgaticcic gcacaagceag

<210> 6
<211> 20
<212> DNA
<213> Artificial

<220>
<223> PCR primer

<400> 6
gctccagaca accgeteact

<210> 7
<211> 20
<212> DNA
<213> Artificial

<220>
<223> PCR primer

<400> 7
aggcccagceg acttaccttc

<210> 8
<211> 20
<212> DNA
<213> Atrtificial

SeqList.ST25

24

20

20

20
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<220>
<223> PCR primer

<400> 8
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<210> 9
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<223> PCR primer

<400> 9
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<210> 10
<211> 24
<212> DNA
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<220>
<223> PCR primer
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catgtaggee atgaggtcea ccac

SeqList.ST25
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