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Abstract:

A facile and large-scale preparation of the antitumor agent
R116010 has been developed. The new synthetic process
requires four steps: (i) FriedelCrafts reaction of N-phenyl-
2-benzothiazolamine with 2-chloropropionyl chloride, (ii) con-
version of the a-chloroketone into the correspondingo-(di-
methylamino)ketone and resolution of the latter, (iii) reduction
of the chiral aminoketone with resultant formation of the
-amino alcohol and finally (iv) conversion of the amino alcohol
into the #-aminoimidazole R116010. The key strategic improve-
ment is the crystallization-induced diastereomeric dynamic
resolution of the aminoketone, leading to the chiral ketone in
90% yield and 90% enantiomeric purity. This new process
improves the overall yield from 0.26 to 18.8% without tedious
chromatographic separations and hazardous reaction condi-
tions.

Introduction

All-transretinoic acid (RA), the biologically most active
metabolite of vitamin A, plays a major role in cellular
differentiation and proliferation of epithelial tissug%Dif-
ferentiating agents redirect cells towards their norma

R116010 may also have a cytotoxic/cytostatic potential.
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The Medicinal Chemistry Route

The medicinal chemistry route is outlined in Scheme 1.
This route, which was successfully used for the delivery of
early toxicology and clinical batches, could not be followed
for the synthesis of larger quantities.

The major problems were encountered in the latter steps
of the synthesis. For the preparation of the 2-aminoben-
zothiazole moiety, via a two-step sequence, from the aryl-
amine4, toxic and highly flammable carbon disulfide was
used in the first step, and DMSO was the solvent of choice
for the second step. Moreover, methanethiol (ODOUR!) was

| evolved during this conversion and the benzothiazole com-

phenotype and therefore may reverse or suppress evolving?@undé was only obtained in a poor yield-5%). Finally,

malignant lesions or prevent cancer invasion. However, the
therapeutic effects of RA are undermined by its rapid in vivo

catabolism by cytochrome P450-dependent enzymes. Here
we will describe the synthesis and chemical development of

R116010, a potent and selective inhibitor of thetedias-
retinoic acid metabolism (RAMBAJ# This compound is an

to separate R116010 (S,S) from its stereoisomers, two
chromatographic purification steps, one of them on a chiral
column, were necessary.
Route Used for the First Pilot-Plant Batch

Since the major problem of the medicinal chemistry route

almost pure 4-hydroxylase inhibitor, lacking inhibition of Was the late-stage formation of the benzothiazole ring from
other CYP450-mediated enzymes. It reduces tumour growththe arylaminet, it was decided to start from a benzothiazole
in breast and prostate cancer experimental models at dosage¥eleton and introduce the (2-(dimethylamino)-1-imidazolyl)-

10—20 times lower than liarozole fumarate (LiaZal)?

propyl moiety (Scheme 2N-phenyl-2-benzothiazolamine

Given the results obtained in animal models, it seems 14 was obtained via oxidative ring closure of 2dtphen-

ylthiourea8 with bromine and 48% aqueous hydrobromic
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Scheme 1. Medicinal chemistry route
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Scheme 2. Original pilot-plant route
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a-chloroketoned as a hydrochloride salt in excellent yield.
Conversion of ketoned to the final compoundl was
accomplished in an analogous manner as the medicinal
chemistry route, that is, reaction with dimethylamine, sodium

Scheme 3. Alternative routes
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reaction with 1,}carbonyldiimidazole in the presence of
imidazole. The 8yri' (S,SandR,R) and ant” (R,SandS,R)
stereoisomers of th@-aminoimidazoles could be separated
by two subsequent recrystallizations, thus eliminating one
of the chromatographic separations. The major problem
associated with this improved method now became the
separation of the enantiomers®{S,SandR,R). Due to the
low solubility of compound? in solvent systems typically
used for chiral chromatography (e.g. hexane/ethanol) more
than 4000 L of solvent was necessary to obtain 2 kg of
enantiomerically pure drug substante

Alternative Routes

The alternative pathways investigated used two main
strategies. First, a more convergent approach was tried by
the coupling of optically pure [2-(dimethylamino)-1-(1H-
imidazol-1-yl)propyllaryl derivatived.0 with 2-substituted
aminobenzothiazole41 (Scheme 3). This approach also
offers more alternatives to synthesize the chiral segment of
the molecule, for example from ephedrine or by classical
resolution, than when the benzothiazole moiety is already
attached, because of the low solubility of the latter. On one
hand, coupling reactions between 2-aminobenzothiazdlas
and aryl derivativeslOa bearing a leaving group and, on
the other hand, between 2-halobenzothiaztdsand para-
substituted aromatic aminoderivativE3b were investigated.
However, the use of Goldbet§basic or Pd-catalyzé#'4
conditions did not give satisfactory results. This was mainly
due to the instability of the substituted arylamindb at
higher temperatures and the low nucleophilicity of the
arylaminesl0b and 2-aminobenzothiazoldda.

In a second approach, attempts to obtain the desired
enantiomers via a classical resolution using chiral acids were

(12) Freeman, H.; Butler, J.; Freeman,J..Org. Chem1978,43, 4975—4978.
(13) Hartwig, JAngeW Chem., Int. Ed. Endl997,37, 22047-2067.

borohydride reduction, and conversion to the imidazole by (14) Wolfe, J.; Buchwald, STetrahedron Lett1997,38, 6359—6362.
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Scheme 4. Commercial process
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made. Although a wide variety of acids were screened, 4). An excess of aluminium(lll) chloride was used for the
attempts to resolve th&(S) andR,R) enantiomers of the Friedel-Crafts reaction oN-phenyl-2-benzothiazolamiriet

drug substance by diastereomeric salt formation remainedwith 2-chloropropionyl chloride. Possibilities to replace
unsuccessful. The correspondifigamino alcoholsl2 also dichloromethane as solvent and to use a more environmen-
could not be separated in this way. Finally, it was decided tally friendly Friedel—Crafts catalyst are presently under
to go back one step further in the synthesis and to try the investigation. The aminoketorigis a very viscous, foaming
resolution of the aminoketon&3. By screening 22 chiral  oil, even after further purification, and therefore very difficult
acids in numerous solvents, we found that it was possible totg isolate as a free base. This problem was circumvented
resolve the aminoketon&3 with ditoluoyltartaric acid in using an ethyl acetate solution b8 directly in the next step.
methanol. Moreover, after fine-tuning of the reaction condi- At this stage, excess dimethylamine and its hydrochloric acid
tions, the desired diastereomeric salt could be obtained inggjt could also be removed by washing the ethyl acetate layer
90% yield (diastereomeric ratio 90/10) via a crystallization- yith water. In the next step, the highest diastereomeric excess
induced diastereomeric resoluti&in'®To our knowledge @ \yas achieved by using one equivalent ef){-ditoluoyl-
crystallisation-based resolution of artertiary amino ketone  i5rtaric acid in methanol under reflux for 6 h. The di-

has not been reported before. The two enantiomers of theygiereomeric salt6 thus obtained was isolated in 90% yield,
aminoketond 3 can equilibrate through the enol form. With starting from thea-chloroketone9, and with 80% enantio-
literature analogié8 showing that high stereocontrol is meric excess.

possible in the consequent reduction of the aminoketone and Subsequently, the diastereomeric 48itvas reduced with
having established this very efficient and high yielding ,, giaiine solution of 1 equiv of sodium borohydride in

resolution .procedure, prompted us to. use this reaction 2-propanol. After addition of water thgyn diastereomers
sequence in the development of the final route towards 17 (1S.2S) and (1R,2R) precipitated selectively from the
R1160101. reaction mixture, together with only a small amountl(o)
. of the anti epimers. It is known from the literature that

Commercial Pracess erythro-rich products are obtained in the reduction of ketones

The a-chlorinated propiophenone derivati@e isolated having a functional group aix-position to the carbonyl
as its hydrochloric acid salt, was synthesized in two stepsgroup_m As derived from the percentages of the different
from diphenylthioures8 as previously described (Scheme  gioregisomers, it would appear that less than 5% of base-

. , ; promoted epimerisation occurred in this step.
(15) Reider, P.; Davis, P.; Hughes, D.; GrabowskiJEOrg. Chem1987,52, ' .
955—957. In the final step, the amino alcoh@l was converted to

(16) Alabaster, R.; Gibson, A.; Johnson, S.; Edwards, J. Cottrdlettrahedron the Corresponding imidazole derivative by reaction with-1,1
Asymmetry1997,8, 447—450.

(17) Shieh, W.-C.. Carlson, J.; Zaunius, @.:0rg. Chem1997, 62, 8271— carbonyldiimidazole and imidazole. An excess of imidazole
8272. was necessary to reduce formation of a side product arising

(18) §7h7a7pf2'78'36; Johnson, N.; Paul, J.; Potter, T@trahedron Lett1998, 39 from the competitive attack of the exocyclic benzothiazole

(19) Koga, K.; Yamada, SChem. Pharm. Bull1972,20(3), 539—542. amino atom, instead of imidazole, on the intermediate
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imidazolide. The use of ethyl acetate for this final step gave phosphate, pH 2 with triethylamine, 5 mM heptakis (2,6-
major advantages. It not only offers the possibility to remove di-O-methyl)-3-cyclodextrin.
excess imidazole by washing with water, but also the desired Compound8 was supplied by Acros Chemicals (bulk).
enantiometl crystallized selectively from ethyl acetate after N-Phenyl-2-benzothiazolamine Monohydrobromide (14).
seeding at 70°C. The reaction mixture contained ap- A mixture of N,N'-diphenyl-thiourea (8) (36.5 kg, 160 mol)
proximately 65% of thesyn (S,Sand R,R) g-imidazol-1- and an aqueous solution of 48% hydrobromic acid (478.4
ylamine 7 and 28% of theanti (R,Sand S,R) products, kg, 2838 mol) was cooled to . Bromine (28.45 kg, 178
suggesting that the reaction proceeded with 30% inversionmol) was added over 90 min, the batch temperature being
of configuration at C-2 (via a second-order nucleophilic maintained below 5°C by cooling. The heterogeneous
substitution) and 70% retention due to the neighbouring mixture was stirred at 0—5C for 17 h after which ChkCl,
group effect of the dimethylamino grodp.?? Conversion (368 L) was added. The mixture was warmed to°@) and
of the amino alcoholL7 to the corresponding-mesyloxy  the layers were separated. The aqueous layer was again
or -chloro amine and treatment of the latter with imidazole extracted with CHCl, (368 L). The combined organic layers
resulted to a greater extent in the formation of the undesiredere concentrated by atmospheric pressure distillation to a
anti products. Although currently the yield of the last reaction residual volume of 150 L. 4-Methyl-2-pentanone (480 L)
step is somewhat disappointing, the overall yield of the was added and the mixture was further distilled until a batch
commercial route is 18.8%, a significant improvement on temperature of 118C was reached. The mixture was cooled
the original 0.26% yield of the discovery route. Taking into  to ropom temperature, and the formed precipitate was collected
acount the low costs for raw materials and reagents and thepn 3 centrifuge and rinsed with 4-methyl-2-pentanone (16
low proposed dosage (1 mg a day) for R116010, this route | ) The product was dried under reduced pressure to give
seems to be highly suitable for the commercial production 14 a5 off-white solid (35.8 kg, 73%)
of the drug substance. HPLC: 99.63%1H NMR: (DMSO-¢, 400 MHz)$ 7.07

In conclusion, a safe and robust commercial route to (t 14, J= 7.5 Hz), 7.17 (dt, 1HJ) = 7.5, 0.88 Hz), 7.33 (1,
R1160101L was developed; the number of isolated steps was 114 j = 8.6 Hz), 7.38 (t, 2H,) = 8.6 Hz), 7.59 (d, 1HJ =
reduced from 9 to 5, the overall yield improved from 0.26 - g Hz), 7.77 (dd, 2HJ = 8.6, 0.88 Hz), 7.81 (dd, 1H] =
to 18.8%, and all three chromatographic steps were elimi- 7.5, 0.88 Hz).

nated. 1-[4-(2-Benzothiazolylamino)phenyl]-2-chloro-1-pro-
] ) panone Hydrochloride (9).To a suspension df4 (70 kg,
Experimental Section 227.9 mol) in dichloromethane (500 L), aluminum chloride

General. 'H NMR spectra were measured on a Bruker (91 2 kg, 683.1 mol) was added atO. The reaction mixture
AMX400 spectrometer in CDgbr DMSO<ds. The chemical  \yas stirred for 0.5 h, during which time the batch temperature
purities were determined by HPLC quantitative and qualita- \y55 allowed to rise to 23C. 2-Chloropropionyl chloride
tive me_thods with a HP 1090 series_ Il in_strument using a (29 kg, 228 mol) was added over a period of 1 h maintaining
Hypersil BDS—C18 column, 2m particle size (4.0 mnx the temperature below 30C. The reaction mixture was
100 mm) and UV detection at 240 nm. Optical purities were gtirred for 18 h at room temperature and then was slowly
determined by chiral HPLC and capillary electrophoresis. 54qed to 2 N aqueous hydrochloric acid (250 L). The solvent
Enantiomeric purity of compound6 was determined by a5 removed by distillation, and water (600 L) was added.
chiral HPLC on a HE 1090 series using a Daicel chiralpak The precipitate was filtered, washed with water(20 L),

AD column and a m|>_<ture of hexaneet_hanol (90:10t 1 _and dried to yield 75.2 kg of produ& (94%) as a light
mL TEA) as the mobile phase (isocratic flow of 1 mL/min yellow solid.

and UV detector at 220 nm). The stereoisomers of compound HPLC: 86.3%;'H NMR: (DMSO-ds, 400 MH2) 6 1.64

17 were analyzed by capillary electrophoresis on a TSP (d, 3H,J = 6.6 Hz), 5.76 (q, 1HJ = 6.6 Hz), 7.23 (t, 1H,
instrument (capillary: fused silica, 50m (i.d.) x 375um J=75Hz),7.39 (t, 1H) = 7.5 Hz), 7.71 (d, 1HJ = 7.5
(0.d.) x 40 cm (34 cm effective separation length), detection: Hz), 7.88 (d, 1H,J = 7.5 Hz), 7.88 (d, 2H,] = 8.9 Hz)

200 nm; injection: 2.5 s; run voltage: 15 kV; run time: 20 8.0é (d 2H‘,J _ 8 9 Hz) ' ’ ’
min; polarity: positive; temperature: 18C; separation o o ' '
electrolyte: 100 mM phosphate, pH 2.5 with triethylamine,
10 mM heptakis (2,4,6-tf®-methyl)3-cyclodextrin). Enan-
tiomeric purity of compound was determined by capillary
electrophoresis on a Beckman P/ACE 5500 series instrumen
(capillary: fused silica, 7am (i.d.) x 375um (0.d.) x 57

cm (50 cm effective separation length), detection: 200 nm;
injection: 1 s; run voltage: 15 kV; run time: 35 min; polarity:
positive; temperature: 2C; separation electrolyte: 100 mM

1-[4-(2-Benzothiazolylamino)phenyl]-2-(dimethylamino)-
1-propanone (t+)(p)-Ditoluoyl Tartaric Acid Salt (16). To
a suspension @ (176 g, 0.5 mol) in 2-propanol (1 L) was
added dropwise an aqueous solution of dimethylamine (40%)
t(0.23 L, 2 mol) at room temperature. The mixture was heated
at 50°C for 16 h. After cooling to room temperature, ethyl
acetate (1 L) and water (1 L) were added, the mixture was
stirred for 10 min, and the layers were separated. The water
layer was again extracted with ethyl acetate (400 mL). The

(20) Dieter, R.; Deo, N.; Lagu, B.: Dieter, J. Org. Chem1992,57, 1663— organic phases were combined, and a solutiong{t)-

( )1671.d . e @ ditoluoyl tartaric acid (212.3 g, 0.55 mol) in methanol (0.96

21) Van der Zeijden, ATetrahedron Asymmetr3Q95,6(4), 913—918. . ; .

(22) Totleben, M.; Freeman, J.; Szmuszkovicd, Drg. Chem1997,62, 7319— L) was added dI’OpWISG at 5. Crys'talllsaupn occurred
7323, when three-quarters of the methanolic solution was added.
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The suspension was kept at 50 for 7 h, stirred at room-

acetate (1.1 L), 1,3¢arbonyldiimidazole (58.5 g, 0.36 mol),

temperature overnight, and filtered. The solid was washed and imidazole (55.2 g, 0.81 mol). The heterogeneous mixture

with methanol (2x 100 mL) and water (2 100 mL) and
dried to give (S)-16284 g, 92%) as a white solid.

Ee (chiral HPLC): 80.2%; HPLC: 98.5%4H NMR:
(DMSO-ds, 400 MHz)6 1.33 (d, 3H,J = 6.6 Hz).,), 2.37
(s, 6H), 2.57 (s, 6H), 4.79 (q, 1H,= 6.6 Hz), 5.73 (s, 2H),
7.23 (t, 1H,J = 7.5 Hz), 7.39 (t, 1HJ) = 7.5 Hz), 7.70 (d,
1H,J = 7.5 Hz), 7.87 (d, 4HJ = 8 Hz), 7.88—7.85 (m,
5H), 7.96 (d, 2HJ = 9.1 Hz), 8.05 (d, 2HJ = 9.1 Hz).

4-(2-Benzothiazolylamino)e-[1-(dimethylamino)ethyl]-
benzenemethanol (17)A 5 L flask, under nitrogen atmo-
sphere, was charged will® (120 g, 0.168 mol), water (0.36

was heated to reflux for 1 h. The reaction mixture was
guenched with water (0.6 L) and stirred atfor 10 min.

The layers were maintained at 7@, and the water layer
was removed. Ethanol (1.1 L) was added to the organic phase
at 70°C. After the homogeneous mixture cooled to D)
charcoal was added, and the mixture was refluxed for 10
min and filtered through Celite. The filtrate was partially
evaporated to a batch temperature ofZ2 The residue was
seeded with purd, allowed to cool to room temperature,
and stirred for 16 h. The crystals were filtered, rinsed with
ethanol (100 mL), and dried under reduced pressure to give

L), and 2-propanol (1.2 L). Sodium hydroxide (13.5 g, 0.336 (S9-1(39.6 g, 38%) with a diastereomeric purity of 99.1%.
mol) was added to the suspension. The homogeneous mixture CE: 99.1% (1S,2S)<0.1% (1R,2R); 0.9% (1R,2%
was heated to 40C. A borohydride solution was prepared 1S,2R). Anal. Calcd for £H23NsS: C, 66.81; H, 6.14; N,

(6.6 g, 0.168 mol NaBklin 12.3 mL of 50% NaOH and

18.55. Found: C, 66.50; H, 6.24; N, 18.44 NMR:

210 mL water) and was added to the reaction mixture. The (DMSO-d;, 400 MHz)¢ 0.69 (d, 3H,J = 6.6 Hz), 2.15 (s,
heterogeneous reaction mixture was stirred overnight at 406H), 3.68—3.57 (m, 1H), 5.18 (d, 1Hd,= 11.1 Hz), 6.80 (s,
°C and cooled to room temperature, and the excess boro-1H), 7.16 (t, 1H,J = 7.5 Hz), 7.35-7.32 (t, 1H,J = 7.5

hydride was quenched with acetone (37.2 mL, 0.504 mol). Hz, s), 7.50 (d, 1HJ = 8.6 Hz), 7.61 (d, 1HJ = 7.5 Hz),

Water was added (1.68 L), and the reaction mixture was 7.75 (d, 1H,J = 8.6 Hz), 7.79 (s, 1H), 7.80 (d, 1H,= 7.5

stirred at room temperature for 16 h and filtered. The solid Hz), 10.53 (s, NH).

was washed with water and dried to yidldas a white solid
(45 g, 81%).

CE: 85.05% (1S,2S); 14.1% (1R,2R); 0.85% (1Ri2S
1S,2R)H NMR: (DMSO-d;, 400 MHz) 0.65 (d, 3HJ =
6.6 Hz), 2.25 (s, 6H), 2.592.51 (m, 1H), 4.22 (d, 1H] =
9.3 Hz), 4.84 (s, OH), 7.15 (t, 1H,= 7.5 Hz), 7.34-7.30
(m, 3H), 7.59 (d, 1H) = 7.5 Hz), 7.72 (d, 2HJ = 8.4 Hz),
7.80 (d, 1H,J = 7.5 Hz), 10.43 (s, NH),

(1S,25)-N{4-[2-(Dimethylamino)-1-(1H-imidazol-1-yl)]-
propyl]phenyl]-2-benzothiazol-amine (1). Compoundl17
(90 g, 0.273 mol) was added & 5 Lflask containing ethyl
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