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Abstract:

An expedient synthesis of CPS124 (1) is described using the
diastereoselective reaction of the in situ generated dichloro-
phosphite 6 with L-carnitine tetrafluoroborate salt 7 under
kinetic control as the key step. Alkylations of resorcinol 2 and
its benzoate 13 are discussed. The useafcellulose as a support
for solids that are difficult to filter or low melting is presented.

The therapeutic potential of fatty acid oxidation inhibitors
in the treatment of noninsulin dependent diabetes mellitus
(NIDDM) has been well documented and forms the basis
for the advancement of our first generation of reversible and
competitive inhibitors of carnitine palmitoyltransferase |
(CPT-1), represented by CPI973.he amphiphilic nature

Biomedical Research, One Health Plaza,

considers the similar acidities of resorcinol and its monoether
(pKais about 0.1 units apart). The use of the phase-transfer
catalyst tris[2-(2-methoxyethoxy)ethyllamine (TDA-1), a
nontoxic crown ether substitute, clearly helped the alkylation.
The results from further work carried out using TDA-1
as the catalyst are shown in Table 2. The conditions in the
entry 4 were best. Thus, to a refluxing solution 2fin
acetonitrile containing 10% of TDA-1 and 0.6 equiv of
potassium carbonate was slowly added 1 equiv of 1-bromo-
hexane over a period of 2 h. The mixture was further refluxed
for an additional 3 h before aqueous workup. The isolated
yield of the monoalkylated product was in the range of50
55%. The product isolation was conceived on the basis of
the expected solubility differences of the starting resorcinol,

of the first generation of CPT-1 inhibitors and the concern monoalkylated product, and bisalkylated product in different
that they could lead to gastrointestinal irritation and low splvents. The solvent acetonitrile was first removed from the
absorption prompted us to look for the second generation of reaction mixture. The bisalkylated byproduct was then
this class of compounds, and CPS124 \as selected for  extracted into the organic phase by partitioning the slurry
further development from 400 analogues that were screened. petween heptane and NaOH solution. After acidification, the

H3C(HC)130.
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CPI975 CPS124 (1)

The original synthesis of used by the medicinal chemists

product was extracted into heptane, which was further
washed with water and NaHGGQolution to remove trace
amounts of resorcinol. The product isolated this way
routinely had a purity o~90% and met the criteria for the
next step.

Preparation of Alcohol 5. Ethyl 4-bromobutyrate was
used as the alkylating agent with This necessitated the

is outlined in Scheme 1. Several issues associated with scaleraqyction of the ester group hwith LIAIH 4 to give5. We

up in the pilot plant (nonselective alkylation of resorcinol,
multiple chromatographies, distillative purification of di-
chlorophosphite intermedia and nonselective formation

felt that by choosing the alkylating agent with the correct
oxidation state, the reduction step4fo 5 could be avoided.
Therefore, the alternative synthesis shown in Scheme 2 was

of thiophosphates) were noted and possible solutions aregesigned. The hydroxyl group in chlorobutanol was protected

presented.

Results and Discussion

Monoalkylation of 2. In the original synthesis, the
monoalkylation of2 was nonselective although two equiva-
lents were employed. Chromatographic purification was used
for the isolation of the producB, and this had to be
eliminated to make the synthesis practical. At the outset,
different alkylating conditions were tried using equimolar
amounts o2 and 1-bromohexane, and the results are listed

in Table 1. These results revealed the nonselective nature otS

the alkylation process, which is not very surprising if one
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as a mixed ketal group as it is stable under basic conditions
and can be removed easily under acidic conditions.

In the protection of chlorobutanol, significant amounts
of free HCI in the commercial chlorobutanol had to be
neutralized before the reaction, otherwise a complicated
mixture resulted. In the present process, the commercial
chlorobutanol was first neutralized with sodium bicarbonate.
Among various acid catalysts (PQCPPTS, and Amberlyst-

15) tried for the preparation 0f0, PPTS was the most
atisfactory. The reaction took place ever-@B°C. A small
increase in byproduct formation, especially the dimeric
product was observed by GC analysis at higher temperatures
(e.g., rt). As a compromise between operational convenience
and product purity, the reaction was carried out-a6 °C.

The reaction was run neat, and the workup involved dilution
with heptane, filtration, and evaporation. The colorless oil
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Scheme 1. Original synthesis of 1
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Table 1. Alkylation of resorcinol Table 2. Alkylation of Resorcinol using TDA-1 as a Catalyst
entry conditions results entry conditions results
1 NaCO;3, acetone, only ~5% conversion, 1 2 equiv NaHCQ, 10% Nal, <10% conversion
reflux, 15 h no selectivity 20% TDA-1, acetone,
2 K,COs, water, rt, 2 d no reaction 40°C,2d
3  1equivofNaOH (5 N), no reaction 2 1 equiv NaOH (2 N), <10% conversion
toluene, 45C, 3 h 10%TDA-1, PhMe,
4 1equivNaH, i-PrOH, 2/3/bis-~1:1:1 (from GC) reflux, 2 h
reflux 3 h 3 1 equiv NgCQ;, 20% TDA-1, 2/3/bis-~6:4:1
5  KoCOs; MeCN, 5% TDA-1, 2/3/bis-~1:3:3 (from GC); 10% Nal, MeCN, 70C, 16 h,  (from GC),
reflux, 15 h 38% yield of monoalkylated reflux, 4 h 12% isolated yield 08
product 4 0.5 equiv KCO;, 10% TDA-1, 53% isolated yield 08

MeCN, reflux 5 h, slow add'n
of the bromide

thus contained about 10% of the byproduct but was used
successfully in the next step (the dimeric byproduct functions (aqueous NaOH with tetrabutylammonium bromide) were
the same way as the chloroacetal in the alkylation). simpler and superior, these conditions were chosen for the
Among the factors studied for the optimization of the first scale-up of the process. On large scale, the product was
alkylation of 3 with 1.1 equiv of 10 were solvents, base, isolated in 60—70% vyield.
and catalysts. These results are summarized in Table 3. Itis Further Modification to the Synthesis of 5. The method
clear from these studies that generally longer reaction timesdescribed was successfully applied for a kilogram-scale
and higher temperatures are needed to drive the reaction tesynthesis of CPS124. After completing the first campaign,
completion using KCO; or NaCQO; as bases under anhy- we returned to the process to improve it even further.
drous conditions. The alkylation goes faster when NaH was Through the earlier work we noted that the first alkylation
used in combination with tetrabutylammonium iodide (entry was nonselective, the aqueous workup was too involved, and
6) and also worked well when NaH/Nal/TDA-1 combination the oily intermediate3 was prone to air-oxidation that
was used (entry 8). As conditions mentioned in the entry 9 produced dark unknown impurities affecting the product
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Scheme 2. Modified synthesis of 5
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Table 3. Alkylation of 3 using acetals Table 4. Alkylation of resorcinol monobenzoate
entry conditions results entry conditions [equiv] ratibof 11:13:12
1 5% Nal, 10% TDA-1, NgCO;, 44%, rxn not complete 1 1.2 RBr? 1.2 K,CGQ;, 0.1 TDA-1, 1:1.5:3
MeCN, reflux, 36 h heptanel, 24 h
2  20% Nal, 20% TDA-1, KCO;, 61%, rxn not complete 2 1.2 RBr, 1.2 KCGO;3, 0.1 TDA-1, trace:1:6
MeCN, reflux, 24 h MeCN,N5h
3 20% Nal, 25% TDA-1, KCO;, 78% (not pure) 3 1.2 RBr, 1.2 KCO;, 1 Nal, 1.1:1
PhMe, reflux, 24 h acetonefl, 2 h
4 20% BuNI, K,CO;, 65% 4 1.2 RBr, 1.2 KCGO;, 0.1 TDA-1, trace:1:7
MeCN, reflux, 20 h PhMe, 110°C, 6 h
5 20% BuNI, K,CGO;, trace product, mainly SM 5 1.5RBr, 1.5 KCO;3, 0.1 TDA-1, 2:0.8:1
no solvent, 100C, 10 h EtOAc, N, 1 h
6  20% BuNI, NaH, 63% 1.5 RBr, 1.5 KCO;, 0.1 TDA-1, 0:6:1
PhMe, reflux, 6 h EtOAc,N, 18 h
7 5% BuwNI, NaH, 39%, rxn not complete 6 1.5 RBr, 1.5 KCGO;3, 0.1 TDA-1, 0:17:1
PhMe, reflux, 14 h PhMeN, 6 h
8 20% Nal, 25% TDA-1, NaH, 73%
PhMe, reflux, 8 h : : :
! ! aThe ratio was taken from integration of peak areas of the HPLC trace of
9 10% BuNBr, 71% the reaction mixture without normglizatiohRgr and RCI refer to 1-bromo-
6 N NaOH, 100°C, 2—3 h hexane and 1-chlorohexane, respectively.
Scheme 3
quality. While looking for alternate isolation methods &r
we found that the corresponding benzoyl derivatiBawvas /@\ Base O\ N Q\
a solid crystallizable from hexane. We envisioned that Bz0 OH oy B2O op: MO on
could conceptually be obtained directly from the com- 1 12 2
mercially available resorcinol monobenzoate® The only l l n-C4H,3Br
concern was whether the second alkylation could be carried
out with 13 directly without resorting to an extra hydrolysis Debenzoylation /@\
step. The strong aqueous basic condition employed for the Benzoylation cHpo” Y on
second alkylation assured us that the deprotection could b0 = 0Bz
achieved in situ. l -CoH3Br
Initially this alkylation was found to be more complicated
than was originally thought. Besides the expected product
and starting material, two new products appeared, identified Cell;30 OCgH 3
asl2andl14. The results in Table 4 demonstrate that higher 14

temperatures and longer reaction times were needed for goodjrove the equilibrium towards the desired prodii8tand

conversion and an improved ratio in favor of the desired some bisalkylated produdt#4 (Scheme 3).

product. The exact amounts d8 were not determined due Since the alkylation involved an equilibrium among

to its overlap with the reaction solvent (toluene) in our HPLC, different reactive species, the process required higher tem-

but they could be estimated from the TLC. The reaction was peratures and longer reaction times. Thus, the procedure

speculated to follow through an initially established equi- chosen for the alkylation o1 was entry 6, andl.3 was

librium betweeril1, 12, and2, and the alkylation eventually  isolated in 69% yield as a low-melting solid (mp 33.35.5

°C).

(3) During the preparation of this manuscript an inresting publication (ref. )On scale-up we found that the filtration of this material
Boxhall, J. V., Page, b. C. B Chan, Y.; Hayman, C. M., Heaney, H.: a5 yary slow and resulted in the isolation of a low-melting

McGrath, M. J.Synlett2003, 997—1001) appeared on desymmetrization of . : .
resorcinol using Mitsunobu reaction conditions. gummy paste rather than a free-flowing solid and partial
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Scheme 4. Alkylation of resorcinol monobenzoate
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dissolution of the product in the solvent heptane. Attention Scféme 5
was therefore turned toward improving this filtration. Our
efforts focused on the addition ofcellulose (Sigma) to the O Ro,pk,
suspension of crude product prior to filtration. We expected _ ol e R j
that the presence of cellulose would increase the speed ofi® "\ + 0 —* : Hos. ,0. 5,
the filtration and act as a support, thus improving the quality NMes N T o
of the solid. The proportion of cellulose was judiciously CHs H, RO’P&
varied, and the optimal amount was found to be 5% (w/w), or °

based on the amount of expected product (or 21 g/ 1.9 mol
of 13). The best crystallization conditions in the laboratory
were found to be methanol, with 5% (w/w) cellulose;=it0

°C. The product was a stable, free-flowing solid. The
cellulose added for the precipitation b3 is removed during
the following step after the coupling and before the acid-
deprotection of the alcohol function.

The hydrolysis of the benzoaf, as anticipated, was a
very facile process under the alkylation conditions. Therefore,
the conditions used for the alkylation 8fwere adapted for
the alkylation of13. The synthesis 05 described in this
section consisted of the alkylation Gfl and the in situ
hydrolysis—akylation of the intermediaté3 and was the
method of choice.

Diastereoselective Thiophosphate FormationConver-
sion of 5 to the drug substance was rather complicated.
Coupling of5 with PCk afforded the dichlorophosphit®
which was purified by distillation and reacted witktarnitine
tetrafluoroborate salf7j, followed by hydrolysis and oxida-
tion with sulfur to give a mixture of diastereomeric thio-
phosphated and9. The two diastereomers were separated
as gelatinous materials by multiple chromatographic purifica-
tions. The major stumbling block was the formation of

on CPI975, the cyclic phosphitevas proposed, and later
confirmed to be the initial product af-carnitine coupling
with the dichlorophosphite. We believe the phosphorus thus
first becomes chiral at this cyclic anhydride stage. The
oxidation of H-phosphonate to thiophosphate is knodto

be highly stereoselective. Thus, to be successful, we had to
find conditions that would give the desired selectivity during
the cyclic phosphite formation.

On the basis of the above analysis, our first approach was
to switch the sequence of the coupling. Phosphorus tri-
chloride was reacted withrcarnitine followed by the addition
of 5. It was hoped that the asymmetric induction from the
L-carnitine to the phosphorus would be maximized in an
intramolecular mode (Scheme 5). However, this reaction was
very messy and gave no product. The reaction of f@th
L-carnitine seemed to work (one principal spot on TLC), but
the coupling with alcohol led to a complicated mixture.

After many unsuccessful trials and some brief experi-
mentation with P(S)Gl we took a closer look at the
diastereoselectivity in the normal reaction sequence. We were
delighted to find a rather good intrinsic diastereoselectivity
in the cyclic phosphite formation starting fro® and

thiophosphate diastereoisomers in a 1:1 ratio with no apparent.-carnitine. The selectivity was found to be dependent on

selectivity.
Our key objective thus became defining the chirality at

the coupling temperature and the “aging” of the cyclic
phosphite intermediate.

the phosphorus center and making the present approach Different parameters such ascarnitine coupling, hy-

viable for the preparation of the desirB¢Rdiastereoisomer

1. At the outset of this work it was not obvious when the
stereochemistry at the phosphorus atom was established. Th
thiophosphate product formation itself involved several steps,
i.e. coupling of PC1 with the alcohol and.-carnitine,
hydrolysis, and oxidatioifScheme 4). In our earlier work
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drolysis, and sulfur oxidation (Scheme 5) were probed for

(4) Prashad, M.; Amedio, J. C.; Ciszewski, L.; Lee, G.; Villa, C.; Chen, K.-

€ " M.: Prasad, K RepicO. Org. Process Res. De2002,6, 773—776.

(5) Battlstlnl C.; Fustinoni, S.; Brasca, M. G.; Borghi, Detrahedron1993,
49, 1115-1132.

(6) Seela, F.; Kretschmer, W. Chem. Soc., Chem. Commu®90, 1154—
1159.



Table 5. Coupling temperature effect on selectivity solubility of elemental sulfur in the reaction medium. It

coupling temperature (°C) 1/9 normally t_ook 6 h at room temperature for completion.
We believe that the selectivity on the phosphorus atom
20 1.8-2.2 is decided in the first reaction afcarnitine with dichloro-
_23 g-i:g-g phosphite, since apparently both subsequent reactions, the

hydrolysis and the sulphurization, proceed with retention of
stereochemistry on phosphorus. The product is apparently

Scheme 6. Aging effect kinetically controlled: If the cyclic phosphite is aged, the
COOH OR ratio of diastereomers drops, and if it is heated, the other
1o “ppn, 0,13\0 H,0 isomer predominates. This occurs presumably through ring
PCl, ROH _ —WMe ) Tg* 1+9 opening and closing. A probable mechanism is shown below.
Temp., Solvent W 0

Ring-opening and -closing reactions initiated by Gt amine

NMe nucleophiles are not ruled out.
Aging
Coupling Temp. Solvent Aging time 1:9 ratio +OR OR
-20°C THF None 3.8:1 QPO 2 ]l i | o
RT, 6d 1.2:1 RO\S\O - TP, a~ 0P
RT Toluene None 3.5:1 o \OOH \ oy
80°C,3h 1:11 e = He ) °
| ~CH, TSN HC._ ¢
CH N _N
. - i - s H,C  CH, He” “cH
their potential influence on the final selectivity as measured s s 3
by the combination of HPLC and NMR data. A nice linear {H-0/8, {H0rs,
correlation between thecarnitine coupling temperature and 1 )

the diastereomer ratio df/9 was found, i.e. with higher _ o _ _
selectivity at lower coupling temperatures (Table 5). Results ~ Product Isolation and Purification. While studying
below —20 °C were erratic and not included in the table as S€lectivity, an important advance in simplifying the product
we believe the coupling in these runs actually occurred during IS0lation was also made. As the drug substaband its
warm-up. diastereome® have a carboxyl group and a fairly large
The base and solvent used in the coupling step were a|30|ipophil?c side c_hain, we envi;ioned that the compound could
briefly investigated. Most selectivity studies were done D€ partially purified by an acidbase aqueous workup. Thus,
initially with collidine as the base. Switching from collidine  the polarity of the crude reaction mixture was carefully
to the much cheaper tributylamine was found to have no adjusted with ethyl acetate and heptane, and the_ thiophos-
apparent effect on the selectivity. Thus, tributylamine was phates were extracted into aqueous NaOH solution. After

used in the later work. Besides the commonly used THF acidification of the aqueous extract with HCI, they were
toluene was also tried. With toluene as the solvent. the €Xtracted back into ethyl acetate. This operation was found

coupling reaction did not proceed at @ but went to to be very effective, and the material loss during extractions

completion at room temperature in 2 h. The selectivity was Was found to be minimal. The ratios of the two diastereo-
found to be slightly higher than in THR(9 = 3.5 vs 1.8- meric thiophospates were then Qetermllr)ed_by analyzing the
2.2) at the same temperature. However, THF was chosen a§thy! acetate extracts. This partial purification method was
the solvent as it could be incorporated better into the overall €fitical in developing the new isolation/purification process
reaction sequence. The diastereoselectivity of the reaction/OF the drug substance.

is dramatically altered upon “aging” of the cyclic phosphite ~ Attémpts to isolate the desired drug substance from the
(Scheme 6). crude organic extract were initially frustrating. Many different

The cyclic phosphite that leads to the desited clearly solvents and combinations were tried before it was found

the kinetic productof the coupling step, and it should be thatthe drug substance slowly (over a period of several days)
immediately hydrolyzed to minimize the undesired isomer- preC|p|tat_e§ from its qthyl acetate solution as th|n_ silky solid.
ization. The hydrolysis conditions did not show much effect 1€ Precipitated particles were too small to be filtered. The
on the final selectivity. The hydrolysis was studied at Material was collected by centrifugation and was pleasantly
temperatures ranging from20 to 25°C. The methods of found to be predomlnately the des[rt.ad isorhefhe isolation
hydrolysis included the normal addition of water to the Was further improved by the addition of some more polar
reaction mixture, and the inverse addition of the reaction 2dditives to the ethyl acetate solution (Table 6). The crude
mixture into water. The acidity of the quenching water was "esidue from the ethyl acetate extract obtained after acidic
adjusted to pH 0 (1 N HC1), pk= 7 (phosphate buffer), workup gave af!lterable preC|p|t_ate_ on redissolving in ethyl
and pH 14 (1 N NaOH). Both the basic and the acidic aceFate containing 10% of dg|on|zed water.. IF was later
quenchings were found to be unacceptable as they did not'éalized thatl could be cry_st.alh_zed from. the original crude
give the drug substance upon oxidation with sulfur. The ethyl acetate extract containing just the right amount of water.

oxidation with sulfur was very slow due to the limited The product thus isplated PV this direct crygtallization
normally had a chemical purity of 96% and a diastereo-

. L 0 .
(7) Gordon, N. J.. Evans, S. Al Org. Chem.1993, 58, 5295-5297 and  MeriC purity in the range of 9295 /0 The material recovery
references therein. was also very good: The two diastereomers were usually
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Table 6. Polar additive effect on the crystallization with a capillary apparatus and are uncorrected. Purities of

additive result products were determined by HPLC and area normalization.
m-Hexyloxyphenyl Benzoate (13)A 5-L, four-necked,
5% MeOH flaky crystals, low recovery round-bottomed flask equipped with a mechanical stirrer, a
5-20% EtOH no precipitate _ . temperature monitor/controller, a condenser, and heating
5% water silky precipitate, nonfilterable solid mantle was flushed with Nfor 10 min and charged with
10% water amorphous and filterable solid good 9
material recovery 0.4 L of heptane, 64.7 g (0.2 mol) of TDA-1, 428.4 g (1.9
crude extract flaky crystals, good material recovery ~ mgol) of resorcinol monobenzoate, 414 g (3.0 mol) of

- - - - potassium carbonate, and 429.2 g (2.6 mol) of 1-bromo-
present in the starting crude extract in an approximately 3:1 heyane and heated to 11G. The heating was continued at
ratio, favoring1. The mother liquor obtained after crystal-  11g°c yntil the proportion of bis-benzoate side-product was
lization normally had a diastereomeric ratio of1:2.5, <5% (10 h). The heating was stopped, and the mixture was
indicating 70% of th_e desweﬁ_m the original crude extract 4y 1owed to cool to room temperature. AliduL of deionized
was collected by this crystallization. water and 1 L oheptane were added to the reaction mixture

The material obtained was further purified by a recrys- o4 gtirred for 15 min. The organic layer was separated and
tallization from hot water (50C). The recrystallized product washed first with 0.5 L of | N NaOH aqueous solution and

had. a chemical purity of over 99% and a dia_ster_eomeric then with 0.5-L portions of deionized water. The volatiles
purity of >98%. However, this aqueous crystallization was were removed at 56C and 40 mbar pressure. About 200

soguiwhat sIoY(\; t()24b ht)t' Latert Vl\ll_e f;‘:nd tg?élf'hgcgrug mL of methanol was added to the residue, and the volatiles
substance could be better crystaliized from were removed again at 5€ and 40 mbar pressure. About

thml the Flltot—plan: runj,tths crudetCIT8124'1 Q:Jtal[ne:[?l from 200 mL of methanol was added to the residue, and the
ethyl acelate was found 1o be a wet giue, simiiar to the one,, - 104 \vere removed once more at 8D and 40 mbar

initially obtained with13. The opportunity to use-cellulose pressure. Methanol (1.5 L) was added to the distillation

as a filter aid presented itself again. The process was,  __. . . - )
_ ) . . residue. The solution was warmed to @with stirring until
optimized by addingo-cellulose into the suspension of
. . o . S homogeneoust-Cellulose (21 g) was added, cooled+40
crystallizedl in ethyl acetate at-15 °C, prior to filtration. o . o
! C (external temperature), and stirred-at0 °C for 2 h.
When this procedure was followed, the colleciécellulose o .
mixture was free-flowing and ket its form indefinitelv at The product was collected by filtration. The filter cake was
9 P Y 8 \vashed with 25 mL of chilled methanot-6 °C) and again

room temperature. . .
. with 15 mL of chilled methanol{5 °C). The product was
Now that the drug substance could be obtained cleanly allowed to stand on the filter under vacuum for 1 h. Then

from ethyl h lul h remov rin ) o
om ethyl acetate, the cellulose had to be removed du gthe filter cake was dried in a vacuum oven (Z5 40 mbar)

the second (ethanol) crystallization. In practice, ifeellu- )

lose filter cake was suspended in ethanol, warmed t8G0 fo_rt;ls h”t? give 490.0 ?f ofr:_rlm-h?_ﬁylongleg\eny!tbe7nlzgg$.

to dissolve the product, stirred vigorously for 30 min, and with cefiulose as an ofi-white Solid. purtty 7.1.56%
(62% vyield); mp of the pure product 33.5—356.

filtered. The cellulose cake was washed with hot ethanol to
1-Chloro-4-(1-methoxy-1-methylethoxy)butane (10)A

remove the final traces ofl. The ethanol filtrate on h ked flask iooed with hanical
concentration, followed by cooling, gaveroutinely with 900-mL, three-necked flask, equipped with a mechanica

~96—97% chemical purity and contained 66.8% of the stirrer, a powder addition funnel and a gas qutlet, was
undesired diastereomer. To further increase the purity of the €harged with 250 g of 4-chlorobutanol. Sodium bicarbonate
product, we included an additional recrystallization from (°0 9) was added in portions over a period of 30 min and
ethanol. This last recrystallization gave drug substance of stirred at room temperature for 2 h. An aliquot of the filtrate

99.1-99.8% purity, with 0.0—0.2% of the diastereomer. (217 g) was used directly for the following reaction. A 1-L,
four-necked, round-bottomed flask, equipped with a me-

Conclusions chanical stirrer, nitrogen inlet—outlet, thermometer/temper-
In summary, an expedient synthesis bfhas been ature controller, addition funnel, and cooling batf2Q °C)
developed starting frorh3and7. Highlights of this synthesis ~ Was flushed with nitrogen for 10 min and charged with 287
include alkylation of resorcinol monobenzoal8 with mL (3.0 mol) of 2-methoxypropene and 0.5 g (0,002 mol)
bromohexane, in situ hydrolysis of the benzoate group Of pyridinium p-toluenesulfonate. The above pretreated
followed by alkylation with a masked chlorobutanol to afford 4-chloro-I-butanol (217 g, 2.0 mol) was added to the cooled
5, and the formation of cyclic phosphite under kinetic control solution over a period of 1 h while maintaining an internal
to afford 1 selectively after hydrolysis and oxidation with ~temperature of-15 °C. The mixture was stirred at15°C
sulfur. Isolation/filtration problems involving both3 and ~ for an additional 30 min. Heptane (300 mL) and 0.5 mL of
hydrated1 were solved by using.-cellulose as a bulking ~ diisopropylethylamine were added to the mixture. The
agentffilter aid, and simple methods were devised for the suspension was filtered through aG0; (50 g) on a

removal of cellulose at the appropriate times. polyethylene filter, and the flask and the filter cake were
rinsed with 50 mL of heptane. Volatile solvents were distilled
Experimental Section off (30 °C, 30 mbar). The clear oil was further dried under

All reagents were of commercial grade and were used the same vacuum (3T, 30 mbar) fo 8 h togive 302.4 g
without further purification. Melting points were measured of the product as a clear, colorless oil; crude yielell 00%.
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The material was carried to the next step without purification. sulfur, and the mixture was warmed to 20 over 30 min
4-(3-Hexyloxyphenoxy)-1-butanol (5).A 5-L, four- and stirred for 16 h. The suspension was diluted with 500
necked, round-bottomed flask, equipped with a mechanical mL of ethyl acetate, filtered through a polypropylene filter
stirrer, addition funnel, thermometer/temperature controller, pad, and rinsed with 100 mL of ethyl acetate. The filtrate
nitrogen inlet/outlet, condenser, and heating mantle, waswas diluted with 300 mL of heptane and cooled to°T)
flushed with nitrogen for 10 min and charged with 120 g The mixture was stirred rapidly, and1000 mL of 2 N
(3.0 mol) of sodium hydroxide pellets, 0.5 L of deionized NaOH aqueous solution was added to adjust the pH of the
water, 32.2 g (0.1 mol) of tetrabutylammonium bromide, and stirred suspension to 8Tlie actual amount of baseries.
314.0 g (0.75 mol) of 3-hexyloxyphenyl benzoate (containing It is important to bring the pH to the specifiaélue.) The
a-cellulose). The mixture was heated to 10G under layers were separated, the lower aqueous layer was cooled

nitrogen, and 234.9 g (1.3 mol) @0 was added over a period
of 1 h, heated at 10%C for 5 h, and cooled to 50C. Heptane

to 10°C, and~130 mL of 6 N HCI agueous solution was
added to adjust the pH to 2 (it is important to bring the pH

(0.4 L) and 1.0 L of deionized water were added, and the to the specifiedvalue). Ethyl acetate (1 L) was added, the

mixture was stirred at 28C for 15 min and filtered. The
cellulose residue was washed withDL of heptane. The

mixture was stirred for 5 min, and the layers were separated.
The upper organic extract was cooledta5 °C (external)

layers were separated, and the organic layer was washedor 2.5 h; seed crystals were added to the soluti@n.

twice with 0.5 L of deionized water. To the organic layer Cellulose (67 g) was added to the suspension and stirred
were added 0.2 L of 6 N HCI solution and 100 mL of vigorously for 15 min. The precipitate was filtered through
deionized water, and the mixture was stirred vigorously at a polypropylene filter, and the filter cake was washed twice

25 °C for 1 h. The layers were separated, and the organic with 20 mL of cold ethyl acetate (—1TC). The filter cake

layer was diluted with 0.4 L of heptane and10L of ethyl

was transferered to a 3-L, three-necked flask, 120 mL of

acetate, washed with 0.5 L of deionized water, and cooled ethanol was added, and the mixture was warmed t&@&0

to —15°C. After 2 h at —15°C, the product was collected
by filtration. The filter cake was washed twice with 0.05 L
of cold heptane (~—15C). The product was dried in a
vacuum oven (25C, 30 mbar) for 24 h to give 179.3 g of
2 (89.4% vyield) as white, flaky crystals; mp 35:86.5°C.
(R,R)-3-Carboxy-2-[[[[4-[(3-hexyloxy)phenoxy]butoxy]-
mercapto]phosphinyl]oxy]-N,N,N-trimethyl-propanamin-
ium Inner Salt (1). A 5-L, four-necked, round-bottomed
flask, equipped with a mechanical stirrer, thermometer,
addition funnel, nitrogen inlet/outlet, and cooling bath was
charged with 200 mL of dry and peroxide-free THF and
cooled to—15 °C. PC% (45.8 mL, 0.525 mol) was added
over a period of 10 min, followed by a solution of 133 g
(0.492 mol) of2 in 300 mL of THF over a period of 38640
min, while maintaining an internal temperature-ei5 °C.

The suspension was filtered through a polypropylene filter
pad; the cellulose residue was washed with an additional 400
mL of ethanol preheated to 5, and again with 100 mL

of ethanol preheated to 5. The combined filtrates were
concentrated under vacuum (4G, 60 mbar) to remove a
total of 900 mL of ethanol and stirred at’C over a period

of 3.5 h. The suspension was filtered through a polypropylene
filter, and the filter cake was transferred the to a 3-L, three-
necked flask and dissolved in 800 mL of ethanol by heating
to 60°C. The solution was cooled to® and stirred for 2

h, and the product was collected by filtration through a
polypropylene filter followed by washing with 25 mL of cold
ethanol (10°C). The white solid was dried at £4&, 60 mbar

for 16 h to give 70.9 g of; (28% yield); mp 140.6141.1

°C; 'H NMR (CD30OD) 6 0.92 (t, 3H,J = 7.0 Hz), 1.27—

The mixture was stirred at the same temperature for 10 min, 1.42 (m, 4H), 1.42-1.55 (m, 2H), 1.76-1.82 (m, 2H), 1.82

and 150 mL of tributylamine was added over a period of 30
min (very exothermic!) at-15 °C. An additional 327 mL

1.95 (m, 4H), 2.70 (d,d, 1H] = 15.5, 9 Hz), 3.20 (d,d, 1H,
J =155, 2 Hz), 3.27 (s, 9H), 3.51—3.72 (m, 2H), 3.91—

of tributylamine was added at the same temperature over 154.15 (m, 6H), 5.16'5.30 (m, 1H), 6.426.53 (m, 3H), 7.13

min. The reaction mixture was warmed t6@G over 10 min,
and a solution of 252.0 g (0.525 mol) af-carnitine

(t, 1H); 13C NMR (CD:;OD) 6 14.41, 23.70, 26.91, 26.95,
28.19, 28.31, 32.44, 32.81, 39.57, 55.06, 66.84, 66.91, 68.20,

tetraphenylborate salt dissolved in 500 mL of THF was added 68.26, 68.58, 70.91, 102.59, 107.82, 107.85, 130.87, 161.78,

over a period of 30 min, while maintaining the internal
temperature at 0C. The mixture was stirred at the same

temperature for 1 h. Deionized water (250 mL) was added

slowly over a period of 30 min at a temperature of 1D
°C. To the reaction mixture was added 77 g (2.4 mol) of

161.85, 173.913P NMR (CD;OD) ¢ 57.74; OR: [a}°
—21.98°(c = 0.95, MeOH).
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