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Abstract: chiral auxilially 2 Although these methods were accomplished
Development of a new process for the synthesis of ONO-2506,  gyccessfully with good crystalline intermediates, the former
an agent that suppresses astrocyte activation, is described.  chjral auxiliary was not economical to use (being relatively
Previous processes that involved asymmetric synthesis with a  expensjve and not recyclable) and the latter method resulted
chiral auxiliary were unsatisfactory from a cost perspective in moderate diastereoselectivity. Recently, another group
because the relatively expensive chiral auxiliaries were not reported a diastereoselective synthesid ofith moderate
recyclable. To develop a more cost-effective process, we designed optical purity (89% ee) through photodeconjugatiorugf-
anew process starting from chiral 1,2-epoxyoctane, whichwas |\ nsaturated esters derived from diacetorgticose? To find
readily prepared catalytically by Prof. Jacobsen’s method. The a more cost-effective process for the synthesid afith a

new five-step process was developed with the establishment of high optical and chemical purity, we designed a different
a modified cyanation condition, in which lithium cyanide was  route of asymmetric synthesis using commercially available
prepared in situ by combining lithium hydroxide with acetone (R)-1,2-epoxyoctane as the starting material (Scheme 1).
cyanohydrin. Then the mechanisms for racemization and the This early stage synthesis had several areas for improve-
side reaction until the cyanation step were clarified, and these ment, for example, inclusion of extra steps (benzoylation and
problems were solved. The main features of this process are debenzoylation), the use of undesirable lithium hydride at
crystallization of the amide intermediate, since its optical purity the cyanation step, the nonreproducible hydrolysis condition

is readily improved by recrystallization up to 100% ee in  of pitrile 6, and an optical purity outside the specifications
that leads to improved chemical and optical purity of the final report here an improved reproducible process that is ame-

product. The shorter synthesis, including a one-pot reactionwas  aple to scale-up.
ruled out because of the hazardous nature of the Katriztky
hydrolysis conditions for the conversion of nitrile to amide in Results and Discussion

the presence of sodium cyanide. Development of an Improved Process for 1The early

stage synthesis started from commercially availab)el(R-
epoxyoctane, the optical purity of which (93.5% ee) was
Introduction insufficient for our scheme. Prof. Jacobsen’s hydrolytic
ONO-25061 delays the expansion of cerebral infarction kinetic resolution of racemic 1,2-epoxyoctane was highly
by modulating the activation of astrocytes through inhibition Suitable for this purposeBy use of this procedureR(-1,2-
of S-10083 synthesis. It has been developed as a novel epoxyoctane was obtained with a high enantiomeric purity
therapeutic agent for stroke, amyotrophic lateral sclerosis, (?99.0% ee). Furthermore, after purification by distillation,
Alzheimer's disease, and Parkinson’s diseéa€n asym- the residue could be used directly for one more cycle to give
metric synthesis of the active pharmaceutical ingredient, (R)-1,2-epoxyoctane with an excellent optical purity (98.5%
purification by recrystallization was found to be necessary €e). This result led to the omission of the extra steps
to remove the undesired stereocisomer prior to large-scale(benzoylation and deacylation) necessary for improving the
production. Since target ageithad a highly lipophilic optical purity of alcohol2. In the next step, the tosylate
component, however, it proved difficult to synthesize via and mesylat&® (prepared from2 purified by distillation)
crystalline intermediates. We recently described an asym-were investigated for selecting the better leaving group for
metric synthesis for this candidate using Oppolzer's cam- hitrile substitution. The crude producdsand5 underwent
phorsultar or [((1S)-1-phenylethyl)amino]phenol as the displacement reactions separately with lithium cyanide

* Corresponding author. Telephone:81-776-82-6161. Fax:+81-776-82- (2) Hasegawa, T.; Yamamoto, HBull. Chem. Soc. Jpn2000, 73, 423.
8420. E-mail: t.hasegawa@ono.co.jp. Hasegawa, T.; Kawanaka, Y.; Kasamatsu, E.; Iguchi, Y.; Yonekawa, Y.;
t Ono Pharmaceutical Co. Okamoto, M.; Ohta, C.; Hashimoto, S.; Ohuchida,(8g. Process Res.
* Chiba University. Dev. 2003,7, 168.
(1) Tateishi, N.; Ohno, H.; Kishimoto. K.; Ohuchida, 8295,JP 7—316092. (3) Hasegawa, T.; Yamamoto, I3ynthesi2003,8, 1181.
Matsui, T.; Mori, T.; Tateishi, N.; Kagamiishi, Y.; Satoh, S.; Katsube, N.; (4) Peatier, B.; Holmes, T.; Piva, @etrahedron: Asymmeti3005,16, 1513.
Morikawa, E.; Morimoto, T.; lkuta, F.; Asano, T. Cereb. Blood Flow (5) Tokunaga, M.; Larrow, J. F.; Kakiuchi, F.; Jacobsen, ESkiencel997,
Metab.2002,22, 711. Tateishi, N.; Mori, T.; Kagamiishi, Y.; Satoh, S.; 277, 936.
Katsube, N.; Morikawa, E.; Morimoto, T.; Matsui, T.; Asano,JI .Cereb. (6) Yoshida, Y.; Sakakura, Y.; Aso, N.; Okada, S.; TanabeT¥trahedron
Blood Flow Metab2002,22, 723. 1999,55, 2183.
774« Vol 9, No. 6, 2005 / Organic Process Research & Development 10.1021/0p0500988 CCC: $30.25 © 2005 American Chemical Society

Published on Web 09/07/2005



Scheme 1. Early stage synthesis of 1

EtMgBr (1.6 eq) 1) 3,5-dinitrobenzoyl-
CuCN (0.1 eq)
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2) recrystallization
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Scheme 2. Proposed racemization mechanism of 6
LiBr
2 ?ﬁgﬂ \/\/\)/Br \/\/\)/Br
[P e e o oM
(R)-1,2-epoxyoctane 7 8
LiH CN
acetone cyanohydrin \/\/\/[
HMPA CN
9
V\Q — \/\/O\ \/\Q
"OMS
8)-6
(prepared from lithium hydride and acetone cyanohydrin) B etone cyamoydsin
to obtain nitrile 6, but a decrease in optical purity was V\/Q""OMs " vvJ’OMs HMPA \/\/O\CN
recognized (85.4 and 82.7% ee, respectively). s 8 6
Alcohol 2 (99.4% ee) purified by dinitrobenzoate crystal- 100
lization in Scheme 1 was readily transformed to nitile 90 | =Nrmmm == mm e m e e e
without loss of optical purity (99.0% ee) through mesylation 80 oo\ ol ___
under the same conditions as those above. These resultsc\@ e T N
indicated that a certain impurity in alcoh@l (purified by g
distillation) affected the epimerization. We assumed that the L N
bromohydrin7 was formed from (R)-1,2-epoxyoctane by g 50 fommmm N
magnesium bromide, which was generated by equilibrium & 4 [ w________________________________.
between the cuprate preparation (XEtMgBr < MgBr; + g P .
(Et,Cu)pMg) (Scheme 2J. N
After this, lithium bromide was generated under the course S S
of the transformation between bromohydririo dinitrile 9 10 pommmmmmmmo oo oo oo y
through mesylat&. This lithium bromide was reacted with 0 TS S S S
the desired mesylateand induced the antipode of nitriée 0 16 20 30 40 50 60 70 8 90 100
To confirm this speculation, an addition test of bromohydrin bromo hydrin mesylate 8 (wt%)
mesylate8 to pure5 was performed and epimerization of  Fjgure 1. Relation to optical purity of nitrile 6 with amount
nitrile 6 by cyanation was investigated (Figure 1). of 8.

The result suggested that the bromohydrin mesy@ate  gyas readily transformed to dinitriin 87.5% yield under
reduced the optical purity of nitril@in relation to the amount cyanation condition, while the ethylation reactionR¥(
of 8 added. We also confirmed that bromohydrin mesylate 1,2-epoxyoctane produced bromohydrir{0.4—1.1 area%

(7) Dessy, R. E.; Green, S. E.; Salinger, R. Tétrahedron Letl 964,21, 1969. by G. C: a'naIYSIS)' that COljlld not be sgpargteq from alcohol
Roberts, D.; Cowan, D. O.; Hsu, J. Org. Chem1964,29, 3689. 2 by distillation. To avoid such epimerization, a less
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Figure 2. Time course of cyanation with NaCN in several solvent systems.

Table 1. Screening of cyanation conditions

\/\/ij e eq) \/\/O\
“IOR

Solvent (O 5M)

Table 2. Optimization of cyanation

“10Ts

DMSO

\/\/O\CN
6

4:R=Ts
5:R=Ms 40°C, 24h
- concn NaCN temp 6 yield? 6ee
MCN 6yield® 6ee ; H o o
entry substrafe (4 equiv)  solvent (%) (%) entry M) (equiv) <) (%) (%)
1 4 KCN DMSO 59 94.8 % % 2 38 %g 28[90
2 4 NaCN DMSO 79 98.1 3 05 4 40 76 98.4
3 4 NaCN DMF 65 954 4 0'5 4 60 70 98.0
4 4 NaCN DMPU 83 92.2 5 0'5 4 80 69 97'7
6 4 NaCN DMAe 75 94.0 7 0'5 2 60 69 ND
7 4 NaCN NMP 66 93.6 8 0'5 1 60 50 ND
8 5 KCN DMSO 47 98.5 ’
9 5 NaCN DMSO 79 99.2 aThe ?)/ield was determined by GC analysis using biphenyl as the internal
10 5 NaCN DMF 44 97.8 standard® ND: not determined.
11 5 NaCN DMPU 81 97.4
12 5 NaCN DMI 57 98.2 Tabl ili f 4 i | sol
13 = NaGN DMA 62 976 able 3. Stability test of 4 in several solvents
14 5 NaCN NMP 50 98.0 entry solvent residual4 (%)
a Purified starting materials (98.5% ee) were usethe yield was determined 1 DME 90.4
by GC analysis using biphenyl as the internal standatc3-Dimethyl-3,4,5,6- > DMSO 51'5
tetrahydro-2(H)-pyrimidinone.d 1,3-Dimethyl-2-imidazolidinones N,N-Dim- .
ethylacetamide’. 1-Methyl-2-pyrrolidinone. 3 DMPU 97.2
4 DMI 100.7
- . . . 5 DMA 945
nucleophilic chloride source would be effective for reducing 6 NMP 932

the corresponding halohydrin formation during the ethylation
step. The use of 1.4 equiv of ethylmagnesium chloride and
0.02 equiv of copper chloride worked well without the
chlorohydrin formation (G. C. analysis) to provide crude

Sodium cyanide achieved a superior yield to potassium
cyanide (entries 1, 2, 8, and 9). Use of DMPU or DMSO as
the solvent provided higher yields than those of the other
alcohol2 in quantitative yield. As a result, when this crude solvent systems (entries 2, 4, 9, and 11). The optical purity
2 was converted to nitril through tosylatel and mesylate  was dependent on the leaving group, and mesylate appeared
5, no loss of optical purity was observed (99.2% ee for to give less racemization than tosylate. The time course of
tosylate and 99.7% ee for mesylate). Lithium cyanide is well- the reactions using sodium cyanide indicated that the reaction
known as a nonaqueous cyanation reagent for alkyl hafides. rate of tosylate (closed line) was faster in every solvent
However, the present cyanation condition was not suitable system than that of mesylate (dotted line) although the
for large-scale synthesis because lithium hydride needed toleaving efficiency of mesylate was generally higher than that
be crushed before use and also the large excess of reagentsf tosylate (Figure 2).
that were usefl.We reinvestigated the various cyanation Cyanation of tosylateé in DMSO was nearly complete
conditions, together with leaving group selection (tosylate after 5 h (entry 5). Based on this result, we selected the
or mesylate). The results are shown in Table 1. The reactionconditions in entry 5 and further optimized the reaction
was performed using 4 equiv of cyanide at 4D for 24 h. (Table 2).

The concentration of the reaction mixture had a critical

influence on the yield: a higher concentration reduced the
yield, because of the low solubility of sodium cyanide in

(8) Harusawa, S.; Yoneda, R.; Omori, Y.; Kurihara,Tetrahedron Lett1987,
28, 4189.
(9) Livinghouse, T.Org. Synth. Coll. Vol. V111990, 517.
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Scheme 3. Possible mechanism of byproduct formation in cyanation
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the mixture (entries 13). A higher temperature induced a use of other more soluble reagents or to improve the lithium
lower yield along with a slight decline in optical purity cyanide preparation method (Table 4).

(entries 3-5). No influence on yield was observed by Tetra-n-butylammonium cyanitfeprepared fromBuy-
changing the amount of sodium cyanide over 2 equiv (entries NHSO,, aqueous NaOH, and acetone cyanohydrin gave good
4 and 6—8). This cyanation process did not further improve results at very high concentration, but the complicated
the yield (up to 80%), because the alcohol formation preparation procedure would not be applicable on a large
proceeded as a side reaction. It was surprising that the alcohokcale (entries-13). The tetraa-butylammonium salt prepared
formation was not restricted under any dry conditions from sodium cyanide or acetone cyanohydrin with tetra-
examined, and so the stability of tosyldte several solvents  butylammonium hydroxide did not give good results (entries

(0.3 M, at 40°C, for 16 h) was investigated (Table 3). 4—6). The lithiumt-butoxide system gave an excellent result,
Stability was assessed quantitatively by HPLC analysis but this base was expensive (entry 7). As an alternative
using biphenyl as the internal standard. Tosydateas found inexpensive lithium base, lithium hydroxide appeared to be

to be highly unstable in DMSO (entry 2) and was most stable relatively effective, and the monohydrate had no influence
in DMI (entry 4). After purification of the sample (entry 2), on the yield and optical purity (entries 8 and 9). In these
alcohol 2 was isolated in 42% yield with 75.3% ee and cases, the minor racemization may be caused by deproto-
residuak was recovered in 50% yield. However, the absolute nation of thea-position of nitrile6 with the base. We further
configuration of the isolated alcohol was the antipod®,0f  optimized the solvent system of entry 8 and found that DMI/
which indicated that alcohol formation during cyanation THF (7:3, 1 M) gave a higher yield with minor racemization
occurred via §2-substitution of the tosyl group by DMSO  (94%, 97.4% ee). Under this improved cyanation condition,
and degradation of the intermediate with retention of the nitrile 6 was obtained in 88% vyield with 97.1% ee after
chiral center. The impurity profiles of this reaction (entry 9, distillation (82.8% purity by HPLC analysis) from crude
Table 1) were olefinel0 (6.0%), ketonell (1.4%), and tosylate4 (82.5% purity). The impurity profile of this product
alcohol 2 (7.0%). Based on these results, the possible showed olefinel0 (2.8%), ketonell (0%), and alcohoP
mechanism of impurity formation under these cyanation (4.6%), which were reduced in comparison with those from
conditions is presented in Scheme 3. entry 9 in Table 1 due to the higher nucleophilicity of the
Path A is the normal reaction pathway to give the desired lithium salt compared with the sodium salt and the stability
product6 and unsaturated byprodub®. Minor racemization of tosylate 4 in the selected solvent system. Our new
of nitrile 6 is generated by sodium tosylate formation in the improved process is shown in Scheme 4.
course of the reaction through path B. The tosytateacts After ethylation of (R)-1,2-epoxyoctane, tosylatevas
directly with DMSO to yield the intermediate which is directly prepared by internal quenching of the reaction with
deprotonated by a base in a process similar to Swernl.1 equiv of tosyl chloride. Tosylat¢ was treated with 2
oxidatiort® to produce ketond1l (path C) and to give the  equiv of lithium hydroxide and acetone cyanohydrin in THF/
antipode of alcoho? through degradation (path D). There- DMI (7:3) for the transformation to nitrilé in 85.6% yield
fore, further improvement of the yield was difficult when in two steps. Nitrile6 was hydrolyzed to amidd.2 by
DMSO was used as the solvent. Our attention turned to the

(11) Victor, F.; Edward, A. L., lll; Mark, J. S.; James, R. Z.; James, W.
(10) Mancuso, A. J.; Swern, CBynthesis 981, 165. Tetrahedron: Asymmetry994,5, 1131.
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Table 4. Various cyanation conditions for 4

\/\/Q condition \/\/Q\
Y _
‘OTs CN

solvent, 40°C
4 6
crude (99.8% ee)

entry condition solvent concn (M) time (h) 6 yield? (%) 6 ee (%)

1 "Buy;NCNP DMSO 10 9 76 95.9

2 diglyme 5 6 78 94.7

3 DME 5 6 77 97.5

4 ag"Bus;NOH (2 equiv), acetone 1 18 33 ND¢
acetone cyanohydrin (1 equiv)

5 diglyme 1 18 39 30.9

6 DME 1 18 41 35.5

7 ‘BuOLi (2 equiv), DMSO 1 14 97 97.0
acetone cyanohydrin (2 equiv)

8 anhydrous LiOH (2 equiv), DMSO 1 14 73 96.9
acetone cyanohydrin (2 equiv)

9 LIOH—H0 (2 equiv), DMSO 1 14 72 96.9

acetone cyanohydrin (2 equiv)

aThe yield was determined by HPLC analysis using biphenyl as the internal standard. All reactions were conducted by heating mixtures of every reagent, and the
reagent preparation in advance was not performed before cyanéﬁoepared fromBus;NHSO, (1.2 equiv), aq NaOH (6 M, 2.4 equiv), and acetone-cyanohydrin (1.2
equiv).¢ND: not determined.

Scheme 4. New improved process for 1

EtMgCl LiOH (2 eq)
cat. CuCl acetone cyanohydrin (2 eq)
/\/\/\4
(o} K CN

then TsCl “OTs  THF/DMI (7/3)
(R)-1,2-epoxyoctane 4 distillation 6
0,
>99.5% ee (85.6% in 2steps) 97.1% ee
KoCOs ag. 6 M MsOH
MeOH CONHZ then Bn;NH CO,H
DMSO 12 13 12 BnNH
recrystallization
(70%) 99.7% ee (88.4%)
ag. NaOH
then aq. HCI
Rt
COH
distillation 1
(97.1%) 99.8% ce
99.9% purity

Katriztky’s methodt? The merit of this new process was that the chemical purity and the optical purity of the target
the optical purity was readily improved to 99.8—100% ee compound. The salt3was readily freed by basic extraction
by recrystallization of amidé2 from aqueous acetonitrile.  to producel with high chemical and optical quality (99.8%
Therefore, restricted highly optical purg){1,2-epoxyoctane  ee, 99.9% purity). This new process involved inexpensive
was not necessary for this process. In the next step, screeningnaterials, the overall yield was high (51.4%), and no special
of various acids for the hydrolysis of amide (100% ee)  reactor was needed for the production. Therefore, the cost

was performed using acetic acid as the solvent at“IDS  of ONO-2506 would be reduced compared with any of the
for 10 h. The best conversion (87.4%) with minor racem- previous processes.

ization (99.5% ee) was achieved with agueous methane- g5y ation of Reaction Hazard in the One-Pot Prepa-
sulfonic acid (6 M). Finally, numerous achiral amines were ration of Amide 12. Selecting sodium cyanide in DMSO

mvestl_gatfad for formau_o n of grygtalllne saI.tS Wm.m °rde'f as the cyanation condition may make it possible to realize a
to maintain the analytical criteria of the impurity profile. . . : .
one-pot reaction, with the next hydrolysis to amid2

Interestingly, the half salt of dibenzylamine witthad very - . .
good crystalline properties, and it was able to improve both prowdlng_ for furt_her cost reduction. We tried such a one-
pot reaction, which proceeded as expected to afford enan-

(12) Katritzky, A. R.; Pilarski, B.; Urogdi, LSynthesisi989, 949. tiometrically pure amidé2in 60% yield. However, a violent
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Table 5. Hazard estimation of hydrolysis by DSC copper bromide was treated at the ethylation step, and the

onset side reaction at cyanation by use of NaCN in DMSO, were
NaCN  H,0, temp  Eexd clarified and so allowed these problems to be solved. The
entry (equiv) (equiv) DMSO nitrile6  (°C)  (J/g) optical purity of the final target was well controlled through
1 0 add none none ND ND two crystallized inte.rmediaFes. This new process provjdes
2 0 none add none ND  ND ONO-2506 economically with a high chemical and optical
3 0 2.3 add none 109 177 quality.
4 0 4.6 add none 106 210
5 0 6.9 add none 102 460 Experimental Section
6 1 0 add none  ND  ND General. Infrared (IR) spectra were recorded on a Jasco
g i i:g ggg ﬂgﬂg g? %gé FT/IR-430 spectrometer. Fast atom bombardment mass
9 1 6.9 add none 51 536 spectra (FAB) and electron ionization (El) were obtained
10 1 7.5 add add 66 342 on a JEOL JMS-DX303HF or a PerSeptive Voyager Elite
spectrometer. Atmospheric pressure chemical ionization
2 Exothermal energy2 ND: Not detected. (APCI) was determined on a Hitachi M1200H spectrometer.

H NMR spectra were measured with a Varian Gemini-400
exothermic response occurred in this reaction, with a time (400 MHz) or a Varian Gemini-200 (200 MHz) spectrometer.
lag after addition of aqueous hydrogen peroxide. We The chemical shifts ofH NMR spectra were reported
estimated the hazardous nature of each material and blendelative to that of tetramethylsilan® Q). Optical rotation
by DSC (differential scanning calorimetry), especially focus- was measured using a Jasco DIP-1000 polarimeter. Melting
ing on sodium cyanide. The results are displayed in Table points (mp) were determined with a Yanaco micro melting
5. point apparatus MP-500D. Elemental analyses for carbon,

No exothermic response was observed for aqueoushydrogen, and nitrogen were carried out with a Perkin-Elmer
hydrogen peroxide or DMSO individually (entries 1 and 2). PE2400 Seriesll CHNS/O analyzer. Column chromatography
Blending of aqueous hydrogen peroxide with DMSO caused was performed with silica gel [Merck silica gel 60 (0.663
massive heat production (177 to 460 J/g), which increased0.200 mm) or Wako Gel C200 or Fuji Silysia FL60D]. The
in proportion with the amount of hydrogen peroxide (entries reaction hazard was estimated using a DSC instrument
3-5). It was shown that direct reaction of aqueous hydrogen (Mettler Toledo DSC-822).
peroxide with DMSO led to a violent exothermic response  Preparation of Authentic (4S)-Decan-4-ol 2.To a
over 100°C (onset temperature). However, a suspension of solution of LiCl (33 mg, 0.78 mmol) and CuCN (35 mg,
sodium cyanide in DMSO did not show exothermicity (entry 0.39 mmol) in THF was addedR]-1,2-epoxyoctane (600
6). A mixture of sodium cyanide, aqueous hydrogen perox- uL, 3.9 mmol, 93.5% ee) at 10 °C. To this mixture was
ide, and DMSO gave the same exothermal energy as that inadded dropwise a solution of ethylmagnesium bromide (0.89
the absence of sodium cyanide (entrieQ}J.—The important mol/L, 5.7 mL, 5.07 mmol) in ether and stirred afQ for
point about the presence of sodium cyanide was that the onse® h. The mixture was cooled t615 °C, and then the reaction
temperature shifted from ca. 10CQ to ca. 50°C compared was quenched with aqueous KH$OThe product was
with those in entries 35. This indicated that sodium cyanide extracted twice with EtOActhexane. The organic layer was
reduced the activation energy for oxidation of DMSO by washed with brine, dried over MaQ,, and concentrated
hydrogen peroxide. Neither the presence nor absence ofunder reduced pressure. The residue was purified by silica
nitrile 6 had any influence on the exothermic response (entry gel chromatography to affor@ (617 mg, 100%) as a
9 vs 10). The violent exothermic response seen during thecolorless oil.*H NMR (400 MHz, CDC}) 6 3.59 (brs, 1H),
one-pot reaction was due to oxidation of DMSO byCHin 1.58—1.27 (m, 14H), 0.92 (t, 1K), = 6.8 Hz), 0.88 (t, 3H,
the presence of sodium cyanide. This decreased onsetl = 3H); IR (Liquid film) 3347, 2957 cm'. Anal. Calcd
temperature of the hazardous reaction was nearly equal tofor C,0H,,0: C, 75.88; H, 14.01. Found: C, 76.19; H, 14.07.
the hydrolysis reaction temperature. Based on this result, we[o] 2% = +1.9° (c = 2.00, EtOH).
judged that regulation of this explosive one-pot reaction  Preparation of (1S)-1-Propylheptyl 3,5-Dinitroben-
would be impossible after scaling up. Although the separate zoate 3.To a solution of2 (8.30 g, 52.3 mmol) in pyridine
hydrolytic conditions also created a fairly large amount of (24 mL) was added 3,5-dinitrobenzoyl chloride (15.7 g, 68.1
exothermal energy (entry 3), the heat production was relatedmmol) at 0°C. The mixture was warmed to room temper-
closely to the addition rate of hydrogen peroxide. Therefore, ature and stirred for 14 h, after which it was diluted with
control of the exothermic response would be straightforward. EtOAc/n-hexane and washed with aqueous KkSThe

organic layer was washed with brine, dried over,8&,,
Conclusion and concentrated under reduced pressure. The residue was

In summary, we have developed a new process for ONO- purified by silica gel chromatography to affa8d6.0 g, 87%,
2506 synthesis from (R)-1,2-epoxyoctane as the starting92.1% ee). The product (14.3 g) was recrystallized from
material. The new process was constructed of five steps,2-propanol (143 mL) to affor@® (10.4 g, 72.7%, 99.2% ee)
including a modified cyanation condition of tosylate and a as white crystals. Further recrystallization3f2.00 g) from
unigue acidic hydrolysis of amide to carboxylic acid. The 2-propanol gave enantiomerically pude(1.53 g, 76.5%,
mechanisms for racemization until the cyanation step when100% ee). HPLC; CHIRALPAK AD-H (DAICEL)n-hex-
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ane/2-propanot= 97:3; flow rate, 0.3 mL/min; detection,
245 nm; retention time, 17.0 miRj and 18.6 min$); H
NMR (400 MHz, CDC¥}) 6 9.23 (t, 1H,J = 2 Hz), 9.15 (d,
2H, J = 2.4 Hz), 5.28-5.22 (m, 1H), 1.86-1.63 (m, 4H),
1.48—1.20 (m, 10H), 0.96 (t, 3H, = 7.4 Hz), 0.87 (t, 3H,
J=6.8 Hz); IR (Liquid film) 2960, 2935, 1719, 1548, 1345
cm L. Anal. Calcd for G;H24aN2Os: C, 57.94; H, 6.86; N,
7.95. Found: C,57.71; H, 6.64; N, 7.64; mp 666v.6°C;
[a] 2% = +30.4°(c = 0.10, EtOH).

Preparation of (4S)-Decan-4-ol 2 from 3To a solution

1H), 1.75—1.20 (m, 14H), 0.95 (t, 3Hd,= 7.4 Hz), 0.89 (t,
3 H, J= 6.8 Hz); IR (Liquid film) 3027, 2933, 2872, 1354,
1175, 911 cm®. Anal. Calcd for GiH»405S: C, 55.89; H,
10.23. Found: C, 55.62; H, 10.231]f% = —2.6° (c=1.11,
EtOH).

Preparation of (2R)-2-Propyloctanenitrile 6. To a stirred
solution of4 (85.8% purity, 758.7 g, 2.08 mol) in THF (1458
mL) and DMI (624 mL) were added acetone cyanohydrin
(99.3% purity, 394 g, 4.60 mol) and LiOH (96.8 g, 4.05 mol)
at 25°C under an argon atmosphere. The reaction mixture
of 3(1.30 g, 3.69 mmol) in THF/MeOH (4:1, 14 mL) was was stirred for 14 h at 50C. After completion of the
added aqueous NaOH (1 mol/L, 5.7 mL, 5.7 mmol) 400 reaction, the mixture was cooled to room temperature and
and stirred for 0.5 h. After the reaction mixture was aqueous 15% NacCl (2.2 L) was added. The resulting mixture
concentrated until the volume was reduced to ca. 14 mL, was extracted witim-hexane/EtOAc (2:1, 1660 mL), and the
sodium chloride was added. The resulting insoluble material organic layer was washed with aqueous 15% NaCl (830 mL).
was filtered off and washed with EtOAc/n-hexane (5:1, 50 Then the mixture was concentrated under reduced pressure,
mL). The filtrate was washed with water and brine, and dried and the residue was purified by distillation to obt&i(335
over NaSQ,. The filtrate was concentrated under reduced g, 85.6% in two steps, 97.1% ee, 92.1 area%) as a pale

pressure, and the residue was purified by silica gel chroma-

tography to afford2 (561 mg, 96.1%) as a colorless oil.
Preparation of (15)-1-Propylheptyl 4-Methylbenzene-
sulfonate 4.To a stirred suspension of CuCl (4.6 g, 0.047
mol) in THF (642 mL) was added’}-1,2-epoxyoctane (300
0, 2.34 mol) at-40 °C under an argon atmosphere. EtMgClI
(2.1 mol/L in THF, 1309 g (1337 mL), 2.81 mol) was slowly

yellow oil. 'H NMR (400 MHz, CDC}) 65.33 (dd, 1H),
4.35-4.20 (m, 1H), 3.753.40 (m, 4H), 2.60-2.43 (m, 1H),
2.15-1.77 (m, 3H), 1.7#1.15 (m, 15H), 1.060.80 (m,
6H). IR (Liquid film) 2959, 2931, 2236, 1467 crl Mass
(FAB, Pos) 167(M+ 1). Anal. Calcd for GH2:N: C, 78.97;
H, 12.65; N, 8.37. Found: C, 78.62; H, 12.67; N, 8.39. Bp
72—77°C at 400 Pa; GCB-DEX225 (0.25 mm i.d.x 28

added dropwise into the reaction mixture over 3 h, and the m, 0.25um film, SUPELCO, 10403-02B); Column Temp,

stirring continued for 30 min. After ethylation was complete,
TsCI (491 g, 2.58 mol) was carefully added and the mixture
was warmed to 0—20C and stirred for 4 h. Next, the
mixture was treated with 10 v/v%J80, (715 mL) and 5%
NaCl (272 mL) and extracted with EtOAc (1.5 L). The
organic layer was washed sequentially with 5% NaCl (636
mL), an aqueous solution of 10%&0O; (730 mL) and brine
(200 mL), and brine alone (600 mL). The mixture was
concentrated under reduced pressure to 4i#58.7 g, 100%
yield, 85.8% purity) as a brown oil. Purified: *H NMR
(400 MHz, CDC}) 6 7.79 (d, 2HJ = 8.4 Hz), 7.32 (d, 2H,
J=8.4 Hz), 4.57 (m, 1H), 2.44 (s, 3H),1.64.49 (m, 4H),
1.35—-1.10 (m, 10H), 0.87—0.82 (m, 6H); IR (Liquid film)
2958, 2872, 1361, 1306, 1176 cin Anal. Calcd for
C17H2605S: C, 65.35; H, 9.03. Found: C, 65.21; H, 8.89.
HPLC; CHIRALPAK AD-H (DAICEL); n-hexane/2-pro-
panol= 99.5:0.5; flow rate, 1.0 mL/min; detection, 220 nm;
retention time, 18.4 mirR) and 23.7 min (B [a]*% = +2.7°
(c = 2.00, EtOH).

Preparation of (15)-1-Propylheptyl Methanesulfonate
5. To a solution of2 (98.5% ee, 5.0 g, 32 mmol) in toluene
(15 mL) were added BN (8.8 mL, 63 mmol) and trimethy-
lamine hydrochloride (302 mg, 3.16 mmol). The resulting
suspension was cooled to°Q, and a solution of methane-
sulfonyl chloride (3.7 mL, 47 mmol) in toluene (30 mL) was
added dropwise. The mixture was stirred at@ for 1 h
after which the reaction was quenched with water. The
product was extracted with EtOAc and washed with water
and brine. The organic layer was dried over MgSd

90 °C; Carrier, He (22.3 cm/s); Injector Split (20C, Ratio
100/1); Injection Vol, 0.5.L; Detector, FID (200°C); Make
up, He (40 mL/min); retention time, 91.0 mig) and 92.6
min (R); [a]*% = —7.9° (c = 2.00, EtOH).
Preparation of (2R)-1-Bromooctan-2-ol 7.To a solution
of (R)-1,2-epoxyoctane (5.0 g, 39 mmol) in AcOH (10 mL)
and THF (50 mL) was added LiBr monohydrate (6.5 g, 62
mmol), and the mixture was stirred for 1 h. Water was added,
and the product was extracted with MTBE. The organic layer
was washed with water and then brine and was concentrated
under reduced pressure. The residue was purified by silica
gel chromatography to afford(6.09 g, 74.6%) as a colorless
oil. *"H NMR (400 MHz, CDC}) 6 3.59 (brs, 1H), 1.58
1.27 (m, 14H), 0.92 (t, 1H) = 6.8 Hz), 0.88 (t, 3HJ =3
Hz); IR (Liquid film) 3377, 2956, 2928, 2857 crfy Mass
(El, Pos.)m/z193 (M + 2 — H,0), 191 (M — H,0).
Preparation of (1R)-1-(Bromomethyl)heptyl Methane-
sulfonate 8.To a solution of7 (1.00 g, 4.78 mmol) in toluene
(8 mL) were added BN (1.3 mL, 9.6 mmol) and trimethy-
lamine hydrochloride (46 mg, 0.48 mmol). The resulting
suspension was cooled to°CQ, and a solution of methane-
sulfonyl chloride (0.56 mL, 7.2 mmol) in toluene (3 mL)
was added dropwise. The mixture was stirred 4CCor 1
h, and the reaction was quenched with water. The product
was extracted with EtOAc and washed with aqueous HCI,
water, and brine. Then the organic layer was dried over Na
SO, and concentrated under reduced pressure. The residue
was purified by silica gel chromatography to affd@q913
mg, 66.6%) as a colorless otH NMR (400 MHz, CDC¥})

concentrated under reduced pressure. The residue wa® 4.8 (m, 1H), 3.57 (m, 2H), 3.10 (s, 3H), 1.82 (m, 2H),

purified by silica gel chromatography to affdsd6.0 g, 80%)
as a colorless oil*H NMR (400 MHz, CDC}) 6 4.72 (m,
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1.39-1.30 (m, 8H), 0.9 (t, 3H) = 5.6 Hz); IR (Liquid film)
2929, 2859, 1359, 1175, 908 cfnMass (El, Pos) 288 (M



+ 2), 286 (M), 200, 190. Anal. Calcd ford;sBrOsS: C,
37.64; H, 6.67. Found: C, 37.69; H, 6.46]{% = +13.0°
(c = 1.99, EtOH).

Preparation of (25)-2-(Cyanomethyl)octanenitrile 9.To
crushed LiH (127 mg, 16.0 mmol) was added THF (4.5 mL),
and the mixture cooled to €. To the resulting suspension

was added acetone cyanohydrin (90 wt %, 1.3 mL, 13 mmol),

was diluted with water (400 mL) and extracted with
n-heptana/PrOAc (5:1, 500 mL). The organic layer was
washed with water (400 mL, twice) and evaporated under
reduced pressure to afford crude ONO-2506 as a pale yellow
oil. To the residue (103 g) were added £&HN (1.5 L) and
dibenzylamine (58.6 g, 297 mmol). This suspension was
completely dissolved at 6TC and stirred for 10 min. Then

and the system warmed to room temperature. Then thethe clear solution was cooled to P€ and stirred for 30

mixture was stirred for 2 h after which HMPA (2.5 mL)

min. The resulting white crystals were filtered off, washed

was added. The mixture was concentrated under reducedwvith CH3;CN (200 mL) and dried under a vacuum at 40

pressure, and a solution 8913 mg, 3.20 mmol) in HMPA

to afford 13 (136 g, 88.4%, 99.8% ee (R)). The ee value

(1.5 mL) was added to the residue. The mixture was stirred was determined after conversion to ONO-2586\MR (400

for 20 h at room temperature and diluted with a mixture of
n-hexane/EtOAc (9/1, 70 mL). This was washed twice with
water (30 mL) and brine and was dried over,8& and
concentrated. The residue was purified by silica gel chro-
matography to affor® (355 mg, 67.6%) as a colorless oil.
IH NMR (400 MHz, CDC}) 6 2.91 (m, 1H), 2.75 (dd, 1H,
J=6.0, 19.0 Hz), 2.69 (dd, 1H,= 7.6, 19.0 Hz), 1.77 (m,
2H), 1.65-1.32 (m, 8H), 0.9 (t, 3HJ = 7.2 Hz); IR (Liquid
film) 2956, 2931, 2859, 2246, 1465 ci Mass (FAB, Pos)
165 (M + 1). Anal. Calcd for GoH1gN2: C, 73.13; H, 9.82;

N, 17.06. Found: C, 72.87; H, 9.65; N, 16.8@]7% =
—0.28°(c = 2.03, EtOH).

Preparation of (2R)-2-Propyloctanamide 12.To a
stirred suspension @ (89.8 area%, 60 g, 322 mmol, 97.1%
ee (R)) in MeOH (84 mL) and DMSO (95.6 g, 1.22 mol)
was added KCO; (8.9 g, 64 mmol), and the mixture warmed

MHz, CDCl;) 6 7.30 (m, 10H), 3.87 (s, 4H), 2.33 (dt, 2H,
J=5.2, 8.8 Hz), 1.60 (m, 4H), 1.35 (m, 24H), 0.91 (t, 6H,
J=7.2 Hz), 0.87(t, 6H,) = 6.8 Hz); IR (KBr) 2957, 2926,
2853, 1638 cm!. Anal. Calcd for GeHsoN: C, 75.88; H,
10.44; N, 2.46. Found: C, 75.78; H, 10.25; N, 2.50. Mp:
79.5—79.8°C; [0]*°5 = —3.6° (c = 2.00, EtOH).
Preparation of (2R)-2-Propyloctanoic Acid 1.Diben-
zylamine saltl3 (100 g, 175 mmol) was dissolved in aqueous
KOH (1 mol/L, 400 mL) at 20°C, and the mixture was
stirred for 10 min. The mixture was reverse-extracted with
i-PrOAc (250 mL, twice). To the aqueous layer was added
n-heptane/i-PrOAc (1/1, 500 mL) and concentrated HCI (40
mL) at 20°C. The separated organic layer was washed with
water (200 mL) and brine (200 mL) and was concentrated
under reduced pressure to afford crutig67.1 g) as a
colorless oil. This was purified by distillation to affortl

to 50—60°C. To this suspension was added 35% aqueous(63.5 g, 97.1%, 99.8% ee, 99.9% purity) as a colorless oil.

hydrogen peroxide (46.9 g (41.5 mL), 483 mmol) over 30
min at 50—70°C, and the mixture was then stirred for 1 h
at 50—70°C. After completion of the reaction, aqueous,Na
SG; solution (NaSO; 5 g and water 351 mL) was added to
this mixture which then cooled to%. The slurry was stirred
for 30 min at 5°C. The resulting crystals were filtered off
and were washed with cooled water/€HN (2/1, 216 mL)
and water alone (318 mL) to affo&l(wet) (52 g, 97.1% ee
(R), 88.9 area%) as a white powder. The @€R0 g) was
recrystallized from water/C¥CN (1:1, 240 mL) to afford
12 (16 g, 70% vyield, 99.7% eeR(, 98.7 area%) as a white
powder.*H NMR (200 MHz, CDC}) 6 0.84—0.94 (m, 6H),
1.26—1.64 (m, 14H), 2.042.15 (m, 1H), 5.42 (bs, 1H), 5.59
(bs, 1H); IR (KBr) 3372, 3182, 1656 crfy Mass (APCI 20V
Pos.)m/z186 (M+ 1). Anal. Calcd for GiH2sNO: C, 71.30;

H, 12.51; N, 7.37. Found: C, 71.14; H, 12.72; N, 7.56. Mp
116.8-117.9°C; CHIRALPAK AD-RH(DAICEL); MeCN/
H.O = 40:60; flow rate, 0.5 mL/min; detection, 205 nm;
retention time, 38.0 mingj and 45.3 min (R [a]?% = —5.0°

(c = 2.00, EtOH).

Preparation of (2R)-2-Propyloctanoic Acid Dibenzy-
lamine Salt 13.A stirred suspension df2 (100 g, 540 mmol)
and AcOH (230 mL) was dissolved at 4Q, and aqueous
methanesulfonic acid (MsOH 130 g/water 182 mL) was
added to the mixture which was then heated at 105
(internal temperature) for about 13 h. After completion of
the reaction, the mixture was cooled to ZB after which it

H NMR (200 MHz, CDC}) ¢ 2.38 (m, 1 H), 1.55 (m, 2
H), 1.53—1.20 (m, 12 H), 0.94 (t, 3 H,= 6.8 Hz), 0.90 (t,

3 H,J=6.8 Hz)13C NMR (50 MHz, CDC}) 6 182.9, 45.3,
34.4,32.2,31.7, 29.2, 27.3, 22.6, 20.6, 14.0 (2C); MS (El,
Pos)m/z 186 (M+), 169, 157, 144, 115, 102; IR (Liquid
film) 2959, 2931, 1706, 1467 cn bp 120-121°C at 133
Pa; [aF% = —6.1° (c = 2.00, EtOH)

Determination of the optical purity df was performed
with the corresponding phenacylester as shown below. To a
suspension of (17.2 mg, 0.09 mmol) and 4 0; (15.3 mg,
0.11 mmol) in acetone (1 mL) was added phenacylbromide
(22 mg, 0.11 mmol). The mixture was stirred at room
temperature for 1 h, and then it was filtered and the filtrate
was concentrated under reduced pressure to afford the crude
phenacylester. The residue was dissolved in 2-propanol (5
mL), and an aliquot (kL) was directly analyzed by HPLC.
HPLC; CHIRALCEL OJ-R (DAICEL); MeCN/HO = 60:

40; flow rate, 0.5 mL/min; detection, 244 nm; retention time,
21.1 min (S) and 22.8 min (R).
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