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Abstract:

Two processes for the preparation of lactone [3(3-fluorophen-
yI)-1S-(5-oxotetrahydrofuran-2-yl)ethyl]carbamic acid tert-buty!
ester 1 starting from S-BOC-(3-fluorophenyl)alanine 3 are
described. )-(3-Fluorophenyl)alanine N-methyl-N-methoxy

amide 10, the Weinreb amide of 3, was reacted with 2-(2-1,3-

BOCHN BOCHN

1

dioxanyl)ethylmagnesium bromide to provide key intermediate
ketoacetal 11. To achieve high yields for this conversion, the
N—H of the BOC group in Weinreb amino acid amide 10 was
deprotonated first with a simple Grignard reagent (methyl or
benzylmagnesium halide) followed by Barbier reaction with
magnesium metal and 2-(2-bromoethyl)-1,3-dioxane. The acetal
group in 11 was opened oxidatively with ozone, and the resulting
ester 15 was reduced selectively at low temperature with
N-Selectride. Alternatively, the ketone moiety in 11 was reduced
diastereoselectively with aluminum triisopropoxide in 2-pro-
panol to give the undesired R,S)-diastereomeric alcohol. The
alcohol was converted to the mesylate which was heated in
solution to cause formation of oxazolidinone 19 through
displacement of the mesylate group by the carbonyl moiety of
the BOC group with loss of tert-butyl alcohol. This intramo-
lecular reaction provided the desired §,S)-diastereomer. Fi-
nally, acetal 19 was converted to nitrile 20 with hydroxylamine
hydrochloride in ethanol with catalytic toluenesulfonic acid at
reflux. Basic aqueous hydrolysis of nitrile 20 followed by
treatment with di- tert-butyl dicarbonate provided 1. While the
second process was longer, the inexpensive reagents, simple
reaction conditions, and high yields made it the process of
choice. Both processes have been run on a multikilogram scale.

Lactone intermediatg is used for the preparation of $4
hydroxy-(55)-amino-6-(3-fluorophenyl)hexanoic acig, a
hydroxyethylene dipeptide isostereThese isosteres are
aspartyl protease inhibitors which have been studied irtHIV
and for blood pressure control by interaction with renin

receptors. There are many syntheses of these lactones and

these isosteres in the literatdrRecently, we described the
observation of a novel dimer in the synthesis of title lactone
1 starting from amino aci® involving DIBALH reduction

of the methyl ester 08 and in situ reaction with the lithium
salt of ethyl propiolaté.Process research led to elimination
of the dimer and allowed the procedure to be conducted on
a kilogram scale. While this supplied the initial needs for
lactonel, the selectivity of the lithiated ethyl propiolate
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addition was moderate with a 6.5:1 ratio of the desi®@8){
diastereomer formed. Since this process required low-
temperature conditions, involved unstable intermediates, and
had a low overall yield, a better process was needed. In this
paper, we describe the work that lead to a new process to
lactonel starting with §-BOC-(3-fluorophenyl)alanin®
utilizing simple, inexpensive reagents and reaction conditions.
Since a bulk supplier of BOC-amino acilhad been
identified, it was chosen as the starting material for our work.
One synthesis of lactones suchlakad been published by
Diederich and Ryckman in the early 1990’s starting from
the Weinreb amide oN,N-dibenzylphenylalaninet and
2-(1,3-dioxanyl)ethylmagnesium bromi8&g (Scheme 1). A
key point of this process was the control of the alcohol
stereochemistry with a sodium borohydride reduction. Since
this process was described in a World patent application
and used a different protection scheme for the nitrogen, a
variation of this synthesis starting froiN-BOC-(3-fluo-
rophenyl)alanine was sought.
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2 8 both share the potential for thermal decomposition with
Scheme 2 gyclopropane ring formatidh as well as fpr Wurtz coup-
. . ling.1* In the lab procedure, the BarbieGrignard reaction
1 CrMaCl was initiated at about 18C and the remainder of the bromide
PhCHzMgCI was added keeping the reaction temperature below(28
Nt Mg 2 5 ? On one occasion when the reaction was being runina 22 L
BOCHN I © . /\)\9 BoeRNT T © flask, the Grignard would not initiate and had to be heated
r . . . .
10 80% n to a higher temperature. It was determined with reaction

] ] ] calorimetry and in situ IR that initiation at 3% was more
The N-methylN-methoxy amidel0 (Weinreb amide) of  rgjiaple for large scale use. The rate of addition of the

N-BOC-(9-(3-fluorophenyl)alanin® was prepared in 92%  promide was faster on a pilot plant scale, and the reaction
yield by a mixed anhydride procedure with isobutyl chlo- o mnerature during addition was 56 to shorten reaction
roformoate and\-methylmorpholine in methylene chloride  imes. Full optimization of the pilot plant procedure for this
at— 5°C. Use of carbonyl diimidazole in methylene chloride process has not been carried out. On a lab scale, 2.6 equiv
without additional base at room temperature to activate amino ¢ magnesium were charged to the reaction flask and 2 equiv
acid 3 resulted in Weinreb amid&0 of 90% ee. Initial  of 2 (2_promoethyl)-1,3-dioxane were added as described
attempts to combine amide0 with preformed Grignard  apove. After stirring for several hours or overnight, more
reagent in tetrahydrofuran (THF) gave, at most, traces of promide was added if starting Weinreb amide remained. Any

the desired ketondl, but switching to a Barbier-type  gycess magnesium was reacted during the quench of the
procedure was more successful. A mixture of Weinreb amide o action. On a pilot plant scale, 2.6 equiv of magnesium were

10 and magnesium metal turnings in THF was treated with ;seq with 2.7 equiv of 2-(2-bromoethyl)-1,3-dioxane. With
2-(2-bromoethyl)-1,3-dioxane to provide ketohin 50%  hjs procedure, little or no magnesium metal was left in the
yield. A 5-fold excess of both magnesium and alkyl bromide g5ctor to generate hydrogen gas during the quench. More
was required to react with all the starting material. A further 51 200 kg of keton1 have been prepared in this manner.
opt?mized procedu_re utilized deproto_nation of t_he Weinreb Originally, the sequence of ketord reduction followed
amide 10 N—H with methylmagnesium bromide in the y 4cetal hydrolysis 012 and oxidation of the lactal3 to
presence of magnesium metal in THF followed by addition |5¢tone1 was looked at as in the Diederich and Ryckman
of_ 2—(2—bromogthyl)-1,3—d|oxane under .Barbler conditions process (Scheme 8)This was found to suffer from two
with the reaction temperature maintained below B serigys problems. Unlike the sodium borohydride reduction
(Scheme 2§.The addition of methylmagnesium bromide was ¢ o-(N,N-dibenzylamino) ketones which provided the
monitored by HPLC until traces of the methyl ketone were yagired §9)-diastereomer very selectively\-BOC-ami-
observed as an endpoint. At a toller running this chemistry, oyetonel1was not reduced diastereoselectively by a variety

benzylmagnesium chloride was used in the deprotonation. ¢ hydride reagents. The best result was seen Wh
This eliminated methane emissions, and no benzyl ketonegg|ectride at—78 °C with a 4.3:1 ratio of diastereomers

vv_as obse_rved with excess benz_ylmagne_sium chloride. With observed favoring the desire8,§)-isomer. Other reagents
either Grignard for deprotonation, a yield of 80% was
achieved in the lab, while 60% was more typical on a pilot
plam S?ale' Th.e different yle|(.'jS. are prObably due to the amides. Liu, J.; Ikemoto, N.; Petrillo, D.; Armstrong, J. Raksaiaaskan
properties of this acetal-containing Grignard reagent. The ey 2002 43 8223.

six-membered dioxane containing Grignard used in our (9) Stowell, J. C dniniteminli@in 1976 41, 560.

process has been reported to have more thermal stability thert'® Fonaas: 2 /jississtisnasie 1976 3105. Greiner, ATetrahedron Lett.

=He ! 1989 30, 3547.
the corresponding five-membered dioxolane analdguet, (11) Bal, S. B.; Marfat, A.; Helquist, Fiminkmimaan 1982 47, 5045.

(8) A similar pre-deprotonation protocol has been recently reported in the
synthesis ofa-(N-BOC-amino)ketones fromu-(N-BOC-amino)Weinreb
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tested were the followingl-Selectride (1.3:1)K-Selectride
(2:1); sodium borohydride (1:3.1); and DIBALH (1: 3.35) scheme 6

(ratio of (§9):(R,9). Second, the acidic hydrolysis of amino 3 T

alcohol acetall2 did not yield lactol 13 cleanly. Some

reaction conditions tried included acetic acid, neat and in

various cosolvents, pyridiniurtoluenesulfonate in aqueous oﬁ O/j
acetone, aqueous hydrochloric acid in THF, and palladium |BOCHN O , BOCHN o
dichloride in acetone among others. The major product in © 11 é!;;'?é?;ﬁé. M 47

the acidic hydrolysis attempts was dihydrofudafwith only refux

traces of the desired lactbB. An authentic sample of lactol

13 was prepared by DIBALH reduction of lactorte in Before this chemistry was scaled up, a modified procedure
toluene at— 78 °C. was developed to protect the alcohollis and carboxylate

The ketoester corresponding 1@ with an ethyl ester in ~ in 16 by pretreatment with hexamethyldisilazane in THF
place of the acetal group could be reduced WtBelectride (Scheme 5). With this procedure, only 1 equiv of reducing
in high diastereoselectivity (98% de) and yield (96%). agentwas needed. The diastereoselectivity for this reduction
Based on this result, the opening of the acetdlirby oxi- was a 46:1 ratio favoring the desire®%-isomer. This
dation to a carboxylate group was examined. After trying process was carried out by a toller to provide 9 kg of lactone
some oxidative acetal openings such as sodium perboratel starting from 25 kg of ketonél
with acetic anhydride or Oxone supported on wet alurina, At this point in the project, a useable bulk process was
we settled on the use of ozone as described by Deslong-achieved; however, it had several drawbacks. We did not
champs# Ketone 11 in ethyl acetate solution was treated have in-house ozone capacity at the time of the work. Also,
with ozone at—15 °C until all of the starting acetal had the N-Selectride reaction while very selective required low
reacted. At a small scale, the desired propane diol d&er temperatures, an expensive reagent, and an oxidative workup
was seen to form cleanly early in the reaction, but a new to quench the reagent.
more polar compound was observed at low levels as the In considering other transformations utilizing ketdlig
reaction neared completion. As the ozonolysis was scaleda patent application on the reductionaketo3-aminocar-
up, the level of the more polar compound increased to greaterboxylate esters was of interéstin this work, a classical
than 10%. This was isolated and shown to be the overoxi- Meerwein-Pondorf-Verley reduction was used to prepare
dation productl6 (Scheme 4). One reason this was more optically active erythro-3-amino-2-hydroxybutyric acid es-
prevalent on a larger scale was that the ozone/oxygen mixtureters. While the diastereoselectivity was the opposite of the
was 3% in the lab and 5% in the pilot plant at a toller. Once one required for lactong the simple conditions and reported
the acetal has reacted, the rate of oxidation of the primary high stereocontrol were attractive. When ketatie was
alcohol in15is rapid. The mixture of estefis and16 could reduced with a slight excess of aluminum triisopropoxide in
be reduced with 2 equiv df-Selectride in THF at-78 °C 2-propanol at reflux, the result was a 24:1 ratio of diaster-
with high diastereoselectivity (24:1) to provide lactdnafter eomers favoring the undesiregR)-diastereomet 7 (Scheme
an oxidative workup with sodium perborate to quench the 6). While this would require an inversion of the alcohol
boron reagent and acid treatment to cyclize the hydroxycar-center, the simplicity and ease of operation encouraged
boxylate. further study. It was determined that the initial product ratio
of diastereomers did not equilibrate under the reaction
conditions and that a side reaction in which the new alcohol

(12) Unpublished results from C. P. Mason, Pfizer Sandwich, on an analogue
provided this lead. For work on relatedt(N-BOC-amino)ketones, see:

Hoffman, R. V.; Maslouh, N.; Cervantes-Lee, innifimiaiiin 2002 67, moiety reacted with the BOC-group to form an oxazolidinone
2005 6 oupe Vi Brisander, M. Lejon, T Luthman. diBimiShi™  \vas less than 4%. Alcohd!7 was isolated by cooling the

(13) Bhat, S.; Ramesha, A. R.; ChandrasekararSyBlett1994 329. Curini, reaction mixture from reflux to room temperature, diluting
M.; Epifano, F.; Marcotullio, M. C.; Rosati, CBynlett1999 777. with 2-propanol and filtering or diluting wit 1 N HCI before

(14) Deslongchamps, P.; Atlani, P.; Frehel, D.; Malaval, A.; Morea@&hJ. . . . .
Chem 1974 52, 3651. This procedure has been used recently by Bailey. ﬂltermg- The agueous Workup helpEd to improve the y|e|d
Bailey, W. F.; Reed, D. P.; Clark, D. R.; Kapur, G. Sglait. 2001, 3,
1865. (15) Satoh, H.; Turk, G. H. European Patent Application EP934923A1, 1999.
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Scheme 7 simple extractive workup and acid treatment provided lactone

F F 1 as a crystalline solid (Scheme 8).
In conclusion, we have described the preparation of lac-
o tonel by two different processes that have been scaled up.
/j - O/j The preferred method was based on the classical Meerwein
BOCHN 0 BOCHN 0

Pondorf-Verley reduction and the conversion of acet8l
to nitrile 20 with hydroxylamine hydrochloride under acidic
v / 18 conditions in ethanol. This process has been used to prepare
o
8

OH OMesyl
F
about 50 kg of lactoné.

o

Experimental Section
N Melting points were determined on a Thomds$oover
O)—é capillary melting point apparatus and were uncorrected. NMR
19 spectra were obtained on a Varian Unity 400 (400 MHz)
spectrometer in deuteriochloroform or dimethyl sulfoxide-
and remove aluminum salts, while the alcohol procedure g |nfrared spectra were taken in KBr by diffuse reflectance
removed any color from the product albeit at some yield infrared Fourier transform spectroscopy (DRIFTS). Mass
loss (88% versus 77%). In either procedure, most of the gpectra were determined with a Finnigan 4510 mass spec-
minor (SS)-diastereomer is removed in the crystallization. trometer using fast atom bombardment (FAB). Elemental
In practice, the aqueous procedure was preferred and theynglyses were performed by Quantitative Technologies Inc.
alcohol contained less than 1.5% of tt&g-diastereomer.  The reactions were monitored by TLC on silica gel plates,
For the inversion of the alcohol center in alcoldl a and isolated compounds were analyzed by HPLC. The HPLC
precedent in the literature was follow&dAlcohol 17 was assays were done on a Waters Novapack C18 column with
converted to mesylat&8 with methanesulfonyl chloride in 4 gradient elution consisting of water with 700 of 85%
pyridine at room temperature, and mesyla8avas isolated  o-phosphoric acid (A) and acetonitrile (B) with detection at

in 94% yield by addition of water to cause precipitation. The 210 nm. Starting and ending gradients are given below along
crude, dried mesylate was redissolved in pyridine and heatedyith retention times.

to provide oxazolidinonel9 in 95% yield (Scheme 7). N'-Methoxy-N'-methyl (S)-N-BOC-(3-fluorophenyl)-
Alternatively, the mesylate was formed in THF with triethyl-  z1anine Amide 10.In a 1 L 4N-flask equipped with an addi-
amine and mesyl chloride between 23 and ‘€0 After tion funnel, a low temperature thermometer, arirlet, and

washing the THF solution of mesylat8 with brine, the 4 mechanical stirrel-BOC-(3-fluorophenyl)alaning (56.6
solution was concentrated to remove water. Additional THF ¢ 0.2 mol) was dissolved in methylene chloride (300 mL).
and triethylamine were added, and the mixture was heated-Methylmorpholine (23.05 mL, 0.21 mol) was added in a
at reflux to cyclize tol9 without isolation of the mesylate.  sjow stream with a slight exotherm of 424 °C. The
The yield was about 80% overall for the in situ procedure, solution was cooled te-25 °C, and isobutyl chloroformate
but it involved less handling. Oxazolidinod®was isolated (2527 mL, 0.195 mol) was added over &2 min while
as an oil after an extractive workup. keeping the temperature betweeB5 and—20°C. A precip-
From oxazolidinond9, the conversion to lactorecould  jtate formed as the reaction mixture was stirred-20 to
be carried out via an ozonolysis procedure. However, our —10 °C for 1 h. In a separate flask, a slurry BEO-di-
examination of other acetal opening reactions to avoid 0zonemethylhydroxylamine hydrochloride (21.45 g, 0.22 mol) in
had led us to a reaction described by Yamauchi for the methylene chloride (200 mL) was treated withmethyl-
conversion of acetals to nitrilés Acetal 19 was treated in morpholine (24.15 mL, 0.22 mol) at room temperature. The
ethanol with hydroxylamine hydrochloride and catalytic reaction remained a slurry throughout\asnethylmorpholine
p-toluenesulfonic acid at reflux. This caused conversion of hydrochloride formed. After 1 h, the hydroxylamine suspen-
acetal19 to nitrile 20 in 90% y|e|d Neither the aldehyde sion was added over 30 min to the mixed anhydride with
nor the oxime was observed as an intermediate in the reactionne temperature rising to C. The mixture was stirred at

mixture. A second, minor product, a small amount of ester room temperature over the weekend. (Reaction was probably
21, was seen. A toller found that adding hydroxylamine gone upon addition.)

hydrochloride as an aqueous solution suppressed the forma-  The reaction was quenched by the addition of a solution
tion of ester21. While nitrile 20 could be isolated as a solid,  of citric acid (50 g) in water (200 mL). The organic layer
the crude reaction product was taken directly into the \yas separated and washed with water, saturated sodium
hydrolysis to improve the yield for the overall conversion. pjcarbonate solution, and brine. The organic layer was dried
To complete the lactone process, the mixture of nitile  oyer magnesium sulfate, filtered, and evaporated to an oil
and esteR1 was hydrolyzed in aqueous sodium hydroxide. \yhich was pumped at high vacuum to remove residual
The basic aqueous solution was treated withedi-butyl solvents. The crude yield was 61.7 g, 97 wt %, and-90
dicarbonate in THF under ShotteBaumann conditions. A 9294 corrected for HPLC purity assay. THé NMR showed

the presence of an impurity which was thought to be the
(16) Kano, S.; Yuasa, Y.; Yokomatsu, T.; Shibuya siiasasaasl 988 27,

1241, Beneditti, F.; Norbedo, fistsisasienmuian(12000 41, 10071. N,Q-dimethylhyd.roxylamineseebuty'l carbamgtg. This was
(17) Yamauchi, M S 11993 41, 2042. suitable for use in the next step without purificatioa]:
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Scheme 8
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p-toluenesulfonic acid < 10%
19 ethanol 20 21
1) NaOH
E 2) BOC
3) H*
o Yo
BOCHN
1

+21.8 £ = 1.0, CHCI,). HPLC: initial eluent, 55% A-45% yellow solid. The solid was stirred with diisopropyl ether
B; final, 10% A—90% B.R: 3, 2 min; 10, 2.5 min. Chiral (IPE) (150 mL) for 30 min, and then hexanes (200 mL) were
HPLC: 96.6% ee. (Starting BOC-AA was 96.6% ee.) added and the slurry was stirred for 2 h. The solids were
Column: Diacel Chiralcel OD. Mobile phase: 90:10 hex- collected and washed with hexanes %2100 mL). After
anes/2-propanol. Flow rate: 1.5 mL/min. Detection: 210 nm. drying, the solids weighed 49.66 g, 76% yield, based on
R: 10, 3.5 min;ent10, 3.0 min. starting Weinreb amide or 65% based on starting BOC-amino
IH NMR (CDCl;, 400 MHz): 6 7.22 (q, 1), 6.93-6.85 acid. Mp 107108.5°C. [a]p: — 36.8 € = 1.0, MeOH).
(m, 3), 5.24 (m, 1), 4.91 (m, 1), 3.66 (s, 3), 3.15 (s, 3), 3.02 HPLC: initial eluent, 60% A-40% B; final, 10% A-90%
(abx, 1), 2.84 (abx, 1), 1.36 (s, 9°C NMR (CDCk, 100 B. R: 10, 3.8 min; 11, 5.9 min. Chiral HPLC: 99.82%
MHz): 172.1,164.1, 155.3, 129.9, 125.3, 116.6, 113.9, 79.9, product; 0.029% enantiomer; 0.15% Weinreb amide. Col-
61.8, 51.6, 38.7, 32.3, 28.5. LCMS exact mass measure-umn: Diacel Chiralcel OD. Mobile phase: 90:10 hexanes/
ment: calcd for GeHosNoOsF+Na+, 349.1540; measured, 2-propanol. Flow rate: 1.5 mL/min. Detection: 210 riRq.
349.1548. entll, 7.8 min;11, 6.9 min.
[4-[1,3]Dioxan-2-yl-(1S)-(3-fluorobenzyl)-2-oxo-butyl]- H NMR (CDCls, 400 MHz): 6 7.21 (m, 1), 6.85 (m, 3),
carbamic Acid tert-Butyl Ester 11. N'-MethoxyN'-meth- 5.18 (d, 1), 4.52 (m, 2), 4.01 (m, 2), 3.68 (m, 2), 3.10 (m,
yl (9-N-BOC-(3-fluorophenyl)alanine amid&0 (61.4 g, 1), 2.87 (m, 1), 2.56 (m, 2), 2.00 (m, 1), 1.85 (m, 2), 1.37
0.188 mol) was dissolved in THF (300 mLpia 1 L (m, 10).%3C NMR (CDCk, 100 MHz): 208.2, 164.2, 155.3,
flask under nitrogen. Magnesium turnings (11.76 g, 0.484 139.1, 130.1, 125.2, 116.5, 114.0, 100.7, 80.0, 67.0, 60.2,
mol) were added, and the mixture was cooled—b0 °C. 37.4, 34.4, 29.0, 28.5, 25.9. Anal. Calcd fosgl@,sNOsF:
Methylmagnesium chloride (62.6 mI3 M in THF, 0.188 C, 62.98; H, 7.398; N, 3.67. Found: C, 62.77; H, 7.52; N,
mol) was added dropwise over 25 min with the temperature 3.67.
below —5 °C. The reaction was then stirred for about 10 [4-[1,3]Dioxan-2-yl-(1S)-(3-fluorobenzyl)-(2R)-hy-
min until the gas evolution stopped (methane) and the droxybutyllcarbamic Acid tert-Butyl Ester 17. [4-[1,3]-
temperature was fC. The reaction was allowed to warm to  Dioxan-2-yl-(19)-(3-fluorobenzyl)-2-oxo-butyl]carbamic acid
about 13°C, and 2-(2-bromoethyl)-1,3-dioxane (5 mL out tert-butyl esterll (7.5 g, 19.7 mmol) and aluminum triiso-
of 45.34 mL, 0.285 mol, 1.75 equiv) was added to initiate propoxide (4.4 g, 21.6 mmol) were added to 2-propanol (60
the Grignard reaction. The exotherm was controlleet &3 mL), and the mixture was heated to reflux for 0.5 h. The
°C by controlled addition of the remaining bromide. The reaction was cooled to room temperature with an ice water
reaction was then stirred overnight at room temperature. If bath. At this point, two different workups were possible.
starting amide10 remained in the reaction, additional (A) The reaction was diluted first witl N HCI (120 mL),
bromide was added based on the amount seen by HPLC. Asand then water was added to a ca. 400 mL volume. After
much as 2.6 equiv of bromide and magnesium have beenstirring for 1 h, the solids were collected, washed with water,
required to fully consume the Weinreb amide starting and dried in vacuo. This provided the desired alcohol, 6.63
material at lab scale. 0, 88% yield. The material was slightly colored but suitable
The reaction was quenched by addition of a solution of for the next reaction.
ammonium chloride (165 g) in water (1 L), and ethyl acetate  (B) The cooled reaction mixture was diluted with 2-pro-
(400 mL) was added. The layers were stirred for 10 min panol (60 mL) and stirred for 1 h. The solids were collected
and separated. The aqueous layer was extracted with ethybnd washed with 2-propanol (3 15 mL) and hexanes and
acetate (400 mL). The combined organic layers were washedair-dried. The yield was 5.8 g, 77% of white solids with only
with water (2x 400 mL) and brine. The solution was dried trace impurities. Mp 180:5181.5°C. [o]p: — 16.1 € =
with magnesium sulfate, filtered, and evaporated to a waxy, 1.0, CHCI,). HPLC: initial eluent, 60% A-40% B; final,
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10% A-90% B. R: 11, 5.9 min; 17, 3.1 min; RS- 3-[(49)-(3-Fluorobenzyl)-2-oxo-oxazolidin-(%)-yl]pro-
diastereomer, 3.6 min. pionitrile 20. (59-(2-[1,3]Dioxan-2-yl-ethyl)-(&)-(3-fluo-

1H NMR (CDCl;, 400 MHz): 6 7.22 (m, 2), 6.98 (d, 1),  robenzyl)oxazolidin-2-onel9 (19.2 g, 62.13 mmol) was
6.94-6.86 (m, 2), 4.60 (m, 2), 4.15 (m, 2), 3.78 (m, 3), 3.61 combined with hydroxylamine hydrochloride (5.61 g, 80.77
(s,1),3.46(s,1),2.91 (m, 1),2.75(m, 1), 2.16 (m, 1), 84 mmol) andp-toluenesulfonic acid (1.18 g, 6.43 mmol) in
1.55 (m, 4), 1.34 (s, 9}3C NMR (CDCk, 100 MHz): 164.2, ethanol (200 mL) and heated to reflux overnight. The reaction
156.0, 129.9, 125.3, 116.5, 113.2, 102.1, 79.6, 73.7, 67.2,was concentrated in vacuo, and the resulting oil was

56.3, 35.6, 32.1, 28.5, 27.9, 25.8. partitioned between ethyl acetate and water. The layers were
Anal. Calcd for GoH3oNOsF: C, 62.643; H, 7.885; N,  separated, and the organic layer was washed with water and
3.65. Found: C, 62.60; H, 8.00; N, 3.64. brine and concentrated to an oil in vacuo. The oil was stirred
Methanesulfonic Acid (25)-tert-Butoxycarbonylamino- with IPE (80 mL) fa 2 h during which time a solid formed.
1-(2-[1,3]dioxan-2-yl-ethyl)-(R)-(3-fluorophenyl)propyl The suspension was diluted with an equal volume of hexanes.
Ester 18. [4-[1,3]Dioxan-2-yl-(15)-(3-fluorobenzyl)-(R)- The solids were collected by filtration, washed with hexanes,

hydroxybutyl]carbamic acidert-butyl esterl?7 (30 g, 78.3 and dried in vacuo to yield the desired nitrile, 13.0 g, 90%.
mmol) was added to pyridine (100 mL) under nitrogen. mp 68.5-70 °C. [a]p: — 67.3 € = 1.0, MeOH). HPLC:
Methanesulfonyl chloride (6.67 mL, 86 mmol) was added initial eluent, 70% A-30% B; final, 10% A-90% B. R:
dropwise over 35 min with a mild exotherm from 20 to 27 19, 5.1 min; 20, 3.3 min;21, 6.8 min.
°C. The reaction mixture was stirred for 2.5 h at which time H NMR (CDCls, 400 MHz): 6 7.30 (m, 1), 6.97 (m, 2),
TLC showed the conversion was complete. The reaction was6.91 (d, 1), 6.41 (s, 1), 4.36 (m, 1), 3.71 (m, 1), 2:2582
cooled to 15°C in an ice water bath, and water (250 mL) (m, 2), 2.46 (t, 2), 1.93 (m, 1), 1.76 (m, HJC NMR (CDCb,
was added slowly with a slight initial exotherm. The resulting 100 MHz): 164.5, 162.0, 158.4, 137.9, 131.0, 125.1, 118.7,
slurry was stirred at 18C for 20 min, and the solids were  116.3, 114.7, 79.5, 58.8, 41.1, 30.7, 13.6. LCMS exact mass
collected and washed with water. The solids were air-dried measurement: calcd for 16H;3N,OF+Na+, 249.1039;
and then slurried in isopropyl ether (275 mL) for 5 h. The Measured, 249.1027.
product was filtered and washed with IPE and dried. The  [(25)-(3-Fluorophenyl)-(1S)-(5-oxotetrahydrofuran-2-
yield was 34 g, 94%. Mp 12122 °C. [a]p: — 4.2 €= 1.0, ylhethyllcarbamic Acid tert-Butyl Ester 1. 3-[(49-(3-
MeOH). Fluorobenzyl)-2-oxo-oxazolidin-§-yl]propionitrile 20 (10.7

IH NMR (CDClg, 400 MHz): 6 7.24 (m, 1), 6.98 (d, 1), g, 43.15 mmol) was dissolved in 50% aqueous ethanol (100
6.91 (m, 2), 4.86 (s, 1), 4.80 (d, 1), 4.10 (m, 3), 3.75 (t, 1), mL) with sodium hydroxide (6.9 g, 172 mmol), and the
3.07 (s, 3), 2.95 (dd, 1), 2.64 (m, 1), 2.05 (m, 1), 18768 solution was heated to reflux overnight. The reaction was
(m, 4), 1.32 (s, 9)13C NMR (CDCk, 100 MHz): 164.2, cooled to rt. The solution was concentrated in vacuo, more
161.8, 155.5, 140.1, 130.1, 125.0, 116.3, 113.7, 101.1, 84.4,water was added, and the solution was concentrated again
79.9, 67.1, 54.0, 38.9, 35.5, 31.0, 28.4, 25.9, 25.5. Anal. to remove ethanol. The final oil was diluted to 75 mL with
Calcd for GiH3.NO;FS: C, 54.647; H, 6.987; N, 3.035. water. The aqueous solution was cooled in an ice bath, and
Found: C, 54.32; H, 7.08; N, 2.96. concentrated HCI was added to adjust the pH to 10. Tet-

5S-(2-[1,3]Dioxan-2-yl-ethyl)-(4S)-(3-fluorobenzyl)ox- rahydrofuran (50 mL) was added to the reaction, and di-
azolidin-2-one 19.Methanesulfonic acid &-tert-butoxy- tert-butyl dicarbonate (12.22 g, 56 mmol) was added. The
carbonylamino-1-(2-[1,3]dioxan-2-yl-ethyl)43-(3-fluo- pH was monitored, and additional sodium hydroxide pellets
rophenyl)propyl estel8 (29 g, 62.0 mmol) was dissolved were added to maintain a pH 9.0. After stirring overnight,
in dry pyridine (50 mL) under nitrogen, and the mixture was the THF was evaporated in vacuo and the aqueous solution
heated in an oil bath to 8TC. After 2 h, the reaction solution =~ was extracted with ethyl acetate twice. This was found to
was cooled to rt, and ethyl acetate and water were added.contain excess dert-butyl dicarbonate. The aqueous layer
The layers were separated, and the aqueous layer wasvas acidified with acetic acid (10 mL) and extracted twice
extracted with ethyl acetate. The combined organic layers with ethyl acetate. The combined ethyl acetate layers were
were washed wit 3 N HCI (2 x 300 mL), water, and brine.  evaporated, and the solid residue was dissolved in toluene
The solution was dried over sodium sulfate. The solution (125 mL) and acetic acid (5 mL) and heated to reflux for 3
was filtered and evaporated in vacuo to provide the desiredh. This was cooled and diluted with ethyl acetate (125 mL).
product as an oil in quantitative yield, 20.1 g. This was Water and excess sodium bicarbonate were added to neutral-
suitable for use in the next stem]p: — 47.7 ¢ = 1.0, ize the acetic acid. The organic layer was evaporated in
MeOH). HPLC: initial eluent, 70% A30% B; final, 10% vacuo. The desired lactone was isolated as a solid by slurring
A—90% B.R: 19, 5.1 min; R S-diastereomer, 5.5 min. in a mixture of isopropy! ether and hexanes (1:1); 12.58 g,

H NMR (CDCl;, 400 MHz): 6 7.24 (m,1), 6.91 (m, 2),  90.3% yield. Mp 108-108.5°C. [a]p: — 26.1 € = 1.0,
6.84 (d, 1), 6.60 (s, 1), 4.45 (s, 1), 4.26 (s, 1), 3.98 (m, 2), MeOH). HPLC: initial eluent, 60% A40% B; final, 10%
3.67 (m, 3),2.78 (m, 2), 1.95 (m, 1), 1.71.53 (m, 4), 1.28 A—90% B.R: 1, 3.4 min;20, 0.9 min; R,S)-diastereomer,
(d, 1). °C NMR (CDCk, 100 MHz): 164.3, 161.9, 159.4, 3.1 min. HPLC: 99.8% desired diastereomer. Chiral
138.7, 130.6, 125.2, 116.3, 114.2, 101.3, 81.4, 67.0, 59.0,HPLC: Chiralpak AS. Mobile phase: 1000:30 hexane/eth-
41.2,30.3, 29.0, 25.9. LCMS exact mass measurement: calccanol. Flow rate: 1.5 mL/min. Detection: 210 niR: 1,
for CigHoo0NO4F+Na+, 332.1274; measured, 332.1262. 12.5 min;ent1, 9.8 min.
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1H NMR (CDCls, 400 MHz): 6 7.22 (m, 1), 6.98 (d, 1), in tetrahydrofuran (100 mL) and treated with hexamethyl-
6.90 (m, 2), 4.82 (d, 1), 4.46 (t, 1), 3.97 (g, 1), 2.88 (m, 2), disilazane (5.8 mL, 0.027 mol) dropwise over 4 min. The
2.49 (m, 2), 2.11 (m, 2), 1.34 (s, 9fC NMR (CDCk, 100 reaction was heated to a gentle reflux while theohtflow
MHz): 177.4, 164.3, 161.9, 156.1, 140.0, 130.3, 125.2, was monitored for ammonia with a moist pH paper. After
116.4,113.9, 80.4, 54.1, 39.3, 28.9, 28.4, 24.3. Anal. Calcd 2.5 h, the ammonia was negligible and the reflux was
for Ci7H.NO4F: C, 63.14; H, 6.86; N, 4.33; F, 5.88. increased for 30 min to remove excess reagent. The reaction

Found: C, 62.98; H, 6.85; N, 4.14; F, 5.95. was cooled to—78 °C, andN-Selectride (31.5 mL, 0.0315
(59)-tert-Butoxycarbonylamino-6-(3-fluorophenyl)-4- mol) was added dropwise over 35 min. Afte h at— 78
oxohexanoic Acid 3-Hydroxypropy! Ester 15.[4-[1,3]- °C, acetic acid (10 mL) in THF (30 mL) was added dropwise.

Dioxan-2-yl-(19-(3-fluorobenzyl)-2-oxo-butyl]lcarbamic acid  The reaction was allowed to warm te10 °C, and ethyl
tert-butyl esterl1 (10 g, 0.026 mol) was dissolved in ethyl acetate (300 mL) and water (300 mL) were added. This was
acetate (100 mL) and cooled 615 °C. Ozone was bubbled  stirred for 10 min, and the layers were separated. The ethyl
through the solution for 55 min at which time the starting acetate layer was washed twice with water. The ethyl acetate
material was gone according to TLC [model G1-1 PGl O solution was stirred with aqueous sodium perborate (3 equiv
generator; run at 95% {capacity (where 100% equals a relative to theN-Selectride) for several hours. The layers
3% ozone stream in oxygen), 18 psi with air flow at 6SCFH]. were separated, and the organic layer was washed with water
The solution was purged with Qor several minutes, and  and with brine, dried over magnesium sulfate, and concen-
then water (50 mL) was added followed by sodium bisulfate trated to an oil in vacuo. The crude oil was dissolved in
(2.5 g) and the biphasic mixture was stirred for 30 min at toluene (100 mL) with acetic acid (10 mL), and the solution
which time it was negative to starch iodide paper. The was refluxed overnight.
organic layer was separated, washed with water) (@2nd The toluene solution was cooled to room temperature, and
with brine, and dried over sodium sulfate for 3 h. The ethyl acetate (100 mL), water (100 mL),ca6 N HCI (15
solution was filtered and evaporated to a yellow oil. This mL) were added; the mixture was stirred for 30 min. The
was evaporated with methylene chloride several times andorganics were separated and washed with water),(2
used as is for the next reaction. A sample was isolated by saturated sodium bicarbonatex(2 water, and brine. The
chromatography. Mp 7980 °C. 'H NMR (CDCl;, 400 solution was dried over magnesium sulfate and evaporated
MHz): 6 7.30 (m, 1), 6.97 (m, 3), 5.16 (d, 1), 4.55 (g, 1), to an oil. The oil was dissolved in a 1:1 mixture of ethyl
4.27 (t, 2), 3.71 (t, 2), 3.18 (abx, 1), 2.94 (abx, 1), 2.81 (m, acetate and hexanes and passed through a silica gel pad with
2), 2.63 (m, 2), 2.15 (bs, 1), 1.89 (t, 2), 1.43 (s, 9). the same solvent mixture. The product containing fractions
A smaller scale ozonolysis was run as above until the were combined (36 of 75-100 mL fractions) and evapo-
initial product was oxidized to the more polar material. The rated to an oil which started to crystallize. IPE (30 mL) was
reaction was worked up as described above to provide aadded, the slurry was stirred for 10 min, and hexanes (30
sample of the carboxylic acitb as a white solid. Mp 1015 mL) were added. After stirring for an additional 10 min, the
103°C. *H NMR (CDClz, 400 MHz): 6 7.29 (m, 1), 6.97 solids were collected and washed with hexanes to provide
(m, 3), 5.17 (d, 1), 4.58 (q, 1), 4.38 (t, 2), 3.19 (abx, 1), the lactone as a white solid; 5 g, 59% yield. This material
2.93 (abx, 1), 2.82 (m, 2), 2.72 (t, 2), 2.64 (t, 2), 1.43 (s, 9). was analytically pure by CHN assay and NMR. It was
Mass spectrumm/e 411 (M"). identical with that described above.
[(29)-(3-Fluorophenyl)-(1S)-(5-oxotetrahydrofuran-2-
yhethyllcarbamic Acid tert-Butyl Ester 1. (59-tert-Bu-
toxycarbonylamino-6-(3-fluorophenyl)-4-oxohexanoic acid
3-hydroxypropyl estet5(10.1 g, 0.026 mol) was dissolved 0OP030207N
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