This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

OP
Py
—— ']'_;'I_I';' one | ANIMPROVED PREPARATION OF (8)-N-(BOC)-
s CYCLOHEXYLALANINAL. THE MOFFAT-SWERN OXIDATION OF a-
bamam AMINOALCOHOLS

D. J. Krysan® A. R. Haight? ]. E. Lallaman®; D. C. Langridge?; J. A. Menzia*; B. A. Narayanan* R. J.
Pariza?; D. S. Reno® T. W. Rockway?; T. L. Stuk?; J. H. Tien®

* Process Research, Chemical and Agricultural Products Division, D54P, R8, Abbott Laboratories,
North Chicago, IL

To cite this Article Krysan, D. J. , Haight, A. R., Lallaman, J. E., Langridge, D. C., Menzia, J. A., Narayanan, B. A.,
Pariza, R. J., Reno, D. S. , Rockway, T. W., Stuk, T. L. and Tien, J. H.(1993) '"AN IMPROVED PREPARATION OF (S)-N-
(BOC)-CYCLOHEXYLALANINAL. THE MOFFAT-SWERN OXIDATION OF a-AMINOALCOHOLS', Organic
Preparations and Procedures International, 25: 4, 437 — 443

To link to this Article: DOI: 10.1080/00304949309457986

URL: http://dx.doi.org/10.1080/00304949309457986

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nmay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304949309457986
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 20 27 January 2011

Downl oaded At:

ORGANIC PREPARATIONS AND PROCEDURES INT., 25 (4), 437-443 (1993)

AN IMPROVED PREPARATION OF (S)-N-(BOC)-CYCLOHEXYLALANINAL. THE
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Process Research, Chemical and Agricultural Products Division
D54P, R8, Abbott Laboratories, North Chicago, IL 60064-4000

(2S)-N-(Boc)-cyclohexylalaninal (3) is an important starting material of particular utility in the
construction of peptide isosteres related to the renin-angiotensin system; it has been utilized by many
research groups involved in the design and synthesis of peptidomimetic therapeutic agents.! Inasmuch
as ¢-aminoaldehydes are notoriously prone to racemization, it is not surprising that the synthesis of 3
with a high level of enantiomeric purity has been a somewhat capricious endeavor.? Accordingly,
there have been numerous approaches to a-aminoaldehydes reported in the literature which have
addressed the problem with varying degrees of success.? As part of a development project in our labo-
ratory, we required an efficient preparation of 3 which was amenable to large scale synthesis and
which delivered consistently high levels of enantiomeric purity. Described herein are our studies on
the Moffatt-Swem oxidation of (2S)-N-(Boc)-cyclohexylalaninol 2 which culminated in a greatly
improved preparation of 3.
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i) NaBH,, AcOH in THF, 0°, 95% i) (COCI),, i-Pr,EN, DMSO, CH,CL,, -20°
iii) Me,CHCH,CH,Ph.P* Br', -BuOK, 0°, THF, 60% overall for steps ii and i
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Our initial attempts at the conversion of (2S)-V-Boc-cyclohexylalanine methyl ester 1 directly
to the corresponding aldehyde by partial reduction with aluminum-based reagents gave unsatisfactory
results upon scale-up and led us to consider a two-step reduction/oxidation sequence. As shown in the
equation, 1 was converted to 2 by reduction with NaBH,/ACOH/THF in near quantitative yield
(>98%). With 2 in hand, a survey of DMSO-based* oxidation protocols was undertaken; the results of
which are presented in the Table. The various oxidation reactions were performed on 0.1-1.0+ mole
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scale and were easily monitored by gas chromatography (see Experimental Section). The enan-
tiomeric excess (e.e.) of the resultant o--amino-aldehyde 1 was determined by NaBH,/EtOH reduction
of the crude aldehyde back to 3, derivatization with either 3,5-dinitrophenylisocyanate or Mosher’s
acid, and assay by either chiral HPLC (DNP derivatives) or GC (Mosher’s esters). Due to the insta-
bility of o-aminoaldehydes during purification, 1 was used directly in subsequent reactions (typically
90-95% pure by GC).

As an indication of the chemical efficiency of the oxidations, the two-step conversion of 2 to
allylic amine 4 (35/1, Z/E) proceeded in 60% yield overall.> Additionally, 3 is configurationally stable
at -20° in the absence of trace acid or base for at least three weeks and will stand overnight heating at
30° without racemization. However, heating at 50° for 12 hrs reduced the e.e. of a sample from 94%
to 83%.

TABLE. Oxidation of (2S)-N-(Boc)-cyclohexylalaninol. Optimization of e.e.

Entry Activator Base Bath Temp. Rxn. Temp.* ee(%)
1 (COCh, EGN <-70° -40° 66%
2 (COCh, Et,N <-70° <-70° 94%
3 (COC, (-Pr),NEt  -20° -15° >95%
4 PyrSO, ELN 0° 30° 33%"
5 PyreSO, ELN 0° 30° >95%°

a) Maximum internal reaction temperature; b) A mixture of PyreSO, was added slowly to a DMSO
solution of Et;N and 2; ¢) Addition of a dichloromethane solution of Et;N/PyrSO, to a
dichloromethane solution of DMSO and 2.

Both the Swern and the Doering modifications of the original Moffat oxidation were exam-
ined. In the case of the Swemn oxidation, the traditional (COCI)/DMSO/ELN system proved to be
extremely sensitive to the internal temperature of the reaction mixture. Entry 1 of the Table for
example, represents an experiment in which a solution of triethylamine in dichloromethane at room
temperature was added to a solution of oxalyl chloride, dimethylsulfoxide and 2 in dichloromethane at
-70°. Within minutes of initiation, the internal temperature rapidly rose to -40° and, after completion
of the addition, 1 was isolated with an e.e. of only 66%.° Alternatively (entry 2), addition of a pre-
cooled (-70°) solution of triethylamine in the same solvent provided 1 with an e.e. of 94%, after an
inverse, low temperature quench with 10% aqueous citric acid. Acceptable results (entry 3) may also
be obtained at much warmer temperatures (up to -15° internal temperature) by simply replacing the
triethylamine with diisopropylethylamine (Hunig’s base); the oxidation with Hunig’s base proceeds
more slowly but is equivalent in terms of chemical yield and enantiomeric excess.’

Use of the Parikh-Doering oxidation also gave acceptable levels of enantiopurity provided
certain precautions were taken.® Application of the standard procedure for pyridine-sulfur trioxide
oxidations (entry 4) in which a dimethylsulfoxide solution of PyreSO, is slowly added to a dimethyl-
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sutfoxide solution of 2 and triethylamine leads to unacceptable levels of racemization. The poor e.e.
was thought to be due to the long contact time between 3 and free triethylamine present at low conver-
sion. Based upon this idea, an improved procedure involving the addition of a pre-mixed solution of
triethylamine and PyrSO, in dichloromethane to a dichloromethane solution of dimethylsulfoxide
and 2 was developed; this protocol provided 3 with an e.c. of >95%. A drawback to the PyreSO,-
based method is that ca. 10-15% of the methylthiomethyl ether of 2 is formed as a side-product.’

In summary, three procedures have been described for the large scale preparation of highly
enantio-enriched (S)-N-(Boc)-cyclohexylalaninal. The most practical method appears to be the Swern
modification using Hunig’s base, although the other two methods are also quite serviceable.

EXPERIMENTAL SECTION

All reactions were carried out under a nitrogen atmosphere in undried glassware. Solvents and
reagents were obtained from commercial sources and were used as received without further purifica-
tion. Gas chromatograms were recorded on a Hewlet Packard HP 5890 instrument equipped with an
Alltech AT-1 column. Determinations of enantiomeric purity based on chiral HPLC were made on a
Spectra Physics SP8800 instrument using a Regis Pirkle Covalent D-2-napthylalanine column. 'H and
13C NMR were recorded on a GE QE300 spectrometer at 300 MHz and 74.8 MHz respectively and
are referenced to internal TMS (0.00 ppm). All reported temperatures refer to internal temperatures of
the reaction mixtures unless otherwise indicated. Compounds 2, 3, and 4 displayed spectral (‘*H, 1*C,
IR, and MS) data consistent with that previously reported in the literature.'c

(2S)-N-Boc-Cyclohexylalaninol (2).- A 2L round bottom flask equipped with a nitrogen inlet, an
addition funnel, and a mechanical stirrer (mechanical stirring is advised, particularily with large scale
preparations because the precipitation of boron salts during the quench leads to a thick slurry) was
charged with 1 (100.0 g, 0.35 mol, 1.0 equiv), tetrahydrofuran (270 mL) and sodium borohydride
(53.1 g, 1.44 mol, 4.1 equiv). The suspension was treated with glacial acetic acid (86.0 g, 1.44 mol,
4.1 equiv) in a dropwise fashion over a five hour period; the internal reaction temperature was main-
tained below 35°. The mixture was stirred an additional 16 hr after the addition was complete. The
mixture was cooled to 15° (bath temperature) and carefully quenched with water (750 mL, with the
initial 5 mL added over a 1 hr period). At an intermediate stage in the quench, the mixture became
quite thick but as the quench was continued the salts dissolved. The mixture was then concentrated on
the rotary evaporator to a thick white paste. The paste was suspended in ethyl acetate (700 mL) and
filtered to remove the solids. The cake was washed with additional ethyl acetate (2 x 100 mL) and the
combined washes were placed in a separatory funnel. The upper organic phase was removed and the
aqueous phase was washed with ethyl acetate (400 mL). The combined organics were finally washed
with 10% aqueous sodium chloride (600 mL), dried with magnesium sulfate, and concentrated in
vacuo to give 2 as a thick, colorless oil containing ca. 10% ethyl acetate (yield, 94.9 g, 95%). 'H NMR
(CDCL) 4.72 (1H, d, J = 7.5 Hz), 3.73 (1H, broad multiplet), 3.65 (1H, dd, J = 4.5, 10.5 Hz), 3.49
(1H, dd, J = 6.0, 10.5 Hz), 2.82 (1H, broad singlet), 1.81 (2H, broad doublet), 1.75-1.60 (SH, m), 1.45
(9H, 5), 1.35-1.15 (6H, m). *C NMR (CDCl,) 156.62, 60.03, 34.10, 33.72, 28.32, 26.45, 26.24, 26.11.
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IR (nujol mull): 3357, 2921, 2844, 1692, 1517, 1452 cm’.

(2S)-N-Boc-Cyclohexylalaninal (3). Method A: Oxalyl Chloride-Triethylamine.- A 500 mL round
bottom flask equipped with a nitrogen inlet, an addition funnel, a thermometer, and a magnetic stirbar
was charged with oxalyl chloride (6.26 g, 0.049 mol, 1.26 equiv) and dichloromethane (190 mL). The
solution was cooled to -78° with a carbon dioxide/methanol bath. While maintaining the internal
temperature below -60°, a dichloromethane (5.5 mL) solution of dimethylsulfoxide (6.54 g, 0.078 mol,
2.0 equiv) was added followed by a dichloromethane (34 mL) solution of 2 (10.0 g, 0.0389 mol, 1.0
equiv). A pre-cooled (-70°) dichloromethane (55 mL) solution of triethylamine (11.8 g, 0.117 mol, 3.0
equiv) was added at a rate which maintained the internal reaction temperature below-70°. The reaction
was allowed to stir at -70° for two hours after the addition was complete; after which time, GC analysis
showed the reaction to be complete. The mixture was then transfered by cannula into a 20% aqueous
solution of citric acid (160 mL). After the biphasic system had reached ambient temperature, the lower,
organic phase was removed in a separatory funnel and the remaining aqueous phase was washed with
additional dichloromethane (160 mL). The combined organics were washed with water (200 mL) and
dried over sodium sulfate before being stripped of volatiles on a rotary evaporator (bath temperature
<30°) to give 3 as a pale yellow oil (crude yield: 10.1 g, >90% 3 by GC). [a]* = -22.6 (¢ = 2, MeOH).
'H NMR (CDCl,) 9.58 (1H, s), 4.91 ( 1H, broad mulit), 4.27 (1H, broad mult), 1.83 (2H, broad
doublet), 1.78-1.62 (6H, mult), 1.45 (9H, s), 1.40-1.15 (5H, mult). *C NMR (CDCl,) 200.48, 36.73,
33.87, 33.80, 32.59, 28.27, 26.30, 26.17, 26.02. IR (thin film) 3335, 2932, 2844, 1719, 1692, 1507,
1447 cm. MS (EI) m/e (rel. int.) 226 (M*-31, 47), 184 (22), 170 (100), 126 (90), 109 (25), 88 (28).
Method B: Oxaly! Chloride-Diisopropylethylamine.- A 500 mL round bottom flask equipped with
a nitrogen inlet, an addition funnel, a thermometer, and a magnetic stirbar was charged with oxalyl
chloride (6.26 g, 0.049 mol, 1.26 equiv) and dichloromethane (50 mL). The solution was cooled to -
30° with a 30% aqueous calcium chloride/carbon dioxide slush and treated with a dichloromethane (5
mL) solution of dimethylsulfoxide (6.54 g, 0.078 mol, 2.0 equiv). The reaction was stirred for 0.5 hr
while gas evolved. A dichloromethane (30 mL) solution of 2 ( 10.0 g, 0.039 mol, 1.0 equiv) was then
added in a dropwise fashion (internal temperature was maintained below -15°). The resulting cloudy
suspension was stirred at -20° for one hour and then treated with a dichloromethane (50 mL) solution
of diisopropylethylamine (15.1 g, 0.117 mol, 3.0 equiv) over a 40 minute period (internal temperature
was maintained below -15°). The reaction was followed by GC and after 1.5 hr no remaining starting
material was detected. The mixture was poured into a 20% aqueous citric acid solution (150 mL),
stirred for 0.5 hr, and transferred to a separatory funnel. The lower, organic phase was removed and
the upper, aqueous phase was washed with additional dichloromethane (100 mL). The combined
organics were washed with water (200 mL), dried with sodium sulfate, and stripped of volatiles on a
rotary evaporator (bath temperature < 30°) to give 3 as a pale yellow oil (crude yield 9.8 g, >90 % 3
by GC).

Method C: PyreSO,-Triethylamine.- A 3L, round bottom flask equipped with a nitrogen inlet,
mechanical stirring mechanism, and an addition funnel was charged with 2 (79.9 g, 0.31 mol, 1.0
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equiv), dimethylsulfoxide (110 mL), and dichloromethane (240 mL). A second 2L, round bottom
flask equipped as above was charged with pyridinesulfur trioxide complex (125.0 g, 0.79 mol). An
additional amount of dimethylsulfoxide (330 mL) was added and the solution was cooled to 0° (bath
temperature). Triethylamine (83.2 g, 0.79 mol, 2.5 equiv) was added to the pyridine-sulfur trioxide
solution over a 20 minute period. The solution was stirred for one hour and then added to the solution
of 2 via cannula over a 1.5 hr period. The reaction was complete (by GC assay) upon completion of
addition; the mixture was, however, stirred an additional one hour before being poured into a 20%
aqueous citric acid solution (1L). The mixture was diluted with additional dichloromethane (400 mL)
and transfered to a separatory funnel. The organic layer was removed and the aqueous layer was
washed with dichloromethane (900 mL). The combined with organics were washed with 20%
aqueous citric acid (1 x 1L), water (1 x IL), and dried over sodium sulfate before being stripped of
volatiles on a rotary evaporator (bath temperature < 30°). This provided 1 as an 80% pure (by GC and
'H NMR) pale yellow oil contaminated with ca. 15% of the methylthiomethyl ether of 2. This impu-
rity did not affect the material’s subsequent utilization.
Determination of Enantiomeric Excess (e.e.).- A sample of 1 (0.5 g) was placed in a 50 mL round
bottom flask with a magnetic stirrer and dissolved in ethanol (15 mL). The solution was treated with
excess sodium borohydride (0.2 g) as a solid in a portionwise fashion and stirred for 30 minutes, at
which time, the reaction was quenched by the slow addition of 20% aqueous citric acid (15 mL). The
mixture was transfered to a separatory funnel and extracted with ethyl acetate (2 x 30 mL). The
combined organics were washed with water (35 mL), dried with sodium sulfate, and concentrated to
give 2 as a thick, colorless oil.

3,5-Dinitrobenzoyl azide (0.33 g) was charged to a 100 mL round bottom flask and dissolved
in toluene (20 mL). The flask was equipped with a condenser and the solution was brought to reflux
and held for 1.5 hr. The mixture was then allowed to cool to ambient temperature and an aliquot (10
mL) was removed by pipette. The aliquot was added to a toluene (5 mL) solution of 2 (0.18 g) and
stirred for 1 hr. An aliquot (ca. 0.5 mL) of this mixture was then removed, quenched with ethanol (2
mL), and assayed by chiral HPLC using a Regis Pirkle Covalent D-2-napthylalanine column with a
dichloromethane/isopropanol/heptane (2/10/88) solution as eluent. Retention times: (S)-isomer, 3.47
min; (R)-isomer, 3.75 min.
(2S)-N-Boc-2-amino-1-cyclohexyl-6-methyl-3(Z)-heptene (4).- A 500 mL round bottom flask
equipped with a nitrogen inlet, an addition funnel, a thermometer, and a magnetic stirbar was charged
with isoamyltriphenylphosphonium bromide (44.2 g, 0.107 mol, 1.3 equiv) and tetrahydrofuran (100
mL). The suspension was cooled with an ice/methanol bath to an internal temperature of -10° before
being treated with solid potassium zers-butoxide (13.8 g, 0.123 mol, 1.5 equiv). The reaction mixture
turned deep red and was stirred at -10° for 6 hrs. The mixture was then treated with a tetrahydrofuran
(50 mL) solution of 1 (20.9 g, 0.082 mol, 1.0 equiv) in a dropwise fashion over a 0.5 hr period
(internal temperature was maintained below 0°). The reaction was judged complete after 0.5 hr by GC
analysis for disappearance of starting material. The mixture was poured into ice cold 20% aqueous
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citric acid (200 mL) and allowed to warm to room temperature. The mixture was extracted with
heptane (300 mL) and the organic layer was washed with 90/10 dimethylformamide/water solution (3
X 150 mL). The resulting heptane extracts were concentrated to give 4 as an off white, waxy solid
(18.0 g, 71%, 35:1 mixture of Z:E isomers). mp. 55°, []® = +48.8° (c = 1, CH,OH), 'H NMR
(CDCL) 545 (dof t, 1H,J=10.8,7.5 Hz) 5.18 (q of t, 1H, J = 15.0, 9.0, 7.5 Hz), 4.50-4.30 (overlap-
ping multiplets, 2H), 2.03 (¢, 2H, J = 7.5 Hz), 1.80-1.55 (multiplet, 7H), 1.43 (s, 9H), 1.30-1.10 (m,
TH), 091 (d, 3H, J = 3.0 Hz), 0.85 (d, 3H, J = 3.0 Hz). *C NMR (CDCl,) 131.8, 44.2, 36.79, 34.17,
33.53, 33.51, 28.59, 28.45, 26.57, 26.28, 22.41, 22,33, IR (thin film) 3346, 2975, 2899, 1703, 1517,
1458, 1370 cml. MS mle, (relative intensity) 310 (M*1, 78.9), 271 (100), 254 (18.0), 210 (37.7).
HRMS (FAB) Calcd for C,;H,(NO,: 310.2745; Found: 310.2835.

Determination of Enantiomeric Excess of 4. A 50 mL round bottom flask equipped with a magnetic
stirbar was charged with 4 (0.4 g, 1.3 mmol, 1.0 equiv) and treated with a 4/1 (v/v) solution of acetic
acid and concentrated hydrochloric acid (6 mL). The suspension was stirred for 1 hr during which
time gas evolved and the solids dissolved. TLC analysis (dichloromethane, 4 R; = 0.56) showed no
remaining starting material and the reaction mixture was poured into water (100 mL). The pH was
adjusted to 13 with 50% sodium hydroxide and the cloudy suspension was extracted with
dichloromethane (100 mL). The organic layer was washed with water (50 mL) and concentrated to a
thick, oily residue. The residue was taken-up in toluene (15 mL) and treated with a 10% aqueous solu-
tion of sodium carbonate (5 mL) followed by 3,5-dinitrobenzoyl choride (0.32 g, 1.4 mmol, 1.0
equiv). The biphasic mixture was stirred for 1 hr, quenched with methanol (ca. 2 mL), and an aliquot
(ca. 0.5 mL) was removed and diluted prior to assay. Chiral HPLC analysis using a Regis Pirkle Cova-
lent D-2-napthylalanine column with a dichloromethane/isopropanol/heptane (2/10/88) solution as
eluent showed a 92% e.c. for 4 (96/4). Retention times: (S)-isomer: 10.66 min.; (R) isomer: 13.56 min.
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