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Abstract:  Oxoammonium oxidation (TEMPO, 1) of various optically active a-amino and c-alkoxy aicohols
affords the corresponding aldehydes in good yield and high enantiomeric purity.

The growing importance of chiral a-hetero-substituted aldehydes in organic synthesis has stimulated the
development of numerous useful methods for the oxidation of optically active a-amino and a-alkoxy alcohols.!
For example, chromium-based oxidants have been used for this purpose, although in certain cases racemization
of the resultant aldehydes has been reported.2 Other methods most often involve activated forms of
dimethylsulfoxide (DMSO), e.g. DMSOQ-oxalyl chloride,3 DMSO-trifluoroaceticanhydride,* and DMSO-
dicyclohexylcarbodiimide,5 and typically afford a-amino and a-alkoxy aldehydes in good to excellent yields.
The success of the latter methods requires the use of low reaction temperatures and strict adherence to the
documented reaction conditions in order to avoid racemization.® In addition, the co-production of
dimethylsulfide (stench) and toxic gaseous side products ( DMSO-oxalyl chloride — carbon monoxide) further
limits their use on an industrial scale.

Recently, there have been several reports of oxoammonium-promoted oxidation of alcohols to aldehydes
and ketones.” This oxidation utilizes a catalytic nitroxyl radical species (e.g.. 2,2,6,6-tetramethyl-1-
piperidinyloxy free radical , TEMPO, 1) with commercial bleach as the net oxidant. Attracted by the mildness
of these reaction conditions, coupled with our interest in the synthesis of a-hetero-substituted aldehydes,8 we
decided to investigate its application towards the oxidation of the corresponding alcohols (Scheme 1). Herein,
we report on the successful utilization of this methodology for the general preparation of optically active a-amino

and a-alkoxy aldehydes.
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Under our experimental conditions, suitably protected a-amino alcohols are smoothly oxidized to the

corresponding aldehydes in good to excellent yields (Table I). Thus, treatment of a rapidly stirred biphasic
(toluene / H20)% mixture of Cbz-L-Phenylalaninol with buffered commercial bleach solution in the presence of
catalytic amounts of TEMPO free radical ( 1-2 mol %) and stoichiometric amounts of NaBrl0 gave clean and
rapid oxidation to the desired aldehyde as a white solid in nearly quantitative yield. To determine the
enantiomeric purity, the aldehyde was reduced back to the alcohol (LAH / THF, 0°C) and then derivatized with
3,5-dinitrobenzoyl chloride (Et3N, DMAP / CH2Clp) . Gratifyingly, HPLC analysis of the benzoate thus
obtained utilizing a Pirkle D-2-naphthylalanine column!! indicated that no detectable amount of racemization had
eccurred.
Other simply protected a-amino aldehydes are also readily prepared utilizing this methodology in high
chemical yield and optical purity (Table 1, entries 2-5). The previously described routes to these compounds are
generally less efficient.!2 The only detectable side products were varying amounts of the corresponding acids
which were casily removed by agueous extraction during workup. It should be noted that over oxidation can be
minimized by utilizing very vigorous stisring (>1000 rpm) of the biphasic reaction mixtures.!3 For example, the
exidation of Cbz-L-Phe-o} and Boc-L-Cha-o} with less efficient stiming afforded increased amounts of acid
(Bable I, cntries 1 and 2). It would appear that efficient mixing of the seaction phases is essential to ensure rapid
andselective oxidation of the nitroxy! radical to the intermediary oxoammonium salt.” From our limited study,
carbamoyl (Boc and Cbz) protecting groups are preferred.!4 In the case of substrates possessing less
Mydvophobic side chains, bis-protection of the amino functionality appears to be advantageous in terms of
chemical yickd (Table I, entry 6 vs. 7). It should-be noted that o-amino ketones can also be prepared under these
conditions (Table 1, entry 10). .

Under identical experimental conditions, chiral a-alkoxy alcohols!4 are smoothly transformed into the
corresponding a-alkoxy aldehydes in exceltent yields and without loss of optical purity (Table I, entries 8 and
9). Once again the only detectable side products were small amounts of the corresponding acids and purification
of the isolated reaction products was deemed unnecessary.

In summary, the oxoammonium (TEMPO) oxidation of optically active a-amino and a-atkoxy alcohols
affords the corresponding aldehydes in good yield and high optical purity. This method is characterized by mild
reaction conditions, non-toxic by-products, short reaction times, good-to excellent chemoselectivity and ease of
reaction workup, making it ideal for both lab and industrial scale.

The following procedure is representative. A 1-L 3-necked Morton flask containing Cbz-L-Phenylalaninol
(8.56 g, 0.03 mol), TEMPO free radical (0.042 g, 0.0003 mol)!3, and NaBr (3.19 g, 0.031 mol) in a bi-phasic
mixture of toluene (90 mL) / ethyl acetate (90 mL) and water (15 mL) was immersed in a 0°C ice water bath.
With rapid mechanical stirring (1200 rpm), an aqueous solution of 0.35 M NaOCl (94 mL, 0.033 mol)
containing NaHCO3 (7.35 g, 0.0875 mol) is added dropwise over a period of 1h and stirred for an additional 10
min. The aqueous layer was separated and washed with toluene (20 mL). The combined organic layers were
washed with a solution of KI (0.25 g) dissolved in 10% aqueous KHSO4 (40 mL). The iodine-colored
organic layer was then washed successively with 10% aqueous sodium thiosulfate (20 mL), pH 7 phosphate
buffer (0.2 M, 50 mL) and saturated brine. Drying (NaSO4) gave after filiration and concentration 8.50 g
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Table I: Oxosmmonium oxidation of Protected «-Heterosubstituted Alcohols

Entry Alcohal Aldehyde Yield" P Rotation
CbzHN CbzHN_  ,CHO c
1 J
N >i/\on Y% 96 (81)° >99 +736
CHs™™ c,u‘/-
BocHN BocHN CHO
2 n>:/\°“ W c
/- = 91 (65) 97 +26.4°
et e
My\m BocHN_ CHO
H™L >
3 s et 77 >99 +187°
w—( w—
Me Me
4 Q/OH (3\
Y N7 Vero 82 >98¢ - 963°
Boc Boc
5 BocHN BocHN CHO
Hiwm H'yé o
(CHy)g — NHCbz {CHy), —NHCbz 89 >99 +37.9
"‘" Bn
]
6 ChzN CbzN_ ,CHO
OH >/
">i/\ HPZ 9 g +517°
Me - ‘
i CszN>/\°H CbzHN CHO
M Wt 51 >99 +41.1°
m :
BnO,
gno_ CHO
8 y\m
WTL H‘:s 7 >98° - 82.6°
Me Me
OBn 08n )
9 BocHN \A/ BocHN
- OH v Noro 92 95 - 204°
CeHy=" C.H"/-
oH o _ .
BocHN BocHN \)k
10 Y co¢-< Y coz-< 87 g +43.7°
CeHy ™" CeHyy ="

2 Crude purity was > 97 % by G. C. determination. b Based on HPLC, see text. ¢ Stirring rate was 200 rpm std flask.
Based on rotation™!7 ® Bascd on rotation ! T de; based on NMR. & Not determined.
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(96.6 %) of the desired aldehyde as a white solid which was judged to be >98 % pure by GC analysis and >99%
ee (vide supra).

Acknowledgement: We wish to acknowledge Professor Steven F. Pedersen, University of California,

Berkeley for timely and useful discussions.

References and Notes:

1.

el

10.
11.
12.
13.
14.

15.

16.
17.
18.

For reviews of the preparation and reactions of a-amino and a-alkoxy aldehydes, see: Jurczak, J.;
Golebiowski, A. Chem. Rev. 1989, 89, 149-164.

(a) Stanfield, C.F.; Parker, J. E.; Kanellis, P. J. Org. Chem. 1981, 46, 4797-4798. (b) Rittle, K. E.;
Homnick, C.F.; Ponticello, G. S. ; Evans, B.E. ibid. 1982, 47, 3016-3018 . (c) Ohfune, Y.; Nishio, H
Tetrahedron Lett. 1984, 25, 4133-4136.

Luly, J. R;; Dellaria, J. F.; Plattner, J. J.; Soderquist, J. L.; Yi, N. J. Org. Chem. 1987, 52, 1487-1492.
Ewing, W. R.; Harris, B. D.; Bhat, K. L.; Joullie, M. M. Tetrahedron 1986, 42, 2421-2428,

(a) Seki, H.; Koga, K.; Yamada, S. Chem. Pharm. Bull. 1972, 20, 361-367. (b) Szelke, M.; Hudson,
D.; Sharpe, R.; MacIntyre, L; Pickering, A. M. C. Molecular Endrocrynology; Elsevier / North Holland
Biomedical Press: Amsterdam, 1977; p 57.

(2) In our hands the enantiomeric purity of the DMSO-pxalyl chloride reaction products is highly
dependent on the subsequent addition of base (usually Et3N). Excess base or prolonged reaction times
such as those experienced on large scale can lead to varying amounts of racemization. Unpublished results.
(b) DMSO / SO3 pyridine complex can be used for the oxidation of a-hetero-alcohols at ambient
temperatures, see: Hamada, Y .;Shioiri, T. Chem. Pharm, Bull. 1982, 30, 1921-1924, and ref. 3.

(a) Semmelhack, M. F.; Chou, C. S.; Cortes, D. A. J. Am. Chem. Soc. 1983, 105, 4492-4494. (b)
Semmelhack, M. F.; Schmid, C. R.; Cortes, D. A.; Chou, C. S. J. Am. Chem. Soc. 1984, 106, 3374-
3376. (c) Anelli, P. L.; Biffi, C. B.; Montanari, F.; Quici, S. J. Org. Chem. 1987, 52, 2559-2562. (d)
Anelli, P. L.; Montanari, F.; Quici, S. Org, Syn. 69, 212-219. (e) Tong, G.; Perich, J. W_; Johns, R. B.
Tetrahedron Lett. 1990, 31 3759-3762.

(a) Rosenberg, S. H.; Plattner, J. J.; Woods, K. W.; Stein, H. H Marcotte, P. A.; Cohen, J.; Perun, T.
J.J. Med. Chem. 1987 30, 1224- 1228. (b) Kempf, D J;de Lara, E.; Stein, H. H Cohen, J Plattner,
J.1.J. Med. Chem. 1987, 30, 1978-1983. (c) Luly, J. R.; Hsiao, C-N.; BaMaung, N.; Platmer, J.Is T
Org. Chem. 1988, 53, 6109-6112. (d) Luly, J. R; Bolis, G.; BaMaung, N.; Soderquist, J.; Dellaria, J.
E.; Stein, H.; Cohen, J.; Perun, T. J.; Greer, J.; Plattner, J. J. J. Med. Chem. 1988, 31, 532-539. (¢)
Erickson, J.; Neidhart, D. J.; VanDrie, J.; Kempf, D. I.; Wang, X. C.; Norbeck, D. W.; Plattner, J.

J.; Rittenhouse, J. W.; Turon, M.; Wideburg, N.; Kohlbrenner, W. E.; Simmer, R.; Helfrich, R.; Paul,
D. A.; Knigge, M. Science 1990, 249, 527-533.

Toluene or mixtures of toluene-ethyl acetate appear to be the solvents of choice. If nessessary, minimal
amounts of CH2Cl2 can be added in order to solubilize the substrate but pure CH2Cly7 in our hands led

to emulsion problems during workup.

The use of stoichiometric amounts of NaBr resulted in slightly higher yields than trials using catalytic. loads
of NaBr.

Pirkle, W. R.; Pochupsky, T. C. J. Am. Chem. Soc. 1986, 108, 352-354.

Konradi, A. W.; Pedersen, S. F. J. Org, Chem. 1992, 57, 28-32.

Good results can be obtained using vigorous magnetic stirring on small scale (<10 mmol). However, the
use of a Morton flask with vigorous overhead mechanical stirring is recommended on larger scale.
Attempts of oxidation of 2,2-dimethl-4-alkyl-5-hyroxymethyloxazolines and 2,2-dimethyl-4-
hydroxymethyl-5-alkyl-dioxolanes gave poor yields of aldehyde.

The use of the triphenylmethyl and benzoyl protecting groups led to reduced yields of the desired
aldehydes. In addition, attempts directed toward the oxidation of protected tryptophanol led to complex
reaction mixtures and trace quantities of desired aldehyde.

TEMPOQ free radical was purchased from the Aldrich Chemrical Co. and used without further purification.
Care should be taken when handling nitroxyl radicals as they are highly toxic!

Pettit, G. R.; Singh, S. B.; Hogan, F.; Lloyd-Williams, P.; Herald, D.L.; Burkeit, D. D.; Clewlow, P. J.
J. Am. Chem. Soc. 1989, 111, 5463-5465.

Unpublished result.

(Received in USA 12 May 1992)



