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Sodium Triacetoxyborohydride!

‘ NaBH(OAc); '

CE,HI(}BNEIO(,

[56553-60-7] (MW 211.96)

(the prototype of a class of NaBH(OCOR); rcagents that are se-
lective reducing agents for a number of functional groups! and
heterocycles;! alkylation of amines;'™ hydroboration!)

Physical Data: mp t 116—120°C (dec); the related NaBH;3OAc
has not been fully characterized.

Solubility: NaBH(OAc); and related acyloxyborohydrides are
rapidly destroyed by H,O and protic solvents; Hj is liberated.
Cosolvents that have been employed are benzene, toluene, THE,
dioxane, CH,Cl,, CICH,CH-,Cl.

Form Supplied in: NaBH(OAc¢); and the related Tetramethylam-
monium Triacetoxyborohydride are commercially available as
colorless powders.

Preparative Method: NaBH(OAc); and NaBH3;OAc can be easily
prepared 1n situ from the appropriatc amount of acetic acid and
NaBH,.

Analysis of Reagent Purity: NaBH(OACc); has been characterized
by elemental analysis, IR, and 'H, '°C, and ''B NMR.

Handling, Storage, and Precautions: because H» 1s liberated dur-
ing the preparation of these reagents, all handling and storage
of acyloxyborohydrides should take place under an inert atmo-
sphere.

Functional Group Reductions. NaBH(OAc); sclectively re-
duces aldehydes but not ketones>® (egs 1 and 2),”-® even with
excess reagent. However, a- and 3-hydroxy ketones are reduced
to the anti-diols by hydroxy-directed hydride delivery®”1? (eqs 3
and 4).!"1? Diastereoselectivities are generally excellent, although
MesNBH(OACc); seems to be a superior reagent in this n:—::gard.9
Several recent examples ol NaBH(OACc¢); 1n the stercoselective
reduction of hydroxy ketones attest to the power of this reagent.’?
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The hydroxy-directed NaBH(OACc); reduction of an imide has
been described.' The more reactive NaBH;OAc reduces enones
to allylic alcohols,'® and some ketones can be reduced to alco-
hols with Sodium Borohydride—tartaric acid.'® The combination
of NaBHy or Sodium Cyanoborohydride—Acetic Acid scrves (0
deoxygenate tricarbonyl systems (eq 5)'” and tosylhydrazones of
ketones and aldehydes (eq 6).'® Primary and secondary amides are
reduced to amines by the action of NaBH3;0Ac (eq 7),'”** while
tertiary amides require Sodium Trifluoroacetoxyborohydride .
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Amine Alkylation (Reductive Amination). By apathway that
may involve the generation of frece aldehyde, the combination
of NaBH4 and carboxylic acids is capable of N-alkylation of
amines.”™ Recent examples abound (eqs 8—11). At lower tem-
perature, monoalkylation is generally obscrved (eq 8),*! while at
50-55°C, primary and sccondary amines are converted into ter-
liary amines (eqs 9 and 10).%*%3 Neat carboxylic acid (eqs 8 and
9) or a cosolvent (eq 10) may be used. In the latter event, solid
carboxylic acids function well (eq 11).2* Formic Acid may be em-
ployed for N-methylation."* A useful variation is the reductive
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amination of aldehydes and ketones (eqs 12—14),12672 a method
which is claimed to be superior to that using NaBH3;CN-MeOH. %

Paraformaldehyde serves as a convenient source of HCHO for N-
methylation in this protocol.?-3!
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Carboxylic acids are reduced to alcohols with NaBH, in THF,*?
although the use of CF3CO»H in this regard 1s superior, and there

1s one report of an ester reduction to a primary alcohol with
NaBH,-HOAc.??

Enamine, Imine, Iminium Ion, and Enamide Reduc-
tion. The first reported use of NaBH4;—~HOACc was in the reduction
of dienamines,* and this application has found extensive use in
synthesis' (eqs 15-19).357
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Indole Reduction. Indole is smoothly reduced to indoline un-
der the influence of NaBH3;CN-HOAc;? the reaction is quite
general'*" and has been employed often (eqs 20-22),41™3 espe-
cially in the synthesis of CC-1065, PDE, and analogs where only
the more basic indole ring is reduced (eq 23).444> N-Substituted
indoles are reduced to indolines with NaBH;—HOAc¢,? and the
action of NaBH4s—RCO»H on N-unsubstituted indoles affords N-
alkylindolines by N-alkylation of the initially formed indoline.!2
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Reduction of Other Heterocycles. Quinolines and isoquino-
lines are reduced to the corresponding tetrahydro derivatives with
NaBH;CN or NaBH4—RCO;H, the latter combination affording
the N-alkylated compounds.!#® Related heterocycles have been
subjected to this protocol (eqs 24 and 25).4
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The reduction of pyrylium salts (eq 26), the reductive cleav-
age of benzoxazoles (eq 27)* and of saturated nitrogen heterocy-
cles (egs 28 and 29),13%31 and the reduction of other w-deficient
nitrogen heterocycles! are known.
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Reduction of Oximes. Oximes can be alkylated or reduced,
depending on whether NaBH4 or NaBH;CN is employed, to give
hydroxylamines'>* (eqs 30 and 31).5%53 Oxime ethers are also re-
duced under these conditions,!>* and the hydroxy-directed reduc-
tion of oxime ethers has been reported using Me;NBH(OAc¢);.%
Nitriles are converted into primary amines by the tandem action
of acyloxyborohydrides and alkyllithium reagents (eq 32).5
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Hydroboration of Alkenes. The second reported reaction of
acyloxyborohydrides was the hydroboration of alkenes,

1,57 and

this reaction has been further refined.>® In a similar vein, the reduc-
tion of organomercurials by NaBH(OAc)3 has been described.””

Related Reagents. See Classes R-2, R-3, R-5, R-6, R-8, R-10,

R-12, R-13, R-17, R-20, R-29, and R-35, pages 1-10. Sodium
Borohydride; Sodium Cyanoborohydride; Sodium Trifluoroace-

toxyborohydride;

Sodium  Tris(trifluoroacetoxy)borohydride;

Tetramethylammonium Triacetoxyborohydride.

A

10.
1.
12.
13.

14.
15.
16.

7.

I8.

19.
20.
21.

22

23.

(a) Gribble, G. W.; Nutaitis, C. F. OPP 1985, 17, 317. (b) Nutaitis, C. F.
J. Chem. Educ. 1989, 66, 673.

Gribble, G. W.;: Lord, P. D.;: Skotnicki, J.; Dietz, S. E.: Eaton, J. T.:
Johnson, J. L. JACS 1974, 96, 7812.

Marchini, P.; Liso, G.; Reho, A.; Liberatore, F.: Moracci, F. M. JOC
1975, 40, 3453.

Gribble, G. W.; Jasinski, J. M.; Pellicone, J. T.: Panetta, J. A. § 1978,
766.

Gribble, G. W.; Ferguson, D. C. CC 1975, 535.
Nutaitis, C. F.: Gribble, G. W. T1. 1983, 24, 4287.

Odinokov, V. N.; Ignatyuk, V. K.; Krivonogov, V. P.; Tolstikov, G. A.
ZOR 1986, 22, 948.

Barker, P. L.; Bahia, C. 71990, 46, 2691.

Evans, D. A.; Chapman, K. T.; Carreira, E. M. JACS 1988, 110, 3560.
Saksena, A. K.; Mangiaracina, P. 7L 1983, 24, 273.

Evans, D. A.; DiMare, M. JACS 1986, /08, 2476.

Turnbull, M. D.; Hatter, G.; Ledgerwood, D. E. TL 1984, 25, 5449,

(a) Wender, P. A.; Kogen, H.; Lee, H. Y.; Munger, J. D., Jr.; Wilhelm,
R. S.; Williams, P. D. JACS 1989, /171, 8957. (b) Farr, R. N.; Outten,
R. A.: Cheng, J. C.-Y.; Daves, G. D., Ir. OM 1990, 9, 3151. (c) Robins,
M. J.; Samano, V.; Johnson, M. D. JOC 1990, 55, 410. (d) Whang, K.;
Cooke, R. J.; Okay, G.; Cha, J. K. JACS 1990, /72, 8985. (e¢) Brown,
M. J.; Harrison, T.; Herrinton, P. M.; Hopkins, M. H.; Hutchinson, K.
D.;: Mishra, P.; Overman, L. E. JACS 1991, /73, 5365. (f) Turner, N. J.;
Whitesides, G. M. JACS 1989, /1], 624. (g) Estevez, V. A_; Prestwich,
G. D. JACS 1991, 113, 9885. (h) Romeyke, Y.: Keller, M.; Kluge, H.;
Grabley, S.; Hammann, P. 71991, 47, 3335. (i) Fisher, M. J.; Chow, K.;
Villalobos, A.; Danishefsky, S. J. JOC 1991, 56, 2900. (j) Overman, L.
E.; Shim, J. JOC 1991, 56, 5005. (k) Zhang, H.-C.; Daves, G. D., Jr. JOC
1992, 57, 4690.

Miller, S. A.; Chamberlin, A. R. JOC 1989, 54, 2502.
Nutaitis, C. F.; Bernardo, J. E. JOC 1989, 54, 5629.

(a) Adams, C. SC 1984, /4, 955. (b) Yatagai, M.; Ohnuki, T. JCS(PI)
1990, 1826. (c) Polyak, F. D.; Solodin, I. V.; Dorofeeva, T. V. SC 1991,
21, 1137.

(a) Nutaitis, C. F.; Schultz, R. A.; Obaza, J.: Smith, F. X. JOC 1980,
45, 4606. (b) Obaza, J.: Smith, E. X. SC 1982, /2, 19. (¢) Rosowsky,
A.: Forsch, R.: Uren, J.;: Wick, M.: Kumar, A. A.: Freisheim, J. H. JMC
1983, 26, 1719.

(a) Hutchins, R. O.: Natale, N. R. JOC 1978, 43, 2299, (b) Bacckstrom,
P:Li, L. SC 1990, 20, 1481.

Umino, N.: Iwakuma, T.: ltoh, N. TL. 1976, 763.

Cannon, J. G.; Chang, Y.; Amoo, V. E.; Walker, K. A. S 1986, 494.
Thomas., E. W.: Nishizawa. E. E.: Zimmermann, D. C.: Williams, D. J.
JMC 1985, 28, 442.

Thomas, E. W.; Cudahy, M. M.,; Spilman, C. H.; Dinh, D. M.; Watkins,
T.L.; Vidmar, T. J. JMC 1992, 35, 1233.

Cannon, J. G.; Dushin, R. G.; Long, J. P.; Ilhan, M.; Jones, N. D.;
Swartzendruber, J. K. JMC 1985, 28, 515.

24.
25.

26.
27.
28.

29.
30.
31.
32.
33.
34.

3.

36.
37.

38.
39.
40.
41.
42.

46.

47.

48.
49.
50.
S1.
52.
53.
54.

James, L. J.; Parfitt, R. T. JMC 1986, 29, 1783.

Johnson, J. V.; Rauckman, B. S.; Baccanari, D. P.; Roth, B. JMC 1989,
32, 1942,

Abdel-Magid, A. E.; Maryanoff, C. A.; Carson, K. G. TL 1990, 3/, 5595.
Abdel-Magid, A. F.; Maryanoff, C. A. SL 1990, 537.

Labaudiniere, R.; Dereu, N.; Cavy, F.; Guillet, M.-C.; Marquis, O.;
Terlain, B. JMC 1992, 35, 4315.

Gunzenhauser, S.: Balli, H. HCA 1989, 72. 1186.
Gribble, G. W.; Nutaitis, C. F. § 1987, 709.
Gunzenhauser, S.; Balli, H. HCA 1990, 73, 359.

Cho, B. T.; Yoon, N. M. SC 1985, /5, 917.

Soucek, M.; Urban, J.; Saman, D. CCC 1990, 55, 761.

(a) Marshall, J. A.; Johnson, W. S. JOC 1963, 28, 421. (b) Johnson, W.
S.: Bauer, V. J.: Franck, R. W. TL 1961, 72. (¢) Marshall, J. A.;: Johnson,
W. S. JACS 1962, 84, 1485.

Naito, T.; Shinada, T.; Miyata, O.; Ninomiya, I.; Ishida, T. H 1988, 27,
1603.

Stoit, A. R.; Pandit, U. K. T 1988, 44, 6187.

Kawecki, R.: Kozerski, L.; Urbanczyk-Lipkowska, Z.; Bocelli, G.
JCS(P1) 1991, 2255.

Moody, C. J.; Warrellow, G. J. TL 1987, 28, 6089.

Atarashi, S.; Tsurumi, H.; Fujiwara, T.; Hayakawa, I. JHC 1991, 28, 329.
Gribble, G. W.: Hoffman, J. H. § 1977, 859.

Siddiqui, M. A.; Snieckus, V. TL 1990, 37, 1523.

Brown, D. W.; Graupner, P. R.; Sainsbury, M.; Shertzer, H. G. T 1991,
47, 4383.

Toyota, M.; Fukumoto, K. JCS(P1) 1992, 547.
Rawal, V. H.: Jones, R. J.;: Cava, M. P. JOC 1987, 52, 19.

(a) Boger, D. L.; Coleman, R. S.; Invergo, B. J. JOC 1987, 52, 1521. (b)
Bolton, R. E.; Moody, C. J.; Rees, C. W.; Tojo, G. TL 1987, 28, 3163.
(c) Meghani, P.; Street, J. D.; Joule, J. A. CC 1987, 1406. (d) Sundberg,
R. J.: Hamilton, G. S.: Laurino, J. P. JOC 1988, 53, 976. (e) Martin, P.
HCA 1989, 72, 1554.

(a) Gribble, G. W.; Heald, P. W. § 1975, 650. (b) Uchida, M.; Chihiro,
M.: Morita, S.; Yamashita, H.; Yamasaki, K.; Kanbe, T.; Yabuuchi,
Y.; Nakagawa, K. CPB 1990, 38, 534. (c¢) Vigante, B. A.; Ozols, Ya.
Ya.; Dubur, G. Ya. KGS 1991, 1680. (d) Carling, R. W.; Leeson, P. D.;
Moseley, A. M.; Baker, R.; Foster, A. C.; Grimwood, S.; Kemp, J. A.;
Marshall, G. R. JMC 1992, 35, 1942,

(a) Ishn, H.: Ishikawa. T.; Ichikawa, Y.; Sakamoto, M.; Ishikawa,
M.: Takahashi, T. CPB 1984, 32, 2984. (b) Bergman, J.; Tilstam, U.;
Tornroos, K.-W. JCS(P1) 1987, 519.

Balaban, T.-S.; Balaban, A. T. OPP 1988, 20, 231.

Yadagiri, B.; Lown, J. W. SC 1990, 20, 175.

Wasserman, H. H.; Rusiecki, V. TL 1988, 29, 4977.

Bodor, N.: Koltai, E.: Prokai, L. 71992, 48, 4767.

Gribble, G. W.; Leiby, R. W.; Sheehan, M. N. § 1977, 856.
Waykole, L. M.; Shen, C.-C.; Paquette, L. A. JOC 1988, 53, 4969.

Chaubet, F.; Duong, M. N. V.; Courtieu, J.; Gaudemer, A.; Gref, A.;
Crumbliss, A. L. CJC 1991, 69, 1107.

Williams, D. R.; Osterhout, M. H. JACS 1992, /74, 8750.
[tsuno, S.; Hachisuka, C.; Ushijima, Y.; Ito, K. SC 1992, 22, 3229.
Marshall, J. A.; Johnson, W. S. JOC 1963, 28, 595.

(a) Narayana, C.; Periasamy, M. TL 1985, 26, 6361. (b) Gautam, V. K.;
Singh, J.; Dhillon, R. S. JOC 1988, 53, 187.

Gouzoules, F. H.; Whitney, R. A. JOC 1986, 51, 2024.

Gordon W. Gribble
Dartmouth College, Hanover, NH, USA



