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16-6 Acylation of Aldehydes and Ketones

0-Acyl-C-acyloxy-addition

0 R R
BF;
I + (RCO)0 —— » >* O\ ,0 %
PICN
R! H 0-5°C o) Rl C. q (6]

Aldehydes can be converted to acylals by treatment with an anhydride in the
presence of BF3, proton acids,164 PC13,I(’5 NBS,]66 LiBF4,l67 FeC13,168 InCl3,169
InBrs,'7° Cu(OTY),,'”! Bi(OTf);,'7% BiCls,'” Bi(NO3)3,'"* WClg,'”® ZrCl,,'"® ceric
ammonium nitrate,!”” With Envirocat EPZ10 and microwave irradiation, acetic
anhydride react with aldehydes to give the acylal.'”® Conjugated aldehydes are con-
verted to the corresponding acylal by reaction with acetic anhydride and a FeCly
catalyst.'”® The reaction cannot normally be applied to ketones, though an excep-
tion has been reported when the reagent is trichloroacetic anhydride, which gives
acylals with ketones without a catalyst.'

OS 1V, 489.

16-7 Reductive Alkylation of Alcohols
C-Hydro-0-alkyl-addition

9 5 Et;SiH H\ /ORZ
~Cani T ROH CF3COOH ~Cpi
N 3 R R
R R 0r;—[;SO4
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Aldehydes and ketones can be converted to ethers by treatment with an alcohol
and triethylsilane in the presence of a strong acid'®' or by hydrogenation in alco-
holic acid in the presence of platinum oxide.'®* The process can formally be regarded
as addition of ROH to give a hemiacetal, RR’ C(OH)ORz, followed by reduction of
the OH. In this respect, it is similar to 16-17. The reaction of an aldehyde with
BuOSiHMe, and a Me;Sil catalyst gives the corresponding butyl alkyl ether.'® In
a similar reaction, ketones can be converted to carboxylic esters (reductive acylation

of ketones) by treatment with an acyl chloride and triphenyltin hydride.'®*
0 PhySnH ,Rz
¢, + R¢oCl — H_ 0-C
R7 R! R/C\Rl 0

Ethers have also been prepared by the reductive dimerization of two molecules
of an aldehyde or ketone (e.g., cyclohexanone — dicyclohexyl ether). This was
accomplished by treatment of the substrate with a trialkylsilane and a catalyst.'®

16-8 The Addition of Alcohols to Isocyanates
N-Hydro-C-alkoxy-addition

R , R.

Carbamates (substituted urethanes) are prepared when isocyanates are treated
with alcohols. This is an excellent reaction, of wide scope, and gives good yields.
Isocyanic acid HNCO gives unsubstituted carbamates. Addition of a second equiva-
lent of HNCO gives allophanates.

" T
H , H. LG HNCO C. ¢
N=c=o = ROH NS = HNTUNTTOR
H H
Allophanate

The isocyanate can be generated in situ by the reaction of an amine and oxalyl chlor-
ide, and subsequent reaction with HCI and then an alcohol gives the carbamate.'¢
Polyurethanes are made by combining compounds with two NCO groups with
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Kikugawa, Y. Chem. Lett. 1979, 415.
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aliphatic aldehyde.’* The reaction is a combination of 16-15 and 17-29. Direct
nitrile formation has also been accomplished with certain derivatives of NH,OH,
notably, NH,0SO,0H.*?® Treatment with hydroxylamine and NaI**’ or certain car-
bonates®?® also converts aldehydes to the nitrile. Another method involves treatment
with hydrazoic acid, though the Schmidt reaction (18-16) may compete.>*® Aromatic
aldehydes have been converted to nitriles in good yield with NH,OH/HCOOH on
silica gel.**® Microwave irradiation has been used with NH,OH-HCI and another
reagent, which includes phthalic anhydride,33 ! BuzsnO'AIZO_;,332 or H—Y zeolite.’*
Other reagents include N-phenylurea with tosic acid,>** MnO, and ammonia,>* I,
with aqueous ammonia,>*® dimethylhydrazine followed by dimethyl sulfoxide,*” tri-
methylsilyl azide,”® and with hydroxylamine hydrochloride, MgSQ,, and TsOH.?*
The reaction of a conjugated aldehyde with ammonia, CuCl and 50% H,0, gave the
conjugated nitrile.**® Benzylic alcohols can be oxidized in the presence of ammonia
to give the nitrile.>*' Trichloroisocyanuric acid with a catalytic amount of TEMPO
(p. 274) converts aldehydes to nitriles at 0°C in dichloromethane.**?

On treatment with 2 equivalents of dimethylaluminum amide Me,AINH,, car-
boxylic esters can be converted to nitriles: RCOOR’ — RCN.?* This is very likely
a combination of 16-75 and 17-30. See also, 19-5.

OS YV, 656.

16-17 Reductive Alkylation of Ammonia or Amines
Hydro,dialkylamino-de-oxo-bisubstitution

0] catalyst R NR?%
! + RHNH + Hy ——— el

C.
R™ °R! R'” "H
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When an aldehyde or a ketone is treated with ammonia or a primary or second-
ary amine in the presence of hydrogen and a hydrogenation catalyst (heterogeneous
or homogeneous),344 reductive alkylation of ammonia or the amine (or reductive
amination of the carbonyl compound) takes place.’*® The reaction can formally
be regarded as occurring in the following manner (shown for a primary amine),
which probably does correspond to the actual sequence of steps:>*® In this regard,
the reaction of an aldehyde with an amine to give an iminium salt (16-31) can be
followed in a second chemical step of reduction of the C=N unit (19-42) using
NaBH, or a variety of other reagents.>*’

N-R
/C\

NHR
\ e ‘ hydrogenation 19-42

C ACN 19-54 Y
PN OH
\‘ . NHR

hydrogenolysis P
H

Primary amines have been prepared from many aldehydes with at least five car-
bons and from many ketones by treatment with ammonia and a reducing agent. Smal-
ler aldehydes are usually too reactive to permit isolation of the primary amine.
Secondary amines have been prepared by both possible procedures: 2 equivalents
of ammonia and 1 equivalent of aldehyde or ketone, and 1 equivalent of primary
amine and 1 equivalent of carbonyl compound, the latter method being better for
all but aromatic aldehydes. Tertiary amines can be prepared in three ways, but the
method is seldom carried out with 3 equivalents of ammonia and 1 equivalent of car-
bonyl compound. Much more often they are prepared from primary or secondary
amines.”*® When the reagent is ammonia, it is possible for the initial product to react
again and for this product to react again, so that secondary and tertiary amines are
usually obtained as side products. Similarly, primary amines give tertiary as well as
secondary amines. In order to minimize this, the aldehyde or ketone is treated with an
excess of ammonia or primary amine (unless of course the higher amine is desired).

For ammonia and primary amines there are two possible pathways, but when
secondary amines are involved, only the hydrogenolysis pathway is possible. The
reaction is compatible with amino acids, giving the N-alkylated amino acid.**’
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Klyuev, M.V.; Khidekel, M.L. Russ. Chem. Rev. 1980, 49, 14; Rylander, PN. Catalytic Hydrogenation
over Platinum Metals, Academic Press, NY, 1967, pp. 291-303.

34(’See, for example, Le Bris, A.; Lefebvre, G.; Coussemant, F. Bull. Soc. Chim. Fr. 1964, 1366, 1374,
1584, 1594.

37For a simple example see, Bhattacharyya, S. Synth. Commun. 2000, 30, 2001.

348Eor a review of the preparation of tertiary amines by reductive alkylation, see Spialter, L.; Pappalardo,
J.A. The Acyclic Aliphatic Tertiary Amines, Macmillan, NY, 1965, pp. 44-52.
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8225.
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Other reducing agents®® can be used instead of hydrogen and a catalyst, among
them zinc and HCIl, B]OH]435 Vor BoH;4 with Pd/C,*% a picolinyl borane complex
in acetic acid—methanol,*>® PhSiH; with 2% Bu,SnCl,,*** and polymethylhydrosi-
loxane.*> Several hydride reducing agents can be used, including NaBH,>>°
sodium borohydride with Ti(OiPr),>>” or NiCl,,**® NaBH4/H;BO,4,>*° borohy-
dride-exchange resin,**® sodium cyanoborohydride (NaBH;CN),*¢! sodium triace-
toxyborohydride,**® or a polymer-bound triethylammonium acetoxyborohydride.**?
A Hantzsch dihydropyridine in conjunction with a scandium catalyst has been
used.*®* An interesting variation uses a benzylic alcohol in a reaction with a pri-
mary amine, and a mixture of MnO, and NaBH,, giving in situ oxidation to the
aldehyde and reductive amination to give the amine as the final product.365
Formic acid is commonly used for reductive amination®*® in what is called the
Wallach reaction. Secondary amines react with formaldehyde and NaH,POs; to give
the N-methylated tertiary amine®®’ and microwave irradiation has also been
used.*®® Conjugated aldehydes are converted to alkenyl-amines with the amine/sili-
ca gel followed by reduction with zinc borohydride.** In the particular case where
primary or secondary amines are reductively methylated with formaldehyde and
formic acid, the method is called the Eschweiler—Clarke procedure. Heating with
paraformaldehyde and oxalyl chloride has been used to give the same result.>’® It is

350For a list of many of these, with references, see Larock, R.C. Comprehensive Organic Transformations,
2nd ed., Wiley-VCH, NY, 1999, pp. 835-840.
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333gato, S.; Sakamoto, T.; Miyazawa, E.; Kitugawa, Y. Tetrahedron 2004, 60, 7899.
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Nagata, K.; Miyazaki, M.; Ishikawa, H.; Kurihara, A.; Ohsawa, A. Tetrahedron 2004, 60, 6649.
3%Kanno, H.; Taylor, R.J.K. Tetrahedron Lett. 2002, 43, 7337.

36For a microwave induced reaction see Torchy, S.; Barbry, D. J. Chem. Res. (S) 2001, 292.

36"Davis, B.A.; Durden, D.A. Synth. Commun. 2000, 30, 3353.
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possible to use ammonium (or amine) salts of formic acid,®”! or formamides, as a
substitute for the Wallach conditions. This method is called the Leuckart reac-
tion,’* and in this case the products obtained are often the N-formyl derivatives
of the amines instead of the free amines. A transition-metal catalyzed variation
has been reported.’”* Primary and secondary amines can be N-ethylated (e.g.,
ArNHR — ArNREY) by treatment with NaBH, in acetic acid.’’* Aldehydes react
with aniline in the presence of Montmorillonite K10 clay and microwaves to
give the amine.””> Tributyltin hydride is used with an ammonium salt,>’® or
Bu,SnCIH-HMPA with an aromatic amine,®’’ in the presence of a ketone to give
the corresponding amine. Allylic silanes react with aldehydes and carbamates, in
the presence of bismuth catalysts,””® or BF3OEt,>”’ to give the corresponding
allylic N-carbamoyl derivative, and trityl perchlorate has been used for the same
purpose when N-trimethylsilyl carbamates are employed.>®® The reaction can be
done with aromatic amines in the presence of vinyl ethers and a copper complex
to give B-amino ketones.*®' Reductive amination of an aryl amine and an aryl alde-
hyde that contains a ortho conjugated ketone substituents gives the amine, which
adds 1,4- (15-AA) to the o,B-unsaturated ketone unit to give a bicyclic amine.>%?
Alternative methods of reductive alkylation have been developed. Alkylation of an
imine formed in situ is also possible.*®

Reductive alkylation has also been carried out on nitro, nitroso, azo, and other
compounds that are reduced in sifu to primary or secondary amines. Azo com-
pounds react with aldehydes, in the presence of proline, and subsequent reduction
with NaBH, gives the chiral hydrazine derivative.*®*

3 For a review of ammonium formate in organic synthesis, see Ram, S.; Ehrenkaufer, R.E. Synthesis
1988, 91.
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Tetrahedron Lett. 1996, 37, 8177. For the effects of added formamide, see Lejon, T.; Helland, 1. Acta
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Org. Prep. Proceed. Int. 2004, 36, 99.
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384List, B. J. Am. Chem. Soc. 2002, 124, 5656; Kumaragurubaran, N.; Juhl, K.; Zhuang, W.; Bggevig, A.;
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OS 1, 347, 528, 531; 11, 503; III, 328, 501, 717, 723; IV, 603; V, 552; VI, 499;
VII, 27.

16-18 Addition of Amides to Aldehydes

Alkylamido-de-oxo-bisubstitution

o ) hase o0 o HH 0
C + . —» HO_ N-C ——» Yc-N_ N-C
R/C\NH RI/C\H \C« \R / \C/ \R
2 R'”H R R'”H

Amides can add to aldehydes in the presence of bases (so the nucleophile is actu-
ally RCONH") or acids to give acylated amino alcohols, which often react further
to give alkylidene or arylidene bisamides.*®’ If the R’ group contains an o hydro-
gen, water may split out.

Sulfonamides add to aldehydes to give the N-sulfonyl imine. Benzaldehyde
reacts with TsNH,, for example, at 160°C in the presence of Si(OEt),,*® with tri-
fluoroacetic anhydride (TFAA) in refluxing dichloromethane,*®” or with TiCl, in
refluxing dichloroethane,*®® to give the N-tosylimine, Ts—N=CHPh. In a similar
manner, the reaction of TolSO,Na + PhSO,Na with an aldehyde in aqueous formic
acid gives the N-phenylsulfonyl imine.*®® The reaction of an aldehyde with
Ph;P=NTs and a ruthenium catalyst gives the N-tosyl imine.**® Reaction of alde-
hydes with LiAI(NHBn), also give the corresponding N-benzylimine.**!

16-19 The Mannich Reaction

Acyl,amino-de-oxo-bisubstitution, and so on

I(I) H* or H\ /H |(|)
g + NH,Cl + C N HN/C\C/C\
o H:C~ "R HO™ 2 N
H H 3 H/ H
In the Mannich reaction, formaldehyde (or sometimes another aldehyde) is con-
densed with ammonia, in the form of its salt, and a compound containing an active

hydrogen.*** This can formally be considered as an addition of ammonia to give

385For reviews, see Challis, B.C.; Challis, J.A. in Zabicky, J. The Chemistry of Amides, Wiley, NY, 1970,
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Gilbert, E.E. Synthesis 1972, 30.

36 ove, B.E.; Raje, P.S.; Williams II, T.C. Synlert 1994, 493.

387Lee, K.Y.; Lee, C.G.; Kim, J.N. Tetrahedron Lett. 2003, 44, 1231.

388Ram, R.N.; Khan, A.A. Synth. Commun. 2001, 31, 841.

38(’Chemla, F.; Hebbe, V.; Normant, J.-F. Synthesis 2000, 75.

*0Jain, S.L.; Sharma, V.B.; Sain, B. Tetrahedron Lett. 2004, 45, 4341.
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392For reviews, see Tramontini, M.; Angiolini, L. Tetrahedron 1990, 46, 1791; Gevorgyan, G.A.;
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House, H.O. Modern Synthetic Reactions, 2nd ed., W.A. Benjamin, NY, 1972, pp. 654-660. For reviews
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