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ABSTRACT
MLn (PH
S G
R/
R2 R2 Ha
R=Ar, tertBu M =Li, Mg, Na, Sn up to 98 %yield

The reaction of nitroso compounds with enolates, "the nitroso aldol reaction”, occurs in high yield to generate a-hydroxyamino carbonyl
compounds. Yields range from 42% to 98% with N-selectivity >99:1 from commercially available aromatic or aliphatic nitroso compounds and
a variety of alkali metal or tin enolates.

Development of new methods for the introduction of a ﬂea QH
nitrogen atom to a carbonyl group is still a most important N+ Y

synthetic target.Although the addition reaction of nitroso
compound3 with enolates, “the nitroso aldol reaction”,
should be one obvious answer, not many papers have
appeared on this simple but important technique. Sasaki
and co-workers reported a smooth reaction of a silyl enol ZnCl ﬁrNH 2

/ 2
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R=H, Me R
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ether and nitrosobenzene at room temperature (eg 1). — A
Unfortunately, however, the scope of this reaction was soszz
very limited and few aromatic ketone enolates gave the x - cyciohexyl,
desired product. Oppolzer reported the facile reaction of an isopropy!
enolate anion with very reactive-chloronitroso compounds q MLn QH
(eq 2)* Herein we report a general method for the condensa- N+ R1i(93 — g Neg (3)
tion of carbonyl compounds and nitroso derivatives to R R2 R2R®
generater-hydroxyamino carbonyl compounds in high yield
(eq 3). Surprisingly, simple treatment of the enolate of 2-methyl-
1l-indanonela with readily available nitrosobenzeria
t Present address: Department of Chemistry, University of Chicago, proceeded smoothly to generate the desired N-adgiuirt

Chicago, lllinois 60637. high yield. Lithium enol ispl rticularly remarkabl
(1) (@) Genet, J.-P.; Greck, C.; Lavergne, D. Modern Amination 9 yed thium e .0 ate d SP ayed particularly rema able

Methods Ricci, A., Ed.: Wiley-VCH: Weinheim, Germany, 2000; p 65.  éactivity as shown in Table 1.

S\)/) (?r&ck.h Cd; G?fgz J. P_.Sé?llett_199;,I 7|41-h(C) Bc?ch:, f? IrHouFfQJec\; The reaction was found to be quite general with respect
eyl Methods of Organic ChemistrHelmchen, G., Hoffmann, R. W., P : :

Mulzer, J., Schaumann, E., Eds.; Georg Thieme Verlag: Stuttgart, Germany,to_ lithium en_OIate structures (Tab_le 2). Reaqlons of disub-

1995; Vol. E21, p 5133. stituted cyclic ketone enolates in the-position of the
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Table 1. Addition of Alkali Metal Enolate to Nitrosobenzehe Table 2. Addition of Various Lithium Enolates to
o Nitrosobenzerke

metal o) PH o
d .
H
R + PhNO N\F’h
Rz R®

R
1a 2a 3a 4a RZ 2a THF

1 3

entry metal amide 3a:4a® yield, %°¢ solvent T (°C) time

entry lithium enolate ethod? yield, %“ T(°C)  time

1 LDA >99:1 93 THF —78 <5min

2 i-ProNMgBr  >99:1 86 Et,O 0 2h | PL
3  NaHMDS >99:1 90 Et,0 0 4h ‘ A 93 -78 < S5min
1a

aThe metal enolatda was generated from 2-methyl-1-indanone (1
equiv) and corresponding metalamide (1.1 equiv). The following addition OLi
was carried out with nitrosobenzeria (1 equiv) in THF or E5O at b
the desired temperature. The reaction was quenched by cooled brine solu- A 87 -78 < Smin
tion at this temperaturé.Determined by!H NMR analysis.® Isolated 1b

yield.
Li
3 A 47 78 30 min
carbonyl (e.ntries 1,24, apd 5) with nitrospbenzene were lc g 45 78 30 min
completed in less than 5 min at78 °C. Acyclic ketone or L
ester enolates also afforded moderate to high yields of 4 _
requisite adducts3. Reaction with 2-methyl-2-nitroso- a %3 78 < Smin
propane dimel5 afforded the desired adducé(Scheme
1). While alkyl ketone enolates were not sufficiently 5 L
A 69 -78 < 5min
I — :
Scheme 1 6 L
x A 70 -78 30 min
Li OH PH 1f
~R* [ [ N. :
R +  (BuNO), THE R slBu 7 Li u .
R2 R¥ "R x g A 80 0
1 5 6
1f,R'=Ph,R?=H,R®=Me  78-.40°C,4 h 61;48 %yield 8 Li
1h:R'= OMe,R2=H,R3=Me 78°C,1h 6h; 60 %yield _ i1h A 42 -40 Ih

MeO

a2The reaction was carried out with lithium enolate(1 equiv) and

reactive to engage in nucleophilic addition %p aromatic nitrosobenzeneBa (1 equiv) in THF at the desired temperature for 5 min

. 1 h.P Method A: lithium enolate was genarated from the corresponding
ketones such as propiophenone or ester enolates react at Io‘&etone and LDA in THF at-78 to 0°C. Method B: lithium enolate was

temperature, providing addition products with good yields. genarated from the corresponding silyl enol ether and n-BuLi in THF at

: . . 0 °C to rt. ¢ Isolated yield.
It is noteworthy that the product is exclusively the to 1.7 Isolated yle
hydroxyamino ketone and none of the aminooxy compounds

(2) Reviews of nitroso compounds, see: (a) Zuman, P.. Shabhém are produced under the above reaction conditions. In sharp
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54, 1317. For recent examples of nitroso ene reaction, see: (c) Adam, W.; ; ; ; i
Bottke, N.. Krebs, OJ. Am. Chem. So@000 122, 6791. (d) Adam, W.; presence of Lewis amd_ cat:_sllysts is cap_apl_e of synthgsmng
Bottke, N.; Krebs, OOrg. Lett.200Q 2, 3293. (e) Adam, W.; Bottke, N.  a-aminooxy ketones with high O-selectivities (eq®4}.is

J. Am. Chem. So00Q 122 9846. (f) Adam, W.; Bottke, N.; Engels, B.;

Krebs, 0.J. Am. Chem. So2001, 123 5542. For recent examples of hetero-

Diels—Alder reaction with nitroso compounds, see: (g) Arribas, C.; Carreno, SiMe

M. C.; Garcia-Ruano, J. L.; Rodriguez, J. F.; Santos, M.; Sanz-Tejedor, M. P 33 cat. Lewis acid

A. Org. Lett.200Q 2, 3165. (h) Lin, K.; Liao, C.Chem. Commur2001, N * R S e i P O\N/Ph 4)
1624. (i) Leach, A. G.; Houk, K. NJ. Org. Chem2001, 66,5192, ref 4. PR s 2\.a H

For examples of th€-nitroso—metal complex, see: (j) Mansuy, D.; Drem, R R™R

M.; Chottard, J. C.; Girault, J. P.; Guilhem, J. Am. Chem. Sod 98Q

102, 844. (k) Andres, M. A.; Cheng, C. B. Am. Chem. S0d.982 104

4268. () Mgller, E. R.; Jgrgensen, K. A. Am. Chem. Sod 993 115

11814. (m) Strivastava, R. S.; Nicholas, K. Nl. Org. Chem1994 59, (3) (a) Sasaki, T.; Ishibashi, Y.; Ohno, Mhem. Lett.1983 863. (b)
5365. (n) Johannsen, M.; Jargensen, KJROrg. Chem1995 60, 5979. Sasaki, T.; Mori, K.; Ohno, MSynthesig 985 279. (c) Sasaki, T.; Mori,
(o) Strivastava, R. S.; Khan, M. A.; Nicholas, K. M. Am. Chem. Soc. K.; Ohno, M. Synthesigl985 280.

1996 118 3311. (p) Strivastava, R. S.; Nicholas, K. M.Am. Chem. Soc. (4) (a) Oppolzer, W.; Tamura, Oletrahedron Lett.199Q0 991. (b)

1997 119 3302. (q) Bleeke, J. R.; Blanchard, J. M. B.Am. Chem. Soc. Oppolzer, W.; Tamura, O.; Sundarababu, G.; SignerJMm. Chem. Soc
1997 119 5443. (r) Flower, K. R.; Lightfoot, A. P.; Wan, H.; Whiting, A. 1992 114 5900. (c) Oppolzer, W.; Tamura, O.; Deerbergélv. Chim.
Chem. Commur2001, 1812. Acta 1992 75, 1965.
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Table 3. Addition of Various Tin Enolates to Nitrosobenzéne

S[’]Bu3 PhNO ?H
o R°® 2a
R . e H%(N;Ph + R\/&(O\HN/Ph
R R 2% 3
R 20 °C,2h R R
7 8 9
entry tinenolate 8:9b yield %
ld SnBus
é Ta >99: 1 91
e SnBug
o >99:1 95/
3f SnBug
6 Tc >99:1 97
48 SnBujy
7d >99: 1 92
SnBu.
h 3
> Ph
Te >99:1 88
6 OSnBu,
O‘ 7t >99 : 1 98
T
PH A 7g >99 : 1 9%
gk SnBu,
Et% 7h >99:1 97!

aThe reaction was carried out with tin enolafe (1 equiv) and
nitrosobenzenga (1 equiv) in THF at—20 °C for 2 h.? Determined by
IH NMR analysis.® Isolated yieldd O-Sn= >99/1.¢ O-Sn/C-Sn= 53/
47.10-Sn/C-Sn= >99/1.9 O-Sn/C-Sn= >99/1." O-Sn/C-Sn= >99/1.
1 O-Sn/C-Sn= >9/1.1 O-Sn/C-Sn= >99/1.k O-Sn/C-Sn= 53/47,E/Z =
7/93.' 2 equiv of tin enolate was used.

well-known that aromatic or aliphatic nitroso compounds

exist as a mixture of monomer and dimé&rghus, in the
Lewis acid promoted nitroso aldol reaction, the aminooxy molecules. This method appears to have general application
compounds probably came from a nitrosobenzene dimer thatand has been used for the synthesisoelfiydroxyamino
was in situ generated in the presence of Lewis acids (SChemQ:arbony| Systems relevant to the nemamino acid deriva-

2 A). The simple lithium enolates afforded hydroxyamino tives. Investigations continue into the mechanism, regiose-
ketones, probably through the nitrosobenzene monomeriectivity, and potential enantioselectivity of the reaction with

(Scheme 2B).

We next turned our attention to use of a more reactive tin
enolate 77 in the absence of Lewis acid catalysts. The
reactivity of tin enolates toward nitroso derivatives was found
to be much higher than that of silyl enol ethers. Thus, each
tin enolate reacted very smoothly with nitrosobenzene in hig

Table 4. Addition to Various Nitroso Compoungéls

SnBu, ?H
+ RNO NS

THF R

7a 8
yield%” T(°C) time

entry RNO

1 PhNO 2a 92 -20 2h

2 NO
2b 54 20 10h
3 ¢}
2c 91 -20 2h
Br
4 o
2d 62 20 10h
OMe

aThe reaction was carried out with tin enol&e(1 equiv) and aromatic
nitroso compouna (1 equiv) in THF at—20 °C for 2 or 10 h.? Isolated
yield.

cases with tin enolate in both-€&5n and C-Sn forms which
required excess enolate loading to effect full conversion
(entries 2 and 7). Thus,-€Sn compounds did not react with
nitrosobenzene.

Addition of 7ato several aromatic nitroso compounds was
accomplished under optimized reaction conditions (Table 4).
The electron-withdrawing group (EWG) substituted aromatic
nitroso compound (entry 3) afforded regioselectivity as high
as >99:1 in excellent yield. Other aromatic nitroso com-
pounds also serve as viable substrates, although with
diminished yield when the electron-donating group was
substituted (entries 2 and 4).

In conclusion, the nitroso aldol reaction is a powerful
strategy for the introduction of a nitrogen atom into

nitroso compounds as electrophiles.

(5) (@) Momiyama, N.; Yamamoto, HAngew. Chem.Int. Ed. 2002
41, 2986. (b) Momiyama, N.; Yamamoto, Angew. Chem., Int. E@002
41, 3313.

(6) Dieterich, D. A.; Paul, I. C.; Curtin, D. YJ. Am. Chem. S0d 974

h 96, 6372.

(7) Preyre, M.; Bellegarde, B.; Mendelsohn, J.; Valadd, @rganomet.

yield with exclusive N-selectivity (Table 3). There were some Chem.1968 11, 97.
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Scheme 2
A. pathway with dimer
- - B A~ ]
Ph\N,O Ph., .O Nu
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B. pathway with monomer
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