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Reduction of 4b with lithium tetrahydroaluminate in a similar
procedure affords a colorless liquid identified as 6b; yield: 929%,.

6b: M.S.: mje=224 (M*), 209 (M* —CHS), 121, 105, 89, 77,

59.
LR. (neat): vp,,=2900; 1600; 1490; 1460; 1380; 1103;
760; 698 cm ™!,

'H-N.M.R. (CCLy): 5=1.34 (d, 3H); 3.28 (s, 3.0H); 3.30-
3.60 (m, 8.1 H); 4.36 (g, 09 H); 7.28 ppm (s, 5.0H).

Preparation of Alkyl-Substituted 15-Crown-5 Ethers 5 (n=4):
Compound 3g (35.7g, 0.1 mol) is dissolved in dioxan (120 ml)
and the solution is added to a suspension of powdered sodium
hydroxide (5.0 g) in dioxan (100 ml) at room temperature. The
mixture is stirred for 10h at 80° and for further 8h at 100°.
After sodium bromide has been filtered off, the dioxan is removed
from the filtrate to leave a yellow liquid; yield: 24.4 g. The product
is distilled in vacuo and the fractions of b.p. 120-125°/0.2 torr
are collected ; yield : 8.8 g (32 %). Further purification on a column
(Silica gel, hexane/acetone, 5:1) affords pure 2-butyl-15-crown-5
(5g. R!'=C4Hs, R2=H, n=4) as a colorless liquid; n3°=1.4635.
C1‘H2g05 calc. C 6084 H 10.21

(276.3) found 60.56 10.10
M.S.:m/e=276(M*),219,133,89,87, 73, 59,45, relative intensities:
0.5, 3, 21, 63, 45, 40, 68, 100%,, respectively.

LR. (neat): vmax=2910; 2830; 1470; 1350; 1295; 1130; 98S; 940;
850cm ™"

'H-N.M.R. (CCl,): =090 (t, 3H); 1.34 (m, 6H); 3.24-3.72 ppm
(multiplets, 19 H).

By a similar procedure, 2-hexyl-15-crown-5 (5j, R!=C¢H,;,
R2=H, n=4) is obtained from 3j as a colorless liquid; crude
yield: 29 %; b.p. 130-134°/0.1 torr; n3°=1.4620.

C,6H3,05 cale. C63.12 H 10.60

(304.4) found 62.72 10.68

M.S.:m/e=304 (M *),219,133,89,87,73,59,45; relative intensities:
0.5, 5, 18, 60, 38, 32, 60, 100%, respectively.

LR. (neat): v =2910, 2830, 1470, 1350, 1295, 1130, 980, 940,
850cm™!.

'H-N.M.R.(CCL): 5=0.90(t, 3. H), 1.32 (m, 9.8 H), 3.16-3.72 ppm
(multiplets, 19H).
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Reactions of Sodium Borohydride in Acidic Media;
V.Reduction and Alkylation of Oximes with Carboxy-
lic Acids; A New Synthesis of N,N-Dialkylhydroxyl-
amines’

Gordon W. GRiBBLE*, Robert W. LEIBY, Myles N. SHEEHAN

Department of Chemistry, Dartmouth College, Hanover, New
Hampshire 03755, US.A.

We wish to report that the action of sodium borohydride on
oximes 1 in carboxylic acids leads to N,N-dialkylhydroxyl-
amines 2.

OH
NaBH, / R*—COOH R‘\ | 3
C=N CH—N—CH2—R
R/ R2/

1 2

Our earlier work on the reduction of indoles, quinolines,
and isoquinolines? and the alkylation of amines®*? and
Borch’s observation that oximes can be reduced to N-alkyl-
hydroxylamines with sodium cyanoborohydride in acidic
methanol* suggested to us that sodium borohydride in car-
boxylic acids would accomplish the reduction/alkylation of
oximes 1, leading to a new and potentially versatile synthesis
of N,N-dialkylhydroxylamines 2. We have examined several
oximes and carboxylic acids under three different reaction
conditions (Methods A-C) and find that the reaction is
quite general, although the yields of 2 range from 36-87%.
No particular advantage accrues from using one reaction
method over another, as each of the three methods is capable
of giving good yields of 2. Of the oximes studied only benzo-
phenone oxime and dibenzyl ketoxime fail to react under
these conditions. Most of our work has involved ketoximes
but aldoximes appear to react equally well, except for the
difficulty noted later.

The reaction presumably involves initial reduction of 1 to
the N-alkylhydroxylamine followed by alkylation. Indeed,
we find that cyclohexanone oxime (3) is smoothly reduced

_to N-cyclohexylhydroxylamine (4) with sodium borohydri-

de/acetic acid under mild conditions or in higher yield with
sodium cyanoborohydride/acetic acid. We have previously
shown that these latter conditions do not give significant
N-alkylation®. By comparison, Borch reports a 66% yield
of 4 from the reaction of 3*.

OH NaBH, / HsC—COOH, 25°
7~
N 63 % H. ,NH—OH
O - -
Na CNBH; / HyC— COOH, 25°
3 4

81 °%

The variable yields may in part be due to the relative instabi-
lity® and/or water solubility of some of the N,N-dialkylhyd-
roxylamines 2. In some cases we have observed by mass
spectrometry or have isolated products corresponding to
overreduction® and subsequent alkylation, and products
resulting from condensation of the initially formed monoal-
kylhydroxylamine with oxime, followed by reduction to the
symmetrical dialkylhydroxylamine. This latter pathway was
observed by Borch during his reduction of aldoximes*. For
example, in the reaction of butanal oxime with sodium boro-
hydride/acetic acid we see in addition to 20 an ion in the
mass spectrum of the crude product corresponding to N,N-
di-n-butylhydroxylamine. In one case using Method C this
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product was isolated. Similarly, benzaldoxime gives some
N,N-dibenzylhydroxylamine in addition to 2r. 2,2-Dimethyl-
propanoic acid/sodium borohydride gives very poor yields
of dialkylhydroxylamines from oximes (not in Table) and
in the reaction with benzaldoxime we observe by mass spec-
trometry N,N-dineopentylbenzylamine and N-neopentyldi-
benzylamine, products of overreduction and subsequent
alkylation. These side products are often difficult to remove
and may be responsible for the impure oxalates that are
obtained in some cases, especially with the aldoximes.
Further work is necessary to ameliorate the generality of
the reaction of oximes with sodium borohydride/carboxylic
acids.

In spite of these drawbacks and the limitations inherent
in the method, it is excellent for preparing unsymmetrical
N,N-dialkylhydroxylamines of type 2 from ketoximes, which
of course are readily available from ketones, and offers an
attractive alternative to the existing general methods”’: alky-
lation of N-alkylhydroxylamines, oxidation of secondary
amines, pyrolysis of tertiary amine oxides, and reduction
of nitrones.

Preparation of N-Isopropyl-N-propylhydroxylamine (2b); Method
A/Workup A:

To a stirred solution of acetone oxime (0.73g, 10 mmol) in pro-
panoic acid (20 g) at 50° under nitrogen are added sodium borohyd-
ride pellets (Ventron) (2.3g, 61 mmol) over 5h. The mixture is
heated at 50° for 5h, allowed to cool, and made basic with
50% aqueous sodium hydroxide. The mixture is extracted with
ether. The ether extract is extracted with 1 normal hydrochloric
acid. The acid extract is made basic with aqueous sodium hydrox-
ide and extracted with ether. The ether extract is dried with
anhydrous potassium carbonate and concentrated in vacuo. The
resulting yellow oil (0.81 g) is distilled in vacuo to give N-isopropyl-
N-propylhydroxylamine (2b) as a colorless oil; yield: 0.79 g (68 %);
b.p. 55-56°/10 torr.

LR. (liquid film): vy, =3280; 2995; 1465; 1380; 1360 cm ™',
'H-N.M.R. (CDCl3): 6=1.00 (t, 3H); 1.06 (d, 6H); 1.55 (m, 2H);
2.64 (t, 2H); 2.97 (m, 1H); 7.70 ppm (s, 1H).

The oxalate derivative of 2b is prepared by adding a solution
of 2b (0.156g, 1.3 mmol) in ether (5ml) dropwise to a solution
of dry oxalic acid (0.16 g, 1.8 mmol) in ether (10ml). The resulting
precipitate (0.14 g, 52% yield) is recrystallized seven times from
absolute ethanol; m.p. 124-124.5°,
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CgH;7sNOs calc. C4637 HB827 N6.76

(207.2) found 46.39 8.36 6.65

Preparation of N-Cyclohexyl-N-ethylhydroxylamine (2i); Method
B/Workup B:

To stirred acetic acid (40 ml) at 30° under nitrogen are added
sodium borohydride pellets (1.0g, 26 mmol). Upon dissolution,
cyclohexanone oxime (3.39 g, 30.0 mmol) and additional sodium
borohydride pellets (1.0 g) are added simultaneously. The mixture
is heated to 40° and additional sodium borohydride pellets (1.0g)
are added (total: 3.0g, 79 mmol). Heating at 40° is continued
for 5h. The mixture is allowed to cool, made basic with 50%
aqueous sodium hydroxide, and extracted with ether. The ether
extract is dried, concentrated in vacuo, and distilled to give N-cy-
clohexyl-N-ethylhydroxylamine (2i) as a colorless oil; yield: 2.19 g
(51%); b.p. 65-67°/0.35 torr. '

LR. (liquid film): vpa.=3280; 2965; 2900; 1455; 1080 cm 1.

'H-N.M.R. (CDCl,): 6=1.15 (t, 3H); 1.6 (m, 10H); 2.6 (m, 1H);
2.75 (q, 2H); 7.47 ppm (s, 1H).

The oxalate is prepared in 68% yield as above and has m.p.
155-156° after five recrystallizations from ethanol.

CisH36N206 calc. C5742 H9.64 N7.44
(376.5) found 57.14 9.86 7.16

Preparation of N-Benzyl-N-n-butylhydroxylamine (2r); Method
C/Workup C:

To astirred paste of benzaldoxime (1.21 g, 10.0 mmol) and sodium
borohydride powder (2.0g, 53 mmol) at 0° under nitrogen is
added butanoic acid (25ml) dropwise over 2h. The mixture is
then heated at 40° for 4 h, an additional amount of sodium boro-
hydride (0.37g, 10 mmol) is added and the mixture is heated
for 1 h more. Workup as in Workup B gives a yellow oil which
is dissolved in ether (2ml) and added to a solution of oxalic
acid (1.50g, 16.7 mmol) in ether (5ml) to give the crude oxalate;
yield: 1.86 g (69 %);. The oxalate is dissolved in water, made basic
with aqueous sodium hydroxide, and extracted with ether. After
the usual workup, the resulting oil is distilled to give N-benzyl-N-n-
butylhydroxylamine (2r) as a colorless oil; yield: 1.04g (58 %);
b.p. 84-85°/0.15 torr.

LR. (liquid film); vmax = 3280; 3060; 2985; 2900; 1495; 1450 cm .
'H-N.M.R. (CDCl;): 6=095 (m, 3H, virtual coupling); 14 (m,
4H); 2.60 (t, 2H); 3.63 (s, 2H); 7.22 (s, 5H); 7.80 ppm (s, 1H).
M.S.: m/e=179.1316 (calc. 179.1310).

Preparation of N-Cyclohexylhydroxylamine (4) using Sodium
Cyanoborohydride/Acetic Acid:

To stirred acetic acid (25 ml) at 25° under nitrogen are added
cyclohexanoneoxime(3;1.16 g, 10.3 mmol) and sodium cyanoboro-

Table. Reaction of Oximes 1 with Sodium Borohydride in Carboxylic Acids

Reaction Yield®

Product Method?/  conditions of 2 b.p./torr m.p. of Molecular

No. R! R? R3 Workup®  Temp./Time [%] or m.p. Oxalate Formula®

2a CH; CH; CH; A/A 50°/24h 36 45-48°/10 101-102° C,H,sNO;
(193.2)

2a CH; CH; CH; B/A 40°/4h 38

2b CH; CH; C,Hs A/A 50°/20h 68 55-56°/10 124-124.5° CgH,NOs
(207.2)

2¢c CH; CH, i-C3H, A/A 50°/20h 52 55-61°/10 142-143° CoH,gNOs
(221.3)

2d CH; C,Hs CH; A/B 45°/20h 63 65-67°/17 92-93° CgH,sNO;s
(207.2)

2e CH; C,Hs C,H; C/C 40°/5h 61 66-69°/10 97-98° C,H,,NOf
(131.2)

2f CH; t-C4Ho CH; A/B 50°/6h 75 70-71°/17 115.5-116° Cy0H;NOs
(235.3)

2g CH; t-C4Hy C,Hs A/A 50°/30h 53 68-71°/10 147-147.5° C;1H,3NO;s
(249.3)

2h CH; -C4Ho i-C3H, A/A 50°/30h 47 68-73°/10 C;0H23NO®

(173.3)
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Table. (Continued)
Reaction Yield®
Product Method?/  conditions  of 2 b.p./torr m.p. of Molecular
No. R! R? R3 Workup®  Temp./Time [%] or m.p. Oxalate? Formula®
2i —(CH;)s— CH,; B/B 40°/5h 51 65-67°/0.35 155-156° C,3H36N,05
(376.5)
2i —(CH;)s—  CHs, A/A 55°/72h 58
2j —(CH,)s—  C:Hs A/A 55°/20h 87 68—70°/0.25 136-137° C1H2NOs
(247.3)
2k CH; CgHs CH; A/C 55°/31h 41 68-69°/0.2 136-137° C2,H3,N,06
(420.5)
21 CH,; CH;C¢Hs CH; A/B 55°/20h 68" 97-105°/035  172-173° C24H36N;06
(Lit. 161-162°) (448.6)
2m CH; CH,C¢Hs C;Hs C/C 40°/4h 47 107-110°/0.3 142-143° Ci14H2NOs
(Lit.° 142-143%)  (283.3)
2n CH; CH,;C¢Hs n-C3H4 C/B 40°/4h 70 109-116°/0.2 165-166° CysH,3NOs
(Lit.2 157-159°) (2974)
20 H n-C3H, CH, A/B 5°,45°/4h 55 64-68°/11 98-99° CeH,sNO'
(117.1)
2p H CeHs CH; B/B 40°/5h 56 75-77°/0.35 111-112° CyH,3NOJ
(Lit.'° 88°/1.1) (151.2)
2q H CeHs C,Hs A/B 25°/72h 72 77-78°/0.2 120-120.5° Cy2H,7NOs
(255.3)
2r H CeHs n-C3H, c/C 40°/5h 58 84-85°/0.15 119-121° C, H,,NO*
(179.3)
2s H CeHs i-C3H, C/B 40°/4h 65 60-61° 140.5° C,3H,oNOs
(269.3)

* Method A: Sodium borohydride pellets are added to a solution
of oxime in the neat carboxylic acid at the specified
temperature and the mixture is heated.

Method B: The oxime is added to a mixture of sodium borohyd-
ride pellets in the neat carboxylic acid and the mix-
ture is heated.

Method C: A mixture of the oxime and powdered sodium boro-
hydride at 0° is treated with the carboxylic acid
and the mixture is heated.

b Workup A: The reaction mixture is made basic and extracted
with ether. The ether extracts are extracted with
dilute hydrochloric acid. The acid extracts are basi-
fied and extracted with ether. Drying, concentration,
and distillation afford the product.

Workup B: The reaction mixture is made basic and extracted

with ether. Drying, concentration, and distillation
afford the product.

Workup C: As in workup B except that the crude product
is treated with oxalic acid in ether. The crude oxalate
is dissolved in water, made basic, and extracted
with ether. The product is isolated as in the above
workup methods.

o

Yields represent distilled or, in one case (2s), recrystallized
product. Products exhibited satisfactory I.R. and 'H-N.M.R.
spectra. The reactions have not been optimized.

Oxalates were recrystallized several times from ethanol, etha-
nol/ether, or dichloromethane.

Unless otherwise noted all oxalates gave satisfactory microana-
lyses (C +0.28 %, H+0.25%, N +0.28 %).

The oxalate, recrystallized six times, did not analyze correctly.
M.S.: mfe=130.1241 (M * —1, calc. 130.1232).

A crystalline oxalate was not obtained. M.S.: m/e=172.1689
(M™* —1, calc. 172.1701).

Some oxime is present in the product.

The oxalate, recrystallized five times, analyzed slightly outside
acceptable limits. M.S.: m/e=116.1077 (M * — 1, calc. 116.1075).
i The oxalate analyzed as a 1:1 mixture of C,;H,sNOs and
ConngzOs. MS.: m/e= 151.0977 (M+. calc. 1510997)

The oxalate, recrystallized four times, did not analyze correctly.
M.S.: m/e=179.1316 (M *, calc. 179.1310). |

a

L)

-

=

=

hydroxide (pellets). The resulting white solid is collected, washed,
and dried to afford N,N-di-n-butylhydroxylamine as off-white
flakes; yield 0.31 g (21 %); m.p. 48.5-50.5°; Lit.!! 52-53°,

hydride (0.93 g, 15 mmol). The mixture is stirred for 3 h and
then water is added. The mixture is made basic with sodium
hydroxide (pellets) and the resulting white solid is collected. The
aqueous filtrate is extracted with ether and the ether extract
is dried and concentrated in vacuo to afford a white solid. The
combined solids are recrystallized from ether to give N-cyclohexyl-
hydroxylamine (4) as colorless flakes; yield: 0.96g (81%); m.p.
138-139°; Lit.* m.p. 138-139°.

A longer reaction time (20h) using Method C conditions gave
N-cyclohexyl-N-ethylhydroxylamine (2i) in 44 % yield.

This investigation was supported by the Petroleum Research Fund,
administered by the American Chemical Society, and in part by
Grants CA-14237 and C A-14968, awarded by the National Cancer
Institute, DHEW. We also wish to thank Merck Sharp and Dohme
Research Laboratories and Eli Lilly for their support of our research
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tutes of Health Research Grant FR00317 from the Division of
Research Facilities and Resources ).

Preparation of N,N-Di-n-Butylhydroxylamine:

To stirred acetic acid (15ml) at 15° is added 1 pellet of sodium
borohydride. Upon dissolution, butanal oxime (0.88 g, 10 mmol)
is added. The mixture is heated to 40-50° over the period of
1 h and a second pellet of sodium borohydride is added (total:
0.47g, 12 mmol). After 2h total reaction time the mixture is
cooled, diluted with water (50ml), and made basic with sodium
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Reactions of Sodium Borohydride in Acidic Media;
VI. Reduction of Indoles with Cyanoborohydride in
Acetic Acid’

Gordon W. GRriBeLE*, Joseph H. HOFFMAN

Department of Chemistry, Dartmouth College, Hanover, New
Hampshire 03755, U.S.A.

In 1974 we reported that indoles are converted to N-alkylin-
dolines by the action of sodium borohydride in neat carboxy-
lic acids®. During the course of that work we noted that
sodium cyanoborohydride in acetic acid effected the reduc-
tion of the indole double bond without N-alkylation. We
have since investigated this reduction with a variety of indoles
and now wish to report our results.

The reaction of indoles 1 with sodium cyanoborohydride in
glacial acetic acid proceeds rapidly at 15° to afford indolines
2 in excellent yield. Our results are tabulated in the Table.

R3
R \_g? NaCNBH; / CH3COOH, 15°
N R3
RS K R¢ o2
1 RS N\R‘

The reduction is general for alkyl-substituted indoles and
tetrahydrocarbazoles and gives consistently higher yields
of indolines than any of the previous indole reduction
methods® ~ '2. The present method avoids the strongly acidic
conditions characteristic of the dissolving metal reduc-
tions® ® ~ 2 (often leading to polymerization!®!*!% of the
indole) and avoids the extreme conditions'® and hydrogena-
tion equipment characteristic of catalytic reductions®-*-¢-7
(which can lead to overreduction or result in unfavorable
equilibria and low yields). Although improvements in both
methods have been described > !! neither the dissolving metal
method nor the catalytic method of indole reduction have
proven to be of general utility. Likewise, the method utilizing
diborane* gives erratic yields of indolines and cannot be
applied to N-substituted indoles. Only the method developed
by Berger®, using trimethylamine/borane in acid, approaches
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the present indole reduction method in generality, con-
venience, and efficiency.

The reduction of indole (1a) to indoline (2a) by sodium cyano-
borohydride in acetic acid appears to be complete in less
than five mintes at 15° by G.L.C. analysis of the reaction
mixture. Since we have previously shown that acetic acid
protonates indoles at the 3-position?, the reduction undoub-
tedly proceeds via the indolenium ion and reduction of this
iminium ion by a cyanoborohydride species.

The method is clearly restricted to those indoles which are
sufficiently basic to be protonated by acetic acid and, there-
fore, it is not surprising that 5-nitroindole and 2,3-diphenylin-
dole fail to undergo reduction under these conditions (98 %
and 73% recovery, respectively). However, 3-methylindole
(1¢), which is much less basic than indole and 2-methylin-
dole!”, undergoes smooth reduction to 2¢. The stronger
acid trifluoroacetic acid has been used with sodium borohyd-
ride by us? and with sodium cyanoborohydride by Berger'®
to reduce the indole double bond in compounds containing
a basic nitrogen (e. g., indoloquinolizidines?).

Although we have not observed polymerization of indoles
in acetic acid under these conditions, some of the indolines,
especially those with a 3-alkyl substituent (2¢, 21), are air
sensitive and rapidly darken after isolation, reverting in
part to starting material.

The sodium cyanoborohydride/acetic acid reductions of N-
unsubstituted indoles are carried out at 15° for 2h to eli-
minate the possibility of N-ethylation?, a reaction that does
occur to a small extent (<10%) at higher temperatures
and longer reaction times. The reductions of N-substituted
indoles can be carried out at room temperature, but, of
course with these indoles where N-alkylation is precluded,
one can employ sodium borohydride in acetic acid®.

General Procedure for Reduction of Indoles 1:

To a magnetically stirred solution of an indole (11.4 mmol) in
glacial acetic acid (30 ml) at 15-17° under nitrogen in a hood
is added in one portion sodium cyanoborohydride (Ventron,
technical grade; 35 mmol). The mixture is stirred at 15° for 2 h.
Water (150 ml) is then added and the mixture is cooled in an
ice bath and slowly made strongly basic with sodium hydroxide
pellets. The mixture is extracted with ether (4 x 75 ml). The ether
extract is washed with water (2 x 100 ml) and brine (2 x 100 ml),
dried over anhydrous potassium carbonate, and concentrated in
vacuo to give the crude indoline, generally as a pale yellow oil
and usually homogeneous by T.L.C. (benzene or ethyl acetate/
triethylamine, 95/5). Distillation (or recrystallization) affords the
pure indoline, generally as a colorless oil, in the yield and with
the boiling point shown in the Table. Indolines are identified
by LR. and 'H-N.M.R,, and, where possible, by direct comparison
with previously prepared? or commerical samples.

To minimize oxidation of the indoline, the reaction and workup
should be carried out in one day; this is particularly important
for 3-alkyl- and 1,3-dialkylindolines which appear to oxidize
rapidly. If necessary, any indole contaminant can be removed
by extracting the ether extract with dilute hydrochloric acid, basify-
ing, and extracting with ether to recover the indoline.

This investigation was supported by the Petroleum Research Fund,
administered by the American Chemical Society, and in part by
Grant CA-14968, awarded by the National Cancer Institute, DHEW.
We also wish to thank Merck Sharp and Dohme Research Labora-
tories and Eli Lilly for their support of our research program,
and Dr. Catherine E. Costello ( Massachusetts Institute of Techno-
logy) for the mass spectrum of 20 ( National Institutes of Health
Research Grant FR00317 from the Division of Research Facilities
and Resources ).



