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equation (eq 4). Table II presents our “predictions” for
AH, = (1.15 £ 0.0T)nc + RT 4)
g = 0.70

the four hydrocarbons discussed earlier. Quick perusal
shows the average discrepancy is ca. 0.6 kcal/mol. This
quantity is small enough, that we feel this method can be
useful in predicting AH, in cases where experimental data
do not exist.
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The synthesis of amines has long been of interest due
to their physiological activity and their potential as organic
intermediates. Brown reported that organoboranes could
be utilized to produce amines by treating them with
chloraniine! or hydroxylamine-0O-sulfonic acid.2 The re-

NH,C1
R,B

RNH,

actions involve the regiospecific replacement of the boron
atom by the amino group. These reactions have not been
utilized extensively, presumably due to the cumbersome
preparation and inherent instability of chloramine® and
the expense of hydroxylamine-O-sulfonic acid.

In recent years, we have had success in carrying out
reactions in systems where the reagents are generated in
situ.#® For example, organoboranes will react with iodide

(1) Brown, H. C,; Heydkamp, W. R.; Baeuer, E.; Murphy, W. 8. J. Am.
Chem. Soc. 1964, 86, 3565.
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Notes

Table I. Conversion of Alkenes to the
Corresponding Amine®

alkene product % yield be
CH,(CH,),CH=CH, CH,(CH,),CH,NH, 95 (92)
CH,(CH,),CH=CH, CH,(CH,),CH,NH, 84 (78)

H,
ST SR
A~ P 72 (58)
ﬁj dj e 72 (78)
o g e
&

O T s
9]
CH,0C(=0)- CH,0C(=0)- 76 (49)

(CH,),CH=CH,

¢ The alkenes were converted to the corresponding or-
ganoboranes by reaction with BH,-THF. ? Isolated
yields based on ammonium hydroxide. The yields listed
are based on reactions utilizing 1 equiv of ammonium hy-
droxide per equivalent of organoborane, ¢ Yields in par-
entheses are isolated yields based on 2 equiv of ammon-
ium hydroxide per equivalent of organoborane., ¢ See ref
12,

(CH,),CH,NH,

ion in the presence of a mild oxidizing agent such as
chloramine-T'.? The reaction presumably proceeds through
the intermediacy of iodine monochloride or some form of
electropositive iodine.

R;B + [- —remineT, o1

We report that organoboranes react with ammonium

hydroxide in the presence of sodium hypochlorite (bleach).
NaOCl
R;B + NH,0H — — RNH,

The reaction presumably proceeds via the in situ formation
of chloramine.! The reaction provides a convenient syn-
thesis for a variety of amines from readily available starting
materials,

The organoborane is prepared via hydroboration,
aqueous ammonium hydroxide is added, and then aqueous
sodium hypochlorite (bleach) is added to the mixture. The

[CH3(CHy)sCH,];B + 2NH,0H —t

dropwise

2CH3(CH,),CH,NH,

alkyl amines are formed in good yield. Our results parallel
those obtained by Brown in that two of the alkyl groups
in the trialkylborane may be converted to the corre-
sponding amine.

The mild and convenient conditions of this reaction
make it ideally suited for the synthesis of functionally
substituted molecules. Thus 3-(p-tolylthio)-2-methyl-1-
propene is readily converted to the corresponding amine

in a one-pot synthesis.
S\/'\ S\/k/NH
A B 1. NH40H 2
/©/ B Lo

Our results are summarized in Table 1.

(6) Coleman, G. H.; Johnson, H. C. Inorg. Synth. 1939, 1, 59,
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Experimental Section

Routine NMR spectra were recorded on a Varian Associates
T-60 spectrometer. All chemical shifts are reported in parts per
million downfield from Me,Si. The mass spectra were obtained
with a HP-5982-A gc-mass spectrometer.

Commercially available samples (Aldrich) of 1-octene, 1-decene,
2-methyl-1-pentene, norbornene, cyclohexene, safrole, methyl
10-undecenoate were distilled prior to use. 5-Benzoxy-1-pentene
and 3-(p-tolylthio)-2-methyl-1-propene were prepared according
to published procedures.’

Hydroboration. General Procedure. The alkene (30 mmol)
was dissolved in 10 mL of THF in a dry, 100-mL, N,-flushed,
round-bottomed flask equipped with a septum inlet and a mag-
netic stirring bar. The solution was cooled to 0 °C and BH;-THF
(10 mmol, 5.2 mL of a 1.9 M solution) was added via syringe. The
solution was stirred for 1-3 h and allowed to warm to room
temperature.

Amination. General Procedure. The organoborane (10
mmol) was cooled to 0 °C while maintaining a nitrogen atmo-
sphere, aqueous ammonium hydroxide (10 mmol, 4.9 mL of a 2.05
M solution) was added, and aqueous sodium hypochlorite (bleach;
12 mmol, 15.39 mL of a 0.78 M solution)® was then added
dropwise. (A light, white precipitate normally forms at this stage.)
The mixture was stirred at 0 °C for 15 min and then allowed to
warm to room temperature.

The reaction mixture was made acidic with hydrochloric acid
(10%) and then extracted with two 50-mL portions of ether. The
aqueous layer was then made alkaline with sodium hydroxide (3
N) and the product extracted with two 75-mL portions of ether.
The ether layers were combined, washed with saturated aqueous
sodium chloride solution, and dried over anhydrous potassium
hydroxide. Removal of the solvent yielded the product amine.

The aminations were repeated with 2 equiv of ammonium
hydroxide. The yields are summarized in Table 1.

1-Aminooctane. 1-Octene (30 mmol, 3.37 g) was hydroborated
with BH;THF (10 mmol) for 1 h. The amination was carried
out as described in the general procedure to yield 1.23 g (95%)
of 1-aminooctane: melting point of picrate derivative, 110 °C (lit.?
mp 112 °C); NMR (CDCly) 6 0.95 (m, 3 H, CHy), 1.1-1.6 (envelope,
12 H, alkyl), 2.1 (s, 2 H, NH,), 2.36-2.7 (br s, 2 H, CH;NH,).

1-Aminodecane. 1-Decene (30 mmol, 4.21 g) was hydroborated
with BH;~THF (10 mmol) for 1 h. The amination was carried
out as described in the general procedure to yield 1.31 g (84%)
of 1-aminodecane: melting point of picrate derivative, 118 °C
(lit.* mp 118 °C); NMR (CDCl;) 4 0.95 (m, 3 H, CHy), 1.1-1.4
(envelope, 16 H, alkyl), 1.8-1.9, (br s, 2 H, NH,), 2.7-2.9 (br t,
2 H, CH,NH,).

Aminocyclohexane. Cyclohexene (30 mmol, 2.46 g) was hy-
droborated with BH;-THF (10 mmol) at 50 °C for 3 h. The
amination was carried out as described in the general procedure
to yield 0.90 g (91%) of aminocyclohexane: melting point of
picrate derivative, 159 °C (lit.!° mp 158-159 °C); mass spectrum,
m/e 99.2 (caled 99.2); NMR (CDCly) 6 1.0-2.0 (br m, 11 H, cy-
clohexyl), 1.3 (s, 2 H, NH,), 2.4-2.8 (br m, 1 H, CHNH,).

1-Amino-2-methylpentane. 2-Methyl-1-pentene (30 mmol,
2.53 g) was hydroborated with BH,-~THF (10 mmol) for 1 h. The
amination was carried out as described in the general procedure
to yield 0.72 g (72%) of 1-amino-2-methylpentane: melting point
of the picrate derivative, 148.5 °C; mass spectrum, m/e 101.1 (caled
101.1); NMR (CDCl;) 4 0.8-1.0 (m, 6 H, CHj), 1.1-1.6 (m, 5 H,
alkyl), 1.8-2.0 (m, 2 H, NH,), 2.5-2.7 (br t, 2 H, CH,NH,).

2-Aminonorborane. Norbornene (30 mmol, 2.83 g) was hy-
droborated with BH-THF (10 mmol) at 25 °C for 2 h. The
amination was carried out as described in the general procedure
to yield 0.80 g (72%) of 2-aminonorborane: melting point of
picrate derivative, 172 °C (lit.!! mp 174 °C); mass spectrum, m/e
111.4 (caled 111.1); NMR (CDCly) § 0.8-1.85 (br m, 8 H, alkyl),

(7) Kabalka, G. W.; Gooch, E. E. J. Org. Chem. 1980, 45, 3578.

(8) We used commercial grade bleach. The concentration of sodium
hypochlorite was determined by using the procedure published by Ayres,
G. H. “Quantitative Chemical Analysis,” Harper and Row: New York,
1968; p 668.

(9) Adamson, D. W.; Kenner, J. J. Chem. Soc. 1934, 838,

(10) Breuer, G.; Schnitzer, J. Monatash. Chem. 1938, 68, 301.

(11) Alder, K.; Stein, G. Justus Liebigs Ann. Chem. 1936, 525, 183.
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2.0 (br s, 1 H, bridgehead), 2.1 (s, 2 H, NH,), 2.2 (s, 1 H,
bridgehead), 2.8 (m, 1 H, CHNH,).

3-(p-Tolylthio)-2-methyl-1-aminopropane. 3-(p-Tolyl-
thio)-2-methyl-1-propene (12 mmol, 2.14 g) was hydroborated with
BH;-THF (4 mmol) for 1 h. The amination was carried out as
described in the general procedure to yield 0.67 g (85%) of 3-
(p-tolylthio)-2-methyl-1-aminopropane; mass spectrum, m/e 195.3
(calcd 195.3); NMR (CDCl,) 6 1.1 (t, 3 H, CHy), 1.4-1.8 (m, 3 H,
CH and NHj), 2.2 (s, 3 H, ArCHy), 2.5-3.0 (br m, 4 H, CH,S and
CH,NH,), 7.1 (A, X'X4/, 4 H, ArH).

3-[3,4-(Methylenedioxy)phenyl)]-1-aminopropane. Safrole
(30 mmol, 4.87 g) was hydroborated with BHs—THF (10 mmol)
for 1 h. The amination was carried out as described in the general
procedure to yield 1.71 g (96%) of 3-[3,4-(methylenedioxy)-
phenyl]-1-aminopropane;!? melting point of picrate derivative,
150 °C; mass spectrum, m/e 179.7 (caled 179.2); NMR (CDCl;)
6 1.5-2.2 (m, 6 H, Ar CH,CH,CH,;NH, and NH,), 2.5-2.7 (m, 2
H, CH,NH,), 5.9 (s, 2 H, OCH,0), 6.7 (s, 3 H, ArH).

Methyl 11-Aminoundecanoate. Methyl 10-undecenoate (30
mmol, 5.95 g) was hydroborated with BH;-THF (10 mmol) for
1 h. The amination was carried out as described in the general
procedure to yield 1.64 g (76 %) of methyl 11-aminoundecanoate;
melting point of picrate derivative, 112 °C; mass spectrum, m/e
215 (caled 215.3); NMR (CDCl) 6 1.1-1.6 (s, 16, alkyl), 1.8-2.4
(m, 4 H, CH,C=0 and NH,), 2.6-2.9 (m, 2 H, CH,NH,), 3.7 (s,
3 H, OCH,).
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In an earlier paper in this series we described the re-
giospecific synthesis of ribostamycin (10) from neamine.!
This synthesis was based on protecting the functional
groups of neamine in such a manner that only the 5-

(1) Kumar, V.; Remers, W. A. J. Org. Chem. 1978, 43, 3327.
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hydroxyl group was free for glycosidic linking with a
suitable 1-ribosyl chloride. In order to obtain the appro-
priately protected neamine derivative (6), we treated
tetra-N-(carbobenzyloxy)neamine (3) with sodium hydride
to give a bis(cyclic carbamate) derivative 5, which had both
the 6- and 3’-hydroxyl groups free (see Scheme I). Se-
lective protection of the 3’-hydroxyl group was surprisingly
effective with dihydropyran and p-toluenesulfonic acid.
The product 6 was obtained in 80% yield. In fact, all of
the steps in the synthesis of ribostamycin went in satis-
factory yield except for the final deprotection, which gave
19% for the sequence of alkaline hydrolysis and catalytic
hydrogenolysis.!

With a good synthesis of 6 accomplished, it was desirable
to establish its further utility for aminoglycoside synthesis.
One structure that interested us was the 4”’-thio analogue
8 of ribostamycin. No thiocaminoglycosides had been
prepared prior to the start of our investigation (although
one investigation® has been published in the meantime).
We anticipated that the 4”-thio analogue would be bio-
logically active by analogy to the good antibacterial activity
observed when 4-thioribose was used in place of ribose in
certain purine nucleosides.®* Thus, 2,3,5-tri-O-acetyl-4-
thioribosyl 1-chloride was prepared by the published me-
thod® and treated with 6, mercuric cyanide, and Drierite
in methylene chloride. The reaction went to completion
and workup gave 58% of protected 4”/-thioribostamycin
derivative 7, obtained as a single anomer. This anomer
is presumed to be 8 according to the trans rule.* Depro-
tection by barium hydroxide hydrolysis and catalytic hy-

(2) Kavadias, G.; Droghini, R. Can. J. Chem. 1978, 56, 2743.

(3) Bobek, M.; Whistler, R. L.; Block, A. J. Med. Chem. 1970, 13, 411.
(4) Bobek, M.; Whistler, R. L.; Block, A. J. Med. Chem. 1972, 15, 168.
(5) Urbas, B., Whitler, R. L. J. Org. Chem. 1966, 31, 813.

© 1981 American Chemical Society



