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Abstract - Reaction of trialkylboranes with organic azides in refluxing xylene,
followed by hydrolysis, leads to good yields of secondary amines. This reac-
tion is highly dependent on the steric effects around both boron and the azide
moiety. The reaction becomes much slower when the steric bulk of one of the
reagents 1s increased and fails when both are hindered. The dialkylchlorobor-
anes are more reactive than trialkylboranes and provide better yields of the
desired secondary amines with all azides tested. The alkyldichloroboranes re-
act with organic azides at temperatures between room temperature and 60°C and
produce excellent yields of secondary amines. Furthermore, the stereochemistry
of the original carbon-boron bond is retained. The mechanism of these reac-
tions is discussed and the reaction applied to the synthesis of w¥-alkyl- and
N-arylaziridines.

Applications of organcboranes in organic transformations have been well documented in recent
years, »5 We previously reported a simple and general synthesis of primary amines via the reaction
of organoboranes, either with chloramine (eq 1), or with hydroxylamine-0-sulfonic acid (eq 2).

This has now been improved by utilizing the R.B + NH,C1 —> 2 RNH, + RB{OH) m
monoorganyldimethylborane, produced by hydro- 3 2 2 2
borating the appropriate alkene with dimethyl- R38 + HZN-OSO3H — 2 RNH2 + RB(OH)2 {2}
borane.] A “

We now describe our investigations on the R'N3 > R'N: #+ N2 (3)

or hv
reactions of various organoboranes with a

variety of organic azides,6 thus providing a R'N: + BRB - R'RNBRZ

general, stereospecific synthesis of secondary (4

amines. MelH R'RNH + RZBOMe
Nitrenes are produced in the thermal or

photochemical decompositions of organic azides7 %ﬂv -N2 ?

{eq 3). Since the reaction of trialkylboranes R3B * R'N3 = RZB—Ess. > RZBNR'

with carbenes and carbenoid intermediates are H

well known.8 such a nitrene might be expected

to react with an organoborane with migration of (5)

an alkyl group from boron to nitrogen. Such an _ﬂxﬁ[glx§1§,_> R'RNH

intermediate is known to undergo ready solvolysis
to the corresponding amines® {eq 4).

Alternatively, organoboranes may react with organic azides in a Lewis acid fashion to form a
tetracoordinated boron species which may ultimately lose nitrogen with migration of an alkyl group
from boron to nitrogen. Subsequent hydrolysis would lead to secondary amines (eq 5).

A basic difference in the two modes of reaction is that the first path is expected to exhibit
first-order kinetics and the latter path second-order kinetics.
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In the present study, results of the reaction of trialkylboranes, dialkylichloroboranes and
alkyldichloroboranes with various organic azides are presented. The mechanism of the reaction of
the various boranes with azides is considered in 1ight of observed steric effects and rates.
Finally, the reaction is applied to the synthesis of stereospecifically defined N-substituted
aziridines.

RESULTS AND DISCUSSION
Trialkylboranes. The reaction of a 1-M solution of triethylborane in tetrahydrofuran (THF) with
an equimolar quantity of n-butyl azide in an autoclave at 170°C under nitrogen was tried first.
After 3 h, the reaction mixture was oxidized with 30% hydrogen peroxide and 3 M sodium hydroxide to
destroy residual organoborane. Analysis of the dried extract by GC indicated a 55% yield of n-
butylethylamine (eq 6).

This result was encouraging, but it is far
more convenient to carry out reactions on the Et3B * "'BUN3
benchtop. To solve this difficulty, experi-
ments were tried in a number of refluxing solvents and the results of the reaction are summarized

in Table 1. Table 1, The reaction of tri-n-butylborane with
n-butyl azide in various solvents

A Na0H/H202

170°C

> n-BuNHEL (6)

n-Butyl azide proved to be quite stable in

refluxing xylene or diglyme. Over a period of Time Gas (”'CaHg)zNH
15 h, no significant nitrogen evolution was Solvent h % %
observed. Likewise, triethylborane is stable THF 24 70 13
under these conditions. However, addition of benzene 30 79 68

an equimolar quantity of triethylborane to toluene 12 94 79

the refluxing xylene solution of n-butyl xylene 6 90 80
azide resulted in immediate evolution of a diglyme 0.75 113 40
gas. Over a period of 6 h, 1 mol equiv- decane 0.5 107 50

alent of the gas, presumbaly nitrogen, was
given off. Hydrolysis of the reaction mixture gave a 72% yield of n-butylethylamine (eq 7).

Even low boiling solvents, such as tetra-
hydrofuran (THF), produced a reaction, al- Et3B + n-BuN
though the rate was exceedingly slow and the
yields low. High boiling solvents, such as diglyme or decane, gave very rapid reactions, but low
yields of product. Xylene gave the best results and was chosen as the standard solvent for further
studies,

The reactions of phenyl azide and several representative alkyl azides were examined with tri-
ethylborane. The reaction rates for the more hindered azides were somewhat slower. However, all
gave 72-80% of the corresponding secondary amines. More hindered boranes gave poor results. The
results are summarized in Table 2,

This reaction exhibits many of the features found in the analogous reaction of organoboranes
with diazo compounds.‘l0 Thus, the rate of the reaction is very sensitive to steric effects, both
in the azide moiety and in the organoborane, For example, organoboranes derived from terminal ole-
fins react smoothly with n-butyl azide (Table 2); however, as the steric effects are increased,
either in the organoborane or in the azide, the reactions become more sluggish and the yields drop
off. C(learly the reaction does not involve an initial decomposition of the azide into nitrene and
nitrogen (eq 3) since steric effects in the organoborane would have no effect on the rate. This
conclusion is further supported by the rate data (Table 3), which follow second-order kinetics. The
results therefore are in better agreement with a mechanism involving reversible coordination of the
azide with the borane, followed by loss of nitrogen with subsequent (or concurrent) migration of
the alkyl group from boron to nitrogen (eq 5). Subsequent hydrolysis produces the secondary amines.
Apparently with more hindered alkyl groups on either boron or the azide moiety, coordination becomes
difficult or impossible and the reaction fails.

xylene  hydrolysis . . punuEt (7)
reflux
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Table 2. The reaction of representative organic azides with organoboranes

Organcborane Organic Azide® Timeb Y1e1dd
R4B, R = RN, R = h Product® e
ethyl n-butyl 6 n-butylethylamine 72
ethyl isobutyl 6 isobutylethylamine 78
ethyl gec-butyl 24 gec-butylethylamine 80
ethyl cyclopenty] 15 cyclopentylethylamine 77
ethyl cyclohexy]l 24 cyclohexylethylamine 73
ethyl pheny1l 9 N-ethylaniline 78
n-butyl n-butyl 6 di-n-butylamine 80
n-hexyl n-butyl 6 n-butyl-n-hexylamine 73
isobuty! n-butyl 6 n-butylisobutylamine tr
cyclopentyl n-butyl 24 n-butylcyclopentylamine 16
norborny] n-butyl 36 n-butylnorbornylamine 14

%Ten mmol of R'N3 and ten mmol_of R3B in 10 ml of xylene heated under re-
flux in a nitrogen atmosphere. bThe gime required for greater than 95% of

the theoretical amount of nitrogen to be evolved. ¢Al1 products were isolated
by GC and exhibited analytical and spectral data in accordance with the as-
signed structures. 9GC analysis, based on organic azide.

Although this reaction works well for un-
hindered trialkylboranes and azides, this
procedure suffers from two major disadvant-

Table 3. Rate constants for the reaction of alkyl
azides with triethylborane in xylene

k x 105, ! sec”!

)
ages. 1. Only one of the three alkyl groups R N3
on boron is utilized. 2. It is not applic- n-butyl 220
able for more hindered organcboranes. isobutyl 95
The reagent, 9-borabicyclo[3.3.1]nonane sec-buty] 22

(Q-BBN),]] has been extensively used in
other systems to overcome such difficulties. Therefore, cyclohexyl and n-butyl azides were
reacted with B-n-buty1-9-BBN, and n-butyl azide was reacted with B-cyclohexyl-9-8BN in refluxing
xylene. A gas was rapidly evolved, but analysis revealed none of the expected amine in any of the
cases studied. Oxidation produced an amino alcohol resulting from cyclooctyl ring migration (eq 8).

OH

12

> 7t — (8)

e ST

R+ RN
3y

NHR'

Similar results have been noted for the reaction of diazoacetone and ethyldiazoacetate with B-alkyl-
9-BBN.]3 This failure led us to explore the possible applicability of dialkylchloroboranes.
Dialkylchloroboranes. The dialkylchloroboranes are readily avai]able]4 via hydroboration with
monochloroborane diethyl etherate (eq 9). Such compounds are better Lewis acids than the trialkyl-
Etzo
BH,C1-0Et, + alkene R,BCI (9)
room temperature

boranes and might show an increased reactivity in certain reactions. Di-n-butylchloroborane was
prepared in diethyl ether and n-butyl azide added at room temperature. There occurred a surpris-
ingly rapid evolution of a gas. After 1 h, 1 mol of gas per mol of azide had evolved. Upon hydro-
lysis with water and neutralization with aqueous 40% potassium hydroxide solution, GC examination
revealed a 71% yleld of di-n-butylamine (eq 10).

n-Bu,Cl + n-BuN, _room femperature Hg? n-Bu,NH

) (10)
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Representative secondary amines were prepared in good yields (Table 4). These dialkylchloro-

Table 4. Reaction of dialkylchloroboranes with organic azides for the
synthesis of secondary amines

Dialkylchloroborane Organic Azide Time Yie1dd
R,BCT, R = R'N,” R = h Product® %
n-butyl n-butyl 1°  di-n-butylamine 71
cyclohexyl 1 n-butylcyclohexyl- 72
amine
pheny1 1 N-n-butylaniline 72
isobutyl cyclohexy]l 4 cyclohexylisobutyl- 73
amine
sac-butyl cyclohexyl 5 sec-butylcyclo- 51
hexylamine
cyclopenty! n-butyl 1 n-butylcyclopentyl- 80
amine
cyclohexyl 4 cyclohexylcyclo- 80
pentylamine
pheny1 4 N-cyclopentyl- 74
aniline
cyclohexy]l cyclohexy]l 4 dicyclohexylamine 76

%Five mmol in 5.5 ml of ether, bFive mmol added in 2.5 ml of toluene. A1l

compounds were isolated by GC and exhibited analytical and spectral data in

accordance with the assigned structure. dgased on azide by GC analysis.

eThis reaction was run at room temperature,.
boranes proved to be quite reactive relative to the trialkylboranes. The reaction of di-n-butyl-
chloroborane with n-butyl azide may be compared to that of triethylborane with n-butyl azide. The
former is relatively rapid at room temperature while the latter requires 6 h in refluxing xylene.
Primary dialkylchloroboranes and primary azides in general react smoothly at room temperature.
Others require higher temperatures. These data again support a mechanism involving reversible co-
ordination of the azide with the borane, followed by a transfer from boron to nitrogen (eq 11).

The increased reactivity is presumbaly due to
R R
-N

R,BCT + R'Ny == RI'LN—R 2, mtr (1)
cnﬁ'g b

the decreased steric bulk around boron as

well as the inherent increase in the electro-
philicity of boron when attached to a chlorine
versus an alkyl group.

Thus, the present modification solved the problems to some extent. However, this procedure also

suffers from a significant disadvantage--only one of the two alkyl groups on boron is utilized in
the synthesis.
Alkyldichloroboranes. These developments suggested that the alkyldichloroboranes might not only
give a fast reaction with organic azides, but also provide for complete utilization of the alkyl
groups. Alkyldichloroboranes are readily available via hydroboration of alkenes with dichlorobor-
ane-diethyl ether‘ate15a (eq 12).

When n-butyldichloroborane (5 mmol) was

BHC]Z-OEt2 + alkene + BC'I3 —>
(12)

placed in 5 ml of benzene and n-butylazide
added dropwise at room temperature, gas was
vigorously evolved. The solution was heated
briefly to reflux to ensure completion of the reaction, cooled to room temperature, and hydrolyzed
with base. Analysis by GC indicated an 84% yield of di-n-butylamine (eq 13). In view of these

RBC’I2 + BC13'0Et2

encouraging results, a representative series

room temperature
of alkyldichloroboranes were synthesized'>*!® n-BuBCl, + n-BuN,

=N

>

and their reaction with various organic azides 2 (13)
investigated. The results are summarized in H
Table 5. > m-BupH
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Table 5. The reaction of alkyl- and aryldichloroboranes with organic azides
for the synthesis of secondary amines

Alkyl- and
Aryldichloro-
borane® Organic Azide® Secondary Amine Product® vietd?
RBC?Z, R = RNy, R= RR'NH %
n-butyl n-butyl di-n-butylamine 84
cyciohexy!l N-n-butylcyclohexylamine 92
phenyl ¥-n-butylaniline 89
2-methyli-1- cyclohexyl ¥-{2-methyl-1-pentyl)cyclo- 92
pentyl hexylamine
3-hexyl cyclohexyl ¥-3-hexylicyclohexylamine 85
cyclopentyl n-butyl N-n-butylcyclopentylamine 96
cyclohexyl ¥-cycliohexylcyclopentylamine 88
phenyl ¥-cyclopentylaniline 84
cyclohexyl n-butyl N-n-butylcyclchexylamine g5
cyclohexyl dicyclohexylamine 92
phenyl N-cyclohexylaniline 94(91)
trang-2- cyclohexyl ¥-(trans-2-methylcyclopentyl)-  90%
methylcyclo- cyclohexylamine
pentyl
exo-norbornyl  n-butyl N-n-butyl-exo-novrbornylamine 86
phenyl N-exo-norbornylaniline sz
pheny1 n~-butyl N-n-butylaniline 100
cyclohexyl N~cyclohexylaniline 96

%tive mmol in 5 ml of benzene. CFive mmol added dropwise. CAll compounds
exhibited analytical and spectral data in accordance with the assigned struc-
tures, dAnalysis by GC. @The product was pure trans amine by GC. JThe prod-
uct was pure exo amine by NMR,

With less hindered boranes or azides, the reaction is rapid, evolving gas at room temperature.
In the more hindered cases, such as cyclohexyl, the reaction is slower, requiring 3-4 h for comple~
tion at room temperature. Gradually raising the temperature of the benzene solution to reflux
brings the reaction to completion in 30-40 min. Nearly quantitative yields of the amines were
obtained in all cases.

The reaction is much faster and proceeds under milder conditions than the corresponding reaction
with dialkylchloroboranes. However, the use of a complexing solvent, such as ethyl ether or tetra-
hydrofuran, stops the reaction, again suggesting that the crucial factor in the rate is the electro-
philicity of boron,

The data for the reactions of the organoboranes discussed is consistent with a mechanism involv-
ing Lewis acid complexation (eq 14). This may
be followed by transfer of an alkyl group (eg R
15}, or chioride {eq 16), from boron to nitro- RBCT, + RNy —= Cl-84R" (14)
gen with loss of nitrogen gas. i é;tég

Chloride migration leads to an intermediate, ?

which, upon attack by a nucleophile, X~, can R

l“'N R? N R:
undergo alkyl group migration, as may occur in C“? Ty — CT—? Ny (15)
the reaction of trialkylboranes with chioramine.l CINZ ©

In an attempt to determine which pathway is

followed {e.g., eg 15 or 16}, n-butyl- and phenyl- &_ , RO ,
dichloroboranes were allowed to react with phenyl a %1x+" —> CI-8-HR" + K, (16)
C
2

and n-butyl azides respectively (eqs 17 and 18).
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The proton NMR of the intermediates were -N, /"’Bu
identical. Furthermore, both products gave n-BuBCl, + PNy — C]ZB"N\ (17)
a single ]]B NMR absorption at +31 ppm from Ph
boron trifluoride etherate characteristic of
H,N-dialky]aminodichloroboranes]7 suggesting
the two intermediates are identical. This
supports the conclusion that the reaction follows the pathway indicated in eq 15.

With the successful development of this new synthesis, the stereochemistry of the resultant
amines becomes important. The stereochemistry of N-exo-norbornylaniline prepared by the above pro-
cedure was established by comparison with the mixture of exo- and endo-amines produced by the
reduction of phenylnorbornylimine with LAH {eq 19).18 Consequently, this corresponds to retention
in the reaction of the exo-norbornylboron moiety,
produced in the hydroboration step, with the
phenyl azide. Similarly, trang-2-methyl-

n-Bu
-N2 /
PhBC12 + n-BuN3 > CIZB—N\ {18)
Ph

cyclopentyldichloroborane reacts stereo- LAH (19)
specifically with cyclohexyl azide to give Ph NHPh
pure N-(trans-2-methylcyclopentyl)cyclo- N/

hexylamine (eq 20).
In contrast, reduction of ¥-cyclohexyl-

BC1 N3
2-methylcyclopentylimine with LAH gave a 02 -
78:22 mixture of trans- and eis-amines + —_ \\]::::] (20)

{eq 21).
The ready avaﬂab'lh‘t:y]9 of 2-iodoalkyl-

azides suggested the possibility that they N 7
might react with organodichloroboranes to N
give the corresponding 2-iodo-sec-amines. L NN (21)

-

Subsequent treatment of these amines with trans/cis = 78/22
base should lead vig ring closure to the W R
corresponding N-substituted aziridines (eq 22). Rti T3 /H 1. -N % & H
Dropwise addition of 1-azido-2-iodoethane  RBCI, + ‘c—<|f\ —2 5 N\ (22)
to phenyldichloroborane in benzene results in R’ I Re 2. base g -

vigorous evolution of nitrogen, complete within

30 min. Hydrolysis of the intermediate with aqueous base at room temperature gives the secondary
amine. If the organic phase is separated, dried and treated with n-butyllithium, ¥-phenylaziridine
is isolated in a yield of 73%. Depending on the nature of the organoborane and the 2-{odoazide
ring closure can be effected by a number of convenient bases. Heating with aqueous potassium hydr-
oxide is suitable as is heating a benzene solution with excess anhydrous potassium carbonate.
Alternatively, treatment of the intermediate at room temperature with n-butyllithium provides a
method for the synthesis of thermally sensitive aziridines. Because of the sensitivity of ¥-phenyl-
aziridines to aqueous base and heat, this is the preferred procedure for the synthesis of these
derivatives. The results for a representative series of organodichloroboranes are summarized in
Table 6.

The well established anti-addition of iodine azide to olefins suggests this synthesis should
allow complete stereochemical control around the aziridine ring. In order to firmly establish that
the stereochemistry of the original anti-addition of iodine azide is maintained in the product, we
have studied by 100 MHz NMR N-phenyl-cis- and -trans-2,3-dimethylaziridine (eqs 23 and 24) in
carbon disulfide at -89°C. At this temperature, the phenyl group is frozen into one conformer
rather than rapidly equilibrating. Thus, the trans-isomer shows two absorptions (2 m, 1.79 and
2.09) for the ring protons and two broadened doublets (0.85 and 1.26) for the methyl groups. This
strongly suggests that hydrogen and methyl exist both eyn and anti to the phenyl {conformer 1). In
accordance with expectations, the eis-isomer showed only one absorption (multiplet, 2.07) for the
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Table 6. The reaction of organodichloroboranes with 2-iodoalkyl azides for
the synthesis of N-alkyl- or N-phenylaziridines
Rsclz,“ R = R'N3b Product vield,®4 g
n-hexy erythro-2-azido-3-iodobutane N-n-hexyl-trang-2,3-dimethyl- 92
aziridine
trans-1-azido-2-iodocyclo- N-n-hexy1-7-azabicyclo- 92,86,%947
hexane [4.1.03heptane
1-azido-2-iodohexane N-n-hexyl-2-n-butylaziridine 91(83)
2-methyl-1-pentyl tnans-1-azido-2-iodocyclo- N-(2-methy1-1-pentyl)-7- 87
hexane azabicyclo[4.1.0]heptane
3-hexyl trang-1-azido-2-iodocyclo- N-3-hexyl-7-azabicyclo- 86
hexane [4.1.0]heptane
cyclopentyl trans-1-azido-2-iodocyclo- N-cyclopentyl-7-azabicyclo- 94
hexane [4.1.0]heptane
cyclohexyl trang-1-azido-2-iodocyclo- N-cyclohexyl-7-azabicyclo- 86(81)
hexane [4.1.0]heptane
pheny1 2-iodoethylazide N-phenylaziridine 73829
trang-1-azido-2-iodocyclo- N-pheny1-7-azabicyclo- 73¢
hexane [4.1.0]heptane
threo-2-azido-3-iodocyclo- N-phenyl-cie-2,3-dimethyl- 83°¢
butane aziridine
erythro-2-azido-3-iodobutane N-phenyl-trans-2,3-dimethyl-  76(72)¢

aziridine

ml of 40% potassium hydroxide for 1-3 h.

2Five mmol in 5 m1 of benzene.
parentheses were run on a 10-mmol scale).d
accordance with the assigned structure. “R
temperature for 15 min in benzene.
in refluxing benzene for 1-2 h. 9Yield by NMR.

bFive mmol added dropwise.

®Analysis by GC {isolated yields in
All compounds exhibited analytical and spectral data in
ing closure, unless otherwise noted, by heating with 5
eRing closure with 5 mmol of n-butyllithium at room
fRing closure by heating with 25 mmol of potassium carbonate

N
H\\ 3 /CH3 .
N 4 . = 2
PhBCl2 + —C > (23)
AN 2. n-Buli
HaC I H
H\ N /H
N 1,
PhBC1, + —C —_— (29)
/ ] 2. n-Buli
H.C CH
3 1 3
ring protons and one absorption (d 1.24) for the
methyl group (conformer 2) at -80°C. The
resultant stereochemistry is in accord with Ph Ph
prediction and with similar reactions of this H h CHy H L H
type. \\ / \\ /’I
\
We encountered one failure. No nitrogen ¢
was evolved upon treatment of erythro-1-azido- HaC H HyC CHy

2-iodo-1-phenylpropane with an organodichtoro- 1 2
borane. Instead, the solution became purple in
color. GC analysis of the organic phase after workup showed the presence of B-methylstyrene and

the absence of aziridine {eq 25). Reductive elimination of the elements of iodine azide by
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hoNs
|

AY
Y

,CH
S8

A 4
RBCY + L
2
Ph‘( i\\h

—> Ph—CH=CH—CH3 (25)

lithium aluminum hydride has previously been cbserved.20 Such eliminations appear to be favored
by electrophilic reducing agents, by phenyl groups vicinal to the azide and by compounds in which
the anti-conformation of azide and iodine are preferred.

The reaction of organcboranes and especially alkyldichloroboranes provides a highly useful
stereospecific synthesis of secondary amines. The application of this reaction to 2-iodoalkyl
azides provides for the first time a convenient synthesis of ring substituted ¥-phenyl- and ¥-
alkylaziridines in which the stereochemistry of the ring substituents may be easily defined.

The fact that the ¥-alkyl groups retain the original stereochemistry of the group attached to
boron provides a relatively simple route to aziridines with well defined stereochemistry. Conse-
quently, the present procedure provides a simple synthetic route for the synthesis of many amine
derivatives,

EXPERIMENTAL SECTION

A1l solvents used were dried and distilled under a nitrogen atmosphere. The organoboranes
were always handled under nitrogen.d PMR, 11B NMR and IR spectra were obtained with a Varian T-80,
a Varian XL-100, and a Perkin-Elmer 700 respectively. The organcboranes, dialkylchloroboranes and
alkyldich]oroboranes were prepared by hydroboration with borane-THF,4 monochlorcborane diethyl
etherate,14 and dichloroborane diethyl etherate.15a
Trialkylboranes. A dry, 50-ml flask equipped with a septum inlet, reflux condenser and magnetic
stirrer was flushed with nitrogen. The flask was charged with 10 ml of xylene and 0.98 g, 1.42
ml {10 mmol), of triethylborane. The solution was then heated to reflux and attached to a gas
buret. Then, 1.11 g (10 mmol) of cyclopentyl azide20.2) was added and the gas evolution followed,
After completion of the evolution of nitrogen, the solution was cocled, 30 ml of diethyl ether
added, and the amine was extracted with 6 ¥ hydrocyloric acid {2 x 20-mi portions}. The agueous
phase was washed with ether to remove residual borinic acid. The solution was made strongly
alkaline with potassium hydroxide and the amine was extracted with ether. Analysis by GC (10%
SE-30 column) revealed a 77% yield of cyclopentylethylamine of > 99% purity. All amines were
isolated by preparative GC and exhibited satisfactory spectroscopic data.
Rate Data. Solutions of 1.0 M organoborane and alky] azide were neated to reflux in a 50-ml flask
and the nitrogen evolution followed with a gas buret.4 A plot of 1/{RN3] (from nitrogen evolution)
versus time gave a straight line, while kinetic plots of other orders gave curvature. The rate
was calculated from the slope of the line.
Reaction of B-Alkyl-9-BBN Compounds with Alkyl Azides., B-n-Buty1-9-BBN {10 mmol) was prepared in
10 m1 of THF in a 50-mi flask and the solution brought to reflux, =-Butyl azide, 10 mmol, was
added and gas evolution followed with a gas buret, After 3 h, 73% of the theoretical amount of
gas had evolved, GC analysis after hydrolysis indicated the absence of the expected di-n-butyl-
amine. Oxidation produced butanol (80%) and a second product, which was characterized by IR, NMR
and mass spectra as 5-(¥-butylamino)cyclooctanol, »-Buty1-9-BBN was reacted with cyclohexyl
azide. The reaction required 4 h in refluxing xylene for 95% gas evolution. Hydrolysis gave
none of the expected n-butylcycichexylamine.
Dialkylchloroboranes. A dry, 200-m1 flask equipped with a septum inlet, distilling head and
magnetic stirrer was flushed with nitrogen and maintained under positive nitrogen pressure. The
flask was cooled to 0°C and charged with 55 ml of a 0.91-¥ chloroborane {50 mmol) solution in
ether. Then, 7.5 g of cyclopentene (110 mmol) was_added dropwise. The solution was stirred at
0°C for 1 h, Finally, 6.25 g of cyclohexyl azide?3 (50 mnolsmwas added, followed by 25 ml of dry
toluene. The resulting solution was heated to remove the diethyl ether and maintained at gentle
reflux once the ether was removed. After 4 h, nitrogen evolution had ceased. The reaction
mixture was cooled and cautiously hydrolyzed with 20 ml of water. The amine was extracted with
20 m1 of 6 ¥ hydrochloric acid. The combined aqueous phases were washed with 50 ml of ether to
remove residual horonic acid. The solution was made strongly basic with A0% acueous potassium
hydroxide and the amine extracted with ether. The ether layer was dried (KgCﬁ } and distilled.
There was obtained 6.2 g (74%) of cyclohexylcyclopentylamine: bp 83,0-83.5 (3.4 mm); n20D 1.4796
[11t.24 bp 118-120° (17 mm)].
Alkyldichloroboranes. A dry, 250-ml flask equipped with a septum inlet, reflux condenser and
magnetic stivrer was flushed with nitrogen, The flask was charged with 100 m1 of benzene and
15.9 g (100 mmol1) of phenyldichloroborane. 16 Cyclohexyl azide,23 12.5 g (100 mmol), was added
dropwise over 30 min at 20°C {(water bath). The solution was stirred an additional 15 win, then
slowly heated to BO®C over a 45-min period, Gas evolution had ceased at this point. The solution
was cooled to 0°C and very carefully hydrolyzed by slowly adding 10 ml of water (exothermic!}.
An additional 90 ml of water was added and the precipitate removed by filtration.” The organic
phase was separated and washed with 100 ml of 3 ¥ hydrochloric acid., The combined aqueous layers
and precipitate were made strongly basic with 40% potassium hydroxide, The amine was extracted
with ether. The ether soclution was dried (K2003) and the ether removed under vacuum. Upon
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distillation, there was collected 15.9 g (91%) of N-cyclohexylaniline, bp 82-84° (0.1 mm), nZ20p
1.5600 [1it.25 bp 87-89° (0.21 mm); n20D 1,5614].

Stereochemistry, A mixture of N-cie- and N-(trems-2-methyicyclopentyl)cyclohexylamine was pre-
pared by the following method. A 100-m) flask equipped with a Dean-Stark trap was charged with
30 mmol of 2-methylcyclopentanone (3.2 m1), 30 mmol of cyclohexylamine (3.44 m1}, 25 m1 of ben-
zene and a few small crystals of p-toluene sulfonic acid. The solution was refluxed for 4 h and
the water collected in the trap. The solution was cooled and the benzene concentrated to about

5 ml on a rotovac. Lithium aluminum hydride (30 mmol, 1.14 g} in 15 ml of ether and 10 ml of THF
was added to the solution and the reaction refluxed for 1 h., The solution was cooled and
cautiously hydrolyzed with 40% potassium hydroxide until the aluminum salts separated, The
organic phase was separated and extracted with 3 x 10 ml of 6 ¥ hydrochloric acid, The acid was
neutralized with 40% potassium hydroxide and the amine extracted with ether. Analysis of the am-
ine by GC on a 6 ft x 0.25 in 10% Carbowax 20M plus 17 Armac column revealed two isomers in a
78:22 ratio.26 The major component corresponded to the product from the azide reaction. None of
the minor components were detected in the azide reaction. In a similar manner, a mixture of exo-
and endo-N-norbornylaniline was prepared from LAH reduction of the amine. The product was a
single component by GC (6 x 0.25 in in SE-30). The NMR of the product revealed two
multiplets at § 3.7 and 3.6, corresponding to a mixture of 84% endo and 16% exo amine. No endo
amine was detected by NMR analysis of the product from the azide reaction.

§¥-Substituted Aziridines. The following procedure for the preparation of N-cyclohexyl-7-aza-
bicycTo[4.1.0]heptane is representative. A dry, 50-ml flask equipped with a septum inlet, reflux
condenser and magnetic stirring bar was flushed with nitrogen. The flask was charged with 10 ml
of benzene and 1.67 g (10 mmol? of cyclohexyldichloroborane.15 trans-]-Azida-Z-iodocyc?ohexane,79
2.50 g (10 mmol) was added dropwise, After the addition was complete, the reaction was brought
to 80°C over 1 h. Gas evolution had ceased at this point. The solution was cooled to 0°C and
carefully hydrolyzed with 10 m1 of 10% hydrochloric acid (exothermic). To ensure complete
precipitation of the salt, 15 ml of hexane was added. The organic layer was separated and washed
with 30 ml of 10% hydrochloric acid. The combined aqueous layer and precipitate were made
strongly basic with 40% potassium hydroxide. The amine was extracted with 30 ml of benzene and
the resultant solution heated under reflux with 30 ml of potassium hydroxide for 1 h, The organic
layer was separated, dried (CaS04), and the benzene removed under vacuum. Distillation in a
Kgaeirohr oven gave 1,46 g (81%) of N-cyclohexyl-7-azabicyclo[4.1,0]lheptane, bp 80-82° (41 mm),
ne¥D 11,4835, Anal., Calcd. for C12H21N: C, 80.44; H, 11.72; N, 7.82. Found: C, 80.46; H,
11.65; N, 8.00,
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