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The electrophilic amination of phenyllithium and pheny! Grignard reagents with
O-methylhydroxylamine (I) has been reinvestigated. The effects of the solvent, the
reaction temperature and the PhLi /I stoichiometry on the amination yield have
been discussed and a mechanism involving the formation of mono-and dilithio deriva-
tives of I as intermadiates, has been proposed. The conditions for the amination of an
organolithium or Grignard reagent are optimized to be as follows: An ethereal solution
of T is added in a 3:1 organolithium |/ I mole ratio to an ethereal solution of organo
litham at -15°. The use of O-mesitylenesulfonlhyroxlamine as an amino transfer
reagent and the examination of organocopper reagents to aminate with I are found
to decrease the amination yield. This survey has revealed that I remains as a
convenient reagent for the amination of organolithium and Grignard reagents,

INTRODUCTION

The introduction of amino functionality into the organic
molecules, is generally accomplished'by using the nitrogen con-
taining nucleophiles. Hoffman alkylation, Gabriel synthesis and
the formation and subsequent reduction of Schiff bases are known
as classical examples. However, certain reagents containing
amino groups react with the nucleophiles such as carbanions,
amines, sulfides, sulfoxides and phosphines to give the corres-
ponding aminated products®.. Amines represented by the general
structure NH,X (where X is a leaving group) are good amino-
transfer reagents. Such compounds include hydroxylamine - O-
sulfonic acid (X=0S0,0H)?, monochloramine (X=CI)*, O-alkyl-
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and O-arylhdroxyl amines (X=OR or OAr)’ and O-acyl-and
O-arensulfonydroxylamines (X=0COAr or 0S0,Ar)?. Although
there are numerous examples for the amination of nucleophiles
with these reagents?, only a few reports have been published
about the amination of carbanions, especially organometallic
compounds (1). Scheverdina and Kotscheskow published®the
synthesis of some alkyl and arylamines by the amination of

>C:_M+—|— NH,X - >C—NH2+ MX 1)
of corresponding organolithium and Grignard reagents with
O-methylhydroxylamine. Brown and Jones®reported the amina-
tion of alkyl Grignard reagents with O-methydroxylamine and
by this method, a number of heterocyclic compounds were amina-
ted’via their lithio derivatives. Monochloramin was also used
for the amination of Grignard regents®. Brown, et al.® reported
that organoboranes reacted with monochloramine and hydroxy-
lamine-O-sulfonic acid to afford the primary amines; however
Tamura, et al.'® found O-mesitylene sulfonylhyroxylamine to be
superior as an electrophilic amino transfer reagent for organobo-
ranes. N,N-Dialkyl-O-mesitylenesulfonylhydroxylamine was used
by Boche, etal.!! to dialkylaminate various organolithium com-
pounds. Toguri, et al. found? O-methylhydroxylamine to be the
best for the amination of O-lithiated carboxylic acids. Very
recently, Loudon and Miller'*have published a detailed paper
reporting that 2-substituted malonate esters aminate with 0-(2.4
dinitrophenyl) hydroxylamine and 2-aminomalonates thus pro-
duced are converted to the amino acids by hydrolysis and decar-
boxylation.

The objective of the study described in this paper was to
investigate new reagents and routes for the electrophilic amino-
tion of organolithium and Grignard reagents. Here, the results
of the observation on the influence of the reaction conditions
on the amination reactions of phenyllithium, phenylmagnesium
bormide and their copper (I) ate complexes, are reported.
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RESULTS AND DISCUSSION

The reaction of phenylithium and phenyl Grignard reagent
with O-methylhydroxylamine (I)

1.Iorll
2. H,0

B
 NH,OCH, (1) 1\1‘&120502%«3—&{3 (11)
| CH,

The reaction 2 was investigated to see the effects of the sto-
ichometry of the amino transfer reagent, the reaction temperature
and the solvent on the amination yield and the outcome of the
reaction. The reactions throughout this work were carried out
in small scale and the products were identified and the yields

~

3 PhiM - PhNH, M: Li or MgBr (2)

were determined by glpc.

It is evident that 3 mols of PhM must be used in the reaction
with 1 mole of I, i.e. 2 mols for the deprotonation of amino hyd-
rogens and 1 mole for the electrophilic substitution. For the ami-
nation of alkyl Grignard reagents with I, alkyl Grignard | I mole
ratio was reported®® to be 2:1; but, the amination of the lithio
derivatives of some heterocyclic compounds were reported’ to
occur via a 3:1 organolithium /1 stoichiometry. On the other hand,
there are numerous reports!* indicating that the Grignard reagents
abstract one hydrogen of amino groups at room temperature or at
lower temperatures. Lithium reagents may well react’® with both
protons of the primary amines depending upon the reaction
conditions. These results about the protonation of the amino group
might seem to be in accordance with those found in the amination
studies. However, from the results in this work, it is clear that the
maximum yield of aniline is ¢btained when the PhLi (or PhMgBr)
/T mole ratio is 3:1. By lowering this ratio from 3:1 to 2:1 in a
reaction carried out at the optium conditions (see below), the
yield of aniline drops from 50-53 9, to 30-38 9%,.
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In order to overcome the difficulty of maintaining a 3:1 or-
ganolithium(or Grignard reagent) /I stoichiometry for the amination
and thus to save expensive or hardly prepared organolithium or
Grignard reagents, a numbes of ways were tried. Firstly, it was ob-
tained that the amination of Phli with I even in areaction carried
out at -78°requires again 3:1 PhLi/I ratio and results in a yield
which is the same with that found at -15°. This suggests that the ab-
straction of the two protons even occurs at -78° and gives an eviden-
ce for that the amination goes to completion even at —78°. There-
fore, treating I first with an expendable lithium reagent in a 2:1
RLi / I ratio at a low temperature and then with the l]thlum re-
agent to be aminated, as pointed out by Wakefield' wouald not
solve the above mentioned problem. It was indeed found that
treating I first with n-Buli in a 2:1 n-Buli/I ratio and then
with PhLi (or PhMgBr), results in lower yields of aniline, i.e.
6 9% and 15 9, with PhLi and PhMgBr, respectively. In order
to examine the deprotonation of I with a base which does
not normally act as a nucleophile, I was allowed to react with
sodium. In a reaction with a 1:1 Na / I mole ratio in Et,0, sodium
was completely consumed by a gas evolution producing sodium
methoxide. Addition of PhLi to the resulting suspension was
found to give 15-20 9%, yield of aniline. Moreover in the IR analy-
sis of the precipitated MeONa, the absorbtion band for the N-H
group was detected.

From the results of the study for the deprotanation of 1 by
a base other than the lithium reagent to be aminated, it is evident
that T is decomposed in the presence of bases. While carrying out
these experiments, Miller and Loudon’s paper'® describing the
base mediated decomposition of NH,X reagents appeared and
therefore no further experiments were done. The complete failure
of the attempted deprotonation of I prior to the amination would
seem to indicate that the monce and dimetallated derivatives of
I are not stable and must be formed in situ in the course of the
amination.

The reaction 2 was examined at various temperatures and in
different solvents. The highest yield of of aniline is obtained by
carrying out the reaction at either -15° or 0°; lowering the tempe-
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rature to - 78° does not make a difference in the amination yield
and outcome of the reaction. A reaction at the room temperature
results in a decreased yield. The use of THF or benzene as a sol-
vent instead of Et,0 does not increase the yield appreciably.
TMEDA used as a solvent or in an equivalent amount to PhLi
produées a substantial lowering of the aniline yield. An explana-
tion for this can be that the presence of a strong base would
increase the above mentioned decomposition of I. As the yield
of the aminated product shows the competition between amination
and decomposition of I, the inverse addition, i.e. the addition
of PhLi to a Et,0 solution of I and the concentration of the reac-
tion solution are found not to affect the yield.

L . I . N

The use of a catalyst, such as anhydrous AlC1, to enhance the
electrophilicity of I, as reported!” for the amination of arenes with I,
can not be tried since PhLi is known!® to react with A1CIt.

The- conditions for the reaction 2 are optimized as follows:
A solution of T in Et,0 is added to PhLi (or PhMgBr) in Et,0
or THF solution in a 3:1 PhLi (or PhMgBr) / T mol ratio at
-15°t 0°. After the addition, the reaction mixture is kept in the
cooling bath for half an hour and allowed to come to room tem-
perature and kept at that temperature for a further half an
hour.

No attempt was made to set up the material balance in the
reaction 2 although c.a 40 9, of I could not be accounted for the
amination.. However, a GC-MS analysis of the reaction preducts
after hydrolytic work up showed the presence of diaminobenzenes,
bromoanilines, aminobiphenyls, bromobiphenyls, aminobromo-
biphenyls, terphenyls and bromoterphenyls.

The proposed mechanism for the reaction of phenyllithium
with O-methylhydroxylamine (I)

Likely mechanisms for the amination of PhLi (or PhMgBr)
with the amino transfer reagent I are shown in the reactions (3-5):
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MeONH, 2P 1MeONILA,] and [MeONHLi] ERLE,
[PhNLi,) or [PhNHLi]—2" ., PhNH, 3)
111 v ,

MeONH, 22211 2phH + MeONL, (4a)

McONH, PRI, PLNH, + MeOLi (4b)

McONH, 22U pywm, PR phNLi,] and [PhNHL]
11 v

HO . PuNH, : )

In order to prove that the amination is not a direct displa
cement by the phenyl carbanion on the free amino group and to
rule out the mechanism 4, experiments were carried out to trap
anions PhN"(III) and PhNH (IV); and ethyl bromide was used
as the electrophilic reagent. Although EtBr is not an ideal elect-
rophile, the results with it demonstrated the existence of the
anions IIT and VI. Trapping was run either by aminating PhLi
with I in the presence of EtBr (this in situ trapping may prevent
the protonation of anions by solvent, ete, after their formation)

(6a) or by adding EtBr after the addition of I(6b).

3 PhLi + EtBr ;{ 5> PhNH,, PhNEt,, PhNHEt (6a)
oLE2
3 PhLi + I 21.11_«:;:)3% PhNH,, PhNEt,, PhNHE: (6b)
112

However, to get an additional evidence to disprove the mec-
hanism 5, control experiments were done and the anions III and
IV were also formed by metallating PhNH,with PhLi in a 2:1
PhLi: PhANH,mole ratio and trapped with EtBr, either by carrying
out the metallation in the presence of EtBr (7a) or adding EtBr
. after the metallation (7b).

1.PhNH,

> PhNH,, PhNEt,, PhNHEt (7a)
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1.EtBr
2.H,0

2 PhLi + PhNH, - PhNH,, PhNEt,, PhNHEt (7b)

If the anions I1I and VI are produced by the substitution of
PhLi with the previously protonated I,i.e. MeONLiand MeONHL1
(the mechanism 3) and not by the deprotonation of the product
PhNH,with unsubstitued PhLi (the mechanism 5), then the yield
of PhNEt,in Expts. 7a, b. would not be the same with that found
in Expts. 6a, b, Trapping experiments gave the following results:
The yields of PhNH,, PhNHEt and PhNEt,at -15° were found
to be 40 9%, 5 %, and 5 %, respectively in Expt.6 a and 50 %, 1 %,
and 7 %, respectively in Expt. 6b. Expt. 7a, carried out at the room
temperature resulted in a 18 9, yield of PhNHEt and less than
1 9%, PhNEt,and at -15°,22 9, yield of PhNHEt and 2 9%, PhNEt,;
Expt. 7 b run at the room temperature produced a 15 %, yield
of PhNHEt and less than 1 %, yield of PhNEt,(by metallation at
refluxing temperature, the yield of PANHEt dropped to 2 %). The
result that trapping by Expts. 6 a,b gives a higher yield of PhNEt,
but a lower yield of PANHEt than that obtained in Expts. 7 a,b
indicated that PhLi abstracts one proton of PhNH,, but two,
protons of I at the above mentioned reaction condions. Certainly,
this fact requires the formation of the anion III by the substitution
of PhLi with the preliminary intermediate MeONLi, and provides
evidence concerning the mechanism 4 or at least suggests that
the mechanism 5 is not involved.

The use of O-mesitylenesulfonylhydroxylamine (II) to aminate
phenyllithium or phenylmagnesium bromide

The O-alkylyhdroxylamines other than I and O-arylydroxl-
lamines and hydroxylamine-0-sulfonic acid were not tried in
this work, as they were reported'? to be less efficient amino
transfer reagents than I. 0-Mesitylenesulfonylhydroxylamine
(IT) was tried to aminate PhLi and PhMgBr. However, the
difficulty of preparing? IV in strictly anhydrous conditions might
be a problem which causes a decreased yield of amination. Indeed,
the yield of PhNH, from the amination of PhLi or PhMgBr

~ with I did not exceed 30 %, in spite of all efforts; the normal addi-
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tion gave a 18-23 9, vield and the inverse addition 20-32 9,
yield. On the other hand, N,N-dialkyl-0- mesﬁylenesulfonlhyd
roxylamine was reported"® to dla]ky]amlnate various organome-
tallic regents in good yields. These results suggest that the pre-
sence of amino hydrogens leads to base mediated decomposition
of II producing a lowered amination yield. Support for this conc-
lusion comes from the fact that the amination with 0-2,4-dinit-
rophenydroxylamine, was reported to be a synthetically useful
reaction only in the case of enolate anions of basicity comparable
to malonates but drop off considerably as the enolate bocomes
more basic. Therefore, the low amination yield of PhLi or PhMgBr
with IT is in part the result of the rather high basicity of these
organometallics. But in the case of amination with I, the dep-
rotonation leading to the composition of I is expected to be
less efficient than that with II as the methoxy group is a poorer
leaving group making the protons of I less acidic than that of II,

Amination of various phenyl copper reagents with 0- methyllhyd—
roxylamine (I)

Organocopper substitution reactions with carbon electrophiles
have ever beeen applied successfully for C-C bond formation®.
In this work various classes of phenyl copper (I) species have been
investigated as reagents in substitution reactions with the amino
transfer reagent 1.

Among them Ph(Me)CuMgBr® was reported to be a reagent
for selectively transferring the Grignard reagent derived phenyl
group in high yield although Ph,LiCu? has the disadvantage that
one equivalent of the phenyl group is inevitably wasted.. Orga-
nocopper reagents also show low basicity toward protons, which
might be a factor decreasing the decomposition of I. However,
phenylcopper?, PhCu, diphenyllithium cuprate??, Ph,LiCu and
phenyl (methyl) copper (I) magnesium bromide?® Ph (Me) CuMgBr,
have all failed to give even a comparable amination yield with
that obained from the amination of PhLi or PhMgBr. v

Conclusions

This survey has revealed that Iis a convenient amino transfer
reagent for the electrophilic amination of organolithium and Grig-
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nard reagents. The use of THF or benzene instead of Et,0 as a sol-
vent does not increase the yield appreciably, however TMEDA leads
to decomposition of I. The stoichiometry of the reaction requires
a 3:1 organolithium: I meole ratio and attempts to deprotonate
I by consuming a base other than the excess organoclithium have
been fruitless. A possible mechanism involving the lithiated deri-
vatives of I can be formulated for the amination of an organolit-
hium reagents with I, The use of various classes of organocopper
reagents to aminate withIand the use of O-mesitylenesulfony-
droxylamine as an amino transfer reagent are found to decrease
the amination yield.

EXPERIMENTAL SECTION

General

All reactions involving organometallic compounds were
carried out under nitrogen atmosphere using standard techniques™.
Melting points were determined with a capillary melting poing
apparatus. IR spectra were taken on a PE 377 spectrophotometer.
NMR spectra were run on a Varian A-60 instrument. Analytical
glpe analysis were performed on a PE Model F11 gas chromatog-
raph equipped with a flame ionisation detector and an electronic
integrator using a Carbowax 20M-KOH on Chromosorb W column.
Products were identified by comparison of their retention times
with those of authentic samples and the yields were calculated with
the internal standard tecnique.

Diethylether was distilled from a decep red and tetrahyd-
rofuran from a deep purple solution of disodium benzophenone
dianion under nitrogen atmosphere, N,N,N’,N’-tetramethy-
lenediamine was distilled over sodium at reduced pressure. Fisher
“Grignard Quality” magnesium turnings was used. Lithium dis-
persion in mineral oil was purchased from BDIH. Bromobenzene
was dried over anhydrous calcium chloride and fractionally dis-
tilled. Copper (I) iodide? and copper (I} bromide® were purified
according to described procedures. Phenylithium and phenylmag-
nesium bromide were prepared by conventional methods found
elsewhere. Phenylithtum was standardized by Gilman double
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titration procedure® and phenylmagnesium bromide by a modified
Watson and Eatham method?”. Phenylcopper?, diphenyllithium
cuprate’” and phenyl (methyl) copper (I) magnesium® bromide
were prepared according to the published procedures and used
immediately. O-Methylhydroxylamine was prepared by the method
of Hjeds and the base was obtained by the distillation of the
hydrochloride with a saturated NaOH solution and by passing
the vapors through a column packed with NaOH pellets, bp
48-50°(1it.5%49°). 0-Mesitylenesulfonylhydroxylamine was prepa-
red by the method of Tamura, etal.? and the mp of the product
was found 68-70°n all preparations and not the same with that
reported mp. 93-94°; however it was also reported to be 69-70°
by Ning?.

General procedure for the amination reactions

All the amination reactions were carried out by using similar
procedures described here for the amination of phenyllyhium with
O-methylhydroxylamine (I). To a flame dried small reaction flask
capped with a no air stopper and containing a stirring bar was ad- -
ded phenyllithium in diethyl ether solution (3 mmol) with a hypo-
dermic syringe. The flask was cooled to -15° in an ice-salt bath
under a positive nitrogen pressure. A diethylether solution of I
(1 mmol) was added dropwise with a syringe. The solution turned
to red-brown with a visible evidence of gas evolution formation
of a precipitate. The reaction was kept at -15° for half an hour,
then allowed to come to room temperature and kept at that
temperature for a further half an hour. The products were hydroly-
zed with an ammoniacal saturated ammonium chloride solution,
extracted with ether, the ether layer was dried and concentrated.
The product mixtures were analyzed by glpc using unexceptional
internal standard techniques. |

Trapping of the mono and dilithio salts of aniline in the re-
action of PhLi with I was performed at -15°in two different ways
in the inert conditions decribed above. In a first way, an ethereal
solution of I (1 mmol) was added to an ethereal phenyllithium
solution containing ethyl bromide (10 mmol); in the second way,
I was added to phenylithium and after the visible gas evolution
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had ceased, ethyl bromide was added. The reacton mixtures were
kept at -15° for half an hour and a further half an hour at the room
temperature. The products were analyzed by glpe after the hydrol-
tic work up as written above.
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OZET

Fenillityum™un ve fenilmagnezyum bromiir’in O-metithidroksilamin (I) ile elekt-
rofilik aninasyonu aragtmbmigtir. Aminasyon verimi iizerinde cdziiciiniin, reaksiyon
sicakhgimn ve PhLi (veya PhMgBr) /I stokiyometrisinin etkisi tartigtlmugtir. Optimum
verim, -15° de,PhLi’un eterli ¢ozeltisine, PhLi/I mol oran1 3:1 ahnarak I'in eterli ¢bzel-
tisinin katilmas ile elde edilmistir. Reaksiyon icin I"m mono ve dilityam tiirevlerinin ara
iiriin olarak olustugu bir mekanizma onerilmistiv. Amino transfer reaktifi olarak
O-mesttilensiilfonilhidroksilamin’in kullamlmas: ve ¢esitli fenil bakir bilesiklerinin ami-
nasyonu denemistir. Bir organik bilesige lityum veya magnezyum tiirevi olugturulmasi

oluyla amino grubu sokulmas: icin I’in uygun bir reaktif oldugu sonucuna varilmgtir.
Joluy. G Yg
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